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Foreword


Background and Overview.  

There are numerous handbooks, guides, specifications, templates, training materials, etc. that address implementation of acquisition reform and the subject of documenting requirements for procuring a Space System. Most incorporate the concept of using the system engineering process to decompose mission objectives into segment functional requirements followed by subsystem and component solutions and associated development and product specifications. This document provides information on many of the materials and outlines methods by which specifications are used to control the procurement of a space system. 


A cornerstone of acquisition reform is reduction of solution based requirements, by the procuring organizations, and a corresponding emphasis on system and subsystems performance requirements. One objective is to enhance the use of commercial products and processes by supplier organizations and to do so has necessitated cancellation or restriction of use of many Military and Federal Specifications and Standards, Bulletins, and Commercial Item Descriptions. A very thorough discussion of this program is contained in reference 1, a guide for air force specifications and standards relative to implementation of the acquisition reform program.


The process for procuring a space system is one of systematic evaluations of options whereby ever increasing definition of performance requirements and corresponding capabilities evolve. Reference 2, addressing the requirements generation system, describes a multi-step process of mission needs analysis and operational requirements development that proceed an acquisition program. Each step is comprised of four phases of activity (definition, documentation, validation, and approval) with the results being documented and maintained current in a Mission Needs Statement (MNS) and an Operational Requirements Document (ORD). These provide the basis for the technical requirements document (TRD) that accompanies the request for proposal of a space system development procurement. Reference 2 also summarizes the three acquisition milestones of concept (Milestone I), development (Milestone II), and production (Milestone III). These steps facilitate, through application of the system engineering process, increasing definition and control of cost, schedule, and key performance parameters so that the final products meet all a program’s MNSs and ORDs in the most effective manner. 


The Critical Process Assessment Tool (CPAT) for System Engineering (located on the AXE webpage) contains information on activities, data, and documentation that comprises the system engineering process addressed above. In addition, it contains tools that will aid the project officers and project engineers to control the eight primary functions of every acquisition program (development, verification, manufacturing, deployment, training, operations, support, and disposal). Of these, development (Milestone II) is of major importance to a space system procurement for which the mission objectives necessitate new or significantly modified components since it will lead to and ensure satisfactory results for the other functions. 

In addition to describing the activities and the results of applying the systems engineering process to a development, the CPAT also provides an excellent glossary of terms and acronyms, annex 1 and 2, applicable to space system procurements. The use of these will facilitate a common understanding of events and related documentation for types of and phases of a development. As such, it is used as the basis for these discussions. Also included, as a portion of Request for Proposals support, are statements of objectives for different phases of a development and a list of Data Items. The phases, Concept Exploration, phase 0; Program Definition and Risk Reduction, phase I; Engineering and Manufacturing Development, phase II; and Production, Deployment, and Operational Support, phase III, are important due to differing maturity of requirements. The Data Items are likewise dependent upon the phase and degree of development required.

Key outputs of the systems engineering process are the specifications which control the eight functions of an acquisition program. These are to be prepared in accordance with 

Mil-Std-961D (Defense Specifications Standard Practice) and DI-IPSC-81431 (System/Subsystem Specification [SSS] Data Item Description). However, these documents primarily contain directions for format, release, and change control such that further guidance as to content generation and purposes is desirable. This proposed guide for space system specifications, provides such information and is the subject of the remaining materials. 


A development program is one that requires significant new or modified products in order to meet the mission needs and operational requirements. For the three phase procurement process cited in CJCSI 3170.01 (Requirements Generation System), this activity is controlled by decision milestone II. Within this development milestone, the phases are intended to lead from relatively non-solution specific performance requirements, as defined by a TRD and based on the associated MNS and ORD, to supplier unique design and manufacturing products that will meet all the program objectives. The following material addresses the phases and the relationship of the guide specification for such a program. 

Phase 0 – Concept Exploration

The initial phase of a development program is one of mutual confirmation of the performance requirements and consolidation of a concept for a product that will perform in a manner that satisfies all the customer’s objectives. The first step is one of review and agreement on the mandatory performance requirements as derived from the MNS and ORD and captured in the TRD. Typically this activity culminates at a System Requirements Review (SRR), or equivalent, at which time the supplier is authorized to proceed toward a final technical approach. It further initiates definition of operational and deployment constraints through a process of requirements analysis and functional allocation so that performance is assigned to logical and manageable segments, subsystems and major components. The vehicle for controlling these allocations is a system development specification. Reference 6, a guide for the preparation of Space Systems Specifications, provides detail guidance on the preferred order of specifications, in the body of the guide, and provides recommended sources and wording for the contents, in Appendix A. 


In general, the materials of sections 1.0 through 3.6 are derived from the SRR agreements and the remaining portions of section 3.0, which will tend to be application and allocation specific, evolve during the concept exploration activities. Therefore, although the guide contains many detail requirements that are design solutions, these should only be included in the system specification when determined to be mandatory in order to meet performance requirements. Further, since every requirement must be defined in quantitative and verifiable terms, so that final product acceptability can be evaluated as discussed in section 4.0 of the guide, only those requirements that ensure mission and operational success should be included.

The results of this phase are generally evaluated at a System Design Review (SDR), or equivalent. At that time, the specification establishes the allocated baseline and provides the basis for requirements of all subsequent product design, manufacturing, integration, and test activities. These latter functions are typically the responsibility of the supplier and, other than as described by the baseline document, are beyond the scope of the guide specification. However, the materials that are contained therein are excellent examples of preferred contents and should be used as applicable during the remaining phases. 

Phase I – Program Definition and Risk Reduction

As noted above, the design activities that follow the establishment of an allocated baseline are generally the total responsibility of the supplier. As such, it is important that the system specification includes all the mandatory and essential performance requirements and that the systems engineering function continue to manage the technical outputs of the program. In doing so, the guidance for generating the associated segment, subsystems, and component specifications is the same as that for the system specification. The key difference is that these are solution specific, in response to allocated requirements, and the selection process is one of defining products and assessing the expected performances. As there may be several options available, the guide specification contents should only be used in conjunction with a thorough evaluation of the affects on the integrated system cost, schedule, and technical performance. The CPAT, reference 3, provides techniques for conducting these trades and the results are typically evaluated at a Preliminary Design Review (PDR), or equivalent, and become the basis for the final engineering design activities. 

PHASE II – ENGINEERING AND MANUFACTURING DEVELOPMENT

This activity is design intensive and results in engineering data packages sufficient for manufacturing to produce prototype articles. It is intended that the defined products will be capable of performing in a manner that satisfies all the allocated requirements and that, when integrated with other elements, will enable the system to perform in accordance with the system specification. Other than detail design, process and procedures development, and manufacturing and test tools and fixtures, all the critical design decisions should have been resolved during the prior phase and only changes that will facilitate manufacturing should be incorporated into the applicable specifications. Engineering evaluations, using physical and analytical models, should show a high degree of confidence that all products produced per the data packages will meet the requirements. As such, the materials are evaluated at a Critical Design Review (CDR), or equivalent, and become the authorization documents for manufacturing activities. 

Phase III – Production, Deployment, and Operational Support

The final efforts of a development project result in the first article’s procurement, fabrication, assembly, test, and system integration and performance validation. In doing these activities, the system performance specification becomes the basis for all evaluations and, when Section 4, Verification and Quality Assurance Provisions are prepared per the Guide Specification, they become the primary and sole acceptance criteria for the system. Since each of the section 3, Performance Requirements, must have a corresponding validation requirement, attention to the selection and wording of these materials must begin during Phase 0, baseline development, and end during phase II prior to initiation of the manufacturing efforts. The results of the assessments, conducted as Functional Configuration Audits (FCAs) and Physical Configuration Audits (PCAs), will be used to establish the initial System Product Specification. That specification will be a derivative of the System Performance Specification but with product specific requirements that are beyond the scope of this development specification guide. 

Good Specification Preparation Practices

Although there are many methods by which requirements can be stated in a specification, there are some relatively simple lessons learned that should be applied. First and foremost is to indicate, in quantitative terms, solely the essential performance requirements that are acceptable. That is, anything that is not mandatory to ensure mission success should be left for the supplier to determine. This is a basic tenet of acquisition reform since stating more will likely result in unnecessary tasks and costs of implementation without improving the required end product(s). 


To facilitate such practices, and to ensure that all key parameters are addressed, Data Item Description DI-IPSC-81431, System/Subsystem Specification, reference 5, provides specific and generally mandatory instructions for the style, purposes, and contents of each section of a development specification. In general, there are four main sections; 1. 0 Scope, 2.0 Referenced documents, 3.0 Requirements, and 4.0 Qualification provisions; and two information sections; 5.0 Requirements traceability and 6.0 Notes. Of these, section 3 addresses expectations and section 4 addresses techniques by which performance is to be verified. The instructions for each of the sections, and subsections, are clearly stated and adherence will ensure an effective development. The following, however, provide further clarification and some general rules for preparation.

Scope

This primarily provides the reader with information as to the nature and purpose of the development being addressed in the specification. It should not contain any performance requirements. 

Referenced documents

This section is merely a listing of documents that are addressed in the body of the specification. As such, it should not contain any that are not referred to therein. Doing so may result in undesired efforts and documentation. Further, since most documents contain references to other documents, a statement indicating that the third tier and below documents are guidance only should be included. If such a document has mandatory requirements stated in the body of the specification, that document should be a separate reference. 

Requirements

Attention should be given to the use of the words: shall and will. Shall is used to distinguish a mandatory requirement and will is used to state a condition that is to exist or will be provided by others. Use of other terms may result in ambiguity.

All requirements must be quantitatively stated with tolerances or limit statements. Further, consideration of the methods by which verification is to be accomplished and the accuracy of measurement devices, if required, must be included. Failure to do so may result in non-achievable conditions or unwarranted efforts.

Qualification provisions

There are four basic techniques for determining a product’s performance versus its requirements. These are Demonstration, Test, Analysis, and Inspection. There may be a fifth, Special Methods. All are reasonably well described in the DID and in the Guide Specification. However, as each section 3 requirement must be validated by one of the five techniques, attention to the relative cost is important. Of the five, Inspection, which generally consists of measurements or count and damage assessments, is the least complex and least expensive. This technique is often used when the product is relatively identical to previous items or when the requirements are primarily physical (e.g.; size, weight, location, etc.). A demonstration is likely the next preferred technique in that the acceptance criteria is functional (i.e.; an observed response to an input) and is easily evaluated. It is used to show that an article performs the manner as a previously acceptable product. Analysis is a preferred technique for new developments although it relies upon correlation of data to other product results. It has the advantage of flexibility to examine expected performance for multiple and complex parameters over all ranges of conditions. Often the most expensive of the options is testing and, although the results are more conclusive than the other techniques, it generally requires applying one or more of them to aid in the determination of performance. Special qualification methods tend to adapt the use of all four techniques and thus require considerable attention to detail and are likely limited to only the existing product. 

The guidance available to project officers relative to the conduct of development programs is extensive but often disconnected. To fully understand the process one must examine many documents, interpret their application as an integrated approach, and apply them consistently to the efforts. The system engineering process is one that has evolved to provide the necessary technical controls and the Space Systems Specification Guide provides insight as to preferred methods of documenting the evolving performance requirements. Application of both will result in projects that meet the objectives of the Acquisition Reform program. 

This Specification Guide is a template or starting point for preparing a system specification, System Requirements Document (SRD), or similar requirements document for a satellite system.  The Guide can be used by the Government to develop a requirements document for inclusion in a Request for Proposal (RFP) or by a Contractor for submittal in a proposal or as a data item under a contract.  To facilitate the preparation or maintenance of a system specification by a Contractor, the Guide outline closely follows that in Data Item Description (DID) DI-IPSC-81431, a modern system specification description.  As a result, the Specification Guide can be cited as part of the tailoring of the DID to contractually define the contents of the system specification for a program.  


The Specification Guide contains two types of performance requirements.  One type consists of either blank paragraphs or text with blanks that must be completed by the document User to define the requirements to meet a specific military need.  The other type is composed of requirements that are applicable to most space systems but should be reviewed and tailored by the User to each specific military need and to the program affordability and other constraints.  


The document is organized as follows:

· The Specification Guide forms the main body of the document and is supported by several appendices.  

· Appendix A is a handbook that provides detailed support for the application of the Specification Guide to develop a system specification.  It includes guidance for tailoring the requirements to a specific military need and background rationale and lessons learned underlying the requirement.  

· Appendices B and D are referenced by Appendix A to provide detailed guidance for space vehicle qualification and large scale integrated (LSI) circuit development and acquisition, respectively.  

· Appendix C provides additional support for one-of-a-kind space vehicles.  


Using the Specification Guide.  Follow the instructions presented in Appendix A to fill in the blanks and otherwise tailor the requirements in the Specification Guide to a specific military need or technological opportunity.  For one-of-a-kind space vehicles, also apply Appendix C.  


Additional Support.  If you have questions or comments about this document, please contact SMC/AXE at Los Angeles Air Force Base, California.  
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39
3.12.2.3.6.5.2.2  Fracture Control for Space Systems.
40
3.12.2.3.7  Manufacturing.
40
3.12.2.3.8  Quality Assurance Provisions.
40
3.12.2.3.8.1  Responsibility for Inspection and testing.
40
3.12.2.4  Electrical Power Design Requirements.
40
3.12.2.4.1  Primary Power Design Requirements.
41
3.12.2.4.2  Secondary Power Design Requirements.
41
3.12.2.4.2.1  Energy Storage.
42
3.12.2.4.2.1.1  Batteries.
42
3.12.2.4.2.1.1.1  Battery Charge/Discharge.
42
3.12.2.4.2.1.1.2  Charge Control.
42
3.12.2.4.3  Electrical Power Distribution Design Requirements.
42
3.12.2.4.3.1  Power Control/Regulation.
42
3.12.2.4.3.1.1  Power Control/Regulation Protection.
42
3.12.2.4.3.2  Failure Protection.
43
3.12.2.4.3.2.1  Fault Isolation.
43
3.12.2.4.3.2.2  Power Control Failure.
43
3.12.2.4.3.2.3  Battery Failure.
43
3.12.2.4.3.2.4  Overvoltage and Undervoltage.
43
3.12.2.4.3.3  Power Distribution.
43
3.12.2.4.3.3.1  Systems Ground Point (SGP).
43
3.12.2.4.3.3.2  Multiple Power Sources.
43
3.12.2.5  Electrical and Electronics Equipment Design Requirements.
44
3.12.2.5.1  Mission Processing Design Requirements.
44
3.12.2.5.1.1  General Requirements.
44
3.12.2.5.1.1.1  Mission Processing.
44
3.12.2.5.1.1.1.1  Command Handling.
44
3.12.2.5.1.1.1.2  Data Acquisition and Control.
44
3.12.2.5.1.1.1.3  Data Input/Output Handling.
45
3.12.2.5.1.1.1.4  Data Processing.
45
3.12.2.5.1.1.1.5  System External Self Test And Health Reporting.
45
3.12.2.5.1.2  Detailed Requirements.
45
3.12.2.5.1.2.1  Processor.
45
3.12.2.5.1.2.2  Input/Output.
45
3.12.2.5.1.2.3  Memory.
46
3.12.2.5.2  Mission Communications Design Requirements.
46
3.12.2.5.2.1  General Requirements.
46
3.12.2.5.2.1.1  Carrier tracking.
46
3.12.2.5.2.1.2  Command Reception And Detection Capabilities.
46
3.12.2.5.2.1.3  Telemetry Demodulation/ Modulation And Transmission Functions.
46
3.12.2.5.2.1.4  Ranging Functions.
47
3.12.2.5.2.1.5  Interfaces.
47
3.12.2.5.2.2  Detail Design Requirements.
48
3.12.2.5.2.2.1  Systems Level Design Requirements.
48
3.12.2.5.2.2.1.1  Data Rates.
48
3.12.2.5.2.2.1.2  Data Volume.
48
3.12.2.5.2.2.1.3  Data Storage.
48
3.12.2.5.2.2.1.4  Frequency.
48
3.12.2.5.2.2.1.5  Communication Subsystem Mass.
48
3.12.2.5.2.2.1.6  Beamwidths.
48
3.12.2.5.2.2.1.7  Anti-jamming Techniques.
48
3.12.2.5.2.2.1.8  Security.
49
3.12.2.5.2.3  Communication System Primary Design Elements.
49
3.12.2.5.2.3.1  Transmitters.
49
3.12.2.5.2.3.2  Receivers.
50
3.12.2.5.2.3.3  Antennas.
50
3.12.2.5.3  Telemetry, Tracking and Control (TT&C) Design Requirements.  (See 6.2.171 and 6.2.181).
50
3.12.2.5.3.1  Receiving TT&C Subsystem.
50
3.12.2.5.3.2  Satellite TT&C Subsystem.
51
3.12.2.5.3.3  Telemetry.
51
3.12.2.5.3.4  Tracking.
51
3.12.2.5.3.5  Control.
51
3.12.2.5.3.5.1  Command Link.
52
3.12.2.5.3.5.2  Command Protection.
52
3.12.2.5.3.5.3  Command Verification.
52
3.12.2.6  Computer Software Design Requirements.   (TO BE CANCELED?)
52
3.12.2.7  Propulsion System Design Requirements.
52
3.12.2.7.1  General Design Requirements.
52
3.12.2.7.1.1  Thrust.
52
3.12.2.7.1.2  Specific Impulse (Isp).
52
3.12.2.7.1.3  Delta-V.
52
3.12.2.7.1.4  Operating Life.
52
3.12.2.7.1.5  Storage Life.
53
3.12.2.7.1.6  Weight.
53
3.12.2.7.2  Specific Design Requirements.
53
3.12.2.7.2.1  Liquid Propellant System Requirements.
53
3.12.2.7.2.1.1  Duty Cycle/Burn Times.
53
3.12.2.7.2.1.2  Life.
53
3.12.2.7.2.1.3  Electrical Power Requirements.
53
3.12.2.7.2.2  Solid Propellant System Requirements.
53
3.12.2.7.2.2.1  Total Impulse.
53
3.12.2.7.2.2.2  Thrust Rise Rate.
53
3.12.2.7.2.2.3  Thrust Decay
54
3.12.2.7.2.2.4  Action Time.
54
3.12.2.7.2.2.5  Thrust Alignment.
54
3.12.2.7.2.3  Hybrid Propellant System Requirements.
54
3.12.2.7.2.3.1  Duty Cycle/Burn Times.
54
3.12.2.7.2.3.2  Life.
54
3.12.2.7.2.3.3  Electrical Power Requirements.
54
3.12.2.7.2.3.4  Total Impulse.
54
3.12.2.7.2.3.5  Thrust Rise Rate.
54
3.12.2.7.2.3.6  Thrust Decay.
54
3.12.2.7.2.3.7  Action Time.
54
3.12.2.7.2.3.8  Thrust Alignment.
55
3.12.2.7.2.4  Electric Propulsion System Requirements.
55
3.12.2.7.2.4.1  Power Consumption.
55
3.12.2.7.2.4.1.1  Peak Power Consumption.
55
3.12.2.7.2.4.1.2  Operating Power Consumption.
55
3.12.2.7.2.4.1.3  Standby Power Consumption.
55
3.12.2.7.2.4.2  Efficiency
55
3.12.2.7.2.4.3  On/Off Cycles.
55
3.12.2.7.2.4.4  Rated Life.
55
3.12.2.8  Ordnance Design Requirements.
55
3.12.2.8.1  Explosive Ordnance.
55
3.12.2.8.1.1  Requirements.
55
3.12.2.8.1.1.1  Flight Accreditation.
55
3.12.2.8.1.1.2  General Design Requirements.
56
3.12.2.8.1.1.2.1  Selection of Parts, Materials and Processes.
56
3.12.2.8.1.1.2.1.1  Explosive Materials.
56
3.12.2.8.1.1.2.1.1.1  Upper Temperature Limits.
56
3.12.2.8.1.1.2.1.1.2  Primary Explosives.
56
3.12.2.8.1.1.2.1.2  Inert Materials.
56
3.12.2.8.1.1.2.1.3  Finishes.
57
3.12.2.8.1.1.2.2  Lubricants.
57
3.12.2.8.1.1.2.3  Springs.
57
3.12.2.8.1.1.2.4  Fasteners and Locking.
57
3.12.2.8.1.1.2.4.1  Threaded Parts.
57
3.12.2.8.1.1.2.4.2  Locking Devices.
57
3.12.2.8.1.1.2.5  Stops.
57
3.12.2.8.1.1.2.6  Size and Weight.
58
3.12.2.8.1.1.2.7  Sealing.
58
3.12.2.8.1.1.2.8  Redundancy.
58
3.12.2.8.1.1.2.8.1  Cartridge Actuated Devices.
58
3.12.2.8.1.1.2.8.2  Explosive Trains.
58
3.12.2.8.1.1.2.8.3  Dual Bridgewire EEDs.
58
3.12.2.8.1.1.2.9  Tolerances.
58
3.12.2.8.1.1.2.10  Linear Shaped Charges.
58
3.12.2.8.1.1.3  Performance Requirements.
59
3.12.2.8.1.1.3.1  Cartridge Actuated Device Margins.
59
3.12.2.8.1.1.3.1.1  Minimum Charge Weight.
59
3.12.2.8.1.1.3.1.2  Maximum Charge Weight.
59
3.12.2.8.1.1.3.1.3  Mechanical Load.
59
3.12.2.8.1.1.3.2  Severing and Penetrating Device Margins.
59
3.12.2.8.1.1.3.3  EED Characteristics.
59
3.12.2.8.1.1.3.3.1  "All-fire" Current.
60
3.12.2.8.1.1.3.3.2  "No-fire" Current.
60
3.12.2.8.1.1.3.3.3  "No-fire" Power.
60
3.12.2.8.1.1.3.3.4  Static Sensitivity.
60
3.12.2.8.1.1.3.3.5  Insulation Resistance.
60
3.12.2.8.1.1.3.4  Percussion Initiators.
60
3.12.2.8.1.1.3.5  Detonating Components.
61
3.12.2.8.1.1.3.5.1  Through Bulkhead Initiators.
61
3.12.2.8.1.1.3.5.2  Detonation Transfer.
61
3.12.2.8.1.1.3.6  Safe and Arm Devices.
61
3.12.2.8.1.1.4  Environmental Design Requirements.
61
3.12.2.8.1.1.4.1  Non-operational Environments.
62
3.12.2.8.1.1.4.2  Operational Environments.
62
3.12.2.8.1.1.4.3  Fabrication, Storage, Transportation and Handling Environments.
62
3.12.2.8.1.1.5  Identification and Marking.
63
3.12.2.8.1.1.6  Interface Requirements.
63
3.12.2.8.1.1.6.1  Fragmentation.
63
3.12.2.8.1.1.6.2  Contamination.
63
3.12.2.8.1.1.6.3  Shock.
63
3.12.2.8.1.1.7  Operability.
63
3.12.2.8.1.1.7.1  Reliability.
63
3.12.2.8.1.1.7.2  Maintainability.
63
3.12.2.8.1.1.7.3  Human Engineering.
64
3.12.2.8.1.1.7.4  Service Life.
64
3.12.2.8.1.1.7.5  Interchangeability.
64
3.12.2.8.1.1.7.6  Safety.
64
3.12.2.8.1.1.7.6.1  General.
64
3.12.2.8.1.1.7.6.2  Space Transportation System Payload Ordnance.
64
3.12.2.8.1.1.8  Manufacturing.
64
3.12.2.8.1.1.8.1  Processes and Controls.
64
3.12.2.8.1.1.8.2  Production Lots.
65
3.12.2.8.1.1.8.2.1 Production Lot Testing.
65
3.12.2.8.1.1.8.2.2  Qualification Tests For EEDs.
65
3.12.2.8.1.1.8.2.3  Qualification Tests For Explosive Ordnance (Other Than EEDs.)
65
3.12.2.8.1.1.8.2.4  Qualification of Existing Designs.
65
3.12.2.8.1.1.8.2.5  Lot Acceptance Testing.
65
3.12.2.8.1.1.8.2.6  EEDs Acceptance Test.
65
3.12.2.8.1.1.8.2.7  Explosive Ordnance (Other Than EEDs).
65
3.12.2.8.1.1.8.2.8  Service Life Verification Tests.
65
3.12.2.8.1.1.8.3  Contamination.
66
3.12.2.8.1.1.8.3.1  Fabrication and Handling.
66
3.12.2.8.1.1.8.3.2  Device Cleanliness.
66
3.12.2.8.1.1.8.4  Electrostatic Discharge.
66
3.12.2.8.1.1.8.5  Independent Monitoring.
66
3.12.2.8.1.1.8.6  Refurbishment.
66
3.12.2.8.1.1.8.7  Craftsmanship.
66
3.12.2.8.1.1.9  Storage and Handling Provisions.
67
3.12.2.8.1.2  Quality Assurance Provisions.
67
3.12.2.8.2  Electroexplosive Subsystems.
67
3.12.2.8.2.1  General Requirements.
67
3.12.2.8.2.1.1  General Design.
67
3.12.2.8.2.1.2  Fault Tolerance.
67
3.12.2.8.2.1.2.1  General Requirements.
67
3.12.2.8.2.1.2.2  Implementation.
67
3.12.2.8.2.1.2.3  Extent of Applicability.
67
3.12.2.8.2.1.3  Bonding.
68
3.12.2.8.2.1.4  Electroexplosive Subsystems Electromagnetic Compatibility (EMC).
68
3.12.2.8.2.1.4.1  Inadvertent Activation.
68
3.12.2.8.2.1.4.2  Direct Coupling to the EED and EES.
68
3.12.2.8.2.1.5  System Effectiveness Requirements.
68
3.12.2.8.2.1.5.1  Parts, Materials, and Processes (PMP).
68
3.12.2.8.2.1.5.2  Life.
68
3.12.2.8.2.1.5.3  Reliability.
69
3.12.2.8.2.1.5.4  Materials Compatibility.
69
3.12.2.8.2.1.5.5  Human Factors.
69
3.12.2.8.2.1.6  Traceability.
69
3.12.2.8.2.2  Detail Design Criteria.
69
3.12.2.8.2.2.1  Power Source.
69
3.12.2.8.2.2.2  Shields.
70
3.12.2.8.2.2.3  Shielding Caps.
70
3.12.2.8.2.2.4  Cables.
70
3.12.2.8.2.2.5  Insulation Resistance.
70
3.12.2.8.2.2.6  Post Firing Short-Circuit Protection.
70
3.12.2.8.2.2.7  Firing Circuits.
71
3.12.2.8.2.2.7.1  Wiring.
71
3.12.2.8.2.2.7.2  Electrical Isolation.
71
3.12.2.8.2.2.7.3  Physical Separation.
71
3.12.2.8.2.2.7.4  Electrostatic Protection.
71
3.12.2.8.2.2.7.5  Monitor Circuits (Portable or Built-In).
71
3.12.2.8.2.2.7.6  Control Circuits.
71
3.12.2.8.2.2.8  Connectors.
71
3.12.2.8.2.2.8.1  Type.
71
3.12.2.8.2.2.8.2  Pin Assignments.
72
3.12.2.8.2.2.8.3  Locking.
72
3.12.2.8.2.2.8.4  Mismating.
72
3.12.2.8.2.2.8.5  Separate Connectors.
72
3.12.2.8.2.2.9  Firing Switches and Relays.
72
3.12.2.8.2.2.10  Mechanical Requirements.
73
3.12.2.8.2.2.10.1  Mounting.
73
3.12.2.8.2.2.10.2  Mechanical Integrity.
73
3.12.2.8.2.2.11  Electroexplosive Devices Electrical Design Requirements.
73
3.12.2.8.2.2.11.1  Hot Bridgewire.
73
3.12.2.8.2.2.11.1.1  No-fire Sensitivity.
73
3.12.2.8.2.2.11.1.2  Minimum All-Fire Current.
73
3.12.2.8.2.2.11.2  Carbon Bridge EEDs.
73
3.12.2.8.2.2.11.3  Conductive Mix EEDs.
73
3.12.2.8.2.2.11.4  Temperature Endurance.
74
3.12.2.8.2.2.12  Safe and Arm (S&A) and Arm and Disarm (A/D) Devices.
74
3.12.2.8.2.2.12.1  Electrically Actuated.
74
3.12.2.8.2.2.12.1.1  Cycle Life.
74
3.12.2.8.2.2.12.1.2  RF Susceptibility.
74
3.12.2.8.2.2.12.1.3  Electrical Arming and Safing Time.
74
3.12.2.8.2.2.12.1.4  Electrical Contacts.
75
3.12.2.8.2.2.12.2  Mechanically Actuated S&As.
75
3.12.2.8.2.2.12.3  Safety Provisions.
75
3.12.2.8.2.2.12.3.1  S&A Safety Provisions.
75
3.12.2.8.2.2.12.3.2  Arm/Disarm (A/D) Safety Provisions.
75
3.12.2.8.2.2.12.4  Safe & Arm Lock/Safing Pin.
75
3.12.2.8.2.2.12.5  Safe & Arm Safing Pin Streamer.
76
3.12.2.8.2.2.12.6  Status Indication.
76
3.12.2.8.2.2.12.7  Safe & Arm Simulator Resistors.
76
3.12.2.8.2.2.12.8  Safe & Arm Components.
76
3.12.2.8.2.2.12.8.1  EEDs.
76
3.12.2.8.2.2.12.8.2  Safe & Arm Rotor Leads.
76
3.12.2.8.2.2.13  Safe and Arm Plug Devices.
76
3.12.2.8.2.2.14  Environmental Requirements.
77
3.12.2.8.2.2.15  Hermetic Sealing.
77
3.12.2.8.2.2.16  Data.
77
3.12.2.8.2.3  Quality Assurance Provisions.
77
3.12.2.8.2.3.1  Applicable Tests.
77
3.12.2.8.2.3.2  Responsibility for Tests and Inspections.
77
3.12.2.8.2.3.3  Test Sequences.
77
3.12.2.8.2.3.4  Hazard Classification.
77
3.12.2.8.2.3.5  Safety Reliability Demonstrations.
77
3.12.2.8.2.3.6  Qualification Inspections and Tests.
77
3.12.2.8.2.3.6.1  Requalification Testing.
78
3.12.2.8.2.3.7  Lot Acceptance Sampling, Inspections and Tests.
78
3.12.2.8.2.3.7.1  Electroexplosive Subsystems.
78
3.12.2.8.2.3.7.2  Service Life Tests.
78
3.12.2.8.2.3.8  Systems Effectiveness.
78
3.12.2.8.2.3.8.1  Parts, Materials, and Processes (PMP) Controls and Qualification.
78
3.12.2.8.2.3.9  Electromagnetic Compatibility  (EMC) Verification.
78
3.12.2.8.2.3.10  Documentation.
79
3.12.2.9  Tanks and Plumbing Design Requirements.
79
3.12.2.9.1  General Requirements.
79
3.12.2.9.1.1  System Analysis Requirements.
79
3.12.2.9.1.2  General Design Requirements.
79
3.12.2.9.1.2.1  Loads, Pressures and Environments.
79
3.12.2.9.1.2.2  Strength Requirements.
79
3.12.2.9.1.2.3  Stiffness Requirements.
80
3.12.2.9.1.2.4  Thermal Requirements.
80
3.12.2.9.1.2.5  Stress Analysis Requirements.
80
3.12.2.9.1.2.6  Malfunction.
80
3.12.2.9.1.2.7  Miscellaneous Requirements.
80
3.12.2.9.1.3  Materials Parts and Process Requirements.
80
3.12.2.9.1.4  Safe-Life Requirements.
81
3.12.2.9.1.5  Fabrication And Process Control Requirements.
81
3.12.2.9.1.6  Operations And Maintenance Requirements.
81
3.12.2.9.1.6.1  Operating Procedures.
81
3.12.2.9.1.6.2  Safe Operating Limits.
81
3.12.2.9.1.6.3  Inspection and Maintenance.
81
3.12.2.9.1.6.4  Repair and Refurbishment.
82
3.12.2.9.1.6.5  Storage Requirements.
82
3.12.2.9.1.6.6  Documentation.
82
3.12.2.9.1.7  Special Requirements.
82
3.12.2.9.1.7.1  Re-activated Pressurized Hardware.
82
3.12.2.9.1.7.2  Multiple Proof Tests.
82
3.12.2.9.1.7.3  Test Fluids.
83
3.12.2.9.2  Detailed Requirements.
83
3.12.2.9.2.1  Verification Plan.
83
3.12.2.9.2.2  Pressure Vessel Requirements.
83
3.12.2.9.2.3  Pressurized Systems Components.
83
3.12.2.9.2.3.1  Factors of Safety Requirements.
83
3.12.2.9.3  Pressurized Systems Requirements.
84
3.12.2.9.3.1  General Pressurized System Requirements.
84
3.12.2.9.3.2  Hydraulic Systems Requirements.
85
3.12.2.9.3.2.1  Hydraulic Systems Components.
85
3.12.2.9.3.3  Pneumatic Systems Requirements.
85
3.12.2.9.3.3.1  Pneumatic Systems Components.
86
3.12.2.9.3.3.2  Controls.
86
3.12.3  Construction and Manufacturing Requirements. (See 6.2.105)
86
3.12.3.1  General Requirement.
86
3.12.3.2  Producibility
86
3.12.3.3  Manufacturing Risk Identification And Resolution.
87
3.12.3.4  Manufacturing System Verification.
87
3.12.3.5  Production Drawings.
87
3.12.3.6  Standards Of Manufacturer.
87
3.12.3.7  Processes and Controls.
87
3.12.3.8  Planning and Procedures.
87
3.12.3.9  Documentation.
88
3.12.3.10  Production Tooling And Test Equipment.
88
3.12.3.11  Production Lots.
88
3.12.3.12  Fabrication and Handling.
88
3.12.3.13  Contamination.
88
3.12.3.13.1  Device Cleanliness.
88
3.12.3.13.2  Outgassing
89
3.12.3.14  Electrostatic Discharge.
89
3.12.3.15  Craftsmanship.
89
3.12.4  Physical Characteristics Requirements. (to be furnished)
89
3.12.4.1  Mass Properties Requirements
89
3.12.4.1.1  Weight
89
3.12.4.1.2  Center of Gravity.
89
3.12.4.1.3  Mass Moments of Inertia
89
3.12.4.1.4  Mass Properties Control Plan
90
3.12.4.2  Dimensional Requirements.  (to be furnished)
91
3.12.4.3  Clearance, Alignment, and Interchangeability Requirements.  (to be furnished)
91
3.12.4.4  Set-up/Assembly and Check-out Requirements.  (to be furnished)
91
3.12.5  Parts, Materials, and Processes Requirements.  (to be furnished)
91
3.12.6  Nameplate and Marking Requirements.  (to be furnished)
91
3.12.7  Pre-planned Product and Process Improvement (P4I) Requirements.  (to be furnished)
91
3.13  Personnel-Related Requirements.  (to be furnished)
91
3.14  Training Requirements.  (to be furnished)
91
3.15  Logistics Support Requirements.  (to be furnished)
91
3.16  Data Requirements.  (to be furnished)
91
3.17  PackAGING, Handling, and Transportation Requirements.  (to be furnished)
91
4  Verification And Quality Assurance Provisions.
92
4.1  General Requirements.
92
4.1.1  Verification.
92
4.1.2  Quality Assurance.
92
4.1.3  Records.
92
4.1.4  Verification Methods.
92
4.1.4.1  Demonstration.
92
4.1.4.2  Test.
93
4.1.4.3  Analysis.
93
4.1.4.4  Inspection.
93
4.1.4.5  Special Verification Methods.
93
4.2  Qualification Requirements.
94
4.2.1  Qualification Of System Elements That Are Reused From Prior Designs.
94
4.2.2  System Element Qualification.
94
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SPECIFICATION GUIDE

SPACE SYSTEM

1  Scope.

1.1  Identification.


This document identifies the performance requirements for the _______________ __________ system.  

1.2  System Overview.

The ______________________ system _______________________________________.  

1.3  Document Overview.


This document establishes performance requirements (thresholds) and objectives for the development, verification, manufacture, deployment, training, operations, support, and disposal of the system.  

1.3.1  Thresholds and Objectives.


Requirements not otherwise qualified are thresholds that must be met.  Requirements stated as objectives or goals are tradable.   If both a threshold and an objective/goal are stated, the trade space is between the two.  If only an objective or goal is stated, the system capability with respect to the subject requirement shall be determined by trades aimed at maximizing performance within the affordability, schedule, and risk constraints or guidelines established for the program.

2  Documents.


The following documents are applicable to the extent specifically stated herein.  Any documents listed in the following documents (third tier) are for reference only.  

2.1  Government Documents.

2.1.1  Government Compliance Documents.

2.1.2  Government Reference Documents.


The following documents are referenced in this Specification Guide and may be used for guidance in further developing detailed requirements as appropriate for the acquisition. 

Military Standards.

MIL-STD-129
Marking for Shipment and Storage

MIL-STD-209
Slinging & Tiedown Provisions for Lifting and Tiedown

MIL-STD-210
Climatic Information to Determine Design and Test Requirements for Military Systems and Equipment

MIL-STD-275
Printed Wiring for Electronic Equipment

MIL-STD-331
Fuse and Fuse Components Environmental and Performance Tests For

MIL-STD-461
Control of Electromagnetic Interference Emissions and Susceptibility, Requirements For 

MIL-STD-462
Measurement of Electromagnetic Interference Characteristics, Test, Method Standard For

MIL-STD-464
Electromagnetic Environmental Effects Requirements for Systems

MIL-STD-810E
Environmental Test Methods and Engineering Guidelines

MIL-STD-1167
(Explosive Components Numbering ?) 

MIL-STD-1168
(Explosive Components Documentation ?)

MIL-STD-1246
(Product Cleanliness Levels and Contamination Control Program ?)

MIL-STD-1366
Transportability Criteria

MIL-STD-1472
Ground Element Facilities and Equipment

MIL-STD-1539
Electrical Power, Direct Current, Space Vehicle Design Requirements

MIL-STD-1541
Electromagnetic Compatibility Requirements for Space Systems. 

MIL-STD-1547
Electronic Parts, Materials and Processes For Space Launch Vehicles

MIL-STD-1578
Nickel-Cadmium Battery Usage Practices For Space Vehicles 

MIL-STD-1791
Designing for Internal Aerial Delivery in Fixed Wing Aircraft

MIL-STD-1795
NR

MIL-STD-2000 
Standard Requirements for Soldered Electrical and Electronic Assemblies

MIL-STD-2071-1
DoD Standard Practice for Military Packaging

MIL-STD-6866
Lightning Protection 

Military Specifications

MIL-A-8421


MIL-B-81757  
Nickel-Cadmium Batteries

MIL-C-2430
Connectors

MIL-C-24308
Connectors

MIL-C-26482
Connectors

MIL-C-38999
Connectors

MIL-C-39012
Connectors

MIL-C-81703
Connectors

MIL-C-83723
Connectors

MIL-C-83733
Connectors

MIL-F-14256
(Soldering Flux ?)

MIL-I-46058
Insulating Compound, Electrical (for Coating Printed Circuit Assemblies)

MIL-P-13949
(Stripline Transmission Material- circuit boards)?

MIL-Q-9858
(Quality Assurance Plan?)

MIL-S-13282
(Coin Silver Spec?)

MIL-S-83576, 
Solar Cell Arrays, Space Vehicle, Design And Testing, General Specification For

MIL-W-5088
Wiring, Aerospace Vehicle

MIL-W-83573
Connectors

Military Handbooks

MIL-HDBK-5
Metallic Materials and Elements for Aerospace Vehicle Structures

MIL-HDBK-17
Plastics for Aerospace Vehicles

MIL-HDBK-23
Structural Sandwich Composites

MIL-HDBK-217
Reliability Prediction of Electronic Equipment

DoD-HDBK-263
Electrostatic Discharge Control Handbook for Protection of Electrical and Electronic Parts, Assemblies, and Equipment. 

MIL-HDBK-310
Global Climatic Data For Developing Military Products. 

MIL-HDBK-340-A
Test Requirements For Launch, Upper Stage, and Space Vehicles ( Supersedes MIL-STD-1540C)

DoD-HDBK-343
Design, Construction, and Testing Requirements For One Of A Kind Space Equipment. 

MIL-HDBK-472
Maintainability Prediction

MIL-HDBK-727
Design Guidance For Producibility

Dod-HDBK-791
Maintainability Design Techniques

MIL-HDBK-814
Ionizing Dose and Neutron Hardness Assurance Guidelines For Microcircuits And Semiconductor Devices 

MIL-HDBK-816
Guidelines For Developing Specifications for Radiation Hardness Assured Devices. 

MIL-HDBK-1522
General Parameters For Safe Design And Operation Of Pressurized Missile And Space Systems

MIL-HDBK-1547
Electronic Parts, Materials, And Processes For Space And Launch Vehicles

MIL-HDBK-1576
Electroexplosive Subsystem Safety Parameters And Test Methods For Space Systems. (PROPOSED)

MIL-HDBK-1578
Nickel-Cadmium Battery Usage Practices For Space Vehicles.  (PROPOSED)

MIL-HDBK-1766
Nuclear Hardness and Survivability Program Guidelines Volumes I & II. (PROPOSED)

MIL-HDBK-1809
Space Environment For Space Vehicles (PROPOSED)

MIL-HDBK-1811
Mass Properties Control For Space Vehicles.   (PROPOSED)

MIL-HDBK-8939
(Electrical interconnection resistance welds ??)

MIL-HDBK-83575
General Handbook for Design and Testing of Space Vehicle  Wiring Harnesses.   (PROPOSED)

MIL-HDBK-83577
Assemblies, Moving Mechanical, For Space And Launch Vehicles.  (PROPOSED)

MIL-HDBK-83578
Explosive Ordnance For Space Vehicles, General Handbook For,   (PROPOSED)

2.2 Other Documents.

NASA Ref. Pub. 1314
NASA Handbook for Nickel-Hydrogen Batteries.

NASA Ref Pub 1052
Nickel-Cadmium Battery Applications Manual

JPL Pub 86-14
The NASA Aerospace Battery Safety Handbook

Larson & Wertz
Space Mission Analysis and Design  (2nd Ed)

NASA 40M39569
Connectors

NASA 40M38277
Connectors

NASA 40M38298 
Connectors

2.2.1  Other Compliance Documents.

2.2.2  Other Reference Documents.


The following documents are referenced in this Specification Guide and may be used for guidance in further developing detailed requirements as appropriate for the acquisition. 

ESMCR 127-1
(Range Safety Documents. ?)

WSMCR 127-1
(Range Safety Documents. ?)

SAMTO HB 5-100
(Range Safety Documents. ?)

NHB 1700.7
(Range Safety Documents. ?)

ISO-9000
(Quality Assurance Program ?)

ISO-9001
(Quality Assurance Program ?)

2.3  Precedence.


In the event of conflicts between the documents referenced herein and the contents of this specification, the requirements of this document shall take precedence.  The contracting officer shall be notified of any instances of conflicting requirements.  

3  Performance Requirements.

3.1  Required States and Modes.


_________________________________________________________________________________.  

3.2  System Capability Requirements.

3.2.1  ________________________________ 


____________________________________________________________________________________.  

3.2.2  Space Vehicle Requirements.


The space vehicle consists of those elements of the system that are intended to be deployed beyond the earth’s atmosphere.  


____________________________________________________________________________________.

3.2.2.1  Payload Requirements.

The payload consists of: __________________.  


____________________________________________________________________________________.

3.2.2.2  Spacecraft Requirements.


The spacecraft consists of all elements of the space vehicle other than the payload.  .  


_______________________________________________________________________.  

3.2.3  Terrestrial Communications and Control Requirements.


The terrestrial communications and control elements of the system consist of:
______________________________________________________________________________________________________.  

3.2.4  User Equipment Requirements.


The user equipment consists of:___________________________________________ ________________________________________________________.  

3.3  System External Interface Requirements.


____________________________________________________________________________________.  

3.4  System Internal Interface Requirements.


____________________________________________________________________________________.  

3.5  System Internal Data Requirements.


_______________________________________________________________________________________________________________________________________________.

3.6  Adaptation Requirements.

3.7  Safety Requirements For Space And Terrestrial System Elements.

3.7.1  Safety. 

3.7.1.1  General Safety.

3.7.1.1.1  Safety Hazards.


The design shall be such that a safety hazard to personnel and surrounding equipment shall not be created during installation, maintenance, ground test, and transportation. 

3.7.1.1.2  Electronic Assemblies.


Electronic assemblies shall be protected from damage which may occur at any stage of the fabrication assembly, testing or transportation.

3.7.1.1.3  Tethering.


During installation, maintenance, ground test, and transportation, precautions shall be taken to preclude the dropping of tools or other items that might injure personnel or damage sensitive equipment. (Tethering of tools to persons or clothing is recommended.)

3.7.1.1.4  Protective Devices.


For electronic equipment, protective covers or other protective devices shall be incorporated, where applicable.

3.7.1.2  Space Systems Payload.

3.7.1.2.1  Electronic Assemblies.


For all electronic assemblies that are in payloads, the design shall allow a limited number of failures and/or operation errors based on reliability and maintainability requirements. 

3.7.1.2.2  Safety Hazards.


For catastrophic hazards (see 6.2.22) or hazards that would result in personnel injury, loss of the spacecraft, or launch facilities and equipment, the hazard shall be controlled such that no combination of two failures, operator errors, radio frequency signals would unleash the hazard.

3.7.1.2.3  Critical Hazards.


For critical hazards (See 6.2.32) or hazards that would result in damage to the launch vehicle equipment or in the use of contingency or emergency procedures, the hazard shall be controlled such that no single failure, or operator error, would unloose the hazard.

3.7.2  Safety For Pressurized Systems. 

3.7.2.1.  Safety Analysis. 


A detailed functional systems analysis shall be prepared to determine that the operation, interaction, or sequencing of components shall not lead to unsafe conditions which could cause personnel injury or major damage to the vehicle, its booster, or associated ground equipment.  The analysis shall identify any single malfunction or personnel error in operation of any component that will create conditions leading to an unacceptable risk to operating personnel or equipment.  The analysis shall also evaluate any secondary or subsequent occurrence, failure, or component malfunction which, initiated by a primary failure, could result in personnel injury.  Such items identified by the analysis shall be designated safety critical and will require the following considerations.

a. Specific Design Action.

b. Special Safety Operating Requirements.

c. Specific Hazard Identification and Proposed Corrective Action.

d. Special Safety Supervision.

3.7.2.2  Safety Analysis Data. 


Safety analysis data shall show that:

a. The system provides the capability of maintaining all pressure levels in a safe condition in the event of interruption of any process or control sequence at any time during test, launch or space operations. 

b. Redundant pressure relief devices have mutually independent pressure escape routes.

c. For systems where a pressure regulator failure would result in a critical hazard to the crew or failure of the mission, pressure regulation shall be redundant and shall include provisions for automatic switchover in event of a failure. 

d. When the hazardous effects of safety critical failures or malfunctions are prevented through the use of redundant components or systems, it shall be mandatory that all such redundant components or systems are operational prior to the initiation of irreversible portions of safety critical operations or events.

3.7.3  Electroexplosive Subsystem Safety Parameters For Space Systems.

3.7.3.1  General Requirements. 

3.7.3.1.1  General Design.


Electroexplosive subsystems (EES) shall meet design requirements under the specified environmental conditions. (See 6.2.63).


(Note to Spec Guide user: see rational and supplemental information in Appendix A, Paragraph A.3.7.3.1.1 regarding this requirement.)

3.7.3.1.2  Fault Tolerance.

3.7.3.1.2.1  General Requirements.


The design of an electroexplosive subsystem performing a safety critical function (See 6.2.152) shall tolerate a minimum number of credible failures or operator errors according to the following criteria:

a. If loss of function is safety catastrophic or critical, the design of the electroexplosive subsystem shall preclude single point failures and shall include at least two electroexplosive devices (EEDs) (See 6.2.62).

b. If inadvertent firing is safety critical, the design of the electroexplosive subsystem shall provide a condition such that no single failure or single operator error can cause a critical hazard and no combination of two failures or operator errors can cause a catastrophic hazard.

3.7.3.1.2.2  Implementation.


This document shall be used to prepare requirements for inclusion in contract work statements.  The contractor shall impose all requirements on his subcontractors suppliers, and vendors to the extent of applicability.

a. Safety devices shall be used in each electroexplosive subsystem to provide an electrical interrupt between each EED and its firing source .

b. Safety devices shall be designed to be reversible (i.e., from the arm to safe position) when performing safety critical functions. This requirement applies to devices that can be activated prior to deployment from a manned vehicle, and in any situation in which danger to personnel and property exists.

c. Safe and Arm (S&A) devices, (See 6.2.150), or Exploding Bridgewire (EBW) devices, (See 6.2.74), firing units as well as other devices intended to interrupt the explosive train, shall be used to prevent inadvertent Solid Rocket Motor ignition and destruct initiation.

3.7.3.1.2.3  Firing Circuits.

3.7.3.1.2.3.1  Electrostatic Protection.


Electroexplosive devices shall be protected from electrostatic hazards by the placement of resistors from line-to-line and from line-to-ground (structure).


(Note to Spec Guide user: see rational and supplemental information in Appendix A, Paragraph A.3.7.3.1.2.3.1 regarding this requirement.)

3.7.3.1.2.3.2  Monitor Circuits (Portable or Built-In).


Application of operational voltage to the monitor circuit shall not compromise the safety of the firing circuit nor cause the electroexplosive subsystem to be armed.


(Note to Spec Guide user: see rational and supplemental information in Appendix A, Paragraph A.3.7.3.1.2.3.2 regarding this requirement.)

3.7.3.1.2.4.  Safety Provisions.

3.7.3.1.2.4.1  S&A Safety Provisions.


The provisions that follow apply to all devices using mechanical barriers.

a. The safe and arm device shall contain a mechanical safety barrier between the EED and the explosive train when the S&A is in the safe (disarmed) position. 

b. In the armed position, the safe and arm safety barrier shall be aligned to permit ignition or detonation of the explosive train.

c. In the safe (disarmed) position, inadvertent ignition of the EED shall not result in ignition or detonation of the subsequent explosive elements including any explosives within the S&A. 

d. In the safe (disarmed) position, both power and return lines shall disconnected.

e. In the safe (disarmed) position, the EEDs shall be shorted and the short shall be grounded through an appropriate resistance. If the resistor(s) remain connected to the firing circuit in the arm position, it shall be a minimum of    (specify)    ohms.

f. Establishing and breaking circuit continuity, and shorting and unshorting of the electrical initiators shall be accomplished by actuation of the device to align, and disalign the EEDs with the rest of the explosive train.

g. Transition of the barrier from the safe to the arm position for a rotating barrier shall require a minimum of    (specify)   degrees rotation of the mechanical barrier.

h. The devices shall be designed to meet all performance requirements after the application of maximum operational arming voltages continuously for periods of up to (specify)    minutes with the safing pin installed.  Stalling shall not create a hazardous condition when arming voltages are applied continuously for one hour with the safing pin installed.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.7.3.1.2.4.1 for developing requirements.) 

3.7.3.1.2.4.2  Safe & Arm Simulator Resistors.


Application of operational voltage for times in excess of    (specify)   seconds shall not create a hazardous condition.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.7.3.1.2.4.2 for developing requirements.) 

3.7.3.1.2.5  Environmental Requirements.


Electroexplosive subsystems shall be capable of performing in the prescribed manner when fired in the operational environment after surviving the normal sequence of predicted transportation and handling, storage, prelaunch, launch, ascent and flight conditions. They must not inadvertently initiate after exposure to the predicted environmental extremes of re-entry, landing, and post landing conditions where applicable. Designing components for the predicted environmental extremes shall include design factors of safety or design margins to accommodate variations in production units and in testing.

3.7.3.1.2.6  Hazard Classification. 


Ordnance items shall have a Military Hazard Classification and Compatibility Grouping.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.7.3.1.2.6 for developing requirements.) 

3.7.3.1.2.7  Safety Reliability Demonstrations.


The reliability of the safety features of the electroexplosive subsystem shall be considered demonstrated with the successful completion of the required qualification and acceptance testing.  The capability of the EED output in performing its intended function shall be verified.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.7.3.1.2.7 for developing requirements.) 

3.8  Security and Privacy Requirements.


The system shall be protected against ______________________________________.

3.9  System Environment Requirements.


(Note to Spec Guide user: Section 3.9 Provides examples and guidance in developing environmental requirements that the system must withstand during its entire life cycle.  The environments are categorized as:

a. Natural environments, which include atmospheric, and weather conditions the system may be exposed to as well as naturally occurring space environments which could present a threat to the survival capabilities of an operating system. 

b. Induced environments, which include motion, shock, noise, vibration, acceleration, electromagnetic radiation and environments due to enemy action.)

3.9.1  General Environmental Requirement. 


The contractor shall describe the plans and controls to be implemented to assure that the system is designed and tested to withstand all pertinent environmental conditions, naturally occurring and induced or man-made, to which the system will be subjected during its life cycle.(See 6.2.170). 


(Note to Spec Guide user: see rational and supplemental information in Appendix A, Paragraph A.3.9.1. regarding this requirement.) 

3.9.1.1  Detailed Environmental Requirements.

3.9.1.1.1  Natural Environment Requirements. 


(Note to Spec Guide user:  This section provides examples and guidance in developing the natural environment requirements which the spacecraft/equipment may encounter during pre-launch, launch and the orbital mission.  Environmental conditions specified are limited to those which could adversely affect the performance of the equipment.  Not all requirements listed are necessarily applicable and must be selected based on the mission profile of the vehicle/equipment being procured.)

3.9.1.1.1.1  Terrestrial Environment Requirements. (See 6.2.173)

To the greatest extent feasible, the vehicle/equipment hardware shall be protected from the potentially degrading effects of extreme terrestrial natural environments by procedural controls, which limit exposure, and special support equipment.


(Note to Spec Guide user: See rational and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1 regarding this requirement.) 

3.9.1.1.1.1.1  Atmosphere.


(Note to Spec Guide user: Selection of specific climatic values shall be made only after determining: 

a. the area of geographic deployment; 

b. handling and logistics requirements; and 

c. the operational requirements of the system being procured.)

3.9.1.1.1.1.1.1  Wind Profile Studies.


Wind profile studies shall be developed for each launch site which defines steady state vector winds, vector wind shears, and gusts which produce the maximum vehicle response. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.1.1 for developing this requirement.) 

3.9.1.1.1.1.1.1.1  Wind Operations.


The system shall be capable of accomplishing all vehicle ground operations, including towing, transportation, and on–pad operations in peak winds up to and including    (specify)      m/sec (knots) at    (specify height level)  m from any azimuth, (or    (specify)    azimuths o.)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.1.1.1 for developing this requirement.) 

3.9.1.1.1.1.1.2  Pressure.


The vehicle/equipment shall be capable of withstanding ambient pressures that change from a low of    (specify)   millipascals, to a high of    (specify)   millipascals, over a duration of __specify duration_ without deleterious effects or loss of performance.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.1.2 for developing this requirement.) 

3.9.1.1.1.1.1.3  Density.


The vehicle/equipment shall be capable of operating in atmospheric densities that range from a low of    (specify)   kg/m3 to a high of    (specify)   kg/m3 without deleterious effects or loss of performance.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.1.3 for developing this requirement.) 

3.9.1.1.1.1.1.4  Ozone.


The vehicle/equipment shall be capable of withstanding ozone concentrations of    (specify)   µg/m3 without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.1.4 for developing this requirement.) 

3.9.1.1.1.1.1.5  Solar Radiation.


The vehicle/equipment shall be capable of withstanding exposure to the sun (solar radiation) at ground level without damage or loss of performance.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.1.5 for developing this requirement.  see also 3.9.1.1.2.1 Temperature Requirement.) 

3.9.1.1.1.1.2  Weather.

3.9.1.1.1.1.2.1  Temperature.


The vehicle/equipment shall be capable of withstanding terrestrial thermal environments that are between    (specify)   deg C maximum and    (specify)   deg C minimum without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.2.1 for developing this requirement.  Also see section 3.12.2.2 Thermal Design Requirements for a detailed discussion on spacecraft thermal control systems requirements.) 

3.9.1.1.1.1.2.2  Humidity.


The vehicle/equipment shall be capable of withstanding high and low humidity environments between    (specify)   percent maximum relative humidity and    (specify)   percent minimum relative humidity without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.2.2 for developing this requirement.) 

3.9.1.1.1.1.2.3  Rain.


The vehicle/equipment shall be capable of withstanding a rainfall rate of     (specify)   mm for a duration of    (specify)   without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.2.3 for developing this requirement.) 

3.9.1.1.1.1.2.4  Blowing Snow. 


The vehicle/equipment shall be capable of withstanding blowing snow mass flux rates of (specify)   g/m2 at a height of    (specify)   m with wind speeds of    (specify)   knots without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.2.4 for developing this requirement.) 

3.9.1.1.1.1.2.5  Snow Loads. 


The vehicle/equipment shall be capable of withstanding snow loads of       (specify)   kg/m2 without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.2.5 for developing this requirement.) 

3.9.1.1.1.1.2.6  Hail. 


The vehicle/equipment shall be capable of withstanding hailstone impacts with stone diameters up to     (specify)   mm and/or maximum densities of    (specify)   gm/cm3  with terminal velocities not exceeding     (specify)   mps without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.2.6 for developing this requirement.) 

3.9.1.1.1.1.2.7  Sand/Dust.


The vehicle/equipment shall be capable of withstanding particle concentrations of     (specify)   g/m2 with wind speeds up to     (specify)   mps at a height above ground level of    (specify)   m without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.2.5 for developing this requirement.) 

3.9.1.1.1.1.2.8  Salt Fog. 


The vehicle/equipment shall be capable of withstanding a salt spray atmosphere without deleterious effects or loss of performance. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.2.7 for developing this requirement.) 

3.9.1.1.1.1.2.9  Lightning 


The equipment shall be designed to provide protection against lightning and shall be capable of surviving and operating after exposure to a lightning environment. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.1.2.9 for developing this requirement.) 

3.9.1.1.1.1.3  Handling. 


The vehicle/equipment shall be properly protected by packaging and other safeguards to insure that temperature, humidity, pressure, shock and vibration levels caused by manufacturing, shipping and handling activities does not cause damage or exceed the levels for which it is qualified. 


(Note to Spec Guide user: For detailed requirements see section 3.17 Packaging, Handling & Transportation Requirements.)

3.9.1.1.1.2  Launch Environment Requirements. 

3.9.1.1.1.2.1  Vehicle Assent Phase.

3.9.1.1.1.2.1.1  Ground Winds for Launch. 


The vehicle shall be capable of launching into ground wind environments between 0 to    (specify)   m altitude above the natural grade:  The vehicle shall withstand: 

a. Design peak winds from all (or specify o) azimuths shall be    (specify)     m/sec, (knots).  

b. Steady state winds from all azimuths (or specify o) shall be    (specify)   m/sec, (knots) 

c. Wind shear values equal to    (specify)    sec-1.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.2.1.1 for developing this requirement.) 

3.9.1.1.1.2.1.2  Winds During Boost Phase 


During the boost phase from    (specify)   m altitude, to orbit (or specify) m, the vehicle shall be capable of withstanding in-flight wind environments as defined by the design wind profiles developed for each launch site.  (see 3.9.1.1.1.1)  The design wind profiles shall utilize those steady state vector winds, vector wind shears, and gusts which produce the maximum vehicle response.  The vehicle dynamic load and control system boost design studies shall employ the in–flight wind environments.  


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.2.1.2 for developing this requirement.) 

3.9.1.1.1.3  On-Orbit Environment Requirements. 

3.9.1.1.1.3.1  General Orbital Requirements.


The system shall be designed to function within performance specifications while exposed to natural space environments found during specify  (orbital type; geosynchronous, polar, circular, elliptical, escape) orbit at altitudes of    (specify)  _ km to    (specify)  _ km for a duration of __specify duration.  The predicted environments shall include a factor of safety or design margin of    (specify)   .


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.1 for developing this requirement.) 

3.9.1.1.1.3.1.1  Radiation. (See 6.2.144)

The system/equipment shall be designed to operate within performance specifications during exposure and after exposure to on-orbit level radiation environments for the service life of the system.  The timeline of the on-orbit levels shall include a representative number of time periods at the maximum predicted radiation levels to ensure a satisfactory design margin.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.1.1 for developing this requirement.) 

3.9.1.1.1.3.1.2  Thermal and Vacuum. 


The systems/equipment shall be designed to operate within performance specifications during exposure to thermal environments of    (specify)    deg C above the maximum predicted temperature and    (specify)    deg C below the minimum predicted temperature at ambient pressure changes from sea level to    (specify)    micropascals with a rate of change of (specify)    micropascals/ sec. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.1.2 for developing this requirement.  Also see section 3.12.2.2 Thermal Design Requirements for a detailed discussion on spacecraft thermal control systems requirements.) 

3.9.1.1.1.3.2  Detailed Orbital Requirements. 

3.9.1.1.1.3.2.1  Energetic Charged Particles. 


The system shall be capable of withstanding the deleterious effects caused by energetic charged particles while performing its intended mission.  (See 6.2.72)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.1 for developing this requirement.) 

3.9.1.1.1.3.2.2  Plasma Environment. 


The system shall be capable of withstanding the deleterious effects caused by a plasma environment while performing its intended mission.  (See 6.2.129)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.2 for developing this requirement.) 

3.9.1.1.1.3.2.3  Neutral Atmosphere.


The system shall be capable of withstanding the deleterious effects caused by the neutral atmosphere while performing its intended mission.  (See 6.2.114)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.3 for developing this requirement.) 

3.9.1.1.1.3.2.4  Meteoroids.


The system shall be capable of withstanding the deleterious effects caused by meteoroids while performing its intended mission.  (See 6.2.186)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.4 for developing this requirement.) 

3.9.1.1.1.3.2.5  Geomagnetic Field.


The system shall be capable of withstanding the deleterious effects caused by the geomagnetic fields while performing its intended mission.  (See 6.2.85)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.5 for developing this requirement.) 

3.9.1.1.1.3.2.6  Electromagnetic Radiation. 


The system shall be capable of withstanding the deleterious effects caused by electromagnetic radiation while performing its intended mission.  (See 6.2.67)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.6 for developing this requirement.) 

3.9.1.1.1.3.2.6.1  Solar Radiations.


The system shall be capable of withstanding the deleterious effects caused by solar radiation while performing its intended mission. (See 6.2.162)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.6.1 for developing this requirement.) 

3.9.1.1.1.3.2.7  Gravitational Field.


The system shall be capable of performing its intended mission while subjected to the forces induced by gravitational fields .  (See 6.2.86)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.7 for developing this requirement.) 

3.9.1.1.1.3.2.8  Nuclear Radiation (Ionization/Displacement Damage.)


The system shall be capable of withstanding the deleterious effects caused by naturally occurring nuclear radiation while performing its intended mission.  (See 6.2.113)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.8 for developing this requirement.) 

3.9.1.1.1.3.2.9  Temperature  (On Orbit).  


The vehicle/equipment shall be capable of withstanding orbital thermal environments that are between    (specify)   deg C maximum and    (specify)   deg C minimum without deleterious effects or loss of performance. 


(Note to Spec Guide user:  see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.9 for developing this requirement.  Also see section 3.12.2.2 Thermal Design Requirements for a detailed discussion on spacecraft thermal control systems requirements.) 

3.9.1.1.1.3.2.10  Pressure/Vacuum.


The vehicle/equipment shall be capable of withstanding operational pressure changes from a low of    (specify)   micropascals, to a high of    (specify)   micropascals, with a rate of change of    (specify)   micropascals/sec without deleterious effects or loss of performance.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.1.1.1.3.2.10 for developing this requirement.) 

3.9.2  Induced Environment Requirements.

3.9.2.1  Vibration, Acoustic, Shock, And Acceleration Requirements.

3.9.2.1.1  Vibration Requirements.


The system shall be capable of withstanding the accumulated effects of vibration induced stresses without degradation.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.1.1 for developing this requirement.) 

3.9.2.1.1.1  Random Vibration. 


The on-orbit random vibration design level shall be at least   (specify)    dB above the maximum predicted on-orbit levels.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.1.1.1 for developing this requirement.) 

3.9.2.1.1.2  Sinusoidal Vibration. 


A sinusoidal vibration environment that is at least   (specify)  dB above the maximum predicted level shall be used to provide the required design margin of safety. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.1.1.2 for developing this requirement.) 

3.9.2.1.2  Acoustic Requirements.


An acoustic design environment that is    (specify)    dB above the maximum predicted levels shall be used to provide the required design margin of safety.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.1.2 for developing this requirement.) 

3.9.2.1.3  Shock Requirements.


The design level pyrotechnic shock spectrum shall be at least    (specify)    dB over the maximum predicted levels occurring during on-orbit operation.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.1.3 for developing this requirement.) 

3.9.2.1.4  Acceleration Requirements.


The on-orbit acceleration level shall be the maximum predicted on-orbit levels times a factor of safety that: includes a    (specify)    percent test measurement tolerance.  The on-orbit design acceleration factor of safety shall be at least    (specify)   .  When applicable, the acceleration shall include that which is due to space vehicle rotation.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.1.4 for developing this requirement.) 

3.9.2.2  EMI/EMC Requirements.

3.9.2.2.1  Electromagnetic Interference. (EMI)


The equipment shall be capable of surviving and meeting specific performance requirements when exposed to the operational electromagnetic environment.  (See 6.2.65)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.2.1 for developing this requirement.) 

3.9.2.2.2  Electromagnetic Compatibility. (EMC)


Electrical and electronic systems shall be designed to be mutually compatible with other sub-systems and systems within their intended operational environment. (See 6.2.64)  The contractor shall validate that the system can successfully operate in its intended worst case environment without suffering degradation from, or causing unacceptable degradation to other systems.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.2.2 for developing this requirement.) 

3.9.2.2.3  Electromagnetic Control.


An Electromagnetic Control Plan shall be prepared to identify the requirements and to provide confidence that the system will achieve its specified functional performance based on the EMC design criteria.  The plan shall delineate system and hardware parameters and performance characteristics to determine electric and magnetic emissions, conductive emissions, and susceptibility criteria.  The plan shall include, but not be limited to, integrated requirements with all functions that form a part of the design functionality, allocation for the systems, and the following:

1. Frequency Management.

2. EMI/EMC Mechanical design.

3. Electrical/Electronic wiring design.

4. Electrical/Electronic circuit design.

5. Development Testing. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.2.2.3 for developing this requirement.) 

3.9.3  Requirements Regarding Environments Due To Enemy Action. 

3.9.3.1  General Requirements.

3.9.3.1.1  Survivability.


Unless waived by the Milestone Decision Authority (MDA), mission-critical systems, regardless of Acquisition Category (ACAT), shall be survivable (See 6.2.169 ) to the threat levels anticipated in their operating environment.  System (to include the crew) survivability from all threats found in the various levels of conflict shall be considered and fully assessed as early as possible in the program, usually during Phase I.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.1.1 for developing this requirement.) 

3.9.3.1.1.1  Nuclear Hardness and Survivability (NH&S) Program Plan.


A Nuclear Hardness and Survivability Program Plan shall be prepared early in the program addressing both space and ground segment elements of the system.  (See 6.2.91 ).  (See 6.2.120 ).


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.1.1.1 for developing this requirement.) 

3.9.3.1.1.2  Hardness Assurance Plan.


A Hardness Assurance Plan shall be prepared early in the program addressing both space and ground segment elements of the system.  (See 6.2.88 )


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.1.1.2 for developing this requirement.) 

3.9.3.1.1.3  Nuclear Hardness and Survivability Trade Studies.  


Nuclear Hardness and Survivability Trade Studies shall be prepared early in the program addressing both space and ground segment elements of the system.  (See 6.2.119 )


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.1.1.3 for developing this requirement.) 

3.9.3.1.1.4  Hardness Surveillance Plan.


A Hardness Surveillance Plan shall be prepared early in the program addressing both space and ground segment elements of the system.  (See 6.2.90 )


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.1.1.4 for developing this requirement.) 

3.9.3.1.1.5  Hardness Maintenance Plan.


A Hardness Maintenance Plan shall be prepared early in the program addressing both space and ground segment elements of the system.  (See 6.2.89 )


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.1.1.5 for developing this requirement.) 

3.9.3.1.1.6  Survivability Testing.  


Survivability testing shall begin at the component, subsystem, and subassembly level, culminating with tests of the complete covered system (See 6.2.32), when appropriate or program, or covered product improvement, configured for combat.  A covered system, major munitions, a missile program, or a product improvement to a covered system, major munitions, or missile program may not proceed beyond low-rate initial production until realistic survivability or lethality testing is completed and the report required by statute is submitted to the prescribed congressional committees (10 USC §2366 ).


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.1.1.2 for developing this requirement.) 

3.9.3.2  Detailed Requirements.

3.9.3.2.1  Nuclear Hardening Requirements.  


(See 6.2.118 )

3.9.3.2.1.1  Thermal/ Mechanical Effects.  


All exposed surfaces of the space vehicle shall be capable of surviving the prompt radiation effects produced by a nuclear detonation in space with a JCS level of   (specify)  .    (See 6.2.176 )


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.1.1 for developing this requirement.) 

3.9.3.2.1.2  Electromagnetic Pulse (EMP).


The equipment shall be capable of surviving without permanent damage and operating after exposure to the free-field EMP intensity of    (specify)   .   (See 6.2.66 )


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.1.2 for developing this requirement.) 

3.9.3.2.1.3  Radioactive Debris.  


The system shall be capable of surviving without permanent damage and operating after exposure to radioactive debris produced by a nuclear bomb detonation in space.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.1.3 for developing this requirement.) 

3.9.3.2.2  Communications.

3.9.3.2.2.1  Anti-jamming. 


The electronic components or equipment shall be designed to obtain the maximum inherent protection against possible interfering signals caused by intentional and unintentional jamming.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.2.1 for developing this requirement.) 

3.9.3.2.2.2  Security.


Data encryption techniques shall be incorporated into the communication subsystem design, to preclude signal interception by unauthorized persons. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.9.3.2.2.2 for developing requirements appropriate for the acquisition).

3.9.3.2.3  Non-Nuclear Hardening Requirements.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3 for developing this requirement.) 

3.9.3.2.3.1  Continuous Wave Laser.


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage) during and/or after exposure to a continuous wave (CW) laser beam to a SMATH level   specify  (e.g. I, II, III, etc.) or to the level described as follows:  

a. Specify   either individually or as a broadband range wavelength(s) ((), (mm/m/nm/()

b. Specify   peak power level/flux/power density 

,

c. Specify  total energy level /fluence 

,

d. Specify  total exposure time (seconds),

e. Specify  exposure power vs. encounter time profile (w/cm2 vs. sec)

f. Specify   exposure area/spot size (cm2).


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3.1 for developing this requirement.) 

3.9.3.2.3.2  Pulsed Laser. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3.2 for developing this requirement.) 

3.9.3.2.3.2.1  Single Pulsed Laser.


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage) during and/or after exposure to a single pulsed (SP) laser beam described as follows:  

a. Specify   either individually or as a broadband range wavelength(s) ((), (mm/m/nm/(),

b. Specify   total energy level/fluence 

,

c. Specify   pulse width/pulse duration/ total exposure time (msec/sec/nsec/psec)

d. Specify   exposure area/spot size (cm2).


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3.2.1 for developing this requirement.) 

3.9.3.2.3.2.2  Repetitive Pulsed Laser.  


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage) during and/or after exposure to a repetitive pulsed (RP) laser beam described as follows:  

a. Specify   either individually or as a broadband range wavelength(s) ((), (mm/m/nm/(),

b. Specify   peak power level/flux/power density 

,

c. Specify  total energy level /fluence 

,

d. Specify   total exposure time (seconds),

e. Specify   pulse rate (Hz, pulses/sec),

f. Specify   pulse duration/width, (msec/sec/nsec/psec)

g. Specify   exposure area/spot size (cm2).


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3.2.2 for developing this requirement.) 

3.9.3.2.3.3  Particle Beam.

The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage. ) after exposure to (specify type)  (charged, neutral) particle beams with intensities of    (specify)   watts/cm2 for a period of    (specify)   seconds. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3.3 for developing this requirement.) 

3.9.3.2.3.4  Conventional/Particle/Pellet Impacts.  


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage. ) after exposure to an attack by a conventional/particle/pellet weapon consisting of   (specify pellet size and material)  with a particle density/flux of   (specify) pellets/m2 over an area of   (specify)  m2 and an impact velocity of   (specify)  m/sec.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3.4 for developing this requirement.) 

3.9.3.2.3.5  Projectile/Object Impact.


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage. ) after exposure to an attack by a projectile/object impact weapon consisting of   (specify dimensions)  with a mass of   (specify mass)  kg at an impact velocity of   (specify)  km/sec. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3.5 for developing this requirement.) 

3.9.3.2.3.6  High Power Radars And Other Sources Of Radio Frequency Energy.


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage. ) after exposure to an attack by high power radars and/or other sources of radio frequency or microwave energy in terms of:

a. Peak power level  (specify)  watts/cm2 .

b. Total exposure time   (specify)  seconds. 

c. Frequencies   (specify)  MHz/GHz.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.9.3.2.3.6 for developing this requirement.) 

3.10  Computer Resource Requirements.


The system computer resources include all computer software, firmware, and associated computational equipment that are integral to the system operation and any software, firmware, and computational equipment included in system support environments and system support equipment.  Computer resources shall be selected from:

a. Commercial off-the-shelf (COTS), 

b. Military off-the-shelf (MOTS), 

c. reusable software and firmware components, 

d. modified (evolved), and new to meet all other applicable requirements of this specification and minimize system life cycle cost.  Except for COTS, software data rights shall be owned by the Government.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.10 for developing this requirement.) 

3.10.1  Computer Hardware Requirements.


_______________________________________________________________________________________________________________________________________________.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.10.1 for developing this requirement.) 

3.10.2  Computer Hardware Resource Utilization Requirements.


_______________________________________________________________________________________________________________________________________________.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.10.2 for developing this requirement.) 

3.10.3  Computer Software Requirements.


Within each modified or new functional processing element, the software used in the system shall provide the following capabilities: 

a.  measurement of computer resource utilization, 

b. logging of system events to support anomaly resolution (including software anomalies) and system performance verification, and 

c. restart/re-initialization of software to recover from anomalies.  


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.10.3 for developing this requirement.) 

3.10.4  Computer Communications Requirements.


_______________________________________________________________________________________________________________________________________________.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.10.4 for developing this requirement.) 

3.11 System Quality Requirements.  

3.12 Reliability Requirements.  

Satellite Mean Mission Duration (MMD) or space element reliability (for systems having a constellation of satellites) shall be consistent with the system dependability requirement.  Dormant storage reliability of the satellite shall be _____(specify)____________________. Ground element reliability shall be consistent with the system dependability requirement.  No single failure shall cause loss of mission.  The system design shall be robust enough to meet reliability requirements while experiencing worst case environmental conditions as defined in Section 3.9.  All reliability predictions shall be consistent with industry standards.  Techniques and failure rates documented in MIL-HDBK-217 (latest revision), “Reliability Prediction of Electronic Equipment" may be used for guidance, as appropriate.  Failure rate data in the handbook may be modified, where necessary, to correspond with the contractor’s orbital experience.  Mean Mission Duration (MMD) is the average time an on-orbit satellite is operational before a mission critical failure occurs.  The formula for MMD calculation is:

              DL

MMD  =  ∫ R(t)dt
               0

where the DL is the design life of the satellite, and R(t) is it’s reliability function with respect to mission time.  Design life considers deterministic and stochastic parameters such as:  wearout, consumables, operational degradation (i.e., radiation and micrometeroids).

R(t), which considers random failures, is the duration or probability of failure free performance under stated conditions.

3.11.1 Maintainability Requirements.  

Maintainability is the measure of the ability of a system to be retained in or restored to a specified condition when maintenance or fault correction is performed during the course of a specified mission profile.  The maintainability of the ground element shall be consistent with the system dependability requirement.  The time it takes to restore a satellite after a fault or failure has taken place shall be included in system dependability predictions and shall consider times to detect, isolate, switchover to redundant, on-board equipment, and test (if necessary).  Administrative delay time may be neglected.  Satellite hardware shall not require scheduled maintenance or repair.  Suitable design analyses, and/or development tests, and/or inspections at appropriate intervals shall validate that scheduled maintenance or repair is not required.  All maintainability predictions shall be consistent with industry standards.  Techniques documented in MIL-HDBK-472 (latest revision), “Maintainability Prediction” may be used for guidance, as appropriate.  DoD-HDBK-791 (latest revision), “Maintainability Design Techniques” may be used as a guideline for maintainability considerations in ground element designs.    

3.11.2 Dependability and Availability Requirements. 

Dependability is the measure of the degree to which a system is operable and capable of performing its function at any random time during a specified mission profile, given its availability at the start of the mission.  Availability is a measure of the degree to which a system is in an operable and committable state at the start of a mission when the mission is called for at an unknown (random) time.  System state at the start of a mission includes the combined effects of the readiness related R&M parameters, but excludes mission time.  

The system’s dependability shall be _____(specify)____________________.          

(Note to Spec Guide user: Dependability shall take into account: a) satellite or space element reliability and failure recovery time, b) ground element reliability and maintainability, c) availability of ground element support equipment necessary to perform the system mission, d) operator error may be neglected, and e) failure of a satellite requiring replacement may be neglected.

3.11.4 Interoperability Requirements.


The system shall be interoperable with _________(specify)_________________ for which the interoperability requirements are _____(specify)____________________.


(Note to Spec Guide user: The system shall comply with the standard interfaces defined for each existing asset.  See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.11.4 for developing this requirement.) 

3.11.5 Software Portability Requirements.  

Software developed for the ground element shall be capable of operating on all of the following platforms, with little or no modification between platforms ____(specify)___________.

3.11.6 Reusability Requirements. 

Commercial software, proprietary software, software developed by other programs or by Independent Research and Development may be used in both space and ground elements when it has been demonstrated that mission requirements can be met and proven that the use of such software reduces acquisition and/or lifecycle costs or development risk.

3.11.7 Testability Requirements.  

The system shall be designed to include testability characteristics or features which will facilitate diagnosis of problems.  Test parameters shall be chosen to provide assurance of satisfactory system performance and to isolate faults.  The test equipment used shall be capable of measuring the critical performance parameters to the required accuracy.  Test limits shall be established such that the measurements are made to an expanding accuracy tolerance that avoids the possible rejection of equipment which has passed tests conducted at lower levels of assembly.  Sufficient diagnostic instrumentation or built-in-test shall be included in the design of the satellite to isolate a failure to a level that correction can be accomplished by switchover to the other, redundant unit.  In the case where redundancy is not available, isolation should provide sufficient information to allow functional workarounds, where available.  Sufficient diagnostic instrumentation or built-in-test shall be included in the design of ground element equipment to isolate a failure to a level that correction can be accomplished by LRU replacement.  

3.11.8 Usability Requirements.  

Human factors and human-machine interfaces shall be considered in the design of the ground element of the system to facilitate operations and maintenance.  

(Note to Spec Guide user: Human factors shall be considered in the design of the satellite to facilitate: a) routine prelaunch processing, b) repair of equipment due to random failures while on the ground, and c) repair of equipment due to accident or mishap at the launch site.)

3.11.9 Transportability Requirements.  

The satellite shall be capable of road transportation from the contractor’s facilities to the nearest airport able to support a military airlifter and airlift to the launch site.  The satellite and it’s shipping container shall be designed to meet all applicable requirements of MIL-STD-1791 (latest revision) for a specify type of aircraft and shall be compatible with standard military lifting and tie-down provisions.  The satellite, it’s shipping container, and transportable or mobile ground element equipment shall be capable of, and designed to meet highway limits for shipment on primary and secondary roads.  Transportable or mobile ground element equipment shall be compatible with standard military wheeled vehicles and shall not exceed gross vehicle weight ratings.

(Note to Spec Guide user:  MIL-STD-1366 (latest revision) may be used as a guideline for establishing transportability design criteria.)  

3.12  Design and Construction Requirements. 

3.12.1  Architectural Requirements.  

3.12.2  Design Requirements.

3.12.2.1 Structures Design Requirements. 

3.12.2.1.1  General Requirements.


The primary and secondary structure for the spacecraft/equipment shall possess sufficient strength, rigidity , and other characteristics required to survive the critical loading conditions that exist within the envelope of handling and mission requirements.  (See 6.2.135 and 6.2.151 ) 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph 3.12.2.1.1 for developing this requirement.) 

3.12.2.1.1.1  Electrical Grounding. 


The primary support structure of the space equipment shall be electrically conductive to establish a single point electrical ground and shall provide an electrical metallic path to conduct and dispose of a lightening discharge current between two surface extremities without risk of damaging these structures.

3.12.2.1.1.2  Structural Interface Requirements. 


The vehicle/equipment structure shall be designed to interface with   (specify)    .


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.1.1.2 for developing this requirement.) 

3.12.2.1.2  Detailed Requirements.

3.12.2.1.2.1  Strength Requirements.

3.12.2.1.2.1.1  Yield Load.


The structure shall be designed to have sufficient strength to withstand simultaneously the yield loads, applied temperature, and other accompanying environmental phenomena for each design condition without experiencing yielding or detrimental deformation.  (See 6.2.47 )

3.12.2.1.2.1.2  Ultimate Load.


The structure shall be designed to withstand simultaneously the ultimate loads, applied temperature, and other accompanying environmental phenomena without failure. ( See 6.2.46 )


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.1.2.1.2 for developing this requirement.) 

3.12.2.1.2.1.3  Fatigue. 


Safe life design shall be adopted for all major load carrying structures.  These structures shall be capable of surviving limit load at design temperature without failure after being subjected to design fatigue life.  (See 6.2.151).

3.12.2.1.2.1.4  Fracture Control.  


Fracture control requirements shall be considered in the selection of the materials, detail design and operating stresses, and fabrication process.  Fracture control shall conform to (specify)   .


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.1.2.1.4 for developing this requirement.) 

3.12.2.1.2.1.5  Design Thickness.  


The thickness used for analysis shall be the lesser of the mean thickness, or    (specify)   times the minimum thickness for stability design or   (specify)   times the minimum thickness for strength design.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.1.2.1.5 for developing this requirement.) 

3.12.2.1.2.2  Stiffness Requirements. 

3.12.2.1.2.2.1  Dynamic Properties. 


The structural dynamic properties of the equipment shall be such that its interaction with the space vehicle control subsystem does not result in unacceptable degradation of performance. 

3.12.2.1.2.2.2  Structural Stiffness. 


Stiffness of the structure and its attachments shall be controlled by the equipment performance requirements and by consideration of the handling, launch, and landing environments.  Special stowage provisions shall be used, if required, to prevent excessive dynamic amplification during transient flight events such as launch or landing. 

3.12.2.1.2.2.3  Component Stiffness.  


The fundamental resonant frequency of a component weighing    (specify)    kilograms or less shall be    (specify)    Hertz or greater when mounted on its immediate support structure.  (See 6.2.168)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.1.2.2.3 for developing this requirement.) 

3.12.2.1.2.3  Factors of Safety. 

3.12.2.1.2.3.1  Limit Loads. 


The structural design factor of safety shall be   (specify)   .   (See 6.2.78 Note:  All safety related structural design requirements shall also be met.  (see 3.7 Safety Requirements.) 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.1.2.3.1 for developing this requirement.) 

3.12.2.1.2.3.2  Pressure Loads. 


Factors of safety for pressure loads shall be determined individually for each pressure vessel, based on tests to establish material characteristics and an analysis of service life requirements (See 6.2.158) and other environmental exposure.  Proof and burst pressure factors shall be established at levels that ensure structural integrity, structural life, and safety throughout all phases. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.1.2.3.2 for developing this requirement.) 

3.12.2.1.2.4  Design Load Conditions. 


The equipment shall be capable of withstanding all design load conditions (See 6.2.99) to which it is exposed in all mission phases, as applicable: ground, prelaunch, erection, post-launch, boost, orbit, reentry, and landing.  During the orbit phase, all of the following shall be considered: maneuvering loads, vehicle spin, meteoroid environment, radiation environment, and other environmental factors, such as thermal effects due to internal heating, solar heating, eclipses, aerodynamic heating and extreme cold due to ambient space environment.  


(Note to Spec Guide user: see Section 3.9 System Environmental Requirements for supplemental information.)

3.12.2.1.2.5  Materials. 


(Note to Spec Guide user:  see section 3.12.5 Parts, Materials and Processes for additional guidance.) 

3.12.2.1.2.5.1  Material Properties.


Material strength and other mechanical properties shall be selected from MIL-HDBK-5 and MIL-HDBK-17 or from other approved contractor test values.  Where contractor values are used they shall be based on a sufficient number of tests that establish mechanical properties on a statistical basis.  For all pressure vessels, material selections shall demonstrate leak before burst capabilities. 

3.12.2.1.2.5.2  Material Allowables.


Allowable material strength used in the design shall reflect the effects of load, temperature and time associated with the design environment. 

3.12.2.1.2.5.3  Strength Metallic Material.


The following strength allowables shall be used:

a. For single load path primary structure, the "A" values in MIL-HDBK-5, or approved contractor values shall be used.

b. For multiple load paths or secondary structures,  The "B" values in MIL-HDBK-5, or approved contractor values shall be used. 

3.12.2.1.2.5.4  Strength, Non-metallic, Composite Materials. 


Composite material strengths and other mechanical or physical properties shall be selected from reliable sources such as MIL-HDBK-17 or data determined in approved contractor development test programs. 

a. The design allowables basis for primary and secondary nonmetallic structure shall correspond with "A" and "B" levels respectively, as defined in MIL-HDBK-5 wherever possible.  For fail-safe primary structure, "B" values shall be used.

b. In special circumstances where design data at the requisite statistical level are not available, the contractor shall, with procurement agency approval, conduct special limited data acquisition testing to establish S basis (test Basis) allowables.  Under these circumstances, an acceptance proof test is mandatory


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.1.2.5.4 for developing this requirement.) 

3.12.2.1.2.5.4.1  Adhesives and Polymers.


Mechanical and physical properties of adhesives and polymers shall be selected from authorized sources of reference such as MIL-HDBK-23 or data determined in approved contractor test programs. 

3.12.2.2  Thermal Design Requirements. 

3.12.2.2.1  Thermal Control General Requirements.

3.12.2.2.1.1  Thermal Systems Requirements .


The thermal control system shall be designed to maintain all elements of a vehicle system within temperature limits for all mission phases. 

3.12.2.2.1.2  Thermal Control Inputs.


The design shall meet vehicle temperature requirements that account for inputs from: aerodynamic heating, the sun, earth and/or other terrestrial bodies plus electrical/electronic components on board the vehicle.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.2.1.2 for developing this requirement.) 

3.12.2.2.1.3  Derivatives Of Thermal Concerns.


Requirements for thermal control systems exist at several levels.  The following are major derivatives that shall be extracted for thermal mission requirements. 

a. Top-level systems requirements shall define allowable temperature margins, overall testing requirements and environmental conditions, such as flux levels for direct solar, earth-reflected solars (albedo) (see 6.2.5 ) and earth emitted energy as well as aerodynamic heating.

b. Subsystems requirements shall define weight allocations.

c. Cost goal requirements shall be defined by space vehicle project management. 

3.12.2.2.2  Detailed Thermal Control Requirements.

3.12.2.2.2.1  Thermal Control Subsystems. 


Space vehicle thermal control designs shall utilize either passive or active controls or a combination there of. (See 6.2.127and 6.2.4).  Thermal margins shall be determined for both active and passive thermal control subsystems. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.2.2.1 for developing this requirement.) 

3.12.2.2.2.1.1  Thermal Control Mechanisms. 


The following standard control devices shall be selectively used for both passive and active subsystem thermal control. 

a. Thermal control coatings.  (See 6.2.174)

b. Thermal insulation.   (See 6.2.175)

c. Electrical heaters and thermostats.  (See 6.2.61

d. Space radiators.  (See 6.2.164)

3.12.2.2.2.1.2  Thermal Control Design.


During the preliminary design phase, thermal issues shall be addressed.  The resulting investigations shall be instrumental in bounding thermal problems and providing estimates of engineering and computer time required to develop the vehicle thermal design and thermal testing requirements.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.2.2.1.2 for developing this requirement.) 

3.12.2.2.2.1.2.1  Thermal Control Analysis.


The thermal design shall address the following as a minimum: 

a. The key requirements and constraints.  This includes temperature limits and power dissipation of vehicle components. 

b. Assess vehicle altitude and orientation relative to the sun, earth and other terrestrial bodies for all mission phases in order to determine boundary condition for the mission that impact testing and thermal modeling. 

c. A thermal model that predicts vehicle temperatures with respect to time.

d. Determine thermal margin for control purposes.  (see 3.12.2.2.2.1.)

e. Thermal analysis which considers heat transfer characteristics and basic space vehicle thermal analysis concepts which support mission design activities. 

3.12.2.2.2.1.2.2  Thermal Tests.


Thermal testing shall include tests which cover thermal cycling, thermal vacuum and thermal balance testing.  These tests shall be imposed at the unit level, subsystem and vehicle system level where required for both acceptance and qualification purposes.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.2.2.1.2.2 for developing this requirement.)

3.12.2.3  Mechanical Design Requirements.

3.12.2.3.1  Moving Mechanical Assemblies Design Requirements.  

3.12.2.3.1.1  Deployables. 


Deployables (See 6.2.44) and other movable systems (See 6.2.112) shall be designed, where applicable:

a. to be self supporting when placed in any orientation relative to gravity, while in either the stowed or deployed configuration,

b. with sufficient motive force to permit full operation during ground testing without depending upon the assistance of gravity to demonstrate deployment,

c. to utilize redundancy in the design to improve reliability and avoid single point failures.

d. (where a device rotates after deployment), such that the center of gravity of the device is coincident with the axis of rotation to preclude the need for counterbalancing during functional testing.

e. so the deployment motion, is controlled or restrained for the full range of travel.

f. to minimize rebound of the deployable after contacting the stops. 

g. with kick-off springs or other suitable devices to initiate deployment motion.

h. so acceleration loads applied to the deployed assembly, tend to drive the deployable into its deployed latched position.

i. with positive retention provisions for deployables in the stowed and in the deployed positions. 

j. (where two or more deployables are used on a space vehicle),so the deployment of one shall not be dependent upon the successful deployment of the other.

k. with field joints to permit disassembly from the space vehicle and/or device to facilitate testing or replacement of parts. 

l. with established tolerances on all parts to ensure adequate clearances are maintained under all environmentally induced conditions, including thermally induced distortions.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.1.1.1 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.3.1.1.1  Hinges. 


Hinges shall be designed to preclude binding of pivoting elements. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.1.1.1 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.3.1.1.2  End of Travel Latches. 


The design of latching devices shall be such that peaking of resistance near the end of travel of the deployable is minimized. 

(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.1.1.2 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.3.1.2  Retention and Release Devices.  


Retention and release devices shall be designed :

a. to allow for the effects of deflections induced by centrifugal forces or differential thermal growth, 

b. to avoid devices that may be subject to binding due to misalignment, adverse tolerances, or contamination. (slip joints shall be avoided.)

c. to avoid release mechanisms which permit ejection of parts away from the space vehicle,

d. such that the stresses are maintained sufficiently below the fatigue endurance limit to avoid fatigue failures due to cyclic design load levels and environmental exposure,

e. to preclude inadvertent failure due to cold welding and friction welding of moving parts (See 6.2.27),

f. to insure  the contact pressures for surfaces that slide or separate during operational use, are minimized consistent with providing adequate ascent stiffness,

g. to minimize the area which could occur due to tolerance buildup in determining contact pressure,

h. to insure surface galling and seizure are avoided by selection of appropriate materials and proper lubricants.

3.12.2.3.1.2.1  Pin Pullers. 


Pin pullers shall:

a. include design, installation, and checkout procedures that ensure loads due to misalignment of the pin are within design limits,

b. be designed with a minimum retraction force margin of    (specify)   percent at worst case environmental conditions and under worst case tolerances (applicable to nonexplosive pin pullers),

c. shall be designed with sufficient stroke so that complete release is attained under worst case tolerances and environmental conditions,

d. shall be designed to retract at least    (specify)   millimeters beyond the point of release calculated under worst case dimensional tolerances and environmental conditions,

e. be designed with redundant release devices.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.1.2.1 for developing detailed requirements as appropriate for the acquisition.) 

3.12.2.3.1.2.2  V-Bands.  


To Be Supplied
.

3.12.2.3.1.2.3  Separation Nuts. 


To Be Supplied1.

3.12.2.3.1.2.4  Cable Systems. 


To Be Supplied1.

3.12.2.3.1.2.5  Pyrotechnic Actuation Devices. 


Redundant pyrotechnically actuated devices shall be used. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.1.2.5 for developing this requirement.) 

3.12.2.3.1.2.6  Non-explosive Actuation Devices. 


To Be Supplied1.

3.12.2.3.1.3  Test Fixtures.


The fixtures to be used to assist in the fabrication and testing of deployables shall be designed concurrently with the system.  Where it is impractical to design the movable system to support itself in a one "g" field, supplemental supports may be employed for test purposes.  These supplemental supports shall be designed so that their influence on the operation of the mechanism is minimized.  The test fixtures shall incorporate:

a. provisions to measure torque vs. angle and time vs. angle, or equivalent linear measurements for linear devices, 

b. interlocks or other safety features to preclude damage to the moving mechanical assembly in the event of testing malfunctions, 

c. tethers and supports as backup features to preclude damage in the event of failure.

3.12.2.3.1.4  Parts, Materials, and Processes. 


Unless otherwise specified, the parts, materials, and manufacturing process selection shall be the prerogative of the contractor as long as all articles submitted to the government fully meet the operating interface, ownership and support, and operating environment requirements specified. 

(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.1.4 for developing requirements for parts, materials and processes as appropriate for the acquisition.)  

3.12.2.3.2  Performance.

3.12.2.3.2.1  Margins. 


Moving mechanical assemblies shall be designed with the highest practicable torque margin or, for linear devices, the highest practicable force margin.  Two components of margin shall be considered: 

a. the static torque or force margin which applies to the torque or force required to overcome drive resistance and 

b. the kinetic margin which applies to the torque or force required to impart acceleration.


Minimum available driving capability and maximum load determination shall be verified through an appropriate test program; each element of resistance shall be characterized in this test program. 

(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.2.1 for developing requirements for parts, materials and processes as appropriate for the acquisition.)  

3.12.2.3.2.1.1  Static Torque or Force Margin. 


The static margin (See: 6.2.167) depends on the minimum driving torque or force and maximum static resisting torques or forces. 

a. Minimum available driving capability shall be determined by performing a worst case analysis which includes a combination of such items as supply voltage, temperature, motor and controller parameters, and minimum available drive torque or force, all of which act so as to minimize the drive output capability. 

b. Maximum static resistance shall be determined by performing a worst case analysis which includes a combination of such items as static friction, alignment effects, latching forces, wire harness loads, damper drag, and variations in lubricity, including degradation or depletion of lubricant under vacuum and worst case thermal conditions. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.2.1.1 for developing this requirement.) 

3.12.2.3.2.1.2  Kinetic Torque or Force Margin. 


The kinetic torque or force margin (see 6.2.98) depends on the minimum drive capability available to accelerate a specified inertia or mass at a specified rate.  The kinetic torque or force margin shall be greater than   (specify)   percent. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.2.1.2 for developing requirements as appropriate for the acquisition.)  

3.12.2.3.2.2  Error Budget for Precision Control Assemblies. 


For moving mechanical assemblies used in pointing applications where precision control is necessary, the error budget shall include performance errors due to misalignments, deflections, dynamic loads, thermal distortions, control system transients, steady state errors, friction, friction noise (friction or torque variations), friction hysteresis, structural and mechanical hysteresis, backlash, drive motor ripple, and other error sources as applicable.

3.12.2.3.2.3  Single Point Failures. 


Single point failure modes for moving mechanical assemblies and their component parts shall be avoided.  Where single point failure modes are unavoidable, or their avoidance is not practicable, the contractor shall ensure a satisfactory design based on an assessment of the mishap risk, and appropriate substantiating analyses and tests.  The assessment and analyses shall include:

a. An estimate of the reliability for the design life of the mechanical assembly.

b. An assessment of the risk involved should the moving mechanical assembly fail.

c. An assessment of the penalty to the space vehicle by incorporation of redundancy or backup modes of operation.  The assessment shall also include consideration of complexity, safety, reliability, weight, volume, and electrical power.

3.12.2.3.2.4  Dynamic Performance. 


A dynamic analysis shall be performed to insure adequate servo stability margins, acceptable structural rigidity including resonant frequency and damping characteristics, and acceptable interactions with the spacecraft control system.  The analysis shall include dynamic loading effects and any effects due to changes in mass properties, momentum balance, or transient torques during operation of the moving mechanical assembly or operation of the space vehicle.

3.12.2.3.2.5  Off-nominal Operation. 


The design and operational performance sensitivity to changes in parameters shall be minimized and substantiated by analysis or tests conducted to determine the effects of various off-nominal parameters which are beyond design requirements. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.2.5 for developing this requirement.) 

3.12.2.3.2.6  Failure Modes and Effects. 


Required performance and reliability shall be ensured based upon a failure modes, effects, and criticality analysis (See 6.2.79). 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.2.6 for developing this requirement.) 

3.12.2.3.3  Environmental Design Requirements. 


Moving mechanical assemblies shall be designed to function within performance specifications after exposure to terrestrial, launch and on orbit environments for the service life of the assembly.  These environments include: temperature, humidity, pressure, salt spray, thermal/vacuum, radiation, shock, vibration, acoustics, and acceleration. 


(Note to Spec Guide user: see Section 3.9 for System Environment Requirements and Paragraph A.3.12.2.3.3 in Appendix A for moving mechanical assembly tailoring support and supplemental information.)  

3.12.2.3.4  Identification and Marking. 


Each moving mechanical assembly and interchangeable subassembly shall be identified by a nameplate.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.4 for developing detailed requirements as appropriate for the acquisition.) 

3.12.2.3.5  Interface Requirements.

3.12.2.3.5.1  Clearance. 


The clearance requirements between the moving mechanical assembly or deployable and any other structure or component shall be established and maintained.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.5.1 for developing detailed requirements as appropriate for the acquisition.) 

3.12.2.3.5.2  Alignments. 


Provisions shall be included to permit alignment and adjustment of moving mechanical assemblies with respect to the space vehicle and other subsystem elements. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.5.2 for developing detailed requirements as appropriate for the acquisition.) 

3.12.2.3.5.3  Structural. 


In selecting the design for the structural interface of the moving mechanical assembly with the space vehicle, preference shall be given to simple approaches that minimize the complexity of the interface. The moving mechanical assembly shall be easily installed and readily accessible for inspection or removal. Standard wrench clearances shall be provided. The use of special tools shall be minimized. In addition, where complex connections and structural assembly interfaces are employed, the design of fittings shall be based on a minimum fitting factor of      (specify)      , at ultimate load.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.5.3 for developing requirements as appropriate for the acquisition.)  

3.12.2.3.5.4  Mechanical Interfaces. 


Mechanical interfaces shall be dimensionally controlled to insure correct mechanical mating, particularly for interfaces external to the moving mechanical assembly.

3.12.2.3.5.5  Interchangeability.


Any two or more moving mechanical assemblies bearing the same part number or identification shall possess such functional and physical characteristics as to be equivalent in performance and durability.  They shall be capable of being changed, one for another, without alterations of the items themselves or of adjoining items except for alignment adjustments.

3.12.2.3.6  Operability.

3.12.2.3.6.1  Reliability. 


The reliability of each moving mechanical assembly shall be analytically determined using piece part or component failure rates obtained from actual usage data where available, or evaluated at anticipated operating temperatures from standard data sources.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.6.1 for developing detailed requirements as appropriate for the acquisition.) 

3.12.2.3.6.2  Service Life.  


Where the moving mechanical assembly is required to operate for the life of the space vehicle, the combined operational and non-operational service life of the moving mechanical assemblies shall exceed the service life of the space vehicle in which they are mounted.  The service life includes all operational and non-operational time required or allowed after successful completion of acceptance tests.

3.12.2.3.6.3  Maintainability.


Except for possible relubrication after extended storage, or at prescribed intervals in multiple reuse applications, the moving mechanical assemblies shall be designed so as not to require any scheduled maintenance or repair during their service life.  Suitable development tests, inspections or analyses at appropriate intervals shall validate that scheduled maintenance is not required.  However, access shall be provided for replacement of age-dated elastomeric materials which may have "expiration of useful life" dates that can occur before scheduled flight.

3.12.2.3.6.4  Human Engineering. 


Throughout the design and development of the moving mechanical assemblies, criteria shall be judiciously applied to obtain effective, compatible, and safe man-equipment interactions.  The design of all moving mechanical assemblies shall be such that they may be tested or inspected to ensure that they are assembled and installed correctly.  Provisions such as tabs, shoulders, and different thread sizes shall be employed to prevent assembly in any incorrect manner which may impair the intended functions of the moving mechanical assembly.

3.12.2.3.6.5  Safety.

3.12.2.3.6.5.1  General Safety.  


The design shall be such that a safety hazard to personnel and surrounding equipment shall not be created during installation, maintenance, ground test, and transportation of moving mechanical assemblies and deployables.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.6.5.1 for developing detailed requirements as appropriate for the acquisition.) 

3.12.2.3.6.5.2  Space Transportation System Payloads.


For all moving mechanical assemblies and deployables that are in payloads which are to be launched by the Space Transportation System (STS), the safety requirements shall also be in accordance with Chapter 2 of NHB 1700.7 (NASA).


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.6.5.2 for developing detailed requirements as appropriate for the acquisition.) 

3.12.2.3.6.5.2.1  Fracture Control for STS Payloads.


Fracture Control for STS payloads shall be in accordance with NASA-STD-5003 (Formally NHB 8071.1) "Fracture Control Requirements for Payloads Using The Space Shuttle".

3.12.2.3.6.5.2.2  Fracture Control for Space Systems.


Fracture Control for space systems shall be in accordance with BNA - SD73-SH-0082B (May 1995) or Joint Service Guide Specification  (June 24, 1996) (Note, no document number) or NASA - STD - 5003A (Available late 1998).

3.12.2.3.7  Manufacturing.


The manufacturing process shall be accomplished in accordance with documented procedures and process controls which ensure the reliability and quality required for the mission. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.7 for developing detailed requirements as appropriate for the acquisition.) 

3.12.2.3.8  Quality Assurance Provisions.

3.12.2.3.8.1  Responsibility for Inspection and testing.


Unless otherwise specified in the contract, the contractor is responsible for the performance of all inspection and test requirements. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.3.8 for developing detailed requirements as appropriate for the acquisition). 

3.12.2.4  Electrical Power Design Requirements. 


The DC electrical power on a space vehicle shall be a nominal 28 volt system or the voltage system specified by contract.  The DC Electrical Power System (EPS) shall provide the following functions: electrical power generation; energy storage; power control and regulation and power distribution to the input power terminals of all spacecraft electrical loads, external to the EPS system.


Additionally the EPS design shall provide the capability to satisfy the following system  requirements as a minimum:

1. Supply a continuous source of electrical power, to vehicle power loads during mission life. 

2. Control and distribute electrical power to the spacecraft.

3. Support power requirements for average and peak electrical loads. 

4. Provide converters for AC and regulated DC power buses, if required. 

5. Provide command and telemetry capability for health and status of EPS as well as control by ground station or an autonomous system. 

6. Protect the space craft payload against failures within the EPS. 

7. Suppress transient bus voltages and protect against bus faults. 

8. Provide ability to fire ordnance devices if required.

9. Provide a single ground point (SGP) on the vehicle structure to which the negative or the neutral of the electrical power system is connected. 


These system requirements shall be based on electrical load and energy management analysis which include time-lines (See 6.2.179 that reflect both normal and abnormal (See 6.2. 117and 6.2.1) predicted operational modes. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information for load and management analysis in Appendix A, Paragraph A.3.12.2.4.) 

3.12.2.4.1  Primary Power Design Requirements. 


The primary electrical power generation system for the space vehicle shall be designed so that the power levels and energy requirements of each of the space vehicle subsystems are satisfied for the specified service life of the space vehicle.  The primary electrical power system shall be capable of meeting the functional characteristics and capacity requirements before and after exposure to preflight environmental conditions and during all predictable or specified flight environmental conditions.  The space vehicle's primary energy source shall be based on the space vehicle's power load, mission duration requirements and shall include the requirements of the secondary power system.  The primary power system shall include the following capabilities:  

1. A power generating system that generates DC power for charging batteries or for operating directly into the power control/distribution subsystem. 

2. Solar cell arrays or panels may be used as a primary power source, however, other generating  systems, such as thermoelectric devices, fuel cells and reactor systems  are to be considered based on mission requirements. 

3. Circuitry and devices used to supply ground test, prelaunch, or pre-injection electrical power.  

4. Shunts, protective diodes, instrumentation, heaters and other controls built integrally with the power generating source.    


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph 3.12.2.4.1 for developing this requirement.) 

3.12.2.4.2  Secondary Power Design Requirements.


The secondary electrical power system for the space vehicle shall be designed to provide electrical power to the space vehicle subsystems when the primary power system is unable to provide this function.  The secondary electrical power system shall provide electrical power from its energy storage system.  The secondary electrical power system shall be capable of operating directly into the power distribution and control system and shall also include instrumentation, heaters and other controls built integral to the storage source. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.4.2 for developing this requirement.) 

3.12.2.4.2.1  Energy Storage. 


Vehicles that use  photovoltaic solar arrays as a power source shall require a system to store energy for peak-power demands and eclipse periods.  Typically, batteries have been used as a storage system, although systems such as fly wheels and fuel cells have also been utilized. 

3.12.2.4.2.1.1  Batteries.


If required, both primary and secondary battery cells shall be evaluated for mission use. (See 6.2.133 and 6.2.153).

3.12.2.4.2.1.1.1  Battery Charge/Discharge. 


If the design calls for the use of secondary batteries,   (specify)   the number of charge/discharge cycles needed to support mission life as a function of the type of technology used in their construction.  (i.e. Nickel cadmium, nickel hydrogen, sodium sulfur etc.) 

3.12.2.4.2.1.1.2  Charge Control. 


When battery charge or discharge controls are used, separate controls shall be provided for each rechargeable battery or system of rechargeable batteries connected in series to provide the required bus voltage. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.4.2.1.1.2 for developing this requirement.) 

3.12.2.4.3  Electrical Power Distribution Design Requirements.


The electrical power distribution includes the following sub-functions and the design shall consider each:  

1. Power control/regulation (including power quality) (See 6.2.131).

2. Failure protection.  (See 6.2.80)

3. Distribution (cabling).  (See 6.2.54)

3.12.2.4.3.1  Power Control/Regulation.   


The power control system shall be designed to regulate and control the electrical power generation, energy storage and distribution to subsystems of the vehicle. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.4.3.1 for developing this requirement.) 

3.12.2.4.3.1.1  Power Control/Regulation Protection.


The power control system shall be designed, installed and protected so that the failure of any power source will not result in subsequent impaired performance of the remaining power sources.  

3.12.2.4.3.2  Failure Protection.   

3.12.2.4.3.2.1  Fault Isolation. 


The electrical power system shall include fault isolation that protects against short circuits in the utilization equipment (See 6.2.187) or in the electrical distribution subsystem which could adversely affect the electrical systems operation.  The fault isolation shall either open the circuit to remove the short circuit load from the power bus or shall limit the current so that electrical power characteristics to other loads remain within specified limits.   


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph 3.12.2.4.1 for developing this requirement.) 

3.12.2.4.3.2.2  Power Control Failure. 


The power control subsystem shall be protected so that the failure of any power source will not impair performance of the remaining power sources. 

3.12.2.4.3.2.3  Battery Failure. 


The installation of the batteries shall include provisions that minimize damage to the vehicle and the electrical system due to a major battery failure.  (See 6.2.102)

3.12.2.4.3.2.4  Overvoltage and Undervoltage.


Failures modes in the electrical system that results in higher or lower voltages than specified which are applied to the utilization equipment shall be identified as a critical failure mode. 

3.12.2.4.3.3  Power Distribution.


The DC power shall be distributed using a two wire system.  The negative or ground return path for all power circuits shall be through the conductors in the wiring harnesses.  The vehicle structure shall not be used as a current carrying conductor. 

3.12.2.4.3.3.1  Systems Ground Point (SGP).


The DC power system of the vehicle shall have the negative power buses in the power control subsystem grounded to the vehicle structure at a single point.  This single point shall be referred to as the system ground point. (SGP).  The DC resistance as measured from the vehicle structure shall not exceed      (specify)      milliohms.  No grounds shall be made to a magnesium structure. 

3.12.2.4.3.3.2  Multiple Power Sources.


When the electrical power systems from various power sources on a vehicle are electrically isolated from each other, they shall each have a SGP connection to the vehicle structure.  Either the same SGP or separate  SGPs may be used for the isolated power systems.  When the power systems from various power sources on a vehicle are not electrically isolated from each other, the power system negative buses shall all be connected to the same SGP.  All power return leads from any one load group shall be grounded to the SGP of the power source supplying that load. 

3.12.2.5  Electrical and Electronics Equipment Design Requirements.


The design of electrical and electronic equipment, as well as the parts, materials, and processes selected shall be of sufficient proven quality to allow the space equipment to meet the functional performance, reliability, and strength requirements during its life cycle, including all environmental degradation effects.  Elements include:

a. design and selection of components, 

b. selection, application and control of processes, 

c. pressurization, 

d. electrical overload protection, 

e. electrical power requirements,

f. corona and rf electrical breakdown prevention,

g. explosion-proofing,

h. identification and marking. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5 for developing requirements appropriate for the acquisition).

3.12.2.5.1  Mission Processing Design Requirements.

3.12.2.5.1.1  General Requirements.

3.12.2.5.1.1.1  Mission Processing.


The mission processing subsystem shall provide the means for controlling and monitoring the satellite subsystem operations.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.1.1.1 for developing requirements appropriate for the acquisition).

3.12.2.5.1.1.1.1  Command Handling.


Command handling:(Specify input/output command requirements such as uplink commands, commands generated via system functions and the ground station, control of system configuration, control of data, control of post processing, control of power management, control of applications, error handling, etc.).  (See 6.2.95 and 6.2.124).

3.12.2.5.1.1.1.2  Data Acquisition and Control.


Data acquisition and control: (specify items such as data monitoring, scaling routines, support of data streams, support of data monitoring requests, handling configuration format changes, support user and system requests of data, multiple data acquisition services, error handling, etc.). (See 6.2.36 ).

3.12.2.5.1.1.1.3  Data Input/Output Handling.


Data input/output handling: (specify items such as data format, data rate, error handling, flow control, etc.).

3.12.2.5.1.1.1.4  Data Processing.


Data processing: (specify items such as: task management, message and data routing, calibration, data archive/retrieval, data filtering, data smoothing, data segmentation, error handling, single event upset handling, etc.).   (See 6.2.37 and 6.2.161 )

3.12.2.5.1.1.1.5  System External Self Test And Health Reporting.


System external self test and health reporting: (specify items such as initiation of subsystem tests, performance monitoring, test result analysis, limit tests, trend analysis, health status reporting, etc.).

3.12.2.5.1.2  Detailed Requirements.

3.12.2.5.1.2.1  Processor.


The operating system (See 6.2.123 ) processor shall perform the following functions:(See 6.2.137 )

a. internal self test and error handling   (specify) bps,

b. parameter up and down loading   (specify)  bps,

c. time and date management,   (specify) accuracy,

d. message and data routing   (specify) bps,

e. control throughput   (specify)  operations/second, (See 6.2.178 ),

f. clock speeds    (specify)  bits per second ( See 6.2.26 ),

g. computational characteristics    (specify)  (as rates),

h. counters/timers    (specify)  the number of timers and number of bits (See 6.2.31 and 6.2.175 ),

i. Interrupts    (specify)  the number and type (See 6.2.96 ).


As part of the processor operation a watchdog timer shall be required. 

3.12.2.5.1.2.2  Input/Output.


Input/output characteristics shall be as follows:

a. signal levels    (specify) 
b. signal rates    (specify) 
c. signal types    (specify) (analog, digital, serial, parallel, discrete, single ended, differential) (See 6.2.7, 6.2.52, 6.2.156, 6.2.126, 6.2.53, 6.2.160 and 6.2.519 ).


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.1.2.2 for developing requirements appropriate for the acquisition).

3.12.2.5.1.2.3  Memory.


Memory characteristics shall be as follows:

a. Capacity (as a maximum) (   specify   ) bits/bites,

b. speed (in terms of memory retrieval and storage speeds) (   specify   ) bps,

c. types (of memory characteristics) (   specify   ) (see 3.12.2.5.2.2.1.3 Data Storage).

3.12.2.5.2  Mission Communications Design Requirements.

3.12.2.5.2.1  General Requirements.

3.12.2.5.2.1.1  Carrier tracking.


The communication subsystem connecting the satellite to the ground or other satellites shall be capable of performing carrier tracking utilizing both one and two way communication.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.1.1 for developing requirements appropriate for the acquisition).

3.12.2.5.2.1.2  Command Reception And Detection Capabilities.


The communication subsystem connecting the satellite to the ground or other satellites shall be capable of performing command reception and detection functions as follows:

1. acquire and track uplink carrier frequencies,

2. demodulate (See 6.2.42) carrier and sub-carrier, 

3. derive bit timing and detect data bits,

4. resolve data-phase ambiguity, if it exists,

5. forward command data, clock and receiver in-lock indicator to the mission processing subsystem. (Ref. 3.12.2.5.1)


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.1.2 for developing requirements appropriate for the acquisition).

3.12.2.5.2.1.3  Telemetry Demodulation/ Modulation And Transmission Functions.


The communication subsystem shall be capable of performing telemetry demodulation/ modulation (See 6.2.42 and 6.2.110) and transmission functions as follows:

1. receive telemetry data streams from mission processing subsystem. (Ref. 3.12.2.5.1) or onboard data storage subsystem, 

2. modulate down link sub-carrier(s) with mission or science telemetry,

3. transmit composite signals to ground stations or other satellites. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.1.3 for developing requirements appropriate for the acquisition).

3.12.2.5.2.1.4  Ranging Functions.


The communication subsystem shall be capable of performing ranging functions as follows:

1. detect and retransmit ranging codes or ranging tone signals, 

2. retransmit either phase coherent or non-coherent (downlink carrier),


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.1.4 for developing requirements appropriate for the acquisition).

3.12.2.5.2.1.5  Interfaces.


The communication subsystem shall be capable interfacing with other subsystem operations as follows:

1. receive commands from the mission processing subsystem. (Ref. 3.12.2.5.1)

2. provide communication subsystem health and status telemetry information to the mission processing subsystem. (Ref. 3.12.2.5.1)

3. perform antenna pointing for any antenna requiring beam steering,

4. perform special mission sequence operations (like safing the communication subsystem) per stored software sequencing,

5. automatically selecting omni-directional antenna (See 6.2.10) when spacecraft attitude is lost,

6. automatically detect communication subsystem faults and implement recovery operations using stored software sequences. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.1.5 for developing requirements appropriate for the acquisition).

3.12.2.5.2.2  Detail Design Requirements.

3.12.2.5.2.2.1  Systems Level Design Requirements.

3.12.2.5.2.2.1.1  Data Rates.


The communication subsystem shall be capable of processing the following data:

1. command data rates    (specify)  BPS (See 6.2.16),

2. health and status information   (specify)  BPS,

3. mission/science information at the following data rates: low     (specify)  BPS, medium   (specify)   BPS,  high   (specify)  BPS.

3.12.2.5.2.2.1.2  Data Volume.


The communication subsystem shall be capable of handling data volumes of   (specify) BPS per unit time.   
3.12.2.5.2.2.1.3  Data Storage.


The communication subsystem shall have a data storage capability.

3.12.2.5.2.2.1.4  Frequency.


The communication subsystem shall use existing assigned frequencies and channels and shall be compatible with existing systems. (i.e.: ground or other satellite communication systems).

(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.2.1.4 for developing requirements appropriate for the acquisition).

3.12.2.5.2.2.1.5  Communication Subsystem Mass. 


The communication systems mass (weight) shall be    (specify)   gms.  Trade studies shall be conducted to minimize the weight by comparing amplifier requirements, antenna size and telemetry data requirements as a minimum. 

3.12.2.5.2.2.1.6  Beamwidths.


The beamwidths shall be determined from ground coverage area requirements, (radiated foot print on the ground), antenna null and antenna pointing error requirements. 

3.12.2.5.2.2.1.7  Anti-jamming Techniques. 

The electronic components or equipment shall be designed to obtain the maximum inherent protection against possible interfering signals caused by intentional and unintentional jamming.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.2.1.11 for developing requirements appropriate for the acquisition).

3.12.2.5.2.2.1.8  Security.


Data encryption techniques shall be incorporated into the communication subsystem design, to preclude signal interception by unauthorized persons. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.2.1.12 for developing requirements appropriate for the acquisition).

3.12.2.5.2.3  Communication System Primary Design Elements.  


The communication subsystems shall consist of transmitters (See 6.2.183), receivers (See 6.2.145), modulation schemes (See 6.2.111), demodulation methods (See 6.2.42), and antennas.  (See 6.2.10).  The subsystem shall be designed to the following parameters:
a. Band:  (specify).  (See 6.2.12).

b. Bandwidth:  (specify).  (See 6.2.13).

c. Effective Isotropic Radiated Power (EIRP):  (specify). (See 6.2.59).

d. Antenna Gain/Receiver Noise -Temperature (G/T):  (specify). ).  (See 6.2.8 and 6.2.9).

e. Modulation technique:  (specify).  (See 6.2.109). 

f. Signal/Noise:   (specify). .  (See 6.2.159). 

g. Data rate:   (specify). ).  (See 6.2.38) ( See 3.12.2.5.2.2.1.1)

h. Power supply:  (specify). ).  (See 6.2.132). 

i. Packaging:  (specify).   (See 6.2.125). 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.3 for developing requirements appropriate for the acquisition).

3.12.2.5.2.3.1  Transmitters.


The transmitter shall send data to the antenna subsystem for transmission to the receiving station.  The transmitter design requirements shall be as defined below:

a. Output RF power: (specify) minimum). 

b. Operating frequency: (specify) range).   (See 6.2.84).

c. Carrier modulation characteristics: (specify) AM, FM, PM, etc.).

d. Transmitter Bandwidth constraints: (specify) frequency range).


The modulator (See 6.2.111) shall include the required modulation techniques to fulfill the data requirements.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.3.1 for developing requirements appropriate for the acquisition).

3.12.2.5.2.3.2  Receivers.


The receiver shall detect the RF carrier and demodulate the data on the carrier.  The receiver shall include the required circuitry to process the demodulated received data.  The  receiver design requirements shall be defined as follows:

a. Frequency band:  (specify). 
b. Bandwidth:  (specify). 
c. Noise figure:   (specify).    (See 6.2.116).


The demodulator (See 6.2.43) shall include the required demodulation techniques to fulfill the data requirements.

3.12.2.5.2.3.3  Antennas.


The antenna design requirements shall be as defined below:

a. Gain:  (specify). 
b. Bandwidth:  (specify). 
c. Polarization:  (specify).  (See 6.2.130).

d. Power handling: (specify minimum watts into free space).  (See 6.2.191).

e. VSWR:   (specify).   (See 6.2.189). 

f. Directionality:  (specify). 
g. Ellipticity:  (specify).  (See 6.2.68).

h. Impedance:  (specify).  (See 6.2.93).


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, paragraph 3.12.2.5.2.3.3 for developing requirements appropriate for the acquisition).

3.12.2.5.3  Telemetry, Tracking and Control (TT&C) Design Requirements.  (See 6.2.171 and 6.2.181).

3.12.2.5.3.1  Receiving TT&C Subsystem. 


The receiving TT&C subsystem shall provide the means of monitoring and controlling the satellite operations.  The TT&C subsystem shall enable data to be sent to and received from the receiving station (See 6.2.146).  The TT&C subsystem shall allow the receiving station to track the satellite, monitor its health status and send commands to carry out the required satellite on-board tasks.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.5.3.1 for developing this requirement.) 

3.12.2.5.3.2  Satellite TT&C Subsystem.


The satellite TT&C subsystem shall collect, process and transmit telemetry data to the receiving station.  The TT&C subsystem shall contain the required equipment (such as antennas, receivers, transmitters, processors, encrypters, (See 6.2.70) decrypters, (See 6.2.40) decoders, (See 6.2.39) encoders, (See 6.2.69) modulators and demodulators, etc. to perform the mission requirements.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.5.3.2 for developing this requirement.) 

3.12.2.5.3.3  Telemetry.


The satellite telemetry subsystem shall transmit satellite downlink data to the receiving station on a continuous basis or upon command from the receiving station.  Analog and digital parameters shall be processed into output messages.  These messages shall modulate an RF carrier and be transmitted.  The telemetry performance characteristics shall be defined as follows:

a. Downlink carrier channel: (specify channel and rate).  (See 6.2.56).

b. Telemetry data rate and formats:  (specify).  (See 6.2.83)

c. Telemetry capacity: (specify maximum words and number of bits/word).

d. Down link telemetry margin: (specify margin with bit error rate).
e. Encryption: (specify method).  (See 6.2.71).

f. Telemetry list: (specify measurements and their telemetry channel).

3.12.2.5.3.4  Tracking.


The tracking function shall determine the satellite's position.  This information shall be used to calculate future orbital motion and pointing data for receiving stations and for maintaining the satellite's position.

3.12.2.5.3.5  Control.


The control function shall be established and maintained via received commands from the receiving station Satellite Operational Control Center (SOCC).  The satellite command receiving equipment shall receive and process the incoming uplink commands.  The satellite control electronics shall return a command verification signal to the receiving station and the command only after it receives an execute command from the SOCC.  The satellite shall be capable of processing the following types of commands:

a. High-level on/off commands providing sufficient power to operate control devices.

b. Low level on/off commands providing pulses for logic circuits.

c. Memory load commands having a multifunction role comprising   (specify) bits of information and addresses of up to   (specify) parallel bits.


During the normal on-orbit mode the TT&C shall be in standby until receipt of the proper SOCC command.  Upon receipt of the proper command, TT&C equipment shall be switched to the operate mode.

3.12.2.5.3.5.1  Command Link.


The satellite TT&C shall have the capability of up link authentication and decryption with the ability to bypass the authentication/decryption device command.

3.12.2.5.3.5.2  Command Protection.


The satellite TT&C shall provide a verification output to the down link telemetry.

3.12.2.5.3.5.3  Command Verification.


An "ACCEPT" shall be sent if a command pulse is issued.  A "REJECT" shall be sent if processing was initiated but failed to result in a valid command pulse. 

3.12.2.6  Computer Software Design Requirements.   

(When required, provide mission-unique software design requirements here.)

3.12.2.7  Propulsion System Design Requirements. 


(Propulsion systems for launch vehicles and satellites will fall into one or more of the four major categories: (1) Liquid; (2) Solid; (3) Hybrid; (4) Electric.  All of these systems have "General" design requirements in common and have some "Specific" design requirements that are unique to each system)

3.12.2.7.1  General Design Requirements.


Propulsion systems are classified according to their state - liquid, solid, hybrid, or electric - and shall be chosen to meet the mission vehicle objectives and shall all meet the following general requirements.

3.12.2.7.1.1  Thrust.


The propulsion system shall provide a nominal vacuum steady state thrust of  (specify)  lbf.  Over a temperature range of     (specify)  OF to     (specify)  OF.  The nominal start transient shall not exceed     (specify)     milliseconds and the shutdown transient shall not exceed     (specify)     milliseconds while operating at nominal pressure and temperature.

3.12.2.7.1.2  Specific Impulse (Isp).


The propulsion system shall develop a vacuum specific impulse (Isp) of     (specify)     seconds throughout its operating life as specified in 3.12.2.7.1.5.

3.12.2.7.1.3  Delta-V.


The propulsion system shall provide a delta-v of     (specify)     ft/sec throughout its operating life as specified in 3.12.2.7.1.5.

3.12.2.7.1.4  Operating Life.


The propulsion system shall be capable of operating for a period of (specify time period).

3.12.2.7.1.5  Storage Life.


The propulsion system shall have a storage life of (specify time period) under     (specify)     conditions.

3.12.2.7.1.6  Weight.


The propulsion system shall weigh no more than (specify maximum) lbs., including the following components:      (specify)    .


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.7.1.6 for tailoring guidance for each type of propulsion system.)

3.12.2.7.2  Specific Design Requirements.


(Note to Spec Guide user: select the following sections per 3.12.2.7.1.6)

3.12.2.7.2.1  Liquid Propellant System Requirements.


(See 6.2.100)

3.12.2.7.2.1.1  Duty Cycle/Burn Times.


The liquid propellant thruster/engine shall be capable of accommodating nominal and contingency duty cycles employing     (specify)     limits over the life specified in 3.12.2.7.1.4.  The operating duration per mission shall not exceed     (specify)     seconds of steady-state or  pulse mode "ON" time.  The maximum number of cycles "ON" commands shall not exceed     (specify)     per mission.  The total mission duration shall be     (specify)     days from liftoff to completion of mission objectives.

3.12.2.7.2.1.2  Life.


The liquid propellant thruster/engine shall be capable of performing as specified in 3.12.2.7.2.1.1 for a minimum of     (specify)     cycles for     (specify)     seconds of operation accumulated during     (specify)     missions within a period of     (specify)     years.

3.12.2.7.2.1.3  Electrical Power Requirements.


The maximum power requirement for liquid propellant system thruster/engines, valves, regulators, and heaters shall be     (specify)     volts (specify AC or DC).

3.12.2.7.2.2  Solid Propellant System Requirements.


(See 6.2.163)

3.12.2.7.2.2.1  Total Impulse.


The vacuum total impulse of the solid propellant motor  shall be    (specify)   lbf-sec. at  (specify)  OF.   The variation in total impulse shall not exceed  ±   (specify)  %.

3.12.2.7.2.2.2  Thrust Rise Rate.


The thrust rise rate shall be no greater than     (specify)     lb/sec.

3.12.2.7.2.2.3  Thrust Decay 


Allowable thrust decay shall be     (specify) .

3.12.2.7.2.2.4  Action Time.


Minimum and maximum action time shall be     (specify)  .

3.12.2.7.2.2.5  Thrust Alignment.


Axial and lateral alignment requirements shall be     (specify)   and motor axes shall be     (specify) .

3.12.2.7.2.3  Hybrid Propellant System Requirements.


(See 6.2.90 )

3.12.2.7.2.3.1  Duty Cycle/Burn Times.


The hybrid propellant engine shall be capable of accommodating nominal and contingency duty cycles employing     (specify)     limits over the life specified in 3.12.2.7.1.4  The operating duration per mission shall not exceed     (specify)     seconds of steady-state or  pulse mode "ON" time.  The maximum number of cycles "ON" commands shall not exceed     (specify)     per mission.  The total mission duration shall be     (specify)     days from liftoff to completion of mission objectives.

3.12.2.7.2.3.2  Life.


The hybrid propellant engine shall be capable of performing as specified in 3.12.2.7.2.3.1 for a minimum of     (specify)     cycles for     (specify)     seconds of operation accumulated during     (specify)     missions within a period of     (specify)     years.

3.12.2.7.2.3.3  Electrical Power Requirements.


The maximum power requirement for hybrid propellant system engines, valves, regulators, and heaters shall be     (specify)     volts (specify AC or DC).

3.12.2.7.2.3.4  Total Impulse.


The vacuum total impulse of the hybrid propellant engine shall be     (specify)      lbf-sec. at     (specify)  OF.   The variation in total  impulse shall not exceed  ±      (specify)     %.

3.12.2.7.2.3.5  Thrust Rise Rate.


The thrust rise rate of the hybrid propellant engine shall be no greater than     (specify) lb/sec.

3.12.2.7.2.3.6  Thrust Decay. 


The allowable thrust decay of the hybrid propellant engine shall be     (specify)    .

3.12.2.7.2.3.7  Action Time.


Minimum and maximum action time of the hybrid propellant engine shall be     (specify).

3.12.2.7.2.3.8  Thrust Alignment.


Axial and lateral alignment requirements of the hybrid propellant engine shall be     (specify)     and motor axes shall be     (specify)    .

3.12.2.7.2.4  Electric Propulsion System Requirements.


(See 6.2.60)

3.12.2.7.2.4.1  Power Consumption.

3.12.2.7.2.4.1.1  Peak Power Consumption.


The peak power to the electric propulsion device shall be     (specify)     kW.

3.12.2.7.2.4.1.2  Operating Power Consumption.


The operating power to the electric propulsion device shall be     (specify)     kW.

3.12.2.7.2.4.1.3  Standby Power Consumption.


The standby power to the electric propulsion device shall be     (specify)     kW.

3.12.2.7.2.4.2  Efficiency


The electric propulsion device efficiency shall be     (specify)     percent (%)

3.12.2.7.2.4.3  On/Off Cycles.


The electric propulsion device shall be capable of  operating for     (specify)     On/Off cycles.

3.12.2.7.2.4.4  Rated Life.


The electric propulsion device shall be capable of operating for     (specify)     hours at the power consumption levels specified in 3.12.2.7.2.4.1.

3.12.2.8  Ordnance Design Requirements. 

3.12.2.8.1  Explosive Ordnance.

3.12.2.8.1.1  Requirements.

3.12.2.8.1.1.1  Flight Accreditation. 


Explosive ordnance furnished shall be flight accredited.  Items are considered to be flight accredited if the items satisfy the following conditions:    (specify)  .


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.1 for developing requirements.) 

3.12.2.8.1.1.2  General Design Requirements.

3.12.2.8.1.1.2.1  Selection of Parts, Materials and Processes. 


Unless otherwise specified, the parts, materials, and processes shall be selected and controlled in accordance with contractor established and documented procedures to satisfy the requirements of the contract.  The parts, materials, and processes selected shall be of sufficient proven quality to allow the space equipment to meet  the  functional performance, safety, reliability, contamination, and strength requirements during its life cycle including all environmental degradation effects.  Parts, materials, and processes shall be selected to ensure that any damage or deterioration from the environment, or the outgassing effects in the space environment, shall not create a safety hazard or reduce the performance of the space vehicle beyond the specified limits.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.1 for developing requirements.) 

3.12.2.8.1.1.2.1.1  Explosive Materials. 


Explosive materials that are in accordance with military or federal specifications or standards shall be used, where practicable.  Material in accordance with other specifications,  including proprietary compositions, that may result in superior performance, increased reliability, or improved safety may be used if approved by the contract.

3.12.2.8.1.1.2.1.1.1  Upper Temperature Limits. 


The decomposition, cook-off, (See 6.2.30) and melting temperatures of all explosives shall be at least         (specify)       degrees C higher than the maximum predicted environmental temperature to which the material will be exposed during storage, handling, installation, transportation, launch, or on orbit.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.1.1.1 for developing this requirement.) 

3.12.2.8.1.1.2.1.1.2  Primary Explosives. 


The use of sensitive primary explosives shall be kept to a minimum consistent with achieving reliable performance. (See 6.2.134 )

3.12.2.8.1.1.2.1.2  Inert Materials. 


Materials shall be selected that have demonstrated their suitability for the intended application. Inherently fungus-inert materials shall be used, where practicable.  Combustible materials or materials that can generate toxic outgassing or toxic products of combustion shall not be used if cost-effective alternatives exist.  Materials shall be selected for low outgassing.


Materials with low fracture toughness in the predicted operating environment, such as that exhibited by some plastics, shall not be used.  Materials that are susceptible to cracking due to shock loads, or shock loads combined with low temperatures, shall not be utilized.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.1.2 for developing requirements.) 

3.12.2.8.1.1.2.1.3  Finishes.


The finishes used shall be such that completed components shall be resistant to corrosion. 


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.1.3 for developing requirements.) 

3.12.2.8.1.1.2.2  Lubricants. 


Lubricants shall be selected with consideration given to corrosion, outgassing, temperature limits, operation in a vacuum; creep properties, effect of long term storage, and compatibility with other lubricants and materials.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.2 for developing this requirement.) 

3.12.2.8.1.1.2.3  Springs. 


Helical springs shall be selected and controlled by contractor established procedures.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.3 for developing requirements.) 

3.12.2.8.1.1.2.4  Fasteners and Locking.

3.12.2.8.1.1.2.4.1  Threaded Parts. 


Fastening systems shall be selected and controlled by contractor established procedures.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.4.1 for developing this requirement.) 

3.12.2.8.1.1.2.4.2  Locking Devices.


Positive locking devices shall be used on all fasteners.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.4.2 for developing this requirement.) 

3.12.2.8.1.1.2.5  Stops. 


Mechanical stops or shoulders and associated attachments shall be designed to a structural yield factor of safety based on static analysis, of at least    (specify)  for maximum impact loads.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.5 for developing this requirement.) 

3.12.2.8.1.1.2.6  Size and Weight.


The size and weight of all components shall be kept to a minimum consistent with meeting the specified performance, safety, and reliability requirements under all environmental conditions.

3.12.2.8.1.1.2.7  Sealing.


Explosive ordnance shall be sealed to ensure protection from external environments.


(Note to Spec Guide user: see detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.7 for developing this requirement.) 

3.12.2.8.1.1.2.8  Redundancy.


All mission critical explosive ordnance functions on a space vehicle shall be designed so that a failure of any single explosive element to operate shall not cause a failure of the function.

3.12.2.8.1.1.2.8.1  Cartridge Actuated Devices.


Redundant cartridge (See 6.2.21) actuated devices shall be used to perform a function whenever practical.  When vehicle design considerations necessitate the use of a single cartridge actuated device to perform a function, dual electroexplosive devices (EEDs) shall be used. (See 6.2.58).  The firing of either one or both EEDs shall provide operational success.  The firing of the first EED shall have no detrimental effect on the redundant EED. 

3.12.2.8.1.1.2.8.2  Explosive Trains.


Redundant explosive charges shall be used where practicable.  Each explosive charge shall be detonated by a minimum of two initiators. (See 6.2.94).  Linear explosive charges (See 6.2.23) shall have at least one initiator at each end of the charge.  Explosive trains containing cylindrical donor (See 6.2.55) and receptor charges (See 6.2.147) shall use the end-to-end detonation transfer mode, where practicable.  Side-to-side detonation transfer shall not be employed.  Detonating interconnects or crossovers (See 6.2.35) shall not be used between redundant explosive trains unless approved by the contract.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.2.8.2 for developing requirements.) 

3.12.2.8.1.1.2.8.3  Dual Bridgewire EEDs.


Dual bridgewire EEDs shall not be considered redundant elements in an explosive train. (See 6.2.17 )

3.12.2.8.1.1.2.9  Tolerances.


Tolerances shall be established to ensure that proper clearances are maintained under worst case service conditions. 

3.12.2.8.1.1.2.10  Linear Shaped Charges.


Charge holders shall be used for all linear shaped charge functions to insure proper charge orientation.

3.12.2.8.1.1.3  Performance Requirements. 

3.12.2.8.1.1.3.1  Cartridge Actuated Device Margins.

3.12.2.8.1.1.3.1.1  Minimum Charge Weight.


All cartridge actuated devices shall be capable of performing their end function when actuated by a single cartridge containing an explosive charge which is    (specify)  percent or less of the minimum specified explosive charge weight.  This requirement applies to both single and dual cartridge actuated devices. (See 6.2.20).


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.1.1 for developing requirements.)

3.12.2.8.1.1.3.1.2  Maximum Charge Weight.


All cartridge actuated devices shall be capable of performing their end function when actuated by an explosive charge which is at least   (specify)  percent of the maximum specified charge weight and with no increase in the initial free volume without rupture.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.1.2 for developing requirements.)

3.12.2.8.1.1.3.1.3  Mechanical Load.


All cartridge actuated devices which are required to function while under a load, either tension, compression, or shear, shall have the ability to operate satisfactorily both unloaded and loaded to at least   (specify) times the maximum predicted operating loads.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.1.3 for developing requirements.)

3.12.2.8.1.1.3.2  Severing and Penetrating Device Margins.


Severing and penetrating devices shall be designed to sever or penetrate the required maximum thickness of the specified material using   (specify) percent or less of the minimum specified severing charge weight at the maximum standoff. (See 6.2.25, 6.2.24, and 6.2.166).


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.2 for developing requirements.)

3.12.2.8.1.1.3.3  EED Characteristics.


EEDs shall be designed such that the all-fire current does not exceed   (specify) percent of the minimum supplied operating current measured at the EED. (See 6.2.6).


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.3 for developing requirements.)

3.12.2.8.1.1.3.3.1  "All-fire" Current.


All EEDs shall fire with a reliability of   (specify)  at   (specify)  percent confidence when activated with the specified "All-fire" current and at any higher current level up to and including   (specify)  amperes.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.3.1 for developing requirements).

3.12.2.8.1.1.3.3.2  "No-fire" Current. 


The EED shall not fire when the bridgewire is subjected to the "no-fire" current. (See 6.2.115 ).  Unless otherwise specified, the "no-fire" current shall be a current of   (specify)  ampere applied for   (specify)  minutes.  Firing probability when subjected to the "no-fire" current shall be less than   (specify reliability) at   (specify) percent confidence level.  Following exposure to this "no-fire" current, the EED shall be capable of performing as specified herein.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.3.2 for developing requirements).

3.12.2.8.1.1.3.3.3  "No-fire" Power.


The EED shall not fire when the bridgewire is subjected to the "no-fire" power.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.3.3 for developing requirements).

3.12.2.8.1.1.3.3.4  Static Sensitivity.


EEDs shall not fire or deteriorate in performance as a result of being subjected to an

electrostatic discharge of   (specify)  volts from a   (specify)  picofarad capacitor applied in the pin-to-case mode with no series resistor and in the pin-to-pin mode with a   (specify)  ohm resistor in series.  EEDs using an external spark gap require contract approval.

(See 6.2.155).


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.3.4 for developing requirements).

3.12.2.8.1.1.3.3.5  Insulation Resistance.


The insulation resistance between shorted pins and case shall be at least   (specify) megohms when measured with the application of   (specify)  volts dc.  (For testing the NASA Standard Initiator   (specify)  volts potential shall be used.)


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.3.5 for developing requirements).

3.12.2.8.1.1.3.4  Percussion Initiators.


Percussion initiators shall be designed such that the "All-fire" energy does not exceed   (specify)  percent of the minimum supplied operating energy.  The "No-fire" energy shall be such that the percussion initiator shall not fire when subjected to an energy of   (specify)  percent of the "All-fire" energy.(See 6.2.128 )


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.4 for developing requirements).

3.12.2.8.1.1.3.5  Detonating Components.

Detonating components, which include both through bulkhead and those “except for through bulkhead initiators”, (See 6.2.73 ), plus safe arm device rotor leads and explosive transfer assemblies, shall perform with a demonstrated margin. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.5 for developing requirements).

3.12.2.8.1.1.3.5.1  Through Bulkhead Initiators.


Through bulkhead initiators shall demonstrate the ability to propagate the shock front through a bulkhead that is   (specify)  times the maximum thickness, and initiate the receptor charge.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.5.1 for developing requirements).

3.12.2.8.1.1.3.5.2  Detonation Transfer.


The propagation of detonation from one detonating element to another shall be demonstrated for both donor and receptor elements.  The ability of an explosive element to perform as a donor or receptor charge shall be demonstrated by initiating the specified receptor charge using the specified donor charge through a gap at least   (specify) times the maximum specified gap or through a   (specify) millimeters   (specify) gap, whichever is greater.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.5.2 for developing requirements).

3.12.2.8.1.1.3.6  Safe and Arm Devices.


All safe and arm devices shall meet the safety and performance requirements of this document. (See 6.2.150)


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.3.6 for developing requirements.)

3.12.2.8.1.1.4  Environmental Design Requirements.


To provide a design factor of safety or margin, the explosive ordnance shall be designed to function within performance requirements when exposed to environmental levels that exceed the extreme levels predicted during its service life (See 6.2.157) by the specified margins. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.4 for developing requirements).

3.12.2.8.1.1.4.1  Non-operational Environments.


Explosive ordnance shall be designed to function within performance requirements, and shall not prematurely operate after exposure in the non-operational environmental levels that exceed the extremes of the predicted non-operational environments by the design factor of safety or design margin.  The following non-operational environments shall be considered:

a. Temperature.

b. Humidity.

c. Handling Shock.

d. Shock.

e. Random Vibration.

f. Acceleration.

g. Radiation.

h. Pressure.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.4.1 for developing requirements).

3.12.2.8.1.1.4.2  Operational Environments.


Explosive ordnance shall be designed to function within performance requirements when exposed to the operational levels that exceed the maximum predicted environments by the design factor of safety or design margin.  As a minimum, the following operational environments shall be considered:

a. Temperature.

b. Random vibration.

c. Sinusoidal vibration.

d. Pressure.

e. Thermal control.

f. Acoustics.

g. Fatigue duration. 

h. Statistical estimate of vibration, acoustics and shock. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.4.2 for developing requirements).

3.12.2.8.1.1.4.3  Fabrication, Storage, Transportation and Handling Environments.


Fabrication and handling of explosive ordnance shall be accomplished in a clean environment.  Environmental conditions during fabrication, storage, handling, and transportation shall be within the following limits:

a. Temperature:   (specify) degrees C   ±    (specify)  degrees C.

b. Humidity:   (specify)  percent   ±    (specify)  percent.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.4.3 for developing requirements).

3.12.2.8.1.1.5  Identification and Marking.


(Note to Spec Guide user: See section 3.12.6 of this Spec Guide for Nameplate and Marking requirements). 

3.12.2.8.1.1.6  Interface Requirements.


The installation and operation of explosive ordnance shall have no detrimental effect on adjacent equipment.

3.12.2.8.1.1.6.1  Fragmentation.


There shall be no deleterious fragmentation resulting from the operation of any explosive ordnance.

3.12.2.8.1.1.6.2  Contamination.


There shall be no deleterious contamination resulting from the operation of explosive components.  Where the component design does not ensure the containment of the generated gas, the components shall be mounted in locations or orientations where escaping gases cannot impinge on optical sensors or thermal control surfaces.

3.12.2.8.1.1.6.3  Shock.


The shock generated by the operation of explosive ordnance shall be minimized to the extent practical.

3.12.2.8.1.1.7  Operability.

3.12.2.8.1.1.7.1  Reliability.


The design reliability goal for successful operation of explosive ordnance shall be    (specify)  at    (specify) percent confidence. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.7.1 for developing requirements).

3.12.2.8.1.1.7.2  Maintainability.


All explosive ordnance shall be designed so as not to require any scheduled maintenance or repair during their service life.  The designs shall accommodate easy installation, testing, or replacement at the launch site.  Where practicable, explosive ordnance shall not be located in assemblies which must be removed and replaced for the normal maintenance of other non-explosive items.

3.12.2.8.1.1.7.3  Human Engineering.


Throughout the design and development of explosive ordnance, criteria shall be judiciously applied to obtain effective, compatible, and safe man-equipment interactions.  Provisions such as tabs, shoulders, and different thread sizes shall be employed to prevent assembly in any incorrect manner which may impair the intended functions.

3.12.2.8.1.1.7.4  Service Life.


Explosive ordnance shall have a service life commensurate with mission requirements.  The contractor shall identify age sensitive materials and shall implement service life surveillance of the age sensitive materials in accordance with a plan approved by the contract (See 6.2.157).

3.12.2.8.1.1.7.5  Interchangeability.


The ordnance design of the items shall make provisions for the factory replacement of subassemblies or parts.

3.12.2.8.1.1.7.6  Safety.

3.12.2.8.1.1.7.6.1  General.


The design of explosive ordnance for space vehicles shall be such as to minimize the accident risk to personnel, equipment, and facilities.  Ordnance handling, installation, and storage procedures shall be formally documented and shall have appropriate cautions and warnings as determined by ordnance safety personnel.  Safety requirements shall be established so that their implementation can be verified during all activities.  The safety requirements and procedures shall comply with all local, state, and federal requirements as well as all applicable Range Safety documents.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.7.6.1 for developing requirements).

3.12.2.8.1.1.7.6.2  Space Transportation System Payload Ordnance.


Explosive ordnance and firing circuits employed in payloads to be operated in the Space Transportation System and flown on the space shuttle vehicle shall meet the requirements of NASA Handbook NHB 1700.7. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.7.6.2 for developing requirements).

3.12.2.8.1.1.8  Manufacturing.

3.12.2.8.1.1.8.1  Processes and Controls.


The manufacturing of explosive ordnance devices shall be accomplished in accordance with documented procedures and process controls which assure the safety, reliability and quality of the product.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.8.1 for developing requirements).

3.12.2.8.1.1.8.2  Production Lots.


Explosive ordnance items shall be grouped together in individual production lots (See 6.2.140) during the various stages of manufacturing to assure that all items in a production lot are assembled during the same time period using the same production materials, tools, methods, personnel, and controls.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.8.2 for developing requirements).

3.12.2.8.1.1.8.2.1 Production Lot Testing. 


In addition to tests involved with qualifying the design, each production lot shall be tested as described in the paragraphs that follow.

3.12.2.8.1.1.8.2.2  Qualification Tests For EEDs. 


The qualification test program for EEDs shall include nondestructive acceptance testing of all units.  The entire production lot shall be rejected if there are any test failures in the lot. 

3.12.2.8.1.1.8.2.3  Qualification Tests For Explosive Ordnance (Other Than EEDs.)


The production lot for explosive ordnance, other than EEDs shall be accomplished according to its qualification test plan.  The entire production lot shall be rejected if there are any test failures. 

3.12.2.8.1.1.8.2.4  Qualification of Existing Designs. 


Waiver of qualification or requalification shall require approval by contract.  Qualification by similarity shall also require contract concurrence. 

3.12.2.8.1.1.8.2.5  Lot Acceptance Testing. 


Items submitted for lot acceptance testing shall have been manufactured using the same supplier documented processes and controls as was used for the qualification test units. 

3.12.2.8.1.1.8.2.6  EEDs Acceptance Test. 


The lot acceptance test program for EEDs shall consist of firing tests with units randomly selected from the lot.  The entire production lot shall be rejected if there are any test failures. 

3.12.2.8.1.1.8.2.7  Explosive Ordnance (Other Than EEDs).


The lot acceptance test program shall consist of firing tests, with units randomly selected.  The entire production lot shall be rejected if there are any test failures.  

3.12.2.8.1.1.8.2.8  Service Life Verification Tests. 


Service life verification testing shall be conducted to demonstrate that each production lot of components containing explosive materials shall be capable of performing satisfactorily during their specified service life.  Lot acceptance testing establishes an initial 1 year of authorized service life.  Following this initial 1 year, additional service life shall be demonstrated by successful completion of either an aging surveillance test conducted annually or by accelerated aging tests conducted every 3 years.  Service life testing does not need to be conducted on a 1 or 3 year basis as long as the aging tests have been successfully accomplished within the 1 or 3 years respectively prior to use of the ordnance. 

3.12.2.8.1.1.8.3  Contamination.

3.12.2.8.1.1.8.3.1  Fabrication and Handling.


Fabrication and handling of space equipment shall be accomplished in a clean environment.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph 3.12.2.8.1.1.8.3.1 for developing requirements).

3.12.2.8.1.1.8.3.2  Device Cleanliness.


The particulate cleanliness of internal moving subassemblies shall be maintained at _   (specify)  __ level.  The allowable product nonvolatile residue (NVR) level shall be maintained to _   (specify)  __level 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.8.3.2 for developing requirements).

3.12.2.8.1.1.8.4  Electrostatic Discharge.


Provisions shall be made to avoid and protect against the effects of static electricity generation and discharge in areas containing explosives.

3.12.2.8.1.1.8.5  Independent Monitoring.


Facilities and inspection stations shall be provided in the manufacturing area for the surveillance and monitoring of critical operations by an independent organization approved by the contract.

3.12.2.8.1.1.8.6  Refurbishment.


Explosive ordnance components, including cartridge actuated devices, shall be considered one-shot items.  They shall not be refurbished for vehicle use after firing.  Units refurbished for use in special ground tests shall be clearly identified as "NOT FOR FLIGHT" (See section 3.12.6 of this Spec Guide for Nameplate and Marking requirements). 

3.12.2.8.1.1.8.7  Craftsmanship.


Explosive ordnance shall be manufactured, processed, tested, handled, and installed such that the finished items are of sufficient quality to ensure reliable operation, safety, and service life. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.8.7 for developing requirements).

3.12.2.8.1.1.9  Storage and Handling Provisions.


Storage, handling, and transportation conditions to which explosive ordnance are to be subjected prior to flight shall be controlled to the limits specified (See 3.12.2.8.1.1.4.3).


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.1.9 for developing requirements).

3.12.2.8.1.2  Quality Assurance Provisions.


Unless otherwise specified in the contract, the supplier shall be responsible for the performance of all inspection and test requirements as specified herein.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.1.2 for developing requirements).

3.12.2.8.2  Electroexplosive Subsystems.

3.12.2.8.2.1  General Requirements.

3.12.2.8.2.1.1  General Design.  


Electroexplosive subsystems (EES) shall meet design requirements under the specified environmental conditions. (See 6.2.63 ).


(Note to Spec Guide user: See rational and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.1.1 regarding this requirement.)

3.12.2.8.2.1.2  Fault Tolerance.

3.12.2.8.2.1.2.1  General Requirements.


See 3.7.3.1.2.1  General Requirements.

3.12.2.8.2.1.2.2  Implementation.


See 3.7.3.1.2.2  Implementation.

3.12.2.8.2.1.2.3  Extent of Applicability.


The following provisions shall be applicable to all explosive ordnance systems.

a. The design and testing of electroexplosive subsystem elements which have been previously approved shall require an evaluation for each subsequent usage.

b. Requirements herein, that are relative to unintentional initiation, shall be applicable to all electroexplosive subsystems, unless otherwise specified by the contract.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.1.2.3 for developing this requirement.) 

3.12.2.8.2.1.3  Bonding.


The DC bonding resistance between connection points of the shielded system, metallic enclosures, and structural ground shall be    (specify) milliohms or less.


(Note to Guide Spec user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.1.3 for developing this requirement.) 

3.12.2.8.2.1.4  Electroexplosive Subsystems Electromagnetic Compatibility (EMC).

3.12.2.8.2.1.4.1  Inadvertent Activation.


The following EMC provisions shall be applicable to all electroexplosive subsystems:

a. The electroexplosive subsystem shall be designed to limit the power produced by the electromagnetic environment acting on the subsystem to a level of at least   (specify) dB below the maximum pin-to-pin DC no-fire power of the EED.

b. The electroexplosive subsystem shall be designed to limit the power produced at each device in the firing circuit, to a level of at least   (specify) dB below the minimum activation power for each of the explosive devices.


(Note to Guide Spec user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.1.4.1 for developing this requirement.) 

3.12.2.8.2.1.4.2  Direct Coupling to the EED and EES. 


EED's shall not fire in either the pin-to-pin or the pin-to-case mode due to direct coupling of the specified electromagnetic environment into the EES.

3.12.2.8.2.1.5  System Effectiveness Requirements.

3.12.2.8.2.1.5.1  Parts, Materials, and Processes (PMP).  


See 3.12.2.8.1.1.2.1 Selection of Parts, Materials and Processes. 

3.12.2.8.2.1.5.2  Life.


The following life requirements shall be applicable in the electroexplosive subsystem design:

a. The electroexplosive subsystem shall have sufficient service life to ensure reliable operation at the appropriate points in the mission timelines.

b. The contractor shall identify age sensitive parts and materials and submit a surveillance plan to the project officer for review and approval.  This plan shall address periodic surveillance requirements of age-sensitive parts and materials. 


(Note to Guide Spec user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.1.5.2 for developing life requirements). 

3.12.2.8.2.1.5.3  Reliability.


The design reliability of the electroexplosive subsystem shall be at least .999 (with 90 percent confidence based on the chi-square statistic of the ratio of the variance of the sample lot to the population variance) for safety critical functions both for the condition where (a) failure-to-fire is a hazard, and (b) inadvertent firing is a hazard (See paragraph 3.7.3.1.2.7).


Note:  The use of solid state devices as series inhibits and their associated impact upon overall subsystem reliability shall be evaluated by the project officer on a case-by-case basis.

3.12.2.8.2.1.5.4  Materials Compatibility.


All materials (metallic and non-metallic) including detonable, deflagratable, pyrogen, and propellant substances shall be compatible with each other and with the components, materials, and chemicals which they could contact.  For continued exposure to the predicted environmental conditions, there shall be no degradation in performance or increased sensitivity which may result in a hazard.

3.12.2.8.2.1.5.5  Human Factors.


The electroexplosive subsystem shall be designed to enhance functional performance and to minimize hazards to personnel involved in assembling, transporting, installing, removing, maintaining, and testing systems involving the use of electroexplosive devices.


(Note to Guide Spec user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.1.5.5 for developing human factors requirements). 

3.12.2.8.2.1.6  Traceability. 


In order to provide traceability of manufactured components, including usage and disposal, component numbering shall be per MIL-STD-1168 and MIL-STD-1167.

3.12.2.8.2.2  Detail Design Criteria.

3.12.2.8.2.2.1  Power Source.

a. Separate and dedicated power distribution points shall be used for the electroexplosive subsystem firing sources. A firing source can share the same power source with other loads, but all currents flowing from the firing source point shall be for firing circuits only.

b. If the host vehicle supplies power to the Firing Source Circuit, (See 6.2.82) one of the following options shall be employed:                




 
1.  The return side of the Firing Source Circuit shall not be grounded on the payload side of the interface, and shall be isolated from payload structure by at least    (specify)  _ ohms measured at    (specify)  _ times the bus voltage or greater, or equivalent isolation.








 
2.  Isolation transformers shall be employed in the Firing Source Circuit to provide at least    (specify)  _ ohms isolation between the payload return circuit and the host vehicle return circuit when measured at    (specify)  _ times the bus voltage or greater.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.1.)

3.12.2.8.2.2.2  Shields.


The firing circuit including the EED shall be completely shielded, or shielded from the EED back to a point in the firing circuit at which isolators eliminate RF entry into the shielded portion of the system. 


(Note to Guide Spec user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.2.2 for developing requirements.) 

3.12.2.8.2.2.3  Shielding Caps.


All electroexplosive devices and safe and arm devices shall have shielding caps attached during storage, handling, transporting, and installation.  The shielding caps shall have a solid metal outer shell which makes electrical contact with the EED case in the same manner as the mating connector for the EED.

3.12.2.8.2.2.4  Cables.


The following specific cabling requirements shall be applicable to all EES designs:

a. There shall be no splices used to join elements of ordnance cables.

b. A connector shall be provided wherever mating or demating of a circuit is required.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.4.)

3.12.2.8.2.2.5  Insulation Resistance.


The following specific insulation resistance requirements shall be applicable to all EES designs:

a. All current-carrying components and conductors shall be electrically insulated from each other and system ground.

b. The insulation resistance between all insulated parts, at a potential of   (specify)  volts, minimum, DC, shall be greater than   (specify)  megohms after exposure to the environment specified herein.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.5.)

3.12.2.8.2.2.6  Post Firing Short-Circuit Protection.


Electroexplosive subsystem shall include positive protection for line-to-line and line-to-ground shorts which may develop within a fired EED. 


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.6.)

3.12.2.8.2.2.7  Firing Circuits.

3.12.2.8.2.2.7.1  Wiring.


The following specific wiring requirements shall be applicable to all EES designs:

a. Shielded twisted pairs shall be used unless other configurations can be shown to be more effective.

b. Any grounding of the firing circuits shall be done at one point only.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.7.1.)

3.12.2.8.2.2.7.2  Electrical Isolation.


The following specific electrical isolation shall be applicable to all EES designs:

a. Firing circuits that do not share a common fire command shall be electrically isolated from one another such that current in one firing circuit does not induce a current greater than   (specify)  dB below the no-fire current level in any firing output circuit.

b. Control circuits shall be electrically isolated so that a stimulus in one circuit does not induce a stimulus greater than   (specify) dB of the actuation level in any firing circuit.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.7.2.)

3.12.2.8.2.2.7.3  Physical Separation.


Firing output circuits shall be physically separated from all other types of circuits.

3.12.2.8.2.2.7.4  Electrostatic Protection.


See 3.7.3.2.3.1 Electrostatic Protection 

3.12.2.8.2.2.7.5  Monitor Circuits (Portable or Built-In).


See 3.7.3.2.3.2 Monitor Circuits (Portable or Built-In).

3.12.2.8.2.2.7.6  Control Circuits.


It shall be demonstrated that command and control interfaces with the host vehicle that are used for any arming or firing function in the payload cannot be actuated or triggered by return currents flowing in the host vehicle or payload structure.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.7.6.)

3.12.2.8.2.2.8  Connectors.

3.12.2.8.2.2.8.1  Type.


All connectors used with the electroexplosive devices shall be approved by the contract.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.8.1.)

3.12.2.8.2.2.8.2  Pin Assignments.


The following specific pin assignment requirements shall be applicable to all EES designs:

a. The circuit assignments and isolation of pins within any EES circuit connector shall be such that any single short circuit occurring as a result of a bent pin or contamination will not result in more than   (specify)  milliamperes or one-tenth of the no fire current whichever is less applied to any electroexplosive device.

b. There shall be only one wire per pin, and in no case shall a connector pin be used as a terminal or tie-point for multiple connections.

c. Spare pins are prohibited in connectors which are part of firing output circuitry.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.8.2.)

3.12.2.8.2.2.8.3  Locking.


Connectors shall be selected such that they are not subject to demating when exposed to the maximum anticipated environment. Connectors that twist and lock into position are preferred.

3.12.2.8.2.2.8.4  Mismating.


Firing circuit connectors shall not be capable of being mismated.

3.12.2.8.2.2.8.5  Separate Connectors.


Where redundant circuits are required to meet fault tolerance requirements, separate connectors shall be used.

3.12.2.8.2.2.9  Firing Switches and Relays.


Firing switches and relays shall meet the following specific requirements for all EES designs:

a. Electromechanical and solid-state switches and relays shall be capable of delivering the maximum firing circuit current for a time interval equal to ten times the duration of the intended firing pulse.

b. These switches and relays shall be capable of breaking the post-fire short circuit current without exceeding any steady-state or transient limits of the solid-state or electromechanical device used.

c. The use of a solid-state device to provide isolation between the firing circuit and ground/structure requires specific approval by the contract.

3.12.2.8.2.2.10  Mechanical Requirements.

3.12.2.8.2.2.10.1  Mounting.


Relays that are series inhibits shall be mounted on perpendicular axes to minimize the potential of vibration or shock activating more than one of the relays simultaneously.

3.12.2.8.2.2.10.2  Mechanical Integrity.


The EEDs, when installed in higher level devices such as pin pullers, wire cutters, gas generators, etc., shall be designed to withstand the maximum back pressure from the operation of these upper level devices.

3.12.2.8.2.2.11  Electroexplosive Devices Electrical Design Requirements.

3.12.2.8.2.2.11.1  Hot Bridgewire.

3.12.2.8.2.2.11.1.1  No-fire Sensitivity.


The following electroexplosive subsystems design requirements shall be applicable to no-fire sensitivity devices:

a. Unless otherwise specified electroexplosive devices shall be designed to withstand a constant direct current firing pulse of up to   (specify)  ampere and   (specify)  watt power (minimum) for a period of   (specify)  minutes (minimum) duration without initiation or deterioration of performance (dudding) (See 6.2.57).

b. EEDs shall not fire, dud, or deteriorate in performance as a result of being subjected to an electrostatic discharge of   (specify)  volts from a   (specify)  picofarad capacitor applied in the pin-to-case mode with no series resistor and in the pin-to-pin mode with a   (specify) ohm resistor in series.  EEDs using an external spark gap requires contract approval.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.11.1.1.)

3.12.2.8.2.2.11.1.2  Minimum All-Fire Current.


The minimum all-fire current levels shall be determined by test and shall be at   (specify)    percent firing level with a   (specify)  percent confidence level.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.11.1.2.)

3.12.2.8.2.2.11.2  Carbon Bridge EEDs.


Electroexplosive devices using carbon bridges are prohibited.

3.12.2.8.2.2.11.3  Conductive Mix EEDs.


Conductive mix EEDs that do not utilize a bridgewire are prohibited.

3.12.2.8.2.2.11.4  Temperature Endurance.


The following requirements shall be applicable to all EES designs:

a. EEDs shall not autoignite when exposed to thermal environments that are   (specify)   0 C above the maximum predicted temperature during worst case service life (See 6.2.157)

b. EEDs shall not decompose when exposed to thermal environments that are 300 above the maximum predicted temperature and   (specify)  0C below the minimum predicted temperature during worst case service life, if decomposition or failure to function can create a hazard.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.11.4.)

3.12.2.8.2.2.12  Safe and Arm (S&A) and Arm and Disarm (A/D) Devices.

3.12.2.8.2.2.12.1  Electrically Actuated.


Electrically actuated devices shall meet the following requirements. 

a. These devices shall incorporate a means of remote electrical arming and disarming from any barrier position.

b. Remote and manual disarming shall be accomplished without passing through the arm position.

c. The devices shall not be capable of being manually armed, but shall be capable of being manually disarmed.

d. The devices shall remain mechanically secured in the selected position under all operational environments without the application of any electrical signal.

e. There shall be no current flow exceeding    (specify)    milliamperes in the disarm or safe command circuit during the arming cycle nor in the arm command circuit during disarm or safing.

3.12.2.8.2.2.12.1.1  Cycle Life.


All electrically actuated electroexplosive subsystem devices shall be designed to withstand repeated cycling from the armed to the disarmed positions. 


(Note to Guide Spec user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.2.12.1.1 for developing requirements.) 

3.12.2.8.2.2.12.1.2  RF Susceptibility.


The protection for the EEDs shall be provided by a metallic enclosure which provides 360 degrees of coverage.

3.12.2.8.2.2.12.1.3  Electrical Arming and Safing Time.


The time required for arming and safing shall not exceed 1 second after application of the actuation signal.

3.12.2.8.2.2.12.1.4  Electrical Contacts.


Electrical switching contacts shall be designed such that the specified vibration environment shall not cause an inadvertent make or break (chatter). 


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.12.1.4.)

3.12.2.8.2.2.12.2  Mechanically Actuated S&As.


Mechanically actuated devices shall meet the following requirements. 

a. These devices shall incorporate the same features as electrically actuated devices except that arming and safing is performed mechanically.  Normally these devices are armed by a lift-off lanyard or by stage separation.  Electrically actuated devices shall not be used unless justification for mechanical actuation is provided and approved by contract. 

b. These devices shall be designed to withstand repeated cycling from the armed to the safe position for at least    (specify)    cycles without malfunction, failure, or deterioration in performance.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.12.2.)

3.12.2.8.2.2.12.3  Safety Provisions.

3.12.2.8.2.2.12.3.1  S&A Safety Provisions.


See 3.7.3.1.2.4.1  S&A Safety Provisions.

3.12.2.8.2.2.12.3.2  Arm/Disarm (A/D) Safety Provisions.


Arm/Disarm devices shall contain provisions for establishing and breaking circuit continuity, and shorting and unshorting the EED circuits.

3.12.2.8.2.2.12.4  Safe & Arm Lock/Safing Pin.


The following S & A requirements shall be applicable to all ESS design:

a. All S&A devices shall have a positive mechanical lock and a safing pin.

b. The mechanical look within the device shall prevent inadvertent transfer from the unarmed (safe) to the armed position (and vice versa) under specified environmental conditions.

c. The safing pin shall prevent inadvertent transfer from the unarmed (safe) to the armed position when an arming signal is applied.

d. The safing pin shall be capable of installation into and removal from the device after the device is installed.

e. The safing pin shall provide a means of attaching warning streamers. 

f. Mechanical retention of the safing pin shall be possible only when the S&A device is in the safe position.

g. The safing pin shall be secured in position in the device by use of a detent or similar feature.

h. A mechanism shall be incorporated which will prevent removal of the safing pin if the arming circuit is energized.

3.12.2.8.2.2.12.5  Safe & Arm Safing Pin Streamer.


All safing pins when installed shall be marked by a red streamer.

3.12.2.8.2.2.12.6  Status Indication.


An integral part of the S&A design shall include a means for direct visual monitoring of the arm or safe status.

3.12.2.8.2.2.12.7  Safe & Arm Simulator Resistors.


See 3.7.3.1.2.4.2  Safe & Arm Simulator Resistors.

3.12.2.8.2.2.12.8  Safe & Arm Components.

3.12.2.8.2.2.12.8.1  EEDs.


All EEDs used in the S&A devices shall be qualified and accepted as components in compliance with the requirements of this document. 

3.12.2.8.2.2.12.8.2  Safe & Arm Rotor Leads.


All lots of S&A rotor leads shall be acceptance tested as a separate component in compliance with the requirements of this document.  Rotor leads shall be qualified as an installed component in the S&A device.

3.12.2.8.2.2.13  Safe and Arm Plug Devices.


The following S & A component designs shall be applicable to all plug devices:

a. Firing circuits that use Arming Plugs shall be designed to electrically interrupt the EED side of the firing circuit. They shall provide for the electrostatic protection of the EED as specified in Paragraph 3.7.3.1.2.3.1, with the Arm Plug removed.

b. Arm and Safe Plugs or caps shall be designed to be positively identifiable by color, shape and name.

c. The design of the device and the firing circuit shall ensure easy access for plug installation and removal during assembly and checkout in all prelaunch and post-launch processing facilities.

d. Monitor and control circuits shall not be routed through Safe Plugs.

e. These devices shall meet all the shielding requirements of paragraph 3.7.3.2.1.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.2.13.)

3.12.2.8.2.2.14  Environmental Requirements.


See 3.7.3.1.2.5  Environmental Requirements.

3.12.2.8.2.2.15  Hermetic Sealing.


All EEDs shall be hermetically sealed in such a manner that after being exposed to the environmental conditions in the sequences specified herein, the actual helium leakage rate shall not exceed    (specify)    standard cubic centimeters per second at a differential pressure of one atmosphere, minimum.  All non-electric explosive components contained within a safe & arm device which is not hermetically sealed shall be sealed to meet the same requirement.

3.12.2.8.2.2.16  Data.


Design and test data that demonstrate compliance with this document shall be retained as specified by the contract.  Data is normally retained for the life of the program, and longer if there is planned usage for future programs.

3.12.2.8.2.3  Quality Assurance Provisions.

3.12.2.8.2.3.1  Applicable Tests.


Unless otherwise specified by the contract, all electroexplosive subsystems and components shall pass the tests specified herein.

3.12.2.8.2.3.2  Responsibility for Tests and Inspections.


Unless otherwise specified in the contract or purchase order, the supplier is responsible for the performance of all inspection and tests as specified

3.12.2.8.2.3.3  Test Sequences.


Unless otherwise specified by the contract, tests shall be accomplished in sequential order.

3.12.2.8.2.3.4  Hazard Classification. 


See 3.7.3.1.2.6  Hazard Classification.

3.12.2.8.2.3.5  Safety Reliability Demonstrations.


See 3.7.3.1.2.7  Safety Reliability Demonstrations. 

3.12.2.8.2.3.6  Qualification Inspections and Tests.


Qualification inspection of electroexplosive subsystems and components shall be conducted on the following devices:

a. Electroexplosive Devices. 

b. S&A Devices. 

c. Electroexplosive subsystems.

3.12.2.8.2.3.6.1  Requalification Testing.


If any of the following events occur in the manufacture and test of previously qualified electroexplosive devices (per paragraph 3.7.3.3.7), a review and analysis shall be made to determine what requalification tests, if any, shall be made. 

a. Critical components or materials are to be obtained from a source not previously qualified.

b. Changes in methods, critical processes, or change in the production line (different line within the same facility or different facility).

c. Experience indicates a deficiency in previous test methods.

3.12.2.8.2.3.7  Lot Acceptance Sampling, Inspections and Tests.


Electroexplosive subsystems, S&A devices and EEDs shall be acceptance tested.


(Note to Guide Spec user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.8.2.3.7 for developing requirements.) 

3.12.2.8.2.3.7.1  Electroexplosive Subsystems.


This document does not provide test requirements for the installed subsystem.  The electroexplosive subsystem is normally tested in accordance with the overall system test plan, or as specified by the contract.

3.12.2.8.2.3.7.2  Service Life Tests.


Service life of every lot of EEDs shall be verified by conducting tests.  Service life of S&A rotor leads shall be demonstrated yearly by repeating the acceptance lot sample test program by firing ten rotor leads.

3.12.2.8.2.3.8  Systems Effectiveness.

3.12.2.8.2.3.8.1  Parts, Materials, and Processes (PMP) Controls and Qualification.


See 3.12.2.8.1.1.2.1  Selection of Parts, Materials and Processes.

3.12.2.8.2.3.9  Electromagnetic Compatibility  (EMC) Verification.


EMC verification shall be accomplished as follows:

a. It shall be shown by analysis or test that the electroexplosive subsystem meets the requirements of paragraph 3.12.2.8.2.1.4.1 & 3.12.2.8.2.1.4.2.

b. If the electroexplosive subsystem is non-compliant with any of the requirements of this document which may have an impact on electromagnetic environment susceptibility,  then a worst case analysis shall be performed on all firing circuits for all storage, handling, checkout and fully assembled configurations.  The worst case analysis shall demonstrate that the electromagnetic environment, acting directly on the firing circuit, will produce at the EED in each firing mode (e.g., pin-to-pin, pin-to-case) an RF level less than the maximum RF no-fire level of the EED.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.8.2.3.9.)

3.12.2.8.2.3.10  Documentation.


The following specialized documentation shall be required prior to use of any explosive items. 

a. Procedures shall be established for the safing and removal of ordnance items.

b. Where Air Force Explosive Ordnance Disposal support is required, procedures shall be provided in accordance with Explosive Ordnance Disposal Directive (DOD ADL TD-3).

3.12.2.9  Tanks and Plumbing Design Requirements. 

3.12.2.9.1  General Requirements. 

3.12.2.9.1.1  System Analysis Requirements. 


A detailed functional systems analysis shall be prepared to determine that the operation interaction or sequencing of components shall not lead to unsafe conditions. 

3.12.2.9.1.2  General Design Requirements. 

3.12.2.9.1.2.1  Loads, Pressures and Environments. 


The anticipated load-pressure-temperature profile and associated environments throughout the service life (See 6.2.157) shall be determined in accordance with specified mission requirements.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.2.1 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.2.2  Strength Requirements. 


All pressure vessels and pressurized structures shall possess the following strength capabilities in the expected environment: 

a. withstand limit load (See 6.2.99) and internal pressures without exceeding   (specify) in/in deformation;

b. withstand ultimate loads (See 6.2.185)and internal pressures without experiencing rupture or collapse;

c. sustain proof pressure (See 6.2.141)without exceeding   (specify)  in/in yielding or   (specify) in/in deformation (See 6.2.49);

d. pressurized structures subject to instability modes of failure shall not collapse under ultimate loads or degrade due to elastic buckling (See 6.2.18 )under limit loads;

e. the margin of safety (See 6.2.106)shall be positive and shall be determined by analysis or test at design ultimate and limit levels and temperatures.   

3.12.2.9.1.2.3  Stiffness Requirements. 


Pressure vessels and pressurized structures shall possess adequate stiffness to preclude a maximum deformation of   (specify) in/in at limit loads and pressures in the expected operating environments throughout their service lives.  The stiffness properties of pressure vessels and pressurized structures shall be designed to prevent all detrimental instabilities such as coupled vibration modes and adverse interaction with other vehicle systems.

3.12.2.9.1.2.4  Thermal Requirements. 


Thermal effects, including heating rates, temperatures, thermal stresses and deformations shall be considered in the design of all pressure vessels and pressurized structures.  These effects shall be based on temperature extremes which simulate those predicted for the operating environment plus a design margin as specified in the contract. 


(Note to Specification Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.2.4 for developing design margin.) 

3.12.2.9.1.2.5  Stress Analysis Requirements. 


A detailed and comprehensive stress analysis of each pressure vessel and pressurized structure shall be conducted under the assumption of no crack-like flaws in the structure.  The analysis shall determine stresses resulting from the combined effects of internal pressure, ground or flight loads, temperature and thermal gradients.  Both primary membrane stresses and secondary bending stresses resulting from internal pressure shall be calculated to account for the effects of design discontinuities, design configuration and structural support attachments.


Safety factors (See 6.2.78) on external (support) loads shall be as assigned to primary structure supporting the pressurized system.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.2.5 for developing stress analysis requirements). 

3.12.2.9.1.2.6  Malfunction. 


Pressure vessels and pressurized structures are not required to withstand loads, pressures, or environments due to malfunctions that could create conditions outside the maximum expected mission requirements.

3.12.2.9.1.2.7  Miscellaneous Requirements. 


For all reusable pressure vessels and reusable pressurized structures, the structural design shall permit these structures to be maintained in and refurbished to a flight-worthy condition.  Repaired and refurbished structures shall meet all stipulated conditions of flight-worthiness.

3.12.2.9.1.3  Materials Parts and Process Requirements.


See 3.12.5 

3.12.2.9.1.4  Safe-Life Requirements.


For those pressure vessels and pressurized structures which are readily accessible for periodic inspection and repair, the safe-life shall be determined by analysis and test.  All pressure vessels and pressurized structures which require periodic refurbishment to meet safe-life requirements shall be re-certified.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.4 for developing this requirements.)

3.12.2.9.1.5  Fabrication And Process Control Requirements.


Proven processes and procedures for fabrication and repair shall be used to preclude damage or material degradation during material processing, manufacturing operations, and refurbishment.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.5 for developing this requirements.)

3.12.2.9.1.6  Operations And Maintenance Requirements.

3.12.2.9.1.6.1  Operating Procedures. 


Operating procedures shall be established for each pressure vessel.  These procedures shall be compatible with the safety requirements and personnel control requirements at the facility where the operations are conducted.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.6.1 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.6.2  Safe Operating Limits. 


Safe operating limits shall be established for each pressure vessel and each pressurized structure based on the appropriate analysis and testing employed in its design and qualification.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.6.2 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.6.3  Inspection and Maintenance. 


The results of the stress, and safe-life, analyses shall be used in conjunction with the appropriate results from the structural development and qualification tests to develop a quantitative approach to inspection and repair.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.6.3 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.6.4  Repair and Refurbishment. 


When inspections reveal structural damage or defects exceeding the permissible levels, the damaged hardware shall be repaired, refurbished, or replaced, as appropriate.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.6.4 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.6.5  Storage Requirements. 


When pressure vessels and pressurized structures are put into storage, they shall be protected against exposure to adverse environments which could cause corrosion or other forms of material degradation.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.6.5 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.6.6  Documentation. 


Inspection, maintenance, and operation records shall be kept and maintained throughout the life of each pressure vessel and each pressurized structure.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.6.6 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.7  Special Requirements.

3.12.2.9.1.7.1  Re-activated Pressurized Hardware. 


Pressure vessels and pressurized structures which are re-activated for use after an extensive period in either an unknown, unprotected, or unregulated storage environments shall be re-certified to ascertain their structural integrity and suitability for continued service before commitment to flight.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.7.1 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.7.2  Multiple Proof Tests. 


Multiple proof tests are generally not required or recommended except in special circumstances.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.7.2 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.1.7.3  Test Fluids. 


Proof-test fluids shall be compatible with the structural materials in the pressure vessels and pressurized structures.  Proof-test fluids shall not pose a hazard to test personnel.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.1.7.3 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.2  Detailed Requirements.

3.12.2.9.2.1  Verification Plan.


A safe design verification plan for pressure vessels and pressurized structures, shall be developed.  It shall integrate analysis, design, and test into a verification approach that signifies proof of design and acceptability.  The selected approach shall be dependent on the desired efficiency of the design coupled with the level of analysis and verification testing required.  The final selection shall be coordinated and/or defined by the program requirements and the appropriate launch or test range authority. 


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.9.2.1 for example of pressure vessel design verification approach.)

3.12.2.9.2.2  Pressure Vessel Requirements.


The systems specification shall allow for multiple approaches for the design, analysis and test verification for pressurized systems.  The selection of the specific approaches shall depend on the desired efficiency of the design coupled with the level of required analysis and verification testing.  


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.2.9.2.2 for developing detailed requirements as appropriate for the acquisition.)

3.12.2.9.2.3  Pressurized Systems Components.

3.12.2.9.2.3.1  Factors of Safety Requirements.


Components excluding pressure vessels shall be designed to the minimum safety factors given in TABLE I.

TABLE  I  Systems safety factors.


PROOF
 DESIGN BURST




 AVE
 GSE

Lines and fittings dia < 1.5 in.
1.5
4.0
4.0

 dia 1.5 in.
1.5
2.5
4.0

Fluid Return Sections
1.5
3.0
4.0

Fluid Return Hose
1.5
5.0
4.0

Other Components (Except Pressure
1.5
2.5
4.0

Vessels)







Components subject to low or negative pressures shall be evaluated at 2.5 times maximum external pressure expected during service life.


Pressure vessel components shall be tested to the following requirements:

1. Safe-Life Analysis Requirements. Not required.

2. Qualification Test Requirements. Not required on lines and fittings.  Internal/external pressure testing shall be conducted on all other components to demonstrate no failure at the design burst pressure.

3. Acceptance Test Requirements. Acceptance test requirements shall be satisfied by completion of leak and/or proof test requirements for the assembled pressurized system as dictated by the applicable range safety documentation, and or contract requirements.

4. Re-Certification Test Requirements. Re-certification of lines, fittings and components shall be as delineated in Section 3.7.2.1.7.4 as applied to the refurbished system.

3.12.2.9.3  Pressurized Systems Requirements.


The requirements of this section shall apply to all types of pressurized systems and include detailed requirements for specific hydraulic and pneumatic systems. 

3.12.2.9.3.1  General Pressurized System Requirements. 


The following features shall be reviewed for safe design impact:

a. Design features. 

b. Component selection. 

c. Design pressures.

d. Design loads.

e. Controls.

f. Protection.

g. Electrical.

h. Pressure relief.

i. Contamination.

j. Control devices. 

k. Accumulators.

l. Flex hoses.

m. System Redundancy.  Hydraulic systems for primary flight control of manned vehicles shall have redundant features for all major aspects of operation and control. 

n. Fluid Temperature Control.  Means shall be provided to thermally condition and monitor the fluid temperature to a nominal operating bandwidth. 


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.9.3.1)

3.12.2.9.3.2  Hydraulic Systems Requirements.


The requirements of this section shall apply to all types of pressurized systems and include detailed requirements for specific hydraulic systems. 

3.12.2.9.3.2.1  Hydraulic Systems Components.


The following components/design parameters shall be reviewed for safe design impact:

a. Component Integrity.

b. Cycling 

c. Actuators  

d. Shutoff valves  

e. Variable response.  

f. Fluid Properties.  Where system fluid leakage can expose hydraulic fluid to potential ignition sources or is adjacent to potential fire zone and the possibility of propagation exists, fire resistant or flame proof hydraulic fluid should be used.  The air content (percentage of free air) in the hydraulic fluid should be specified and a methodology specified to maintain it where a requirement for fast response in actuators is required.  

g. Accumulators.

h. Adjustable orifices. 

i. Lock valves

j. Quick disconnects.  Fluid quick disconnects shall be designed with filter screens to capture external debris (i.e. cut o-rings) and prevent passage into the hydraulic subsystem where they may pose a functional hazard to valves, pumps etc. 

k. Hydraulic reservoir.

l. Component pressure limits.

m. Pump cavitation.

n. Hydraulic lock-up.

o. Pressure relief, valves and pumps.


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.9.3.2.1).

3.12.2.9.3.3  Pneumatic Systems Requirements.


The requirements of this section shall apply to all types of pressurized systems and include detailed requirements for specific pneumatic systems. 


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.9.3.3).

3.12.2.9.3.3.1  Pneumatic Systems Components.


The following features/designs shall be reviewed for safety impact:

a. Component integrity. 

b. Configuration. 

c. Compressors.

d. Actuators.

e. Adjustable orifice restrictions. 


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.9.3.3.1).

3.12.2.9.3.3.2  Controls.


Manual takeover shall be provided for automatic disengagement or by-pass for pneumatic systems in event of a hazardous situation. 


(Note to Spec Guide user: For detailed tailoring support See Appendix A paragraph A.3.12.2.9.3.3.2).

3.12.3  Construction and Manufacturing Requirements. (See 6.2.105)

(Note to Spec Guide user: Imposing government unique requirements that significantly increase manufacturing compliance costs should be avoided.  Emphasis should be placed on using commercially supported practices, products, specifications and standards.  Government unique management and manufacturing systems should be replaced with common industry-wide systems.)   

3.12.3.1  General Requirement.


Unless otherwise specified, the manufacturing process selection shall be the prerogative of the contractor as long as all articles submitted to the government fully meet the operating, interface, ownership and support, and operating environment requirements specified herein.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.1 for developing this requirement.) 

3.12.3.2  Producibility  


The producibility (See 6.2.139 and 6.2.138) of the system design shall be a priority of the development effort.  Design and manufacturing engineering (See 6.2. 103) efforts shall focus on concurrent development of producible designs and manufacturing processes and controls to ensure requirements satisfaction and to minimize manufacturing costs.  The use of existing manufacturing processes shall be capitalized upon whenever possible.  When new manufacturing capabilities are required, flexibility (i.e., insensitivity to rate and product configuration) shall be considered.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.2 for developing this requirement.) 

3.12.3.3  Manufacturing Risk Identification And Resolution.  


Manufacturing planning during all program phases shall assure continuing identification and evaluation of manufacturing risk (See 6.2.104), and provide for timely resolution of those risks. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.3 for developing this requirement.) 

3.12.3.4  Manufacturing System Verification.  


The manufacturing engineering approach, (processes, tooling, test equipment, manufacturing and test software, and manufacturing methods) shall be verified by testing, proofing, or demonstration, prior to authorization for full rate production. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.4 for developing this requirement.) 

3.12.3.5  Production Drawings.


The    (specify)   (parts, units, equipment, assemblies) shall be fabricated and assembled in accordance with the  (specify)    (drawings, parts lists, and other applicable documents) listed in  (specify)   (Appendix no., RFP or Contract.). 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.5 for developing this requirement.) 

3.12.3.6  Standards Of Manufacturer.


  Specify   (Manufacturing process) shall be per  (specify)   (standard, specification or similar documents). 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.6 for developing this requirement.) 

3.12.3.7  Processes and Controls. 


The manufacturing process (See 6.2.136) shall be accomplished in accordance with documented procedures and process controls which ensure the reliability and quality required for the mission.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.7 for developing this requirement.) 

3.12.3.8  Planning and Procedures. 


The manufacturing planning, procedures and process controls shall be documented to give visibility to the drawings, specifications and procedures by which all processes, operations, inspections, and tests are to be accomplished by the contractor.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.8 for developing this requirement.) 

3.12.3.9  Documentation.


The manufacturing process and control documents shall provide a contractor-controlled baseline that ensures that any subsequent failure or discrepancy analysis that may be required can identify the specific manufacturing materials and processes and tooling and equipment that were used for each item. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.9 for developing this requirement.) 

3.12.3.10  Production Tooling And Test Equipment.  


Manufacturing shall establish criteria and implement actions necessary for the timely selection, acquisition, and use of tooling and test equipment to minimize impacts on production.  Tooling philosophy and concepts shall be thoroughly defined early in the program with consideration given to minimizing life cycle costs.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.10 for developing this requirement.) 

3.12.3.11  Production Lots. 


Parts for use in space equipment shall-be grouped together in individual production lots during the various stages of their manufacture to ensure that all devices assembled during the same time period use the same materials, tools, methods, and controls. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.11 for developing this requirement.) 

3.12.3.12  Fabrication and Handling. 


Fabrication, handling and storage of parts and materials for space applications shall be controlled consistent with the criticality of the end use of each item.  Controlled environment and controlled access shall be used to the extent required to avoid degradation of the quality and reliability of the parts, materials, and assemblies.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.12 for developing this requirement.) 

3.12.3.13  Contamination.

3.12.3.13.1  Device Cleanliness. 


The particulate cleanliness of subassemblies and assemblies shall be maintained to at least level  (specify)   as defined in  (specify)    document .  External surfaces shall be visibly clean.  The allowable product nonvolatile residue level shall be maintained to at least level  (specify)   as defined in   (specify)  document  .  Specific cleanliness requirements shall be determined for each assembly based on an analysis of overall system cleanliness requirements.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.13.1 for developing this requirement.) 

3.12.3.13.2  Outgassing   


Items that might otherwise produce deleterious outgassing while on orbit shall be processed to minimize that condition. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.13.2 for developing this requirement.) 

3.12.3.14  Electrostatic Discharge. 


Provisions shall be implemented to avoid and to protect against the effects of static electricity generation and discharge in areas containing electrostatic sensitive devices such as microcircuits, initiators, explosive bolts, or any loaded explosive device.  Both equipment and personnel shall be grounded.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.3.14 for developing this requirement.) 

3.12.3.15  Craftsmanship. 


Parts and assemblies shall be manufactured, processed, tested, handled, and installed such that the finished items are of sufficient quality to ensure reliable operation, safety, and service life.  The items shall be free of defects that would interfere with operational use such as excessive scratches, nicks, burrs, loose material, contamination, and corrosion.

3.12.4  Physical Characteristics Requirements. (to be furnished)

3.12.4.1  Mass Properties Requirements

3.12.4.1.1  Weight


The system's weight shall not exceed   (specify maximum) .


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.4.1.1 for developing this requirement.) 

3.12.4.1.2  Center of Gravity.


The system's center of gravity shall be located at       (specify coordinates)   within    (specify limits)   ."


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.4.1.2 for developing this requirement.) 

3.12.4.1.3  Mass Moments of Inertia


The system's mass moments of inertia shall: (describe requirement, specify limits). 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.3.12.4.1.3 for developing this requirement.) 

3.12.4.1.4  Mass Properties Control Plan


The contractor shall prepare an Integrated Master Plan (IMP) narrative that explains the development and implementation of a Mass Properties Control Plan.  The plan shall address the following: 

a. Subcontractor Mass Properties Control Plan, 

b. Associate Design Activity and GFE Suppliers Interfaces, 

c. Management Participation, 

d. Mass Properties Limits, 

e. Weight Growth, 

f. Current Mass Properties, 

g. Limit Monitoring, 

h. Corrective Action, 

i. Documentation and Reporting. 


(Note to Guide Spec User: See detailed tailoring support in Appendix A, Paragraph A.3.12.4.1.4 for developing this requirement.) 

3.12.4.2  Dimensional Requirements.  (to be furnished)

3.12.4.3  Clearance, Alignment, and Interchangeability Requirements.  (to be furnished)

3.12.4.4  Set-up/Assembly and Check-out Requirements.  (to be furnished)

3.12.5  Parts, Materials, and Processes Requirements.  (to be furnished)

3.12.6  Nameplate and Marking Requirements.  (to be furnished)

3.12.7  Pre-planned Product and Process Improvement (P4I) Requirements.  (to be furnished)

3.13  Personnel-Related Requirements.  (to be furnished)

3.14  Training Requirements.  (to be furnished)

3.15  Logistics Support Requirements.  (to be furnished)
3.16  Data Requirements.  (to be furnished)
3.17  PackAGING, Handling, and Transportation Requirements.


Items for immediate use and limited storage in enclosed facilities should be packaged in accordance with the “Standard Practice for Commercial Packaging”.  This practice includes the minimum requirements for physical and mechanical protection and provides for multiple handling.  (Note:  This section requires no tailoring.  Items that are expected to enter the Military Distribution System (MDS) shall be packaged in accordance with MIL-STD-2073-1C.  Essential military markings required on all shipments to the Department of Defense are discussed in MIL-STD-129N.


Prior to the development of any special design handling equipment, every effort should be made to use material handling equipment available, commercially, or within the government inventory.


Transportation of system hardware and software shall ensure that it is transported safely and economically.  

4  Verification And Quality Assurance Provisions.

4.1  General Requirements.

4.1.1  Verification.


The system shall be designed so that all requirements contained herein can be verified as specified in Sections 4.2 and 4.3 below.  


Each verification shall be carried out in accordance with a verification procedure approved in accordance with all applicable requirements of the contract.  In the case of verification by test (as defined in 4.1.4.2 below), the procedure shall identify the specific test instrumentation (hardware and/or software) and/or special test equipment used.  

4.1.2  Quality Assurance.


Parts, materials, and manufacturing process controls that are necessary to meet the requirements of this specification shall be documented and applied during the manufacture of all items submitted to qualification and acceptance verification.  


Controls on instrumentation and equipment including precision measuring equipment necessary to carry out the verifications required herein shall be documented and applied during all applicable verification activities.  


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.4.1.2 for developing this requirement.) 

4.1.3  Records.


Complete records indicating relevant manufacturing and verification data, including the application of all parts, materials, and control requirements of 4.1.2 above and the verification procedures required by 4.1.1 above, and all nonconformance reports, if any, shall be maintained for the system items and shall be available for review during the service life of the system.  


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.4.1.3 for developing this requirement.) 

4.1.4  Verification Methods.

4.1.4.1  Demonstration.


Demonstration is the verification method used to verify requirements by exercising or operating the system or a part of the system in which instrumentation or special test equipment is not required beyond that inherently provided in the system being verified.  In the demonstration method, sufficient data for requirements verification can be obtained by observing functional operation of the system or a part of the system.  Any analysis that must be performed using data that is recorded by inherent instrumentation, inherent test equipment, or operational procedures during the demonstration falls under the analysis method of verification described below.  

4.1.4.2  Test.


Test is the verification method used to verify requirements by exercising or operating the system or a part of the system using instrumentation (hardware and/or software) or special test equipment that is not an integral part of the system being verified.  The test method by its nature generates data, which is recorded by the instrumentation, test equipment, or procedures.  Analysis that applies instrument or test equipment calibration factors or dimensional conversion to the data collected in the test is an integral part of the test method.  Analysis that extends or extrapolates the data collected falls under the analysis method of verification described below.  

4.1.4.3  Analysis.  


Analysis is the verification method used to verify requirements by determining qualitative and quantitative properties and performance by studying and examining engineering drawings, software, and hardware flow diagrams, software and hardware specifications, and other software and hardware documentation (e.g., Commercial Off-the -Shelf (COTS) vendor documentation), or by performing modeling, simulation, and/or calculations and analyzing the results.  Analysis techniques include interpretation or interpolation/extrapolation of analytical or empirical data collected under defined conditions or reasoning to show compliance with requirements.  

4.1.4.4  Inspection.  


Inspection is the verification method used to verify characteristics by inspecting engineering documentation produced during development or by inspection of the product itself to verify conformance with specified requirements.  Inspection is nondestructive and consists of visual inspections or simple measurements without the use of precision measurement equipment.  


For acceptance of an item, verification by inspection includes the assessment of similarity of the characteristics of subsequent items to the corresponding characteristics of the first item generated based on a common design.  

4.1.4.5  Special Verification Methods.


Special verification methods include techniques that do not belong to the methods defined in subsections of  4.1.4.1 through 4.1.4.4 above.  Special verification methods include:________________________________________________________________.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.4.1.4.5 for developing this requirement.) 

4.2  Qualification Requirements. 

4.2.1  Qualification Of System Elements That Are Reused From Prior Designs.


Similarity analysis shall be used in lieu of the test or demonstration methods for qualification of a system element when it can be shown that the item is identical in design to an item that has been previously qualified to equivalent or more stringent criteria.  Otherwise, qualification shall be in accordance with 4.2.2 below.  


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.4.2.1 for developing this requirement.) 

4.2.2  System Element Qualification.


A space element is any system item that is intended to be deployed beyond the earth’s atmosphere.  A terrestrial element is any system item that is not a space element.  In the following table, the letter D stands for Demonstration, T for Test, A for Analysis, and I for Inspection as defined in 4.1.4.1 through 4.1.4.4 above.  


Each verification shall be carried out in accordance with a verification procedure approved in accordance with all applicable provisions of the contract.  In the case of verification by test, the procedure shall identify the test instrumentation (hardware and/or software) and/or special test equipment used.  


For each requirement designated with a "T", See Appendix B, Section B.1.0 for guidance on test requirements. 


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.4.2.2 for developing this requirement.) 

Section 
Space Element Qualification Method
Terrestrial Element Qualification Method

3  Performance Requirements
N/A
N/A

3.1  Required States And Modes



3.2  System Capability Requirements



3.2.1  ________________________________



3.2.2  Space Vehicle Requirements



3.2.2.1  Payload Requirements



3.2.2.2  Spacecraft Requirements



3.2.3  Terrestrial Communications And Control Requirements



3.3  System External Interface Requirements



3.4  System Internal Interface Requirements



3.5  System Internal Data Requirements



3.6  Adaptation Requirements



3.7  Safety Requirements For Space And Terrestrial System Elements
N/A
N/A

3.7.1  Safety.
N/A
N/A

3.7.1.1.1  Safety Hazards.
A, W
A, W

3.7.1.1.2  Electronic Assemblies.
A, W
A, W

3.7.1.1.3  Tethering.
W
W

3.7.1.1.4  Protective Devices.
I, W
I, W

3.7.1.2  Space Systems Payload.
N/A
N/A

3.7.1.2.1  Electronic Assemblies
A, 
A, 

3.7.1.2.2  Safety Hazards
A, W
A, W

3.7.1.2.3  Critical Hazards
A, W
A, W

3.7.2  Safety For Pressurized Systems.
N/A
N/A

3.7.2.1  Safety Analysis
A
A

3.7.2.2  Safety Analysis Data.
A
A

3.7.3  Electroexplosive Subsystem Safety Parameters For Space Systems.
N/A
N/A

3.7.3.1  General Requirements.
N/A
N/A

3.7.3.1.1  General Design
A
A

Section 
Space Element Qualification Method
Terrestrial Element Qualification Method

3.7.3.1.2  Fault Tolerance.
N/A
N/A

3.7.3.1.2.1  General Requirements.
A
A

3.7.3.1.2.2  Implementation.
A, I
A, I

3.7.3.1.2.3  Firing Circuits.
N/A
N/A

3.7.3.1.2.3.1  Electrostatic Protection.
A, D
A, D

3.7.3.1.2.3.2  Monitor Circuits (Portable or Built-In).
A, D
A, D

3.7.3.1.2.4.  Safety Provisions.
N/A
N/A

3.7.3.1.2.4.1  S&A Safety Provisions.
A
A

3.7.3.1.2.4.2  Safe & Arm Simulator Resistors.
D, A
D, A

3.7.3.1.2.5  Environmental Requirements.
I, A
I, A

3.7.3.1.2.6  Hazard Classification.
I
I

3.7.3.1.2.7  Safety Reliability Demonstrations.
I, T
I, T

3.8  Security and Privacy Requirements. 
(to be supplied)


3.9  System Environment Requirements.
N/A
N/A

3.9.1  General Environmental Requirement.
I
I

3.9.1.1  Detailed Environmental Requirements.
N/A
N/A

3.9.1.1.1  Natural Environment Requirements.
N/A
N/A

3.9.1.1.1.1  Terrestrial Environment Requirements.
I
I

3.9.1.1.1.1.1  Atmosphere.
N/A
N/A

3.9.1.1.1.1.1.1  Wind Profile Studies.
I
I

3.9.1.1.1.1.1.1.1  Wind Operations.
T, A
T, A

3.9.1.1.1.1.1.2  Pressure.
T, A
T, A

3.9.1.1.1.1.1.3  Density.
A
A

3.9.1.1.1.1.1.4  Ozone.
A
A

3.9.1.1.1.1.1.5  Solar Radiation.
D, T, A
D, T, A

3.9.1.1.1.1.2  Weather.
N/A
N/A

3.9.1.1.1.1.2.1  Temperature.
D, T, A
D, T, A

3.9.1.1.1.1.2.2  Humidity.
D, T, A
D, T, A

3.9.1.1.1.1.2.3  Rain.
D, T, A
D, T, A

3.9.1.1.1.1.2.4.  Blowing Snow. 
A
A

3.9.1.1.1.1.2.5  Snow Loads.
A
A

3.9.1.1.1.1.2.6  Hail.
A
A

3.9.1.1.1.1.2.7  Sand/Dust.
D, T, A
D, T, A

3.9.1.1.1.1.2.8  Salt Fog.
D, T, A
D, T, A

3.9.1.1.1.1.2.9  Lightning
A
A

3.9.1.1.1.1.3  Handling.
See sect. 3.17


3.9.1.1.1.2  Launch Environment Requirements.
N/A
N/A

3.9.1.1.1.2.1  Vehicle Assent Phase.
N/A
N/A

3.9.1.1.1.2.1.1  Ground Winds for Launch.
A
N/A

3.9.1.1.1.2.1.2  Winds During Boost Phase. 
A
N/A

3.9.1.1.1.3  On-Orbit Environment Requirements.
N/A
N/A

Section 
Space Element Qualification Method
Terrestrial Element Qualification Method

3.9.1.1.1.3.1  General Orbital Requirements.
A, T
N/A

3.9.1.1.1.3.1.1  Radiation.
A
N/A

3.9.1.1.1.3.1.2  Thermal and Vacuum.
A, T
N/A

3.9.1.1.1.3.2  Detailed Orbital Requirements.
N/A
N/A

3.9.1.1.1.3.2.1  Energetic Charged Particles.
A
N/A

3.9.1.1.1.3.2.2  Plasma Environment.
A
N/A

3.9.1.1.1.3.2.3  Neutral Atmosphere.
A
N/A

3.9.1.1.1.3.2.4  Meteoroids.
A
N/A

3.9.1.1.1.3.2.5  Geomagnetic Field.
A
N/A

3.9.1.1.1.3.2.6  Electromagnetic Radiation.
A
N/A

3.9.1.1.1.3.2.6.1 Solar Radiations.
A
N/A

3.9.1.1.1.3.2.7  Gravitational Field.
A
N/A

3.9.1.1.1.3.2.8  Nuclear Radiation
A
N/A

3.9.1.1.1.3.2.9  Temperature  (On Orbit)
A, T
N/A

3.9.1.1.1.3.2.10  Pressure/Vacuum.
A, T
N/A

3.9.2  Induced Environment Requirements.
N/A
N/A

3.9.2.1 Vibration, Acoustic, Shock, & Acceleration.
N/A
N/A

3.9.2.1.1  Vibration Requirements.
T, A
T, A

3.9.2.1.1.1  Random Vibration.
T, A
T, A

3.9.2.1.1.2  Sinusoidal Vibration.
T, A
T, A

3.9.2.1.2  Acoustic Requirements.
T, A
T, A

3.9.2.1.3  Shock Requirements.
T, A
T, A

3.9.2.1.4  Acceleration Requirements.
T, A
T, A

3.9.2.2 EMI/EMC Requirements.
N/A
N/A

3.9.2.2.1  Electromagnetic Interference. (EMI).
T, A
T, A

3.9.2.2.2  Electromagnetic Compatibility. (EMC).
T, A
T, A

3.9.2.2.3 Electromagnetic Control.
I
I

3.9.3  Requirements Regarding Environments Due To Enemy Action. 
N/A
N/A

3.9.3.1  General Requirements.
N/A
N/A

3.9.3.1.1  Survivability.
A, T, D
A, T, D

3.9.3.1.1.1  Nuclear Hardness and Survivability (NH&S) Program Plan.
A
A

3.9.3.1.1.2  Hardness Assurance Plan.
A
A

3.9.3.1.1.3  Nuclear Hardness and Survivability Trade Studies.
A
A

3.9.3.1.1.4  Hardness Surveillance Plan.
A
A

3.9.3.1.1.5  Hardness Maintenance Plan.
A
A

3.9.3.1.1.6  Survivability Testing. 
A
A

3.9.3.2  Detailed Requirements.
N/A
N/A

3.9.3.2.1  Nuclear Hardening Requirements.
N/A
N/A

3.9.3.2.1.1  Thermal/ Mechanical Effects.
A, T, D
A, T, D

Section 
Space Element Qualification Method
Terrestrial Element Qualification Method

3.9.3.2.1.2  Electromagnetic Pulse (EMP).
A, T, D
A, T, D

3.9.3.2.1.3  Radioactive Debris. 
A
N/A

3.9.3.2.2  Communications.
N/A
N/A

3.9.3.2.2.1  Anti-jamming. 
A, T, D
A, T, D

3.9.3.2.2.2  Security.
A, T, D
A, T, D

3.9.3.2.3  Non-Nuclear Hardening Requirements.
N/A
N/A

3.9.3.2.3.1  Continuous Wave Laser.
A1
N/A

3.9.3.2.3.2  Pulsed Laser.
N/A
N/A

3.9.3.2.3.2.1  Single Pulsed Laser.
A1
N/A

3.9.3.2.3.2.2  Repetitive Pulsed Laser.
A1
N/A

3.9.3.2.3.3  Neutral Particle Beam.
A1
N/A

3.9.3.2.3.4  Conventional/Particle/Pellet Impacts.
A1  
N/A

3.9.3.2.3.5  Projectile/Object Impact.
A1 
N/A

3.9.3.2.3.6  High Power Radars And Other Sources Of Radio Frequency.
A1 
N/A

Note 1:  Based on development tests.

3.10  Computer Resource Requirements. 
(to be supplied)


3.10.1  Computer Hardware Requirements.
(to be supplied)


3.10.2  Computer Hardware Resource Utilization Requirements.
(to be supplied)


3.10.3  Computer Software Requirements.
(to be supplied)


3.10.4  Computer Communications Requirements.
(to be supplied)


3.11  System Quality Requirements. 
(to be supplied)


3.12  Design and Construction Requirements.
N/A
N/A

3.12.1  Architectural Requirements.  
(to be supplied)


3.12.2  Design Requirements
N/A


3.12.2.1  Structures Design Requirements.
N/A
N/A

3.12.2.1.1  General Requirements.
A, T
A, T

3.12.2.1.1.1  Electrical Grounding.
A, T
A, T

3.12.2.1.1.2  Structural Interface Requirements.
A, D, I
A, D

3.12.2.1.2  Detailed Requirements
N/A
N/A

3.12.2.1.2.1  Strength Requirements.
N/A
N/A

3.12.2.1.2.1.1  Yield Load.
A, T
A, T

3.12.2.1.2.1.2  Ultimate Load.
A, T
A, T

3.12.2.1.2.1.3  Fatigue.
A, T
A, T

3.12.2.1.2.1.4  Fracture Control.
A, T
A, T

3.12.2.1.2.1.5  Design Thickness.
A, T
A, T

3.12.2.1.2.2  Stiffness Requirements.
N/A
N/A

3.12.2.1.2.2.1  Dynamic Properties.
A, T
A, T

3.12.2.1.2.2.2  Structural Stiffness. 
A, T
A, T

3.12.2.1.2.2.3  Component Stiffness.
A, T
A, T

3.12.2.1.2.3  Factors of Safety.
N/A
N/A

Section 
Space Element Qualification Method
Terrestrial Element Qualification Method

3.12.2.1.2.3.1  Limit Loads.
A, T
A, T

3.12.2.1.2.3.2  Pressure Loads.
A, T
A, T

3.12.2.1.2.4  Design Load Conditions.
A, T
A, T

3.12.2.1.2.5  Materials.
N/A
N/A

3.12.2.1.2.5.1  Material Properties.
A, T
A, T

3.12.2.1.2.5.2  Material Allowables.
A, T
A, T

3.12.2.1.2.5.3  Strength Metallic Material.
A, T
A, T

3.12.2.1.2.5.4  Strength, Non-metallic, Composite Materials.
A, T
A, T

3.12.2.1.2.5.4.1  Adhesives and Polymers.
A, T
A, T

3.12.2.2  Thermal Design Requirements.
N/A
N/A

3.12.2.2.1  Thermal Control General Requirements.
N/A
N/A

3.12.2.2.1.1  Thermal Systems Requirements .
I, A
I, A

3.12.2.2.1.2  Thermal Control Inputs.
I, A
I, A

3.12.2.2.1.3  Derivatives Of Thermal Concerns.
I, A
I, A

3.12.2.2.2  Detailed Thermal Control Requirements.
N/A
N/A

3.12.2.2.2.1  Thermal Control Subsystems. 
A
A

3.12.2.2.2.1.1  Thermal Control Mechanisms. 
T, A
T, A

3.12.2.2.2.1.2  Thermal Control Design.
A
A

3.12.2.2.2.1.2.1  Thermal Control Analysis.
A
A

3.12.2.2.2.1.2.2 Thermal Tests.
A, T
A, T

3.12.2.3  Mechanical Design Requirements.
N/A


3.12.2.3.1  Moving Mechanical Assemblies Design Requirements.
N/A


3.12.2.3.1.1  Deployables.
D, I, T, A
I, D

3.12.2.3.1.1.1  Hinges.
I
I

3.12.2.3.1.1.2  End of Travel Latches.
D, I, T, A
I, D

3.12.2.3.1.2  Retention and Release Devices.
D, I, T, A
I, D

3.12.2.3.1.2.1  Pin Pullers.
D, I, T, A
I, D

3.12.2.3.1.2.2  V-Bands.
(to be supplied)


3.12.2.3.1.2.3  Separation Nuts.
(to be supplied)


3.12.2.3.1.2.4  Cable Systems.
(to be supplied)


3.12.2.3.1.2.5  Pyrotechnic Actuation Devices.
I
N/A

3.12.2.3.1.2.6  Non-explosive Actuation Devices.
(to be supplied)


3.12.2.3.1.3  Test Fixtures.
I
N/A

3.12.2.3.1.4  Parts, Materials, and Processes.
D, I, T, A
N/A

3.12.2.3.2  Performance.
N/A
N/A

3.12.2.3.2.1  Margins.
D, I, T, A
I

3.12.2.3.2.1.1  Static Torque or Force Margin.
D, I, T, A
I

3.12.2.3.2.1.2  Kinetic Torque or Force Margin.
D, I, T, A
I

3.12.2.3.2.2  Error Budget for Precision Control Assemblies.
D, I, T, A
N/A

Section 
Space Element Qualification Method
Terrestrial Element Qualification Method

3.12.2.3.2.3  Single Point Failures.
I, A
N/A

3.12.2.3.2.4  Dynamic Performance.
I, A
I

3.12.2.3.2.5  Off-nominal Operation.
D, I, T, A
N/A

3.12.2.3.2.6  Failure Modes and Effects.
A
N/A

3.12.2.3.3  Environmental Design Requirements.
N/A
N/A

3.12.2.3.4  Identification and Marking.
I
I

3.12.2.3.5  Interface Requirements.
N/A
N/A

3.12.2.3.5.1  Clearance.
I
I

3.12.2.3.5.2  Alignments.
I
I

3.12.2.3.5.3  Structural.
I
I

3.12.2.3.5.4  Mechanical Interfaces.
I
I

3.12.2.3.5.5  Interchangeability.
I
I

3.12.2.3.6  Operability.
N/A
N/A

3.12.2.3.6.1  Reliability.
I, A
N/A

3.12.2.3.6.2  Service Life.
I, T, A
I

3.12.2.3.6.3  Maintainability.
D, I, T, A
D, I

3.12.2.3.6.4  Human Engineering.
A, I
N/A

3.12.2.3.6.5  Safety.
N/A
N/A

3.12.2.3.6.5.1  General Safety.
I
I

3.12.2.3.6.5.2  Space Transportation System Payloads.
I
I

3.12.2.3.6.5.2.1  Fracture Control for STS Payloads.
A
N/A

3.12.2.3.7  Manufacturing.
I
I

3.12.2.3.8  Quality Assurance Provisions.
N/A
N/A

3.12.2.3.8.1  Responsibility for Inspection and testing.
A
A

3.12.2.4  Electrical Power Design Requirements.
A, T
N/A

3.12.2.4.1  Primary Power Design Requirements.
A, T
N/A

3.12.2.4.2  Secondary Power Design Requirements.
A, T
N/A

3.12.2.4.2.1  Energy Storage. 
A 
N/A

3.12.2.4.2.1.1  Batteries.
A, T
N/A

3.12.2.4.2.1.1.1  Battery Charge/Discharge. 
A, T
N/A

3.12.2.4.2.1.1.2  Charge Control. 
A, T
N/A

3.12.2.4.3  Electrical Power Distribution Design Requirements.
A, T
N/A

3.12.2.4.3.1  Power Control/Regulation.   
A, T
I

3.12.2.4.3.1.1  Power Control/Regulation Protection.
A, T
N/A

3.12.2.4.3.2  Failure Protection   
N/A
N/A

3.12.2.4.3.2.1  Fault Isolation.
A, T
N/A

3.12.2.4.3.2.2  Power Control Failure.
A, T
N/A

3.12.2.4.3.2.3  Battery Failure. 
A
N/A

3.12.2.4.3.2.4  Overvoltage and  Undervoltage.
A, T
N/A

3.12.2.4.3.3  Power Distribution  
A, T
T

3.12.2.4.3.3.1  Systems Ground Point (SGP).
A, T
I

Section 
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3.12.2.4.3.3.2  Multiple Power Sources.
A, T
I

3.12.2.5  Electrical and Electronics Equipment Design Requirements.
A, T
T

3.12.2.5.1  Mission Processing Design Requirements.
N/A
N/A

3.12.2.5.1.1  General Requirements.
N/A
N/A

3.12.2.5.1.1.1  Mission Processing.
A, T
T

3.12.2.5.1.1.1.1  Command Handling.
A, T
T

3.12.2.5.1.1.1.2  Data Acquisition and Control.
A, T
T

3.12.2.5.1.1.1.3  Data Input/Output Handling.
A, T
T

3.12.2.5.1.1.1.4  Data Processing.
A, T
T

3.12.2.5.1.1.1.5  System External Self Test And Health Reporting.
A, T
T

3.12.2.5.1.2  Detailed Requirements.
N/A
N/A

3.12.2.5.1.2.1  Processor.
A, T
T

3.12.2.5.1.2.2  Input/Output.
A, T
T

3.12.2.5.1.2.3  Memory.
A, T
T

3.12.2.5.2  Mission Communications Design Requirements.
N/A
N/A

3.12.2.5.2.1  General Requirements.
N/A
N/A

3.12.2.5.2.1.1  Carrier tracking.
A, T
A, T

3.12.2.5.2.1.2  Command Reception And Detection Capabilities.
A, T
A, T

3.12.2.5.2.1.3  Telemetry Demodulation/ Modulation And Transmission Functions.
A, T
A, T

3.12.2.5.2.1.4  Ranging Functions.
A, T
A, T

3.12.2.5.2.1.5  Interfaces.
A, T
A, T

3.12.2.5.2.2  Detail Design Requirements.
N/A
N/A

3.12.2.5.2.2.1.1  Data Rates.
A, T
A, T

3.12.2.5.2.2.1.2  Data Volume.
A, T
A, T

3.12.2.5.2.2.1.3  Data Storage.
A
A, T

3.12.2.5.2.2.1.4  Frequency.
A, T
A, T

3.12.2.5.2.2.1.5  Communication Subsystem Mass.
A, I
I, A

3.12.2.5.2.2.1.6  Beamwidths.
A, T
A, T

3.12.2.5.2.2.1.7  Anti-jamming Techniques.
A, T
A, T

3.12.2.5.2.2.1.8  Security.
A, T
A, T

3.12.2.5.2.3  Communication System Primary Design Elements.
N/A
A, T

3.12.2.5.2.3.1  Transmitters.
A, T
A, T

3.12.2.5.2.3.2  Receivers.
A, T
A, T

3.12.2.5.2.3.3  Antennas.
A, T
A, T

3.12.2.5.3  Telemetry, Tracking and Control (TT&C) Design Requirements
A, T
A, T
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3.12.2.5.3.1  Receiving TT&C Subsystem
A, T
A, T

3.12.2.5.3.2  Satellite TT&C Subsystem.
A, T
A, T

3.12.2.5.3.3  Telemetry
A, T
A, T

3.12.2.5.3.4  Tracking.
A, T
A, T

3.12.2.5.3.5  Control
A, T
A, T

3.12.2.5.3.5.1  Command Link
A, T
A, T

3.12.2.5.3.5.2  Command Protection.
A, T
A, T

3.12.2.5.3.5.3  Command Verification
A, T
A, T

3.12.2.6  Computer Software Design Requirements. 
(To be canceled?)


3.12.2.7  Propulsion System Design Requirements.
N/A
N/A

3.12.2.7.1  General

Design Requirements
N/A
N/A

3.12.2.7.1.1  Thrust
A, T
N/A

3.12.2.7.1.2  Specific Impulse
T
N/A

3.12.2.7.1.3  Delta-V
A
N/A

3.12.2.7.1.4  Operating Life
A, T
N/A

3.12.2.7.1.5  Storage Life
A
N/A

3.12.2.7.1.6  Weight
A, T
N/A

3.12.2.7.2.1  Specific Design Requirements
N/A
N/A

3.12.2.7.2.1  Liquid Propellant System Requirements
N/A
N/A

3.12.2.7.2.1.1  Duty Cycle/Burn times
A, T
N/A

3.12.2.7.2.1.2  Life
A, T
N/A

3.12.2.7.2.1.3  Electrical Power Requirements
A, T
N/A

3.12.2.7.2.2  Solid Propellant System Requirements.
N/A
N/A

3.12.2.7.2.2.1  Total Impulse.
T
N/A

3.12.2.7.2.2.2  Thrust Rise Rate.
T
N/A

3.12.2.7.2.2.3  Thrust Decay 
T
N/A

3.12.2.7.2.2.4  Action Time.
T
N/A

3.12.2.7.2.2.5  Thrust Alignment.
A, T
N/A

3.12.2.7.2.3  Hybrid Propellant System Requirements.
N/A
N/A

3.12.2.7.2.3.1  Duty Cycle/Burn Times.
A, T
N/A

3.12.2.7.2.3.2  Life.
A, T
N/A

3.12.2.7.2.3.3  Electrical Power Requirements.
A, T
N/A

3.12.2.7.2.3.4  Total Impulse
T
N/A

3.12.2.7.2.3.5  Thrust Rise Rate
T
N/A

3.12.2.7.2.3.6  Thrust Decay
T
N/A

3.12.2.7.2.3.7  Action Time
T
N/A

3.12.2.7.2.3.8  Thrust Alignment
A, T
N/A
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3.12.2.7.2.4  Electric Propulsion System Requirements
N/A
N/A

3.12.2.7.2.4.1  Power Consumption
A, T
N/A

3.12.2.7.2.4.1.1  Peak Power Consumption
A, T
N/A

3.12.2.7.2.4.1.2  Operating Power Consumption
A, T
N/A

3.12.2.7.2.4.1.3  Standby Power Consumption
A, T
N/A

3.12.2.7.2.4.2  Efficiency
A, T
N/A

3.12.2.7.2.4.3  On/Off Cycles
A, T
N/A

3.12.2.7.2.4.4  Rated Life
A, T
N/A

3.12.2.8  Ordnance Design Requirements.
N/A
N/A

3.12.2.8.1  Explosive Ordnance.
N/A
N/A

3.12.2.8.1.1  Requirements.
N/A
N/A

3.12.2.8.1.1.1  Flight Accreditation. 
I, T
N/A

3.12.2.8.1.1.2  General Design Requirements.
N/A
N/A

3.12.2.8.1.1.2.1  Selection of Parts. Materials. and Processes.
A
A

3.12.2.8.1.1.2.1.1  Explosive Materials.
A
N/A

3.12.2.8.1.1.2.1.1.1  Upper Temperature Limits. 
A
A

3.12.2.8.1.1.2.1.1.2  Primary Explosives.  
A
N/A

3.12.2.8.1.1.2.1.2  Inert Materials.  
A
A

3.12.2.8.1.1.2.1.3  Finishes.
A,
A,

3.12.2.8.1.1.2.2  Lubricants.
A
A

3.12.2.8.1.1.2.3  Springs.  
A
A

3.12.2.8.1.1.2.4  Fasteners and Locking
N/A
N/A

3.12.2.8.1.1.2.4.1  Threaded Parts. 
A
A

3.12.2.8.1.1.2.4.2  Locking Devices.
A
A

3.12.2.8.1.1.2.5  Stops.  
A
A

3.12.2.8.1.1.2.6  Size and Weight.
A
A

3.12.2.8.1.1.2.7  Sealing.
T
N/A

3.12.2.8.1.1.2.8  Redundancy.
A
A

3.12.2.8.1.1.2.8.1  Cartridge Actuated Devices.
A
N/A

3.12.2.8.1.1.2.8.2  Explosive Trains.
A
N/A

3.12.2.8.1.1.2.8.3  Dual Bridgewire EEDs.
A
N/A

3.12.2.8.1.1.2.9  Tolerances.
A,
A,

3.12.2.8.1.1.2.10  Linear Shaped Charges.
A
N/A

3.12.2.8.1.1.3  Performance Requirements. 
N/A
N/A

3.12.2.8.1.1.3.1  Cartridge Actuated Device Margins
N/A
N/A

3.12.2.8.1.1.3.1.1  Minimum Charge Weight.
A, D
N/A

3.12.2.8.1.1.3.1.2  Maximum Charge Weight.
A, D
N/A

3.12.2.8.1.1.3.1.3  Mechanical Load.
A
A

3.12.2.8.1.1.3.2  Severing and Penetrating Device Margins.
A, D
N/A
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3.12.2.8.1.1.3.3  EED Characteristics.
A
N/A

3.12.2.8.1.1.3.3.1  "All-fire" Current.
A, T
N/A

3.12.2.8.1.1.3.3.2  "No-fire" Current.
A, T
N/A

3.12.2.8.1.1.3.3.3  "No-fire" Power.
A, T
N/A

3.12.2.8.1.1.3.3.4  Static Sensitivity.
A, T
N/A

3.12.2.8.1.1.3.3.5  Insulation Resistance.
A, T
N/A

3.12.2.8.1.1.3.4  Percussion Initiators.
A
N/A

3.12.2.8.1.1.3.5  Detonating Components.
A, T
N/A

3.12.2.8.1.1.3.5.1  Through Bulkhead Initiators.
A
N/A

3.12.2.8.1.1.3.5.2  Detonation Transfer.
A, D
N/A

3.12.2.8.1.1.3.6  Safe and Arm Devices.
A
N/A

3.12.2.8.1.1.4  Environmental Design Requirements.
A
A

3.12.2.8.1.1.4.1  Non-operational Environments.
A, T
A, T

3.12.2.8.1.1.4.2  Operational Environments.
A, T
A, T

3.12.2.8.1.1.4.3  Fabrication, Storage, Transportation and Handling Environments.
A, I
A, I

3.12.2.8.1.1.5  Identification and Marking.
I
I

3.12.2.8.1.1.6  Interface Requirements.
A
A

3.12.2.8.1.1.6.1  Fragmentation.
A
N/A

3.12.2.8.1.1.6.2  Contamination.
A
A

3.12.2.8.1.1.6.3  Shock.
A
A

3.12.2.8.1.1.7  Operability.
N/A
N/A

3.12.2.8.1.1.7.1  Reliability.
A
A

3.12.2.8.1.1.7.2  Maintainability.
A, D
A, D

3.12.2.8.1.1.7.3  Human Engineering.
A, D
A, D

3.12.2.8.1.1.7.4  Service Life.
A
A

3.12.2.8.1.1.7.5  Interchangeability.
A, I
A, I

3.12.2.8.1.1.7.6  Safety.
N/A
N/A

3.12.2.8.1.1.7.6.1  General.
A
A

3.12.2.8.1.1.7.6.2  Space Transportation System Payload Ordnance.
A
A

3.12.2.8.1.1.8  Manufacturing.
N/A
N/A

3.12.2.8.1.1.8.1  Processes and Controls.
I
I

3.12.2.8.1.1.8.2  Production Lots.
I
N/A

3.12.2.8.1.1.8.2.1 Production Lot Testing.
I
N/A

3.12.2.8.1.1.8.2.2  Qualification Tests For EEDs.
I, T
N/A

3.12.2.8.1.1.8.2.3  Qualification Tests For Explosive Ordnance (Other Than EEDs.)
I, T
N/A

3.12.2.8.1.1.8.2.4  Qualification of Existing Designs. 
A, I, T
N/A

3.12.2.8.1.1.8.2.5  Lot Acceptance Testing.
I
N/A

3.12.2.8.1.1.8.2.6  EEDs Acceptance Test.
N/A
N/A
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3.12.2.8.1.1.8.2.7  Explosive Ordnance (Other Than EEDs)
N/A
N/A

3.12.2.8.1.1.8.2.8  Service Life Verification Tests.
N/A
N/A

3.12.2.8.1.1.8.3  Contamination.
N/A
N/A

3.12.2.8.1.1.8.3.1  Fabrication and Handling.
I
I

3.12.2.8.1.1.8.3.2  Device Cleanliness.
A, I
A, I

3.12.2.8.1.1.8.4  Electrostatic Discharge.
A, I
N/A

3.12.2.8.1.1.8.5  Independent Monitoring.
I
I

3.12.2.8.1.1.8.6  Refurbishment.
I
I

3.12.2.8.1.1.8.7  Craftsmanship.
I
I

3.12.2.8.1.1.9  Storage and Handling Provisions.
A, I
A, I

3.12.2.8.1.2  Quality Assurance Provisions.
I
I

3.12.2.8.2  Electroexplosive Subsystems.
N/A
N/A

3.12.2.8.2.1  General Requirements.
N/A
N/A

3.12.2.8.2.1.1  General Design. 
A
A

3.12.2.8.2.1.2  Fault Tolerance.
N/A
N/A

3.12.2.8.2.1.2.1  General Requirements.
A
A

3.12.2.8.2.1.2.2  Implementation.
A
A

3.12.2.8.2.1.2.3  Extent of Applicability.
A
A

3.12.2.8.2.1.3  Bonding.
T
T

3.12.2.8.2.1.4  Electroexplosive Subsystems Electromagnetic Compatibility (EMC).
N/A
N/A

3.12.2.8.2.1.4.1  Inadvertent Activation.
A
A

3.12.2.8.2.1.4.2  Direct Coupling to the EED and EES.
A, T
A, T

3.12.2.8.2.1.5  System Effectiveness Requirements.
See 3.7.3.1.5
See 3.7.3.1.5

3.12.2.8.2.1.5.1  Parts, Materials, and Processes (PMP).
See 3.12.2.8.1.1.2.1
see 3.12.2.8.1.1.2.1

3.12.2.8.2.1.5.2  Life.
T
T

3.12.2.8.2.1.5.3  Reliability.
A
N/A

3.12.2.8.2.1.5.4  Materials Compatibility.
A
A

3.12.2.8.2.1.5.5  Human Factors.
A, D
N/A

3.12.2.8.2.1.6  Traceability. 
A
A

3.12.2.8.2.2  Detail Design Criteria.
N/A
N/A

3.12.2.8.2.2.1  Power Source.
A
A

3.12.2.8.2.2.2  Shields.
A, I, T
A, I, T

3.12.2.8.2.2.3  Shielding Caps.
A, I
A, I

3.12.2.8.2.2.4  Cables.
A, I
A, I

3.12.2.8.2.2.5  Insulation Resistance.
T, A
T, A

3.12.2.8.2.2.6  Post Firing Short-Circuit Protection.
A
A

3.12.2.8.2.2.7  Firing Circuits.
N/A
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3.12.2.8.2.2.7.1  Wiring.
A
A

3.12.2.8.2.2.7.2  Electrical Isolation.
A
A

3.12.2.8.2.2.7.3  Physical Separation.
A
A

3.12.2.8.2.2.7.4  Electrostatic Protection.
See 3.7.3.2.3.1
see 3.7.3.2.3.1

3.12.2.8.2.2.7.5  Monitor Circuits (Portable or Built-In).
See 3.7.3.2.3.2
see 3.7.3.2.3.2

3.12.2.8.2.2.7.6  Control Circuits.
A
A

3.12.2.8.2.2.8  Connectors.
N/A
N/A

3.12.2.8.2.2.8.1  Type.
A
A

3.12.2.8.2.2.8.2  Pin Assignments.
A
A

3.12.2.8.2.2.8.3  Locking.
A
A

3.12.2.8.2.2.8.4  Mismating.
A
A

3.12.2.8.2.2.8.5  Separate Connectors.
A
A

3.12.2.8.2.2.9  Firing Switches and Relays.
A, I, T
I

3.12.2.8.2.2.10  Mechanical Requirements.
N/A
N/A

3.12.2.8.2.2.10.1  Mounting.
A
A

3.12.2.8.2.2.10.2  Mechanical Integrity.
A
A

3.12.2.8.2.2.11  Electroexplosive Devices Electrical Design Requirements.
N/A
N/A

3.12.2.8.2.2.11.1  Hot Bridgewire.
N/A
N/A

3.12.2.8.2.2.11.1.1  No-fire Sensitivity.
T
T

3.12.2.8.2.2.11.1.2  Minimum All-Fire Current.
T
T

3.12.2.8.2.2.11.2  Carbon Bridge EEDs.
A
A

3.12.2.8.2.2.11.3  Conductive Mix EEDs.
A
A

3.12.2.8.2.2.11.4  Temperature Endurance.
T
T

3.12.2.8.2.2.12  Safe and Arm (S&A) and Arm and Disarm (A/D) Devices.
see 3.7.3.2.4
see 3.7.3.2.4

3.12.2.8.2.2.12.1  Electrically Actuated.
A
A

3.12.2.8.2.2.12.1.1  Cycle Life.
T
T

3.12.2.8.2.2.12.1.2  RF Susceptibility.
I, D
I, D

3.12.2.8.2.2.12.1.3  Electrical Arming and Safing Time.
T
T

3.12.2.8.2.2.12.1.4  Electrical Contacts.
T
T

3.12.2.8.2.2.12.2  Mechanically Actuated S&As.
A, T
A, T

3.12.2.8.2.2.12.3  Safety Provisions.
N/A
N/A

3.12.2.8.2.2.12.3.1  S&A Safety Provisions.
See 3.7.3.2.4.3.1
see 3.7.3.2.4.3.1

3.12.2.8.2.2.12.3.2  Arm/Disarm (A/D) Safety Provisions.
A
A

3.12.2.8.2.2.12.4  Safe & Arm Lock/Safing Pin.
A, T
A, T

3.12.2.8.2.2.12.5  Safe & Arm Safing Pin Streamer.
I
I

3.12.2.8.2.2.12.6  Status Indication.
I
I

3.12.2.8.2.2.12.7  Safe & Arm Simulator Resistors.
See 3.7.3.2.4.7
see 3.7.3.2.4.7

3.12.2.8.2.2.12.8  Safe & Arm Components.
See 3.7.3.2.4.8
see 3.7.3.2.4.8
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3.12.2.8.2.2.12.8.1  EEDs.
A
A

3.12.2.8.2.2.12.8.2  Safe & Arm Rotor Leads.
A
A

3.12.2.8.2.2.13  Safe and Arm Plug Devices.
A
A

3.12.2.8.2.2.14  Environmental Requirements.
see 3.7.3.2.5
see 3.7.3.2.5

3.12.2.8.2.2.15  Hermetic Sealing.
T
T

3.12.2.8.2.2.16  Data.
I
I

3.12.2.8.2.3  Quality Assurance Provisions.
N/A
N/A

3.12.2.8.2.3.1  Applicable Tests.
I
I

3.12.2.8.2.3.2  Responsibility for Tests and Inspections.
I
I

3.12.2.8.2.3.3  Test Sequences.
I
I

3.12.2.8.2.3.4  Hazard Classification.
See 3.7.3.1.2.6
see 3.7.3.1.2.6

3.12.2.8.2.3.5  Safety Reliability Demonstrations.
See 3.7.3.1.2.7
see 3.7.3.1.2.7

3.12.2.8.2.3.6  Qualification Inspections and Tests.
T
N/A

3.12.2.8.2.3.6.1  Requalification Testing.
A
A

3.12.2.8.2.3.7  Lot Acceptance Sampling, Inspections and Tests.
N/A
A

3.12.2.8.2.3.7.1  Electroexplosive Subsystems.
T
T

3.12.2.8.2.3.7.2  Service Life Tests.
N/A
N/A

3.12.2.8.2.3.8  Systems Effectiveness.
N/A
N/A

3.12.2.8.2.3.8.1  Parts, Materials, and Processes (PMP) Controls and Qualification.
See 3.12.2.8.1.1.2.1
See 3.12.2.8.1.1.2.1

3.12.2.8.2.3.9  Electromagnetic Compatibility (EMC) Verification.
A, T
A, T

3.12.2.8.2.3.10  Documentation.
A
A

3.12.2.9  Tanks and Plumbing Design Requirements.
N/A
N/A

3.12.2.9.1  General Requirements.
N/A
N/A

3.12.2.9.1.1  System Analysis Requirements.
A
A

3.12.2.9.1.2  General Design Requirements. 
N/A
N/A

3.12.2.9.1.2.1  Loads, Pressures and Environments.
A, I
A, I

3.12.2.9.1.2.2  Strength Requirements.
A, I
A, I

3.12.2.9.1.2.3  Stiffness Requirements.
A
A

3.12.2.9.1.2.4  Thermal Requirements.
A
A

3.12.2.9.1.2.5  Stress Analysis Requirements. 
A
A

3.12.2.9.1.2.6  Malfunction.
N/A
N/A

3.12.2.9.1.2.7  Miscellaneous Requirements.
A, I
A, I

3.12.2.9.1.3  Materials, Parts And Process Requirements.
A
A

3.12.2.9.1.4  Safe-Life Requirements.
A, T
A, T

3.12.2.9.1.5  Fabrication And Process Control Requirements.
I 
I

Section 
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3.12.2.9.1.6  Operations And Maintenance Requirements.
N/A
N/A

3.12.2.9.1.6.1  Operating Procedures. 
I
I

3.12.2.9.1.6.2  Safe Operating Limits.
A
A

3.12.2.9.1.6.3  Inspection and Maintenance.
I
I

3.12.2.9.1.6.4  Repair and Refurbishment.
I, D
I, D

3.12.2.9.1.6.5  Storage Requirements. 
I
I

3.12.2.9.1.6.6  Documentation. 
I
I

3.12.2.9.1.7  Special Requirements.
N/A
N/A

3.12.2.9.1.7.1  Re-activated Pressurized Hardware.
T
T

3.12.2.9.1.7.2  Multiple Proof Tests.
T
T

3.12.2.9.1.7.3  Test Fluids.
I, A
I, A

3.12.2.9.2  Detailed Requirements.
N/A
N/A

3.12.2.9.2.1  Verification Plan.
A, T
A, T

3.12.2.9.2.2  Pressure Vessel Requirements.
A, T
A, T

3.12.2.9.2.3  Pressurized Systems Components.
A, I
A, I

3.12.2.9.2.3.1  Factors of Safety Requirements.
A
A

3.12.2.9.3  Pressurized Systems Requirements.
A, I
A, I

3.12.2.9.3.1  General Pressurized System Requirements.
A, I
A, I

3.12.2.9.3.2  Hydraulic Systems Requirements.
A, I
A, I

3.12.2.9.3.2.1  Hydraulic Systems Components.
A, I
A, I

3.12.2.9.3.3  Pneumatic Systems Requirements.
A, I
A, I

3.12.2.9.3.3.1  Pneumatic Systems Components.
A, I
A, I

3.12.2.9.3.3.2  Controls.
A, I
A, I

3.12.3  Construction and Manufacturing Requirements
N/A
N/A

3.12.3.1  General Requirement.
I
I

3.12.3.2  Producibility
I
I

3.12.3.3  Manufacturing Risk Identification And Resolution.
I
I

3.12.3.4  Manufacturing Systems Verification. 
I
I

3.12.3.5  Production Drawings.
I
I

3.12.3.6  Standards Of Manufacturer
I
I

3.12.3.7  Processes and Controls.
I
I

3.12.3.8  Procedures.
I
I

3.12.3.9  Documentation.
I
I

3.12.3.10  Production Tooling And Test Equipment.
I
I

3.12.3.11  Production Lots.
I
I

3.12.3.12  Fabrication and Handling.
I
I

3.12.3.12  Contamination.
N/A
N/A

3.12.3.12.1  Device Cleanliness.
I
I

3.12.3.12.2  Outgassing
I, A
I, A

3.12.3.13  Electrostatic Discharge.
I
I

3.12.3.14  Craftsmanship.
I
I

3.12.4  Physical Characteristics Requirements.
To be furnished 


3.12.4.1  Mass properties requirements
N/A
N/A

3.12.4.1.1  Weight
A, I
A, I

3.12.4.1.2  Center of Gravity.
A, I
A, I

3.12.4.1.3  Mass Moments of Inertia
A, I
A, I

3.12.4.1.4  Mass Properties Control Plan
I
I

4.3  Acceptance Requirements.

4.3.1  Vehicle Acceptance. 


The space vehicle acceptance criteria shall verify that all of the vehicles performance requirements in section 3 have been satisfied.  Methods including demonstration, test, inspection, analysis and document review shall be utilized to verify fulfillment of the performance requirements.   


The following space vehicle performance requirements shall be verified:

(1) required states and modes, (2) system capability, (3) system external interfaces, (4) system internal interfaces, (5) system internal data, (6) adaptation, (7) safety, security and privacy, (8) system environment, (9) computer resources, (10) system quality, (11) design and construction, (12) personnel-related items, (13) training, (14) logistics support, (15) data, (16) packaging, handling, and transportation.


The results of these acceptance verifications will assure that the space vehicle will perform properly throughout the mission.  


Early in the space vehicle’s development process; a parts, materials, and process control program shall be established.  (Specify the  parts, materials, and process control elements such as record keeping, manufacturing screens, lot certification testing, inspection of parts and materials, inspection of assemblies and non-conforming material).


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, paragraph A.4.3.1 for developing requirements appropriate for the acquisition).

4.3.2  Component Verification.


Verification of the space vehicle shall start at the component (see 6.28 ) level and progress to each higher level of assembly until the entire space vehicle’s performance requirements have been satisfied. 


Specify  acceptance verification items  such as component level acceptance tests, vehicle (see 6.2.188 ) level acceptance tests, prelaunch validation testing, inspection, modifications, rework and retesting.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, paragraph A.4.3.2 for developing requirements appropriate for the acquisition).

4.3.3  Environmental and Structural Testing.


Specify environmental and structural ground acceptance testing requirements such as temperature range, number of thermal cycles, acoustic environment, vibration environment, proof of load, proof of pressure, thermal vacuum, shock, leakage, wear-in, electromagnetic compatibility , storage and functional tests.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, Paragraph A.4.3.3. for developing this requirement.) 

4.3.4  Computer Hardware and Software. 


Specify hardware and computer software acceptance test requirements and hardware acceptance test plans, hardware acceptance test procedures, computer software acceptance test plans and software test descriptions, acceptance test condition tolerances, acceptance retest, documentation and firmware acceptance tests.


(Note to Spec Guide user: See detailed tailoring support and supplemental information in Appendix A, paragraph A.4.3.4 for developing requirements appropriate for the acquisition).

4.3.5  Systems Element Acceptance. 


A space element is any system item that is intended to be deployed beyond the earth’s atmosphere. A terrestrial element is any system item that is not a space element. In the following table, the letter D stands for Demonstration, T for Test, A for Analysis, and I for Inspection, as defined in 4.1.4.1 through 4.1.4.4 respectively.  


For each requirement designated with a "T" see Appendix B, Section B.1.0 for guidance on test requirements. 

Section 
Space Element Acceptance Method
Terrestrial Element Acceptance Method

3  Performance Requirements
N/A
N/A

3.1  Required States And Modes



3.2  System Capability Requirements



3.2.1  ________________________________



3.2.2  Space Vehicle Requirements



3.2.2.1  Payload Requirements



3.2.2.2  Spacecraft Requirements



3.2.3  Terrestrial Communications And Control Requirements



3.3  System External Interface Requirements



3.4  System Internal Interface Requirements



3.5  System Internal Data Requirements



3.6  Adaptation Requirements



3.7  Safety Requirements For Space And Terrestrial System Elements
N/A
N/A

3.7.1.1  General Safety.
N/A
N/A

3.7.1.1.1  Safety Hazards.
A, W
A, W

3.7.1.1.2  Electronic Assemblies.
A, W
A, W

3.7.1.1.3  Tethering.
W
W

3.7.1.1.4  Protective Devices.
I, W
I, W

3.7.1.2  Space Systems Payload.
N/A
N/A

3.7.1.2.1  Electronic Assemblies
A, 
A, 

3.7.1.2.2  Safety Hazards
A, W
A, W

Section 
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3.7.1.2.3  Critical Hazards
A, W
A, W

3.7.2  Safety For Pressurized Systems.
N/A
N/A

3.7.2.1  Safety Analysis
A
A

3.7.2.2  Safety Analysis Data.
A
A

3.7.3  Electroexplosive Subsystem Safety Parameters For Space Systems
N/A
N/A

3.7.3.1  General Requirements.
N/A
N/A

3.7.3.1.1  General Design
A
A

3.7.3.1.2  Fault Tolerance.
N/A
N/A

3.7.3.1.2.1  General Requirements.
A
A

3.7.3.1.2.2  Implementation.
A, I
A, I

3.7.3.1.2.3  Firing Circuits.
N/A
N/A

3.7.3.1.2.3.1  Electrostatic Protection.
A, D
A, D

3.7.3.1.2.3.2  Monitor Circuits (Portable or Built-In).
A, D
A, D

3.7.3.1.2.4.  Safety Provisions.
N/A
N/A

3.7.3.1.2.4.1  S&A Safety Provisions.
A
A

3.7.3.1.2.4.2  Safe & Arm Simulator Resistors.
D, A
D, A

3.7.3.1.2.5  Environmental Requirements.
I, A
I, A

3.7.3.1.2.6  Hazard Classification.
I
I

3.7.3.1.2.7  Safety Reliability Demonstrations.
I, T
I, T

3.8  Security and Privacy Requirements. 
 (to be furnished)


3.9  System Environment Requirements.
N/A
N/A

3.9.1  General Environmental Requirement.
I
I

3.9.1.1  Detailed Environmental Requirements.
N/A
N/A

3.9.1.1.1  Natural Environment Requirements.
N/A
N/A

3.9.1.1.1.1  Terrestrial Environment Requirements.
I
I

3.9.1.1.1.1.1  Atmosphere.
N/A
N/A

3.9.1.1.1.1.1.1  Wind Profile Studies.
A
A

3.9.1.1.1.1.1.1.1  Wind Operations.
A
A

3.9.1.1.1.1.1.2  Pressure.
T, A
T, A

3.9.1.1.1.1.1.3  Density.
A
A

3.9.1.1.1.1.1.4  Ozone.
A
A

3.9.1.1.1.1.1.5  Solar Radiation.
A
A

3.9.1.1.1.1.2  Weather.
N/A
N/A

3.9.1.1.1.1.2.1  Temperature.
D, T, A
D, A

3.9.1.1.1.1.2.2  Humidity.
D, A
D, A

3.9.1.1.1.1.2.3  Rain.
D, A
D, A

3.9.1.1.1.1.2.4.  Blowing Snow. 
A
A

3.9.1.1.1.1.2.5  Snow Loads.
A
A

3.9.1.1.1.1.2.6  Hail.
A
A

3.9.1.1.1.1.2.7  Sand/Dust.
A
A

Section 
Space Element Acceptance Method
Terrestrial Element Acceptance Method

3.9.1.1.1.1.2.8  Salt Fog.
A
A

3.9.1.1.1.1.2.9  Lightning
A
A

3.9.1.1.1.1.3  Handling.
See section 3.17
See section 3.17

3.9.1.1.1.2  Launch Environment Requirements.
N/A
N/A

3.9.1.1.1.2.1  Vehicle Assent Phase.
N/A
N/A

3.9.1.1.1.2.1.1  Ground Winds for Launch.
A
N/A

3.9.1.1.1.2.1.2  Winds During Boost Phase. 
A
N/A

3.9.1.1.1.3  On-Orbit Environment Requirements.
N/A
N/A

3.9.1.1.1.3.1  General Orbital Requirements.
A
N/A

3.9.1.1.1.3.1.1  Radiation.
A
N/A

3.9.1.1.1.3.1.2  Thermal and Vacuum.
A, T
N/A

3.9.1.1.1.3.2  Detailed Orbital Requirements.
N/A
N/A

3.9.1.1.1.3.2.1  Energetic Charged Particles.
A
N/A

3.9.1.1.1.3.2.2  Plasma Environment.
A
N/A

3.9.1.1.1.3.2.3  Neutral Atmosphere.
A
N/A

3.9.1.1.1.3.2.4  Meteoroids.
A
N/A

3.9.1.1.1.3.2.5  Geomagnetic Field.
A
N/A

3.9.1.1.1.3.2.6  Electromagnetic Radiation.
A
N/A

3.9.1.1.1.3.2.6.1 Solar Radiations.
A
N/A

3.9.1.1.1.3.2.7  Gravitational Field.
A
N/A

3.9.1.1.1.3.2.8  Nuclear Radiation
A
N/A

3.9.1.1.1.3.2.9  Temperature  (On Orbit)
A, T
N/A

3.9.1.1.1.3.2.10  Pressure/Vacuum.
A, T
N/A

3.9.2  Induced Environment Requirements.
N/A
N/A

3.9.2.1 Vibration, Acoustic, Shock, And Acceleration.
N/A
N/A

3.9.2.1.1  Vibration Requirements.
T, A
T, A

3.9.2.1.1.1  Random Vibration.
T, A
T, A

3.9.2.1.1.2  Sinusoidal Vibration.
T, A
T, A

3.9.2.1.2  Acoustic Requirements.
T, A
T, A

3.9.2.1.3  Shock Requirements.
T, A
T, A

3.9.2.1.4  Acceleration Requirements.
T, A
N/A

3.9.2.2 EMI/EMC Requirements.
N/A
N/A

3.9.2.2.1  Electromagnetic Interference. (EMI).
T, A
T, A

3.9.2.2.2  Electromagnetic Compatibility. (EMC).
T, A
T, A

3.9.2.2.3 Electromagnetic Control.
I
I

3.9.3  Requirements Regarding Environments Due To Enemy Action. 
N/A
N/A

3.9.3.1  General Requirements.
N/A
N/A

3.9.3.1.1  Survivability.
A
A

3.9.3.1.1.1  Nuclear Hardness and Survivability (NH&S) Program Plan.
A
A

Section 
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3.9.3.1.1.2  Hardness Assurance Plan.
A
A

3.9.3.1.1.3  Nuclear Hardness and Survivability Trade Studies.
A
A

3.9.3.1.1.4  Hardness Surveillance Plan.
A
A

3.9.3.1.1.5  Hardness Maintenance Plan.
A
A

3.9.3.1.1.6  Survivability Testing. 
A
A

3.9.3.2  Detailed Requirements.
N/A
N/A

3.9.3.2.1  Nuclear Hardening Requirements.
N/A
N/A

3.9.3.2.1.1  Thermal/ Mechanical Effects.
N/A
N/A

3.9.3.2.1.2  Electromagnetic Pulse (EMP).
N/A
N/A

3.9.3.2.1.3  Radioactive Debris. 
N/A
N/A

3.9.3.2.2  Communications.
N/A
N/A

3.9.3.2.2.1  Anti-jamming. 
A
A

3.9.3.2.2.2  Security.
A
A

3.9.3.2.3  Non-Nuclear Hardening Requirements.
N/A
N/A

3.9.3.2.3.1  Continuous Wave Laser.
N/A
N/A

3.9.3.2.3.2  Pulsed Laser.
N/A
N/A

3.9.3.2.3.2.1  Single Pulsed Laser.
N/A
N/A

3.9.3.2.3.2.2  Repetitive Pulsed Laser.
N/A
N/A

3.9.3.2.3.3  Neutral Particle Beam.
N/A
N/A

3.9.3.2.3.4  Conventional/Particle/Pellet Impacts.
N/A
N/A

3.9.3.2.3.5  Projectile/Object Impact.
N/A
N/A

3.10  Computer Resource Requirements. 
(to be furnished)


3.10.1  Computer Hardware Requirements.
(to be supplied)


3.10.2  Computer Hardware Resource Utilization Requirements.
(to be supplied)


3.10.3  Computer Software Requirements.
(to be supplied)


3.10.4  Computer Communications Requirements.
(to be supplied)


3.11  System Quality Requirements. 
(to be furnished)


3.12  Design and Construction Requirements.
N/A


3.12.1  Architectural Requirements.  
(to be furnished)


3.12.2  Design Requirements
N/A


3.12.2.1  Structures Design Requirements.
N/A


3.12.2.1.1  General Requirements.
A, T
A, T

3.12.2.1.1.1  Electrical Grounding.
A, T
A, T

3.12.2.1.1.2  Structural Interface Requirements.
A, D, I, T
A, D, I, T

3.12.2.1.2  Detailed Requirements
N/A
N/A

3.12.2.1.2.1  Strength Requirements.
A
A

3.12.2.1.2.1.1  Yield Load.
A
A

3.12.2.1.2.1.2  Ultimate Load.
A
A

3.12.2.1.2.1.3  Fatigue.
A, T
A, T

3.12.2.1.2.1.4  Fracture Control.
A, T
A, T
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3.12.2.1.2.1.5  Design Thickness.
A, T
A, T

3.12.2.1.2.2  Stiffness Requirements.
N/A


3.12.2.1.2.2.1  Dynamic Properties.
A, T
A, T

3.12.2.1.2.2.2  Structural Stiffness. 
A, T
A, T

3.12.2.1.2.2.3  Component Stiffness.
A, T
A, T

3.12.2.1.2.3  Factors of Safety.
N/A


3.12.2.1.2.3.1   Limit Loads.
A, T
A, T

3.12.2.1.2.3.2  Pressure Loads.
A, T
A, T

3.12.2.1.2.4  Design Load Conditions.
A
A

3.12.2.1.2.5  Materials.
N/A
N/A

3.12.2.1.2.5.1  Material Properties.
I
N/A

3.12.2.1.2.5.2  Material Allowables.
I
N/A

3.12.2.1.2.5.3  Strength Metallic Material.
I
N/A

3.12.2.1.2.5.4  Strength, Non-metallic, Composite Materials.
I
N/A

3.12.2.1.2.5.4.1  Adhesives and Polymers.
I
N/A

3.12.2.2  Thermal Design Requirements.
N/A
N/A

3.12.2.2.1  Thermal Control General Requirements.
N/A
N/A

3.12.2.2.1.1  Thermal Systems Requirements .
I, A
I, A

3.12.2.2.1.2  Thermal Control Inputs.
I, A
I, A

3.12.2.2.1.3  Derivatives Of Thermal Concerns.
I, A
I, A

3.12.2.2.2  Detailed Thermal Control Requirements.
N/A
N/A

3.12.2.2.2.1  Thermal Control Subsystems. 
A
A

3.12.2.2.2.1.1  Thermal Control Mechanisms. 
T, A
T, A

3.12.2.2.2.1.2  Thermal Control Design.
A
A

3.12.2.2.2.1.2.1  Thermal Control Analysis.
A
A

3.12.2.2.2.1.2.2 Thermal Tests.
A, T
A, T

3.12.2.3  Mechanical Design Requirements.
N/A


3.12.2.3.1  Moving Mechanical Assemblies Design Requirements.
N/A


3.12.2.3.1.1  Deployables.
I, D
I

3.12.2.3.1.1.1  Hinges.
I
I

3.12.2.3.1.1.2  End of Travel Latches.
I, D
I

3.12.2.3.1.2  Retention and Release Devices.
I, D
I

3.12.2.3.1.2.1  Pin Pullers.
I, D
I

3.12.2.3.1.2.2  V-Bands.
(to be supplied)


3.12.2.3.1.2.3  Separation Nuts.
(to be supplied)


3.12.2.3.1.2.4  Cable Systems.
(to be supplied)


3.12.2.3.1.2.5  Pyrotechnic Actuation Devices.
I
I

3.12.2.3.1.2.6  Non-explosive Actuation Devices.
(to be supplied)


3.12.2.3.1.3  Test Fixtures.
I
N/A

3.12.2.3.1.4  Parts, Materials, and Processes.
I, T
N/A

Section 
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3.12.2.3.2  Performance.
N/A
N/A

3.12.2.3.2.1  Margins.
I, D
N/A

3.12.2.3.2.1.1  Static Torque or Force Margin.
I, D
N/A

3.12.2.3.2.1.2  Kinetic Torque or Force Margin.
I, D
N/A

3.12.2.3.2.2  Error Budget for Precision Control Assemblies.
A
N/A

3.12.2.3.2.3  Single Point Failures.
A
N/A

3.12.2.3.2.4  Dynamic Performance.
A
N/A

3.12.2.3.2.5  Off-nominal Operation.
A, D
N/A

3.12.2.3.2.6  Failure Modes and Effects.
N/A
N/A

3.12.2.3.3  Environmental Design Requirements.
A, D
N/A

3.12.2.3.4  Identification and Marking.
I
I

3.12.2.3.5  Interface Requirements.
N/A
N/A

3.12.2.3.5.1  Clearance.
I
I

3.12.2.3.5.2  Alignments.
I
I

3.12.2.3.5.3  Structural.
I
I

3.12.2.3.5.4  Mechanical Interfaces.
I
I

3.12.2.3.5.5  Interchangeability.
I
I

3.12.2.3.6  Operability.
N/A
N/A

3.12.2.3.6.1  Reliability.
N/A
N/A

3.12.2.3.6.2  Service Life.
I, T
N/A

3.12.2.3.6.3  Maintainability.
I, D
N/A

3.12.2.3.6.4  Human Engineering.
D
N/A

3.12.2.3.6.5  Safety.
N/A


3.12.2.3.6.5.1  General Safety.
N/A
N/A

3.12.2.3.6.5.2  Space Transportation System Payloads.
N/A
N/A

3.12.2.3.6.5.2.1  Fracture Control for STS Payloads.
N/A
N/A

3.12.2.3.7  Manufacturing.
I
N/A

3.12.2.3.8  Quality Assurance Provisions.
I
N/A

3.12.2.3.8.1  Responsibility for Inspection and testing.
N/A
N/A

3.12.2.4  Electrical Power Design System Requirements.
T, I
N/A

3.12.2.4.1  Primary Power Design Requirements.
T, I
N/A

3.12.2.4.2  Secondary Power Design Requirements.
T, I
N/A

3.12.2.4.2.1  Energy Storage. 
I
N/A

3.12.2.4.2.1.1  Batteries.
T, I
I

3.12.2.4.2.1.1.1  Battery Charge/Discharge. 
T, I
I

3.12.2.4.2.1.1.2  Charge Control. 
T, I
I

3.12.2.4.3  Electrical Power Distribution.   Requirements.
T, I
N/A

3.12.2.4.3.1  Power Control/Regulation.   
T, I
N/A

3.12.2.4.3.1.1  Power Control/Regulation Protection.
T, I
N/A
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3.12.2.4.3.2  Failure Protection.   
N/A
N/A

3.12.2.4.3.2.1  Fault Isolation.
T, I
N/A

3.12.2.4.3.2.2  Power Control Failure.
T, I
N/A

3.12.2.4.3.2.3  Battery Failure. 
T, I
N/A

3.12.2.4.3.2.4  Overvoltage and  Overvoltage
T, I
N/A

3.12.2.4.3.3 Power Distribution  
T, I
I

3.12.2.4.3.3.1  Systems Ground Point (SGP).
T, I
I

3.12.2.4.3.3.2  Multiple Power Sources.
T, I
I

3.12.2.5  Electrical and Electronics Equipment Design Requirements.
A, T
I

3.12.2.5.1  Mission Processing Design Requirements.
N/A
N/A

3.12.2.5.1.1  General Requirements.
N/A
N/A

3.12.2.5.1.1.1  Mission Processing.
T
T

3.12.2.5.1.1.1.1  Command Handling.
T
T

3.12.2.5.1.1.1.2  Data Acquisition and Control.
T
T

3.12.2.5.1.1.1.3  Data Input/Output Handling.
T
T

3.12.2.5.1.1.1.4  Data Processing.
T
T

3.12.2.5.1.1.1.5  System External Self Test And Health Reporting.
T
T

3.12.2.5.1.2  Detailed Requirements.
N/A
N/A

3.12.2.5.1.2.1  Processor.
T
T

3.12.2.5.1.2.2  Input/Output.
T
T

3.12.2.5.1.2.3  Memory.
T
T

3.12.2.5.2  Mission Communications Design Requirements.
N/A
N/A

3.12.2.5.2.1  General Requirements.
N/A
N/A

3.12.2.5.2.1.1  Carrier tracking.
N/A
N/A

3.12.2.5.2.1.2  Command Reception And Detection Capabilities.
N/A
N/A

3.12.2.5.2.1.3  Telemetry Demodulation/ Modulation And Transmission Functions.
N/A
N/A

3.12.2.5.2.1.4  Ranging Functions.
A
T

3.12.2.5.2.1.5  Interfaces.
T
I

3.12.2.5.2.2  Detail Design Requirements.
N/A
N/A

3.12.2.5.2.2.1.1  Data Rates.
T
N/A

3.12.2.5.2.2.1.2  Data Volume.
T
N/A

3.12.2.5.2.2.1.3  Data Storage.
N/A
N/A

3.12.2.5.2.2.1.4  Frequency.
N/A
N/A

3.12.2.5.2.2.1.5  Communication Subsystem Mass.
I
N/A

3.12.2.5.2.2.1.6  Beamwidths.
N/A
N/A

3.12.2.5.2.2.1.7  Anti-jamming Techniques.
A, T
T

Section 
Space Element Acceptance Method
Terrestrial Element Acceptance Method

3.12.2.5.2.2.1.8  Security.
A, T
T

3.12.2.5.2.3  Communication System Primary Design Elements.
N/A
N/A

3.12.2.5.2.3.1  Transmitters.
T
N/A

3.12.2.5.2.3.2  Receivers.
T
N/A

3.12.2.5.2.3.3  Antennas.
T
N/A

3.12.2.5.3  Telemetry, Tracking and Control (TT&C) Design Requirements
A, T
A, T

3.12.2.5.3.1  Receiving TT&C Subsystem
A, T
A, T

3.12.2.5.3.2  Satellite TT&C Subsystem.
A, T
A, T

3.12.2.5.3.3  Telemetry
A, T
A, T

3.12.2.5.3.4  Tracking.
A, T
A, T

3.12.2.5.3.5  Control
A, T
A, T

3.12.2.5.3.5.1  Command Link
A, T
A, T

3.12.2.5.3.5.2  Command Protection.
A, T
A, T

3.12.2.5.3.5.3  Command Verification
A, T
A, T

3.12.2.5.6  Computer Software Design Requirements. 
(To be canceled?)


3.12.2.7  Propulsion System Design Requirements.
N/A
N/A

3.12.2.7.1  General

Design Requirements
N/A
N/A

3.12.2.7.1.1  Thrust
A, T
N/A

3.12.2.7.1.2  Specific Impulse
T
N/A

3.12.2.7.1.3  Delta-V
A, T
N/A

3.12.2.7.1.4  Operating Life
A, T
N/A

3.12.2.7.1.5  Storage Life
A
N/A

3.12.2.7.1.6  Weight
A, T
N/A

3.12.2.7.2.1  Specific Design Requirements
N/A
N/A

3.12.2.7.2.1  Liquid Propellant System Requirements
N/A
N/A

3.12.2.7.2.1.1  Duty Cycle/Burn times
A, T
N/A

3.12.2.7.2.1.2  Life
A, T
N/A

3.12.2.7.2.1.3  Electrical Power Requirements
A ,T
N/A

3.12.2.7.2.2  Solid Propellant System Requirements.
N/A
N/A

3.12.2.7.2.2.1  Total Impulse.
T
N/A

3.12.2.7.2.2.2  Thrust Rise Rate.
T
N/A

3.12.2.7.2.2.3  Thrust Decay 
T
N/A

3.12.2.7.2.2.4  Action Time.
T
N/A

3.12.2.7.2.2.5  Thrust Alignment.
A, T
N/A

3.12.2.7.2.3  Hybrid Propellant System Requirements.
N/A
N/A

3.12.2.7.2.3.1  Duty Cycle/Burn Times.
A, T
N/A

Section 
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3.12.2.7.2.3.2  Life.
A, T
N/A

3.12.2.7.2.3.3  Electrical Power Requirements.
A, T
N/A

3.12.2.7.2.3.4 Total Impulse
T
N/A

3.12.2.7.2.3.5 Thrust Rise Rate
T
N/A

3.12.2.7.2.3.6 Thrust Decay
T
N/A

3.12.2.7.2.3.7 Action Time
T
N/A

3.12.2.7.2.3.8 Thrust Alignment
A, T
N/A

3.12.2.7.2.4 Electric Propulsion System Requirements
N/A
N/A

3.12.2.7.2.4.1 Power Consumption
A, T
N/A

3.12.2.7.2.4.1.1 Peak Power Consumption
A, T
N/A

3.12.2.7.2.4.1.2 Operating Power Consumption
A, T
N/A

3.12.2.7.2.4.1.3 Standby Power Consumption
A, T
N/A

3.12.2.7.2.4.2  Efficiency
A, T
N/A

3.12.2.7.2.4.3  On/Off Cycles
A, T
N/A

3.12.2.7.2.4.4  Rated Life
A, T
N/A

3.12.2.8  Ordnance Design Requirements.
N/A
N/A

3.12.2.8.1  Explosive Ordnance.
N/A
N/A

3.12.2.8.1.1  Requirements.
N/A
N/A

3.12.2.8.1.1.1  Flight Accreditation. 
N/A
N/A

3.12.2.8.1.1.2  General Design Requirements.
N/A
N/A

3.12.2.8.1.1.2.1  Selection of Parts. Materials. and Processes.
I
I

3.12.2.8.1.1.2.1.1  Explosive Materials.
N/A
N/A

3.12.2.8.1.1.2.1.1.1  Upper Temperature Limits. 
T
N/A

3.12.2.8.1.1.2.1.1.2  Primary Explosives.  
A
N/A

3.12.2.8.1.1.2.1.2  Inert Materials.  
I
N/A

3.12.2.8.1.1.2.1.3  Finishes.
N/A
N/A

3.12.2.8.1.1.2.2  Lubricants.
N/A
N/A

3.12.2.8.1.1.2.3  Springs.  
I
N/A

3.12.2.8.1.1.2.4  Fasteners and Locking
N/A
N/A

3.12.2.8.1.1.2.4.1  Threaded Parts. 
N/A
N/A

3.12.2.8.1.1.2.4.2  Locking Devices.
I
N/A

3.12.2.8.1.1.2.5  Stops.  
N/A
N/A

3.12.2.8.1.1.2.6  Size and Weight.
I
N/A

3.12.2.8.1.1.2.7  Sealing.
T
N/A

3.12.2.8.1.1.2.8  Redundancy.
N/A
N/A

3.12.2.8.1.1.2.8.1  Cartridge Actuated Devices.
N/A
N/A

3.12.2.8.1.1.2.8.2  Explosive Trains.
N/A
N/A

3.12.2.8.1.1.2.8.3  Dual Bridgewire EEDs.
N/A
N/A

3.12.2.8.1.1.2.9  Tolerances.
I
I

3.12.2.8.1.1.2.10  Linear Shaped Charges.
I
N/A

Section 
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3.12.2.8.1.1.3  Performance Requirements. 
N/A
N/A

3.12.2.8.1.1.3.1  Cartridge Actuated Device Margins
N/A
N/A

3.12.2.8.1.1.3.1.1  Minimum Charge Weight.
N/A
N/A

3.12.2.8.1.1.3.1.2  Maximum Charge Weight.
N/A
N/A

3.12.2.8.1.1.3.1.3  Mechanical Load.
N/A
N/A

3.12.2.8.1.1.3.2  Severing and Penetrating Device Margins.
N/A
N/A

3.12.2.8.1.1.3.3  EED Characteristics.
N/A
N/A

3.12.2.8.1.1.3.3.1  "All-fire" Current.
T
N/A

3.12.2.8.1.1.3.3.2  "No-fire" Current.
T
N/A

3.12.2.8.1.1.3.3.3  "No-fire" Power.
T
N/A

3.12.2.8.1.1.3.3.4  Static Sensitivity.
T
N/A

3.12.2.8.1.1.3.3.5  Insulation Resistance.
T
N/A

3.12.2.8.1.1.3.4  Percussion Initiators.
N/A
N/A

3.12.2.8.1.1.3.5  Detonating Components.
N/A
N/A

3.12.2.8.1.1.3.5.1  Through Bulkhead Initiators.
D
N/A

3.12.2.8.1.1.3.5.2  Detonation Transfer.
D
N/A

3.12.2.8.1.1.3.6  Safe and Arm Devices.
N/A
N/A

3.12.2.8.1.1.4  Environmental Design Requirements.
N/A
N/A

3.12.2.8.1.1.4.1  Non-operational Environments.
N/A
N/A

3.12.2.8.1.1.4.2  Operational Environments.
N/A
N/A

3.12.2.8.1.1.4.3  Fabrication, Storage, Transportation and Handling Environments.
I, T
N/A

3.12.2.8.1.1.5  Identification and Marking.
I
N/A

3.12.2.8.1.1.6  Interface Requirements.
N/A
N/A

3.12.2.8.1.1.6.1  Fragmentation.
N/A
N/A

3.12.2.8.1.1.6.2  Contamination.
I
N/A

3.12.2.8.1.1.6.3  Shock.
N/A
N/A

3.12.2.8.1.1.7  Operability.
N/A
N/A

3.12.2.8.1.1.7.1  Reliability.
N/A
N/A

3.12.2.8.1.1.7.2  Maintainability.
N/A
N/A

3.12.2.8.1.1.7.3  Human Engineering.
N/A
N/A

3.12.2.8.1.1.7.4  Service Life.
T
N/A

3.12.2.8.1.1.7.5  Interchangeability.
I
N/A

3.12.2.8.1.1.7.6  Safety.
N/A
N/A

3.12.2.8.1.1.7.6.1  General.
N/A
N/A

3.12.2.8.1.1.7.6.2  Space Transportation System Payload Ordnance.
N/A
N/A

3.12.2.8.1.1.8  Manufacturing.
N/A
N/A

3.12.2.8.1.1.8.1  Processes and Controls.
I
I

3.12.2.8.1.1.8.2  Production Lots.
I
N/A

3.12.2.8.1.1.8.2.1 Production Lot Testing.
N/A
N/A

Section 
Space Element Acceptance Method
Terrestrial Element Acceptance Method

3.12.2.8.1.1.8.2.2  Qualification Tests For EEDs.
N/A
N/A

3.12.2.8.1.1.8.2.3  Qualification Tests For Explosive Ordnance (Other Than EEDs.)
N/A
N/A

3.12.2.8.1.1.8.2.4  Qualification of Existing Designs. 
N/A
N/A

3.12.2.8.1.1.8.2.5  Lot Acceptance Testing. 
I
N/A

3.12.2.8.1.1.8.2.6  EEDs Acceptance Test. 
I, T
N/A

3.12.2.8.1.1.8.2.7  Explosive Ordnance (Other Than EEDs).
T
N/A

3.12.2.8.1.1.8.2.8  Service Life Verification Tests.
I, T
N/A

3.12.2.8.1.1.8.3  Contamination.
N/A
N/A

3.12.2.8.1.1.8.3.1  Fabrication and Handling.
I
N/A

3.12.2.8.1.1.8.3.2  Device Cleanliness.
I
N/A

3.12.2.8.1.1.8.4  Electrostatic Discharge.
N/A
N/A

3.12.2.8.1.1.8.5  Independent Monitoring.
I
N/A

3.12.2.8.1.1.8.6  Refurbishment.
I
N/A

3.12.2.8.1.1.8.7  Craftsmanship.
I
I

3.12.2.8.1.1.9  Storage and Handling Provisions.
I
N/A

3.12.2.8.1.2  Quality Assurance Provisions.
I
N/A

3.12.2.8.2  Electroexplosive Subsystems.
N/A
N/A

3.12.2.8.2.1  General Requirements.
N/A
N/A

3.12.2.8.2.1.1  General Design. 
A
A

3.12.2.8.2.1.2  Fault Tolerance.
N/A
N/A

3.12.2.8.2.1.2.1  General Requirements.
A
A

3.12.2.8.2.1.2.2  Implementation.
A
A

3.12.2.8.2.1.2.3  Extent of Applicability.
A
A

3.12.2.8.2.1.3  Bonding.
T
T

3.12.2.8.2.1.4  Electroexplosive Subsystems Electromagnetic Compatibility (EMC).
N/A
N/A

3.12.2.8.2.1.4.1  Inadvertent Activation.
A
A

3.12.2.8.2.1.4.2  Direct Coupling to the EED and EES.
A, T
A

3.12.2.8.2.1.5  System Effectiveness Requirements.
A
A

3.12.2.8.2.1.5.1  Parts, Materials, and Processes (PMP).
see 3.12.2.8.1.1.2.1
see 3.12.2.8.1.1.2.1

3.12.2.8.2.1.5.2  Life.
A
A

3.12.2.8.2.1.5.3  Reliability.
A
N/A

3.12.2.8.2.1.5.4  Materials Compatibility.
A
A

3.12.2.8.2.1.5.5  Human Factors.
A, D
N/A

3.12.2.8.2.1.6  Traceability. 
A
A

3.12.2.8.2.2  Detail Design Criteria.
N/A
N/A

3.12.2.8.2.2.1  Power Source.
A
A

3.12.2.8.2.2.2  Shields.
A, I, T
A, I, T

3.12.2.8.2.2.3  Shielding Caps.
A
A

Section 
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3.12.2.8.2.2.4  Cables.
A, I
A, I

3.12.2.8.2.2.5  Insulation Resistance.
A, T
A, T

3.12.2.8.2.2.6  Post Firing Short-Circuit Protection.
A
A

3.12.2.8.2.2.7  Firing Circuits.
N/A
N/A

3.12.2.8.2.2.7.1  Wiring.
A
A

3.12.2.8.2.2.7.2  Electrical Isolation.
A
A

3.12.2.8.2.2.7.3  Physical Separation.
A
A

3.12.2.8.2.2.7.4  Electrostatic Protection.
see 3.7.3.2.3.1
see 3.7.3.2.3.1

3.12.2.8.2.2.7.5  Monitor Circuits (Portable or Built-In).
see 3.7.3.2.3.2
see 3.7.3.2.3.2

3.12.2.8.2.2.7.6  Control Circuits.
A
A

3.12.2.8.2.2.8  Connectors.
N/A
N/A

3.12.2.8.2.2.8.1  Type.
A
A

3.12.2.8.2.2.8.2  Pin Assignments.
A
A

3.12.2.8.2.2.8.3  Locking.
A
A

3.12.2.8.2.2.8.4  Mismating.
A
A

3.12.2.8.2.2.8.5  Separate Connectors.
A
A

3.12.2.8.2.2.9  Firing Switches and Relays.
I
I

3.12.2.8.2.2.10  Mechanical Requirements.
N/A
N/A

3.12.2.8.2.2.10.1  Mounting.
A
A

3.12.2.8.2.2.10.2  Mechanical Integrity.
A
A

3.12.2.8.2.2.11  Electroexplosive Devices Electrical Design Requirements.
N/A
N/A

3.12.2.8.2.2.11.1  Hot Bridgewire.
N/A
N/A

3.12.2.8.2.2.11.1.1  No-fire Sensitivity.
N/A
N/A

3.12.2.8.2.2.11.1.2  Minimum All-Fire Current.
N/A
N/A

3.12.2.8.2.2.11.2  Carbon Bridge EEDs.
A
A

3.12.2.8.2.2.11.3  Conductive Mix EEDs.
A
A

3.12.2.8.2.2.11.4  Temperature Endurance.
T
T

3.12.2.8.2.2.12  Safe and Arm (S&A) and Arm and Disarm (A/D) Devices.
see 3.7.3.2.4
see 3.7.3.2.4

3.12.2.8.2.2.12.1  Electrically Actuated.
A
A

3.12.2.8.2.2.12.1.1  Cycle Life.
N/A
N/A

3.12.2.8.2.2.12.1.2  RF Susceptibility.
I, D
I, D

3.12.2.8.2.2.12.1.3  Electrical Arming and Safing Time.
T
T

3.12.2.8.2.2.12.1.4  Electrical Contacts.
T
T

3.12.2.8.2.2.12.2  Mechanically Actuated S&As.
A, T
A, T

3.12.2.8.2.2.12.3  Safety Provisions.
N/A
N/A

3.12.2.8.2.2.12.3.1  S&A Safety Provisions.
see 3.7.3.2.4.3.1
see 3.7.3.2.4.3.1

3.12.2.8.2.2.12.3.2  Arm/Disarm (A/D) Safety Provisions.
A
A

3.12.2.8.2.2.12.4  Safe & Arm Lock/Safing Pin.
A, T
A, T

3.12.2.8.2.2.12.5  Safe & Arm Safing Pin Streamer.
I
I

Section 
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3.12.2.8.2.2.12.6  Status Indication.
I
I

3.12.2.8.2.2.12.7  Safe & Arm Simulator Resistors.
see 3.7.3.2.4.7
see 3.7.3.2.4.7

3.12.2.8.2.2.12.8  Safe & Arm Components.
see 3.7.3.2.4.8
see 3.7.3.2.4.8

3.12.2.8.2.2.12.8.1  EEDs.
A, T
A, T

3.12.2.8.2.2.12.8.2  Safe & Arm Rotor Leads.
A, T
A, T

3.12.2.8.2.2.13  Safe and Arm Plug Devices.
A
A

3.12.2.8.2.2.14  Environmental Requirements.
N/A
N/A

3.12.2.8.2.2.15  Hermetic Sealing.
T
T

3.12.2.8.2.2.16  Data.
I
I

3.12.2.8.2.3  Quality Assurance Provisions.
N/A
N/A

3.12.2.8.2.3.1  Applicable Tests.
I
I

3.12.2.8.2.3.2  Responsibility for Tests and Inspections.
I
I

3.12.2.8.2.3.3  Test Sequences.
I
I

3.12.2.8.2.3.4  Hazard Classification.
see 3.7.3.1.2.6
see 3.7.3.1.2.6

3.12.2.8.2.3.5  Safety Reliability Demonstrations.
see 3.7.3.1.2.7
see 3.7.3.1.2.7

3.12.2.8.2.3.6  Qualification Inspections and Tests.
N/A
N/A

3.12.2.8.2.3.6.1  Requalification Testing.
N/A
N/A

3.12.2.8.2.3.7  Lot Acceptance Sampling, Inspections and Tests.
T
T

3.12.2.8.2.3.7.1  Electroexplosive Subsystems.
T
T

3.12.2.8.2.3.7.2  Service Life Tests.
T
T

3.12.2.8.2.3.8  Systems Effectiveness.
N/A


3.12.2.8.2.3.8.1  Parts, Materials, and Processes (PMP) Controls and Qualification.
See 3.12.2.8.1.1.2.1
See 3.12.2.8.1.1.2.1

3.12.2.8.2.3.9  Electromagnetic Compatibility (EMC) Verification.
N/A
N/A

3.12.2.8.2.3.10  Documentation.
see 3.7.3.3.8
see 3.7.3.3.8

3.12.2.9  Tanks and Plumbing Design Requirements.
N/A
N/A

3.12.2.9.1  General Requirements.
N/A
N/A

3.12.2.9.1.1  System Analysis Requirements.
A
A

3.12.2.9.1.2  General Design Requirements. 
N/A
N/A

3.12.2.9.1.2.1  Loads, Pressures and Environments.
A, I
A, I

3.12.2.9.1.2.2  Strength Requirements.
A, I
A, I

3.12.2.9.1.2.3  Stiffness Requirements.
A
A

3.12.2.9.1.2.4  Thermal Requirements.
A
A

3.12.2.9.1.2.5  Stress Analysis Requirements. 
A
A

3.12.2.9.1.2.6  Malfunction.
N/A
N/A

3.12.2.9.1.2.7  Miscellaneous Requirements.
A, I
A, I

3.12.2.9.1.3  Materials, Parts And Process Requirements.
A
A

3.12.2.9.1.4  Safe-Life Requirements.
A, T
A, T

Section 
Space Element Acceptance Method
Terrestrial Element Acceptance Method

3.12.2.9.1.5  Fab. & Process Control Requirements.
I, A
I, A

3.12.2.9.1.6  Operations And Maintenance Requirements.
N/A
N/A

3.12.2.9.1.6.1  Operating Procedures. 
I
I

3.12.2.9.1.6.2  Safe Operating Limits.
A
A

3.12.2.9.1.6.3  Inspection and Maintenance.
I
I

3.12.2.9.1.6.4  Repair and Refurbishment.
I, D, T
I, D, T

3.12.2.9.1.6.5  Storage Requirements. 
I, T
I, T

3.12.2.9.1.6.6  Documentation. 
I
I

3.12.2.9.1.7  Special Requirements.
N/A
N/A

3.12.2.9.1.7.1  Re-activated Pressurized Hardware.
T
T

3.12.2.9.1.7.2  Multiple Proof Tests.
T
T

3.12.2.9.1.7.3  Test Fluids.
I, A
I, A

3.12.2.9.2  Detailed Requirements.
N/A
N/A

3.12.2.9.2.1  Verification Plan.
A, T
A, T

3.12.2.9.2.2  Pressure Vessel Requirements.
A, T
A, T

3.12.2.9.2.3  Pressurized Systems Components.
A
A

3.12.2.9.2.3.1  Factors of Safety Requirements.
A, I
A, I

3.12.2.9.3  Pressurized Systems Requirements.
A, I
A, I

3.12.2.9.3.1  General Pressurized System Requirements.
A, I
A, I

3.12.2.9.3.2  Hydraulic Systems Requirements.
A, I
A, I

3.12.2.9.3.2.1  Hydraulic Systems Components.
A, I
A, I

3.12.2.9.3.3  Pneumatic Systems Requirements.
A, I
A, I

3.12.2.9.3.3.1  Pneumatic Systems Components.
A, I
A, I

3.12.2.9.3.3.2  Controls.
A, I
A, I

3.12.3  Construction and Manufacturing Requirements
N/A
N/A

3.12.3.1  General Requirement.
I
I

3.12.3.2  Producibility
I
I

3.12.3.3  Manufacturing Risk Identification And Resolution.
I
I

3.12.3.4  Manufacturing Systems Verification. 



3.12.3.5  Production Drawings.
I
I

3.12.3.6  Standards Of Manufacturer
I
I

3.12.3.7  Processes and Controls.
I
I

3.12.3.8  Procedures.
I
I

3.12.3.9  Documentation.
I
I

3.12.3.10  Production Tooling And Test Equipment.
I
I

3.12.3.11  Production Lots.
I
I

3.12.3.12  Fabrication and Handling.
I
I

3.12.3.12  Contamination.
N/A
N/A

Section 
Space Element Acceptance Method
Terrestrial Element Acceptance Method

3.12.3.12.1  Device Cleanliness.
I
I

3.12.3.12.2  Outgassing
I, A
I, A

3.12.3.13  Electrostatic Discharge.
I
I

3.12.3.14  Craftsmanship.
I
I

3.12.4  Physical Characteristics Requirements.
To be furnished


3.12.4.1  Mass properties requirements
N/A
N/A

3.12.4.1.1  Weight
A, I
A, I

3.12.4.1.2  Center of Gravity.
A, I
A, I

3.12.4.1.3  Mass Moments of Inertia
A, I
A, I

3.12.4.1.4  Mass Properties Control Plan
I
I

5  Not Applicable.

6  Notes.

6.1  Intended Use.

6.2  Definitions.

6.2.1  Abnormal Operating Modes.


Abnormal operating modes for the electrical power system include those conditions resulting from short circuit failures, or open circuit failures, or other malfunctions occurring anywhere within the space vehicle including within the electrical system itself.  Other abnormal operating modes include conditions resulting from temperature extremes that exceed specified or anticipated values and from excessive degradation of solar arrays or other power system equipment. 

6.2.2  Acceptor.


An acceptor (AKA receptor) is an explosive element which receives a detonating impulse from a previously exploded element, called a donor, and serves to propagate the detonation.

6.2.3  Active and Passive Design.


There are two general approaches to achieving system survivability:  1) active countermeasures and  2) passive countermeasures.  Active countermeasures are used to achieve survivability against hostile enemy threats, such as, anti-satellite (ASAT) nuclear threats, high power lasers, and kinetic energy weapons.  Examples are maneuvering, decoys, and shootback.  Passive countermeasures refers to hardening or mitigation methods that apply to system components (surfaces, electronic box enclosures, cables, circuits, and pieceparts).  Passive hardening techniques include shielding against environments/effects, hardened circuit designs and implementing hardened circuit pieceparts.

6.2.4  Active Thermal Control.


This technique requires devices such as heaters and various cooling devices, shutters or louvers, or cryogenic materials.  Thermal transport may be actively implemented by pumped circulation loops.

6.2.5  Albedo.


Albedo is the percentage of solar radiation reflected off the earth.

6.2.6  All-fire Current.


The all-fire current is the lowest level of current which results in initiation with a reliability of 0.999 at a 95 percent confidence level.

6.2.7  Analog.


A waveform is analog if it is continuos and varies over an arbitrary range.

6.2.8  Antenna Gain.


The difference in signal strengths between a given antenna and an isotropic antenna.

6.2.9  Antenna Gain/Receiver Noise -Temperature (G/T).


Antenna gain verses receiver noise and temperature.

6.2.10  Antenna.


Conductors or systems of conductors for radiating or receiving radio waves.

6.2.11  Arcjets.  


Arcjets are similar in operation to chemical rockets.  The arc discharge takes the place of the chemical combustion and the fluid is expanded in a conventional nozzle.  Arcjets operate on a variety of propellants, such as: hydrogen, ammonia, and hydrazine.  Arcjets are the simplest of the electric propulsion devices.  They are a two electrode, one power supply device and require power processing units to operate.

6.2.12  Band.  


The gamut or range of frequencies.  The frequency spectrum between two defined limits.  A group of channels.

6.2.13  Bandwidth.  


The difference, expressed in Hertz, between two boundaries of a frequency range.  A group of consecutive frequencies consisting of a band that exists between the limits of the stated frequency attenuation.  The range of frequencies that can be transmitted in an electronic system.

6.2.14  Batch.


A batch is a quantity of explosive material which has been prepared as a unit by a chemical process or physical mixing process.

6.2.15  Bit.

Short for "binary digit".  A bit is the representation of a signal, wave, or state as either a binary zero or one.  

6.2.16  Bits Per Second (BPS).  

Basic unit of measure for data transmission capacity; usually expressed as Kbps for thousands (kilo) of bits per second, Mbps for millions of bits per second, Gbps for billions (giga) of bits per second.

6.2.17  Bridgewire.  


A bridgewire is a resistance wire incorporated into explosive ordnance to convert electrical energy into heat to cause ignition of the explosive charge.

6.2.18  Buckling.  


Buckling strengths are considered to be the combined action of primary and secondary stresses and their effects on the general instability, local or panel instability and crippling loads. 

6.2.19  Burst Factor.  


The burst factor is a multiplying factor applied to the maximum expected operating pressure to obtain the design burst pressure.  Burst factor is synonymous with ultimate pressure factor.

6.2.20  Cartridge Actuated Device. 


A cartridge actuated device is a mechanism which employs the energy produced by an explosive charge to perform or initiate a mechanical action. Examples are: pin puller, cable cutters, separation nuts, and explosive valves.

6.2.21  Cartridge. 


A cartridge is an explosive. device designed to produce pressure for performing a mechanical function, i.e., operating a cartridge actuated device such as a pin puller or cable cutter. A cartridge may be the first, or only, explosive element in an explosive train (See 6.2.76) and thus be considered an initiator.  Electrically actuated cartridges are EEDs.

6.2.22  Catastrophic Hazard.  


A catastrophic hazard is a hazard that has the potential for personnel fatality, loss of launch site facilities, or loss of reusable or manned launch vehicles.  This definition also applies to expendable launch vehicles which present these types of hazards.

6.2.23  Charge, Linear Explosive. 


A linear explosive charge is a relatively long explosive charge contained in a metal or plastic sheath.  Linear explosive charges may be cylindrical or contained in a "V" groove. They are generally less than 5 millimeters in diameter and may be many meters in length. Uses include severing materials and transferring detonation or deflagration.

6.2.24  Charge, Penetrating.


A penetrating charge is an assembly containing an explosive charge loaded in a shaped casing, generally an inverted cone, which when fired, produces a penetrating jet action. Penetrating charges are typically used for destruct systems.

6.2.25  Charge, Severing. 


A severing charge is a linear explosive charge used to fracture or cut metal or other materials. It is typically used for separating functions.

6.2.26  Clock speed.  


The rate at which pulses are emitted from a clock.  The clock speed  determines the rate at which logical arithmetic gating is performed with a synchronous computer.

6.2.27  Cold Welding and Friction Welding. 


Where interface contact pressures are high, such as on cup-cone fittings, the parts may tend to adhere to each other due to cold welding or friction welding. Cold welding may occur where a device is held under load for long periods of time in vacuum conditions. Friction welding may occur where small motions are induced at the pre-loaded interfaces as a result of vibration excitation.

6.2.28  Component.    


A component is a functional item that is viewed as a complete and separate entity for purposes of manufacturing, maintenance, or record keeping.  Examples: hydraulic actuator, valve, battery, electrical harness, transmitter. 

6.2.29  Control. 


Commands are the means by which control is established and maintained.

6.2.30  Cook-off Temperature 


The cook-off temperature is the lowest temperature that will cause a detonation or deflagration (See 6.2.41) of an explosive material.

6.2.31  Counter.   


A register or storage location to accumulate the number of event occurrences.

6.2.32  Covered System.  


A covered system is any vehicle, weapon platform, or conventional weapon system that includes features designed to provide some degree of protection to users and that is an ACAT I or II program.

6.2.33  Critical Component or Assembly . 


A critical component or assembly is one which is not backed up by a redundant unit or function, or whose failure could cause complete loss of the space vehicle or the loss of a primary portion of the mission. 

6.2.34  Critical Hazard.  


A critical hazard is a hazard that has the potential for personnel injury, damage to launch site facilities, or damage to reusable or manned launch vehicles.  This definition also applies to expendable launch vehicles which present these types of hazards.

6.2.35  Crossover.  


A crossover is an explosive connecting link between redundant explosive trains.

6.2.36  Data Acquisition.  


The function of obtaining data from sources external to a microprocessor or a computer system, converting it to binary form, and processing it.

6.2.37  Data Processing.  


The execution of a systematic sequence of operations performed upon data.

6.2.38  Data Rate.  


The data transmission capacity of a set of parallel channels.  The data signaling rate is expressed in bits per second.

6.2.39  Decoder.  


A device for translating electrical signals into predetermined functions. A device used to change data from one coded format to another.

6.2.40  Decrypter. 


 A device that translates computer data from an unreadable format to a readable format.

6.2.41  Deflagration. 


Deflagration is very rapid combustion. Although classed as an explosion, (See 6.2.75) deflagration generally implies the burning of a substance with self-contained oxygen so that the reaction zone advances into the unreacted material at less than the velocity of sound in the unreacted material.

6.2.42  Demodulation.  


The process of retrieving intelligence (data) from a modulated carrier wave.  The reverse of modulation.

6.2.43  Demodulator.  


A devise which recovers information from a carrier or sub-carrier.

6.2.44  Deployable. 


A deployable is a device which is moved by a moving mechanical assembly (e.g., a drive mechanism) from a stowed position on the space vehicle to an extended position adjacent to the vehicle. Solar arrays, antennas, experiment booms, or sun shields are classified as deployables where they meet the above description. The term deployable shall be interpreted as inclusive of all devices which are deployed, retracted, or restowed.

6.2.45  Design Burst Pressure.  


The design burst pressure is a test pressure that pressurized components must withstand without rupture in the applicable operating environments.  It is equal to the product of the maximum expected operating pressure and a burst factor.

6.2.46  Design Ultimate Load.  


The design ultimate load is a load, or combinations of loads, that the structure must withstand without rupture or collapse in the applicable operating environments.  It is equal to the product of the limit load and the design ultimate factor of safety.

6.2.47  Design Yield Load.  


The design yield load is a load, or combinations of loads, that a structure must withstand without experiencing detrimental deformation in the applicable operating environments. It is equal to the product of the limit load and the design yield factor of safety.

6.2.48  Detonator. 


A detonator is an initiator for high order detonating explosives.  Detonators used in space vehicles are generally EEDs, i.e., electrically actuated.

6.2.49  Detrimental Deformation. 


Detrimental deformations include all structural deformations, deflections, or displacements that prevent any portion of the structure from performing its intended function, or that reduce the probability of successful completion of the mission.

6.2.50  Development Test Article.  


A development test article is a representative vehicle, subsystem, or unit dedicated to provide design and test information.  The information may be used to check the validity of analytic techniques and assumed design parameters, to uncover unexpected response characteristics, to evaluate design changes, to determine interface compatibility, to prove qualification and acceptance test procedures and techniques, or to determine if the equipment meets its performance specifications.  Development test articles include engineering test models, thermal models, and structural static and dynamic models.

6.2.51  Differential.  


An input in which both sides are isolated from the chassis and power supply ground.  The signal is applied as a differential voltage across the two sides.

6.2.52  Digital.  


A method of measurement using precise quantities to represent variables.

6.2.53  Discrete.  


A signal that has two defined levels, "on" or "off".

6.2.54  Distribution Subsystem.


The distribution subsystem includes harnesses, cables, conductors and connectors.  The distribution subsystem originates at the power load bus or terminal in the power control subsystem and extends to the input terminals of the utilization equipment (See 6.2. 187).

6.2.55  Donor.  


A donor is an explosive charge which transmits a detonating impulse out of the detonating charge into a succeeding explosive element, the acceptor.

6.2.56  Down Link Carrier Channel.   


A single channel signaling technique in which a digital signal is modulated on a carrier and transmitted.

6.2.57  Dudding. 


Dudding is the process of permanently degrading an electroexplosive device to a state where it cannot perform its designed function.

6.2.58  EED (Electroexplosive Device).


An electroexplosive device is an explosive initiator that is electrically actuated.  The EED is the explosive element used to operate a cartridge actuated device, to initiate an explosive charge, or to ignite a deflagrating material. Detonators,(See 6.2.48 ) squibs, (See 6.2.165 ) and cartridges when electrically actuated are EEDs.

6.2.59  Effective Isotropic Radiated Power (EIRP).  


Gain compared to an ideal power source (isotropic antenna).

6.2.60  Electric Propulsion Devices.  


Electric propulsion devices are typically considered for in-space use and include:  ion thrusters, (See 6.2.97) Hall effect thrusters, (See 6.2.87) arcjets, (See 6.2.11) pulsed plasma thrusters,(See 6.2.143) and resistojets (See 6.2.148).  An electric propulsion system is typically of very low thrust and long duration.  Electric propulsion devices are applicable for low-earth-orbit (LEO) to geosynchronous orbit (GEO) and for on-orbit maneuvering.  The major elements of a typical electric propulsion system include; a Stationary Plasma Thruster Assembly (SPTA), an SPTA Power Processor Unit (PPU) with Thruster Selection Unit (TSU), a Propellant Storage and Management Subsystem (PSMS), and a Propellant Distribution Subsystem (PDS).  Most commonly used propellants to date have been Argon and Xenon.    

6.2.61  Electrical Heaters And Thermostats.  


These devices usually control regions that are cold biased (designed to run cold when the heaters are off)  The heaters, controlled by the thermostats, bring temperature up to the desired level.   

6.2.62  Electroexplosive Device (EED). 


The electroexplosive device is the first device in an explosive train which is designed to transform an electrical input into an explosive reaction. Detonators, electrical matches, squibs, Exploding Bridge Wire (EBWs) devices, and electrical initiators are examples of EEDs.

6.2.63  Electroexplosive Subsystem (EES). 


The term electroexplosive subsystem is to include all components from the power source to and including the EED.  Safe & Arm devices, Arm/Disarm switches, relays and all electrical wiring used to monitor, arm and fire ordnance functions are specifically included.

Electroexplosive Subsystem (EES). 
The term electroexplosive subsystem is to include all components from the power source to and including the EED.  Safe & Arm devices, Arm/Disarm switches, relays and all electrical wiring used to monitor, arm and fire ordnance functions are specifically included.

6.2.64  Electromagnetic Compatibility (EMC). 


Electrical/electronic equipment and systems are considered electromagnetically compatible when the electrical noise generated by them does not interfere with their own normal performance or with the performance of any other system.  Electromagnetic compatibility (EMC) is achieved when equipment or systems operate normally in the intended environment and the requirements are not compromised by electromagnetic interference.

6.2.65  Electromagnetic Interference (EMI).  


Any electrical or electronic disturbance, phenomenon, signal, emission (man made or natural), conduction, coupling, or radiation (man made or natural) which causes: undesirable or unacceptable responses; a malfunction; degradation of performance; or the premature and undesired location detection or discovery by enemy forces, except when deliberately generated by interference.

6.2.66  Electromagnetic Pulse (EMP).  


Electromagnetic pulse is one of the nuclear weapons environments produced when the weapon x-rays interact asymmetrically with the surrounding environment.  EMP is produced when the x-rays and their photoelectrons interact with the earth and /or its atmosphere.  System generated EMP (SGEMP) is produced when the x-rays interact with the space object itself.  After the EMP signal has been modified by the earth's ionosphere, it is referred to as dispersed EMP (DEMP).

6.2.67  Electromagnetic Radiation:     


Energy waves produced by the oscillation or acceleration of an electric charge. Electromagnetic waves have both electric and magnetic components.  The electromagnetic spectrum consists of gamma rays, hard and soft x rays, ultraviolet radiation, visible light, infrared radiation, microwaves, and radio waves.  They travel through free space at 3x10 8 m/sec.

6.2.68  Ellipticity.  


The amount by which a spheroid differs from a circle, calculated by dividing the difference in the length of the axes by the length of the major axis.

6.2.69  Encoder  


A device that converts from one method of expression to another method of expression, e.g. translating a message.

6.2.70  Encrypter.  


A device that converts data into codes that cannot be read without a key or password.

6.2.71  Encryption.  


The process of converting data into codes that cannot be read without a key or password.

6.2.72  Energetic Charged Particles:  


Energetic charged particles consist of electrons, protons, and heavier particles such as a particles and other bare nuclei.  While electrons produce nearly all of their effects by ionization, protons and heavier particles often produce the majority of their effects by atomic displacement.  While a charged particle must be able to ionize at least a hydrogen atom to be called energetic, that takes only about 13.5 eV and the energetic charged particles in space lie in the KeV to GeV energy region.  Energetic charged particles are found in: the Van Allen belts (protons, electrons and a few a particles), solar flare particles (protons and a particles plus enough low energy electrons for charge neutrality) and galactic particles, also known as cosmic rays (protons and heavier nuclei up to iron at least).  

6.2.73  Except For Through Bulkhead Initiator.  


An except for through bulkhead initiator is a high order detonation transfer element which propagates the detonation through an air gap by transmitting shock waves from the donor side to the acceptor side. 

6.2.74  Exploding Bridgewire (EBW) Device. 


An exploding bridgewire device is defined as an electroexplosive device in which the bridgewire is designed to be exploded (disintegrated) by a high energy electrical discharge which in turn causes the explosive charge to react.

6.2.75  Explosion: 


An explosion is a chemical reaction which is effected in an exceedingly short space of time, with the generation of a high temperature and generally a large quantity of gas. The term includes both deflagration and detonation.

6.2.76  Explosive Train. 


An assembly of explosive charges that interact to perform a function such as combinations of EEDs, donors, receptors, boosters, and other explosive charges. An ETA (See 6.2.77) is an example of an explosive train.

6.2.77  Explosive Transfer Assembly (ETA). 


An explosive transfer assembly is an explosive train consisting of an assembly of linear charges used to transfer a detonation from an initiator to an end function. The purpose of the ETA is to allow the initiator to be located away from the end function for accessibility. An example is a solid motor Igniter, located inside a spacecraft, connected to the initiator, located on the exterior of the spacecraft, by an ETA.

6.2.78  Factor of Safety.  


The design factor of safety is a multiplying factor used in the design analysis to account for uncertainties such as material properties, design procedures, and manufacturing procedures.  The design factor of  safety is often called the design safety factor, factor of safety, or simply, the safety factor,  In general, two types of design factors of safety are specified: design yield factor of safety and design ultimate factor of safety.  

6.2.79  Failure Modes and Effects Analysis (FMEA) 


Failure Modes and Effects Analysis is a design evaluation procedure which: 

a. documents all credible potential failures in a system or component design, 

b. determines by single point failure analysis the effect of each failure on system operation,

c. identifies failures critical to operational success or personnel safety, or system damage, and

d. ranks each potential failure according to the combined influence of failure effect, severity, and probability of occurrence.

6.2.80  Failure Protection.


Failure protection accomplishes the following:

a. Isolates shorted utilizing equipment from the rest of the electrical system.

b. Protects the remaining power source from any failed power sources.

c. Protects the electrical power system due to a major battery failure. (See 6.2.102)

d. Protects the utilizing equipment from overvoltage and undervoltage faults.

6.2.81  Failure.


A failure of a device or system is an event or condition which causes the device or system to perform outside of its specification limits. The failure modes include those associated with functional performance, premature operation, failure to operate at a prescribed time, failure to cease operation at a prescribed time, and others that are unique to the device or system.

6.2.82  Firing Source Circuit. 


A firing source circuit is defined as that part of the firing circuit from the firing source to the firing output circuit. 

6.2.83  Format.  


A symbol or group of symbols arranged in a specific manner  to portray displayed information.

6.2.84  Frequency.  


The number of times an altering current repeats its cycle in one second.  The number of cycles a periodic variable passes through per unit of time.  Rate of signal oscillation in hertz.

6.2.85  Geomagnetic Fields:   


Models of the Earth's geomagnetic field are required for trapped particle, solar event and cosmic-ray environment modeling.  Trapped particle morphologies are described in terms of location in idealized geomagnetic dipole space, while the field is needed in order to include geomagnetic shielding effects for solar particle events and cosmic-ray environments.  The magnetosphere, the magnetic cavity surrounding the earth produced by the geomagnetic field, prevents, or at least impedes, the direct entry of the solar wind plasma into the cavity.

6.2.86  Gravitational Field:  


Non-magnetic, non-electrical field produced by any body with a finite mass.  The law of universal gravitation states that every particle of matter in the universe attracts every other particle with a force directly proportional to the products of their masses and inversely proportional to the square of the distance between them.  Hence, the gravitational pull exerted by the earth upon all other bodies (including spacecraft) diminishes with distance from the earth.  The gravitational field, however, extends to an infinite distance; gravity does not cease to act at any altitude. A spacecraft is said to be weightless when it is in orbit around the earth because the centrifugal effect is then equal and opposite to the force of gravity.

6.2.87  Hall Thrusters.  


In a Hall thruster, a radial magnetic field is developed between two magnetic pole pieces.  The thruster interior volume surrounded by the magnet is continually filled with a low pressure propellant gas that supports an electric discharge between the two electrodes.  The anode electrode is located upstream and the cathode is located in the region downstream of the magnetic pole pieces.  The axial electric field developed between the discharge electrodes interacts with the radial magnetic field to generate a current in the azimuthal direction.  This current reacts against the magnetic field to generate a force on the propellant in the downstream axial direction.  This type of thruster operates steady state and generates specific impulses from 1000 to 2000 seconds.  The thrust obtained is determined by the size and power of the device.  These devices require power processing units and propellant distribution systems to operate.

6.2.88  Hardness Assurance Plan  


This plan establishes the hardness assurance program by which the contractor assures that the hardness incorporated in the design of the configuration item(s) for which he is responsible is preserved during the production and deployment phases of the space system.

6.2.89  Hardness Maintenance Plan.  


This plan documents the content and methodology of the contractor's activity in support of hardness maintenance preparation, including the hardness annotation of engineering drawings and the incorporation of hardness requirements in the logistics support analysis.  It is used by the procuring agency to review, evaluate, and approve the contractor's hardness maintenance related activity, and in support of hardness maintenance implementation.

6.2.90  Hardness Surveillance Plan  


This plan documents the contractor's recommendations for hardness surveillance activities appropriate to the configuration item(s) (Cl(s)) for which he is responsible during design and development.  It is used by the procuring agency in defining a single, integrated hardness surveillance program for the entire weapon system to be implemented during the operational phase of the weapon system life cycle.

6.2.91  Hardness.  


A measure of the ability of a system or any of its constituent elements to withstand exposure to one or more effects of natural or hostile environments.

6.2.92  Hybrid Propellant Engines.  


Hybrid propellant engines combine elements from both solid and liquid propellant  engines.  In the hybrid system, a gaseous or liquid oxidizer is typically stored in a tank separate from a solid fuel grain.  The oxidizer is injected into the solid and reacts with it to produce combustion gases which are expanded by the engine nozzle providing thrust.  This type of engine has high performance like a solid motor but can be throttled, stopped and restarted like a liquid engine.

6.2.93  Impedance.  


The combined effect of resistance, inductance and capacitance on a signal at a particular frequency.

6.2.94  Initiator. 


An initiator is the first element in an explosive train which, upon receipt of the proper mechanical or electrical impulse, produces a deflagrating or detonating action.  The Deflagrating or detonating action is transmitted to the following elements in the train. Initiators may be mechanically actuated, percussion primers, or electrically actuated (EEDs).

6.2.95  Input.  


Pertaining to a device, process, or channel involved in an input process or to the associated data or states.  Signals taken in by an input interface.

6.2.96  Interrupts.  


A suspension of a process, such as the execution of a computer program caused by an external event, and performed in such a way that the process can be resumed.

6.2.97  Ion Thrusters.  


This type of thruster uses a plasma discharge from which an ion beam is extracted using grid-plates perforated with a mesh of holes.  Current designs use xenon, argon, or krypton for the propellant.  The gaseous propellant enters the discharge chamber at a controlled rate and is electrically isolated from the high voltage parts of the thruster by specific flow isolation devices.  The hot cathode in the center of the thruster  emits electrons which are attracted to the anode on the periphery of the thruster.  Ionization occurs when an atom in the discharge loses an electron after bombardment by a discharge electron.  The ions are then accelerated out through many small holes in the screen and accelerator electrodes to form an ion beam providing thrust.  This thruster requires a power processing unit and produces specific impulses ranging from 2500 to 3200 seconds.

6.2.98  Kinetic Torque or Force Margin. 


The kinetic torque margin is defined as the ratio of the drive torque less resisting torque (torque required to overcome friction and wire harness bending) divided by torque required for acceleration, minus one.  


The kinetic torque margin expressed in percentage is as follows: 





For linear devices, "Force" replaces "Torque" in the definition so that the kinetic force margin is defined as the ratio of the drive force less the resisting forces divided by the force required for acceleration, minus one.  


The kinetic force margin expressed in percentage is as follows: 




6.2.99  Limit Load.  


A limit load is the highest load, or combinations of loads, that may be applied to a structure during its service life (See 6.2.158 ) and acting in association with the applicable operating environments, produces a design or extreme loading condition for that structure.  When a statistical estimate is applicable, the limit load is that load not expected to be exceeded on at least 99% of flights, estimated with 90% confidence.

6.2.100  Liquid Propellant Types.  


The fuel and liquid oxygen as the oxidizer) and require large storage volume because of their low density.  The low temperatures make them difficult to store over long periods of time.   Hypergolic propellants are fuels and oxidizers that ignite spontaneously on contact with each other and require no ignition source.  The easy start and restart capability of hypergolics make them ideal for maneuvering systems.  They remain liquid at normal temperatures making them easier to store for long  periods.  They, however, are highly toxic and must be handled with extreme care.

6.2.101  Low Rate Initial Production (LRIP).  


The production of a system in limited quantity to provide articles for operational test and evaluation, to establish an initial production base, and to permit an orderly increase in the production rate sufficient to lead to full-rate production upon successful completion of operational testing.

6.2.102  Major Battery Failure.


Major battery failures include, but are not limited to, an explosion of any of the batteries due to the internal generation of excessive gas or a massive short circuit involving multiple cells.

6.2.103  Manufacturing Engineering.  


That specialty of professional engineering which requires such education and experience as is necessary to understand and apply engineering procedures in manufacturing processes and methods of production of industrial commodities and products.  This discipline requires the ability to plan the practices of manufacturing, to research and develop the tools, processes, machines and equipment, and to integrate the facilities and systems for producing quality products with optimal expenditure.

6.2.104  Manufacturing Risk  


The risk that a contractor will not be able to manufacture hardware that meet requirements within cost, performance and schedule parameters.

6.2.105  Manufacturing.  


The conversion of raw materials into products or components through a series of processes.  It includes such major functions as manufacturing planning, tool design, scheduling, manufacturing engineering, material procurement, fabrication, assembly, test, packaging, installation and checkout, product assurance, and determination of resource requirements throughout systems acquisition.

6.2.106  Margin Of Safety. 


The margin of safety of a structure is the increment by which the allowable load (or stress) exceeds the applied load (or stress), for a specific design condition, expressed as a fraction of the applied load (or stress). 

6.2.107  Maximum Operating Pressure (MOP) (MEOP) 


The maximum pressure at which the system or component actually operates in a particular application. MOP is synonymous with MEOP (Maximum Expected Operating Pressure) or maximum working pressure. MOP includes the effects of temperature, transient peaks, vehicle acceleration, and relief valve tolerance.

6.2.108  Meteoroids.  


Meteoroids are neutral particles with a mass of greater than 10-10 gms.  They are found at all altitudes.  Behaving like projectiles, they can penetrate material relatively easily.  The energy they possess is very high and the impact can vaporize the primary particle, generate fragments and leave a crater or hole on the surface.  The amount of damage depends on the mass of the particle and the relative velocity of the impact.

6.2.109  Modulation Technique. 


A method of modulation such as, amplitude modulation (AM), frequency modulation (FM), and phase modulation (PM).

6.2.110  Modulation.  


The variation in the value of some parameter characterizing a periodic oscillation.  Specifically variation of some characteristic of a radio wave called a carrier wave, in accordance with instantaneous values of another wave called the modulating wave.  The process of impressing information on a carrier for transmission e.g. Amplitude Modulation (AM), Frequency Modulation (FM), or Phase Modulation (PM).

6.2.111  Modulator.  


A electronic device that impresses information on a carrier for transmission using amplitude, frequency, or phase modulation. 

6.2.112  Movable System. 


A movable system is any device or system which requires a moving mechanical assembly to orient, rotate, track, scan, or otherwise control position or motion.  Movable systems include, but are not limited to, antennas, telescopes, sensors, cmg's, momentum wheels, and reaction wheels.  A deployable (See 6.2.44) is a type of movable system. 

6.2.113  Naturally Occurring Nuclear Radiation:  


For spacecraft in relatively high earth orbits, greater than 1000 km, the primary life limiting environment will be the natural nuclear (ionizing) radiations which are present.  These nuclear radiations (Van Allen belt and solar flare) particles, act to damage spacecraft materials and components.  Because of their sensitivity to radiation and their importance to spacecraft performance, semiconductor electronic components are usually the first to fail.  Their failures limit the useful life of the spacecraft of which they are a part. 

6.2.114  Neutral Atmosphere:    


The neutral atmosphere extends from sea level to ~1000 km and consists of molecules of which the vast majority are neutrally charged.  The effects include producing life-limiting drag and torques on the spacecraft especially at lower altitudes.  Erosion of forward facing (ram) organic material is also a factor primarily due to the atomic oxygen in the atmosphere.  

6.2.115  No-fire. 


The "no-fire" current or "no-fire" power is the current or power that produces, in the specified time period, the maximum input energy level at which an EED will not fire or degrade with a reliability of 0.999 at 95 percent confidence level.

6.2.116  Noise Figure.  


A calculated or measured mathematical figure that denotes the inherent noise in a unit, system, or link.

6.2.117  Normal Operating Modes.


The normal operating modes for the electrical power systems on the space vehicle include all planned, expected, or commandable operating conditions.  These include various load groups cycled on or off, both sunlight and eclipse conditions, high and low bus voltages and other predictable operating conditions.

6.2.118  Nuclear Hardening  


Nuclear hardening refers to the employment of design techniques that increase the ability of a system to withstand exposure to one or more of the specified nuclear weapons effects (See 6.2.122) without suffering an unacceptable change in performance characteristics. The nuclear hardening requirements associated with a given system can sometimes be reduced through modification of operational procedures.

6.2.119  Nuclear Hardness and Survivability Trade Studies. 


The primary purpose of survivability trades is to determine the most cost-effective methods for achieving systems survivability.  Though the process of system trades, a multi-dimensional approach to system survivability can evolve, consisting of system architecture, active and passive design features, and operations protocols.  (See 6.2.3)

6.2.120  Nuclear Hardness and Survivability (NH&S) Program Plan.  


This plan is used by the procuring agency to review, evaluate, and approve all aspects of the contractor's nuclear hardness and survivability (NH&S) program.  It also serves as an ongoing means for establishing and assuring mutual understanding between the procuring agency and the contractor as to the scope and content of the contractor's NH&S activity.

6.2.121  Nuclear Radiation.  


Nuclear radiation consists of atomic and nuclear particles and photons emanating directly from a nuclear detonation or from subsequent interactions of this radiation with the surrounding media.  The important nuclear radiations from a weapon effects standpoint include prompt x-rays, prompt gammas, secondary gammas, fast neutrons, and radioactive debris.  An important nuclear radiation environment is a combined ionization pulse consisting of a prompt pulse followed immediately by a delayed pulse.  Nuclear radiation produces both permanent and transient effects.

6.2.122  Nuclear Weapon Effects:  


Nuclear Weapon Effects refer to the primary and secondary environments produced as a result of the detonation of a nuclear weapon and the consequent effects these environments have on a space system.  These environments include prompt radiations (x-rays,  rays, neutrons, fission electrons) and the secondary effects these radiations produce (total dose, dose rate, atomic displacements, disturbed ionosphere, enhanced Van Allen belts, and RF effects, electromagnetic pulse (EMP), system generated electromagnetic pulse (SGEMP), dispersed electromagnetic pulse (DEMP)).  The effects include everything from immediate failure to increased performance degradation over time.

6.2.123  Operating System.  


Software that controls the execution of programs and that may provide services such as resource allocation, scheduling, input/output control, and data management.

6.2.124  Output.  


Pertaining to a device, process or channel involved in an output process, or to the associated data or states.  Data transferred from a storage to an output device.

6.2.125  Packaging.  


The smallest enclosure into which an item(s) is placed for protection.  Any assembly or apparatus, complete in themselves or practically so, identifiable as units or readily available for use or installation.

6.2.126  Parallel.  


The simultaneous input/output of all the bits.  To send data simultaneously between interconnecting devices.

6.2.127  Passive Thermal Control.  


The technique applied for passive control includes the use of geometry, coatings, insulation blankets, sun shields, radiating fins, and heat pipes. 

6.2.128  Percussion. 


Percussion is a method of initiating the explosive reaction by an intentional sudden pinching or crushing of the explosive material, as between a blunt firing pin and an anvil.

6.2.129  Plasma Environment:  


A plasma environment consists of a fully ionized gas containing approximately equal numbers of positive and negative ions. A plasma is an electric conductor and is affected by magnetic fields.  Plasma environments at high altitudes and in polar orbits result in electrostatic charging of spacecraft surfaces and at low altitude cause leakage of power from exposed solar arrays and electromagnetic perturbations.  The plasma parameters are time dependent, especially at high altitudes. 

6.2.130  Polarization.  


The direction of vibration of an electromagnetic wave and correspondingly the direction an antenna is orientated to transmit or receive.

6.2.131  Power Control/Regulation (Including Quality.)


The power control subsystem regulates and controls the electrical power generation, energy storage, and power distribution requirements to the vehicles utilization equipment.  (See 6.2.187)

6.2.132  Power Supply.  


The device within an electrical unit that transforms AC power to internal DC voltage.

6.2.133  Primary Battery Cell.


Primary cells convert chemical energy into electrical energy but cannot reverse this conversion, so they cannot be recharged.  These batteries apply to short missions (less than one day) or to long-term tasks such as memory backup.  The most common batteries in use are: silver zinc, lithium thionyl chloride, lithium sulfur dioxide, lithium monofluoride and thermal cells.

6.2.134  Primary Explosive. 


A primary explosive is an explosive material which is extremely sensitive to heat or shock as the initiating mechanism, such as azides and styphnates. Primary explosives are normally used in initiators.

6.2.135  Primary Structure.  


The primary structure is that portion of the spacecraft's/equipment's structure that is designed to carry the major loads

6.2.136  Process  


A process is:  (1) The combination of people, equipment, materials, methods, and environment that produce output,  (2) a given product or service.  (3) a planned series of actions or operations which advances a material or procedure from one stage of completion to another and (3) a planned and controlled treatment that subjects materials to the influence of one or more types of energy for the time required to bring about the desired reaction or result.  A key tool for managing processes is statistical process control.

6.2.137  Processor.  


A device that performs a series of continuous or regularly recurring steps or actions intended to achieve a predetermined result.

6.2.138  Producibility Analysis.  


The comparison of alternative design materials, processes, and manufacturing techniques to determine the most economical manufacturing processes and materials to produce a product while meeting performance specifications and required production rates.

6.2.139  Producibility, 


Producibility is a design accomplishment that enables manufacturing to fabricate hardware which satisfies both functional and physical objectives at an optimum cost.  Producibility results from a coordinated effort through Integrated Product /Process Development (IPPD) including systems/design engineering and manufacturing/industrial engineering to create functional hardware designs that optimize ease and economy of fabrication, assembly, inspection, test, and acceptance of hardware without sacrificing desired function, performance, or quality.  A producible design includes complete design engineering and manufacturing planning consideration for the selection of material, tooling, facilities, capital equipment, test equipment, methods, processes, and personnel to be employed in the production of hardware to that design.  Production quantities and rates are critical factors affecting producibility and must be taken into account whenever the producibility of design alternatives is assessed.  Effective hardware producibility supports reliability and maintainability requirements and is fundamental to life cycle cost objectives.

6.2.140  Production Lot. 


A production lot is a group of assemblies or devices of a single type and size fabricated at one place in a continuous manufacturing process using the same tooling and the same material batches.

6.2.141  Proof Pressure  


The proof pressure is the test pressure that pressurized components should sustain without detrimental deformation.  The proof pressure is used to give evidence of satisfactory workmanship and material quality, and/or establish maximum initial flaw sizes.  It is equal to the product of maximum expected operating pressure, proof pressure design factor, and a factor accounting for the difference in material properties between test and design temperature.

6.2.142  Proof Test.  


A proof test is an acceptance test used to prove the structural integrity of a unit or assembly, or to establish maximum possible flaw sizes for safe-life determination.  The proof test gives evidence of satisfactory workmanship and material quality by requiring the absence of failure or detrimental deformation.  The proof test load and pressure compensate for the difference in material properties between test and design temperature, if applicable.

6.2.143  Pulsed Plasma Thrusters.  


Pulsed Plasma thrusters consist of two parallel flat-plate electrodes separated by a Teflon fuel bar at the upstream end of the discharge volume.  The electrodes are connected to a capacitor that provides a high current, high power pulse to the electrodes by the discharge of a small igniter plug mounted in the cathode electrode.  The main discharge current flows along the surface of the Teflon fuel bar in a thin sheet and ablates a portion which electromagnetically accelerated downstream towards the end of the electrodes.  This current sheet accelerates the vaporized propellant and when it reaches the end of the electrodes, it breaks off, the discharge pulse stops, and the propellant mass continues to move downstream at its final exhaust velocity.  The average system thrust is determined by the average power available and typical specific impulses range from 1200 to 2500 seconds.

6.2.144  Radiation in Space.  


The sources of natural radiation in space consists of the trapped radiation belts, galactic cosmic rays and solar proton events.  The trapped radiation belts (Van Allen) consist of energetic particles, primarily electrons and protons, that follow the earth's magnetic field lines.   Cosmic rays originate outside the solar system.  Fluxes of these particles are low but, because they include heavy, energetic ions of elements such as iron, they cause intense ionization as they pass through matter, are difficult to shield against and therefore constitute a significant hazard to a space craft.  Solar proton events are energetic particles, mostly protons which are emitted during solar flare activity.

6.2.145  Receiver.   


An electronic device which detects radio-wave signals and amplifies them into electrical signals of varying frequency and amplitude to drive an output device.

6.2.146  Receiving Station.


A ground station or relay satellite, or a combination there of, that communicates with specific satellites either Low Earth Orbit (LEO) or stationary positioned. 

6.2.147  Receptor.  


Receptor is another name for an acceptor charge.

6.2.148  Resistojets. 


Resistojets are an electrothermal thruster in which propellant is fed through a resistive heat exchanger prior to expansion through a nozzle.  The simplicity of its design and the absence of plume ionization mean that the interaction of a resistojet with spacecraft subsystems is similar to that of small chemical thrusters.  Specific impulses range from 300  to 310 seconds.

6.2.149  Ripple Voltage.  


Ripple is the cyclic variation of voltage about the mean level of the voltage during steady-state dc electrical system operation.  The ripple voltage may contain multiple frequencies and includes noise not generated by transients.  The average value of ripple is zero.

6.2.150  Safe and Arm (S & A) Device. 


A safe and arm device is a mechanical or electromechanical device which in the safe condition renders the explosive device electrically and mechanically safe, i.e., the initiating circuitry and the explosive train are both interrupted.  When in the arm condition, the safe and arm device renders the explosive device operative and ready to fire when initiated.

6.2.151  Safe Life.   


A design approach under which failure will not occur because of undetected flaws and/or fatigue damage during the specified service life: also the period of time for which the integrity of the structure can be ensured in the expected operating environment.

6.2.152  Safety Critical Function. 


A safety critical function is any function performed or supported by the electroexplosive subsystem which can cause a critical or catastrophic hazard either by inadvertent firing or failure to fire.

6.2.153  Secondary Battery Cells.


A secondary battery for energy storage can convert chemical energy into electrical energy during discharge and electrical energy into chemical energy during charge.  This can be repeated for thousands of cycles.

6.2.154  Secondary Structure.  


Secondary structure is designed to support wire bundles, propellant lines, non-structural doors and support brackets for components and equipment.  

6.2.155  Sensitivity. 


Sensitivity is the characteristic of an explosive or charge which expresses its susceptibility to initiation by externally applied energy such as heat, mechanical shock, or other stimuli.

6.2.156  Serial.  


A procedure that handles data one bit at a time.

6.2.157  Service Life (Ordnance). 


The service life is the period of time extending from the date of manufacture of the explosive ordnance to a date when the assembly is considered no longer acceptable for flight.

6.2.158  Service Life.  


The service life of a component or space vehicle is the total life expectancy of the item.  The service life starts with the manufacture of the structure  and continues through all acceptance testing, handling, storage, transportation, launch operations, orbital operations refurbishment, retesting, reentry or recovery from orbit, and reuse that may be required or specified for the item.

6.2.159  Signal/Noise (signal to noise ratio). 


The ratio of the power of the signal conveying information to the power of the signal not conveying information.

6.2.160  Single ended.  


An electronic device that in which each stage operates asymmetrically with respect to ground.

6.2.161  Single Event Upset.  


Radiation induced errors in micro-electronic circuits caused when charged particles release energy by ionizing the medium through which they pass leaving behind a wave of electron-hole pairs.

6.2.162  Solar Radiations: 


The sun produces solar energy, as a result of nuclear fusion reactions.  It is transmitted to the earth through space in quanta of energy called photons, which interact with the earth's atmosphere and surface.  The effects of solar radiation on a spacecraft include: heating of spacecraft surfaces through direct and reflected sunlight,  interference with sensitive electronics such as radio receivers and reduce spacecraft charging of hot plasmas (near GEO altitude where the hot plasma is sometimes present.) 

6.2.163  Solid Propellant Motors.  


Solid propellant motors are the least complex of all rocket designs.  They offer the greatest amount of energy per unit volume but  can not be throttled.  They consist of a casing filled with a rubber based mixture of solid compounds (fuel and oxidizer) which burn at a rapid rate, expelling hot gases from a nozzle to produce thrust.  When ignited, the solid propellant usually burns from the center out towards the sides of the casing.  Thrust is controlled by the shape of the center channel which determines the pattern and volume rate of the burn.  Once ignited they burn until all of the propellant is consumed.

6.2.164  Space Radiators.  


A space radiator is a heat exchanger on the outer surface of a space vehicle that radiates waste heat to deep space.  Examples are: cold plates, louvers and heat pipes. 

6.2.165  Squib. 


A squib is a general term that is used for any one of many small explosive devices that are loaded with deflagrating explosive so that the output is primarily gas and heat.  Squibs may be initiators for gas generators and Igniters or may be cartridges for cartridge actuated devices.  Electrically actuated squibs are EEDs.

6.2.166  Standoff. 


The distance from the charge to the object to be severed or penetrated. 

6.2.167  Static Torque or Force Margin.


The static torque margin is defined as the ratio of the drive torque less the torque required for acceleration divided by the resisting torque (torque required to overcome friction and wire harness bending), minus one.


The static torque margin expressed in percentage is as follows: 





For linear devices, "Force" replaces "Torque" in the definition so that the static force margin is defined as the ratio of the drive force less the force required for acceleration divided by the resisting force, minus one.


The static force margin expressed in percentage is as follows: 




6.2.168  Structural Component.  


A mechanical unit is considered to be a structural component if its primary function is to sustain loads or maintain alignment. 

6.2.169  Survivability:  


The capability of a system and crew to avoid or withstand a man-made hostile environment without suffering an abortive impairment of its ability to accomplish its designated mission.

6.2.170  Systems Life Cycle.


The system life cycle refers to the total set of program phases a system passes through from the time it is initially conceived and developed until the time it is deactivated and removed from operational use.

6.2.171  Telemetry.  


The system by which measurements made at a distance are transmitted to an observer.

6.2.172  TEMPEST.  

The unclassified short name referring to investigations and studies of unintentionally radiated data-related or intelligence-bearing signals.  If intercepted and analyzed, the signals will disclose the classified information transmitted, received, handled, or otherwise processed by any information processing equipment

6.2.173  Terrestrial Environment.


The Terrestrial environments are those conditions other than specified test conditions that may be experienced by the vehicle/equipment during manufacture, shipment, storage and prior to launch. 

6.2.174  Thermal Control Coatings.  


These are surfaces with special radiation properties that provide the desired thermal performance of the surfaces.  Examples: Paints, high-quality mirrors, and silverized plastics. 

6.2.175  Thermal Insulation.  


The primary insulation used on space vehicles is multilayer insulation (MLI).  This arrangement is alternate layers of aluminized mylar and a thin net.  The net acts as a separator for the mylar layers keeping adjacent layers from touching.

6.2.176  Thermal/Mechanical Effects.  


About 75% of the energy emitted by an nuclear weapon detonation in space is in the form of X rays.  These X rays usually have a black body spectrum characteristic and a temperature of 1 to 15 KeV (multi-stage weapons have more than one such spectra superimposed).  These X rays are deposited in a thin (< 1 mm) surface layer, producing a mechanical shock wave and heating (possibly melting and/or evaporating) some of that layer.  This all takes place in < 10-7 seconds. 

6.2.177  Through Bulkhead Initiator. 


A through bulkhead initiator is a high order detonation transfer element which propagates the detonation through an integral metal bulkhead by transmitting shock waves from the donor side to the acceptor side.  The through bulkhead initiator is generally used where complete sealing is needed between explosive elements after firing.

6.2.178  Throughput.  


A measure of the amount of work performed by a computer system over a  period of time.  Figure of merit for a system.

6.2.179  Timeline.


An operational time line should be established for the space vehicle that identifies the planned operational configurations and status of the space vehicle for all operating modes including acceptance testing, prelaunch checks, launch, orbit injection, attitude acquisition, on orbit, and reentry conditions as may be applicable.  This time line should include the cycling of the various loads or load groups on or off as planned, expected, or commandable for each operating mode of the space vehicle.  Both sunlight and eclipse conditions, high and low bus voltages, and other predictable operating conditions shall be included.  This operational time line should be at least as long as the service life of the space vehicle.

6.2.180  Timer.   


A register whose contents are changed at regular intervals in such a manner as to measure time.

6.2.181  Tracking.  


Observing and collecting data to plot the moving path of an object.

6.2.182  Transient.  


A transient is that. part of the variation in a variable that ultimately disappears during transition from one steady-state operating condition to another.  Transients are aperiodic and include non-recurring current surges and voltage spikes.

6.2.183  Transmitter.  


A device that transmits RF energy to a site where it can be further processed.  Devices used for generation of signals of any type and form which are to be transmitted.

6.2.184  Transponder.


A transmitter/receiver used in satellite communications for relaying data. 

6.2.185  Ultimate Factor Of Safety.  


The ultimate factor of safety of structure is the ratio of the ultimate load to the limit load.

6.2.186  Ultimate Load  


The ultimate load is the product of the limit load and the ultimate factor of safety. (See 6.2.186)  It is the maximum load which the structure must withstand with out rupture or collapse in the expected operating environments.

6.2.187  Utilization Equipment.


Utilization equipment are comprised of all the electrical loads external to the electrical power subsystem to which the specified DC power is supplied.

6.2.188  Vehicle  


A space vehicle is an integrated set of subsystems and units capable of supporting an operational role in space.  A space vehicle may be an orbiting vehicle, a major portion of an orbiting space vehicle, or a payload which performs its mission while attached to a launch or upper-stage vehicle.

6.2.189  Voltage Standing Wave Ratio (VSWR).  


In a waveguide, the ratio of the electric field at a voltage minimum to the amplitude at an adjacent voltage maximum.

6.2.190  Watchdog Timer.  


Electronic interval timer which will generate priority interrupt values periodically recycled by a computer.  It is used to detect program stall or hardware failure conditions.

6.2.191  Watt.   


Metric unit for power.  The rate of doing work or power expended equal to 107 ergs/second, 34,192 BTU/hr, or 44.27 foot pounds/minute.

6.3  Acronyms.

ACAT
Acquisition Category 

ASAT
Anti-Satellite 

ASR
Alternative Systems Review

ASRL
Anti-Satellite Research Lab

AU
Astronomical Unit (1.5 X 108 Km)

BCD
Baseline Concept Description

BER
Bit Error Rate

BNA
Boeing North American

BOL
Beginning Of Life

BPS
Bits per Second

CARD
Cost Analysis Requirements Document

CCA
Critical Capability Area

CDR
Critical Design Review

CDRL
Contract Data Requirements List

CE
Concept Exploration (Phase I)

CE&D
Concept Exploration and Definition 

CI
Configuration Item

CO
Carbon Monoxide

CO2
Carbon Dioxide 

COTS
Commercial Off-The-Shelf

CPAT
Critical Process Assessment Tool

CSOW
Contract Statement of Work 

CW
Continuous Wave

CWBS
Contract Work Breakdown Structure 

dB
Decibel 

DEMP
Dispersed Electromagnetic Pulse

DET
Direct-Energy-Transfer

DF
Deuterium Fluoride 

DIA
Defense Intelligence Agency

DID
Data Item Description

DoD
Department of Defense

DT&E
Development Test and Evaluation

DTC
Design to Cost (See also DTUPC, UPC)

DTUPC
Design to Unit Production Cost (See also DTC, UPC)

EBB
Electronic Bulletin Board

EELV
Evolved Expendable Launch Vehicle

EIRP
Effective Isotropic Radiated Power

EMD
Engineering and Manufacturing Development (Phase II)

EMP
Electromagnetic Pulse

EOL
End Of Life

EPS
Electrical Power System

eV
Electron Volt (= 1.6 X 10-19 joule)

FCA
Functional Configuration Audit

FFBD
Functional Flow Block Diagram

FOT&E
Follow-On Operational Test and Evaluation

FRD
Functional Requirements Document

GEO
Geosynchronous Earth Orbit

GHz
Gigahertz = 109 hertz

Gy
Gray = 1 joule/kilogram

HDBK
Handbook

HF
Hydrogen Fluoride

Hz
Hertz (Cycles per Second)

ICBM
Intercontinental Ballistic Missile

ICD
Interface Control Document

ILS
Integrated Logistics Support

IMP
Integrated Master Plan

IMS
Integrated Master Schedule

IOT&E
Initial Operational Test and Evaluation

IPD
Integrated Product Development -- See IPPD

IPPD
Integrated Product and Process Development 

IPT
Integrated Product Team 

IRS
Interface Requirements Specification

JCS
Joint Chiefs Of Staff

KeV
Kilo Electron Volt = 1.6 x 10-6 joule

KM
Kilometer

kW
Kilowatt

L
Section of an RFP that includes the Proposal Preparation Instructions

LAAFB
Los Angeles Air Force Base

LCC
Life Cycle Cost

LEO
Low Earth Orbit

LRU
Line Replaceable Unit

LRIP
Low Rate Initial Production

LSA
Logistics Support Analysis

LSI
Large Scale Integration

M
Section of an RFP that includes the evaluation criteria.  

MHz
Megahertz

MDA
Milestone Decision Authority

MIS
Management Information System

MLI
Multi-layer Insulation

MNS
Mission Need Statement

MSSRP
Military Specifications and Standards Reform Program 

MTBF
Mean Time Between Failure

NDI
Non-Developmental Item

NH&S
Nuclear Hardness and Survivability

NMi
Nautical Mile = 1.85 km

NVR
Nonvolatile Residue

O&S
Operations and Support

ORD
Operational Requirements Document

OT&E
Operational Test and Evaluation (IOT&E and/or FOT&E)

PCA
Physical Configuration Audit

PCO
Procuring Contracting Officer

PDR
Preliminary Design Review

PPI
Proposal Preparation Instructions

PPT
Peak-Power Tracker 

PWBS
Program or Project Work Breakdown Structure (WBS)

RCM
Requirements Correlation Matrix

RF
Radio Frequency

RFP
Request for Proposal

SAW
Surface Acoustic Wave

S/C
Spacecraft

SDR
System Design Review

SEMP
System Engineering Management Plan

SFR
System Functional Review

Si
Silicone

SMATH
Satellite Material Hardening

SOO
Statement of (Government) Objectives

SOS
Silicone or Sapphire

SOW
Statement of Work

SPO
System Program Office

SPP
Survivability Program Plan

SRD
System Requirements Document

SREMP
Source Region Electromagnetic Pulse

SRR
System Requirements Review

SRU
Shop Replaceable Unit

SSS
System/Subsystem Specification

STAR
System Threat Assessment Report

ST
Special Tooling

STE
Special Test Equipment

SVR
System Verification Review

Ta
Tantalum

TDP
Technical Data Package

Ti
Titanium

TPM
Technical Performance Measure

TRD
Technical Requirements Document

TT&C
Telemetry, Tracking and Control

TWTA
Traveling-Wave Tube Amplifiers

u
Micron = 10-4 cm

UHF
Ultra-High Frequency

USC
United States Congress

WBS
Work Breakdown Structure

Z
Atomic Number

6.4  Subject Term (Key Word) Listing.

6.5  Changes From Previous Issue. 

APPENDIX A   Specification Guide, Space System, Handbook for
A.1  Scope.

A.1.1  Purpose.


This appendix supports the application of the Space System Specification Guide that forms the main body of this document.  The Specification Guide is a template or starting point for preparing a system specification, System Requirements Document (SRD), or similar requirements document for a satellite system.  The Guide can be used by the Government to develop a requirements document for inclusion in a Request for Proposal (RFP) or by a Contractor for submittal in a proposal or as a data item under a contract.  To facilitate its use in the preparation or maintenance of a system specification by a Contractor, the outline of the main body of the document closely follows that defined in Data Item Description (DID) DI-IPSC-81431, a modern system specification description.  As a result, the Specification Guide can be cited as part of the tailoring of the DID to contractually define the contents of the system specification for a program.  

A.1.2  Overview.


Each subsection in Sections 2 through 4 of the main body of the document is repeated in order starting with Section 2 below.  The text in each subsection is enclosed in a box.  The boxed text is then usually followed by one or both of the following headers:  


Guidance for tailoring the requirement(s).  This header precedes instructions for filling in any blanks in the text and for tailoring any generic definitions or requirement(s) in the text to your specific system.  


Rationale/Lessons learned underlying the requirement(s).  This header precedes lessons learned, best practices, and other background and guidance that may be helpful in tailoring and meeting the requirement(s).  

A.1.3  Use. 


First, insert the name or other designator for the system in the blank in Section 1.1 and the first blank in Section 1.2 in the Guide Specification in the main body of this document.  In the second blank in 1.2, insert a system overview including, if applicable, a reference to the Operational Requirements Document (ORD) or other requirements document which the system is intended to satisfy.  


Then, use the information presented below to fill in the blanks and otherwise tailor the requirements in Sections 2 through 4 of the Guide Specification to the system.  As you address each subsection, first review and follow the instructions for that sub section in the Data Item Description DI-IPSC-81431.

A.2  Referenced Documents.


The following documents are applicable to the extent specifically stated herein.  Any documents listed in the following documents (third tier) are for reference only.  

Guidance for tailoring the requirement(s).  


Usually, no tailoring will be necessary for this section.  If, however, it is intended that documents below second tier are to be for compliance, then the second sentence should be tailored accordingly.  For example, selected third tier documents could be cited by replacing the second sentence above with the following: “Any documents listed in the following documents (third tier) are for reference only except where explicitly specified herein.”  

A.2.1  Government Documents.

A.2.1.1  Government Compliance Documents.

Guidance for tailoring the requirement(s).  

Rationale/Lessons learned underlying the requirement(s).  

A.2.1.2  Government Reference Documents.

Guidance for tailoring the requirement(s).  

Rationale/Lessons learned underlying the requirement(s).  

A.2.2  Other Documents.

A.2.2.1  Other Compliance Documents.

Guidance for tailoring the requirement(s).  

Rationale/Lessons learned underlying the requirement(s).  

A.2.2.2  Other Reference Documents.

Guidance for tailoring the requirement(s).  

Rationale/Lessons learned underlying the requirement(s).  

A.2.3  Precedence.


In the event of conflicts between the documents referenced herein and the contents of this specification, the requirements of this document shall take precedence.  The contracting officer shall be notified of any instances of conflicting requirements.  

Guidance for tailoring the requirement(s).  


Usually, no tailoring will be necessary for this subsection.  If an individual such as the Technical Representative of the Contracting Officer is to be notified instead of the contracting officer, then the last sentence should be tailored accordingly.  Note also that the instructions for this section in Data Item Description (DID) DI-IPSC-81431 fall under section 3.18 in the outline in the DID.  The subsection on precedence has been moved to Section 2 in case any of the documents listed there are cited in a section other than Section 3 of the specification.  

A.3  Performance Requirements.

A.3.1  Required States and Modes.

___________________________________________________________________________________.

Guidance for tailoring the requirement(s).  


Insert system states and modes, if any, that are required for the system to meet the mission requirements, adding subsections below 3.1 as necessary to ease future tracking of the requirements.  If no specific states and modes are required other than those which are allocable from subsequent requirements, then insert “Reserved” in the blank.  If subsections to 3.1 are added, insert corresponding entries in the tables in Sections 4.2 and 4.3 below.  

Rationale/Lessons learned underlying the requirement(s).  


Specific system states and modes may be required, especially where the mission indicates the application of digital or software-intensive technologies.  

A.3.2  System Capability Requirements.

A.3.2.1  ________________________________ 

____________________________________________________________________________________.  

Guidance for tailoring the requirement(s).  


Starting with the title and body text for Section 3.2.1, insert the system-level mission-specific requirements.  State each requirement in verifiable, performance terms and so that each can be readily parsed and tracked separately from all other requirements.  Add additional subsections between 3.2.1 and the following subsection titled Space Vehicle Requirements as necessary to capture all system-level mission requirements in a clear, comprehensive structure.  For each subsection added, add an entry to the tables in 4.2 and 4.3 and appropriately renumber the subsequent subsections as well as the entries in the tables in 4.2 and 4.3 that correspond to those subsections.  

A.3.2.2  Space Vehicle Requirements


The space vehicle consists of those elements of the system that are intended to be deployed beyond the earth’s atmosphere.  

____________________________________________________________________________________.

Guidance for tailoring the requirement(s).  


If it is unnecessary to state any requirements at the space vehicle or lower level, enter “Reserved” at the beginning of this subsection and delete all else.  


If the definition at the beginning needs tailoring, the definition should cover any structural, thermal, mechanical, electrical power (sources and distribution), sensor, electrical and electronics equipment (including computer, communications, and tracking and telemetry), software, propulsion, ordnance, guidance and control, and/or separation elements of the space vehicle that are necessary to meet mission requirements.  


In the blank paragraph after the definition, insert any requirements for the space vehicle that are not already captured by and allocable from the system-level requirements in the preceding subsections.  State the requirements in verifiable, performance terms so that they can be readily parsed and separately tracked.  Add subsections below 3.2.2 for clarity and ease of tracking the requirements in the future.  For each subsection added, add an entry to the tables in 4.2 and 4.3. 

Rationale/Lessons learned underlying the requirement(s).  


Certain requirements for the space system will not apply to the terrestrial elements of the system and may, therefore, be more practically or clearly stated at the space vehicle level.  

A.3.2.2.1  Payload Requirements.

The payload consists of __________________.

____________________________________________________________________________________.  

Guidance for tailoring the requirement(s).  


If it is unnecessary to state any requirements at the payload level, enter “Reserved” at the beginning of this subsection and delete all else.


If the space vehicle has more than one payload, list them in this subsection and add lower tier subsections to define each along with their requirements.   If subsections are added, add corresponding entries to the tables in 4.2 and 4.3


Insert a definition for the space vehicle payload that covers (though does not necessarily list) all structural, thermal, mechanical, sensor, electrical power distribution, electrical and electronics equipment (including computer, communications, and tracking and telemetry), software, propulsion, and ordnance elements. 

In the paragraph(s) after the definition, insert any requirements for the payload that are not already captured by and allocable from higher-level requirements in the preceding subsections.  State the requirements in verifiable, performance terms and so that they can be readily parsed and separately tracked. Add lower tier subsections to this subsection if useful for clarity and ease of tracking the requirements in the future.  For each subsection added, add an entry to the tables in 4.2 and 4.3  

Rationale/Lessons learned underlying the requirement(s).  


Certain requirements for the space system may be more practically or clearly stated at the payload level.  

A.3.2.2.2  Spacecraft Requirements.


The spacecraft consists of all elements of the space vehicle other than the payload. 

____________________________________________________________________________________.  

Guidance for tailoring the requirement(s).  


If it is unnecessary to state any requirements at the spacecraft level, enter “Reserved” at the beginning of this subsection and delete all else.


If there are more than one payload, make the last word in the definition plural.  If it is necessary to tailor the definition otherwise, it should be carefully crafted to cover all spacecraft elements.  In the blank paragraph after a definition, insert any requirements for the spacecraft that are not already captured by and allocable from higher-level requirements in the preceding subsections.  State the requirements in verifiable, performance terms and so that they can be readily parsed and separately tracked.  Add lower tier subsections to this subsection if useful for clarity and ease of tracking the requirements in the future.  For each subsection added, add an entry to the tables in 4.2 and 4.3  

Rationale/Lessons learned underlying the requirement(s). 


Certain requirements for the space system may be more practically or clearly stated at the spacecraft level.  For example, requirements for P4I provisions for future payloads might be most readily stated in verifiable terms at the spacecraft level.  

A.3.2.3  Terrestrial Communications and Control Requirements.

The terrestrial communications and control elements of the system consist of __________________.

___________________________________________________________________________

Guidance for tailoring the requirement(s).  


If it is unnecessary to state any requirements at the terrestrial communications and control or lower level, enter “Reserved” at the beginning of this subsection and delete all else.  


The definition at the beginning of the subsection should cover any electrical power (sources and distribution), electrical and electronics equipment (including computer, communications, and tracking and telemetry), software, thermal, mechanical, and facilities elements of the terrestrial communications and control that are necessary to meet mission requirements.  


In the blank paragraph after the definition, insert any requirements for terrestrial communications and control that are not already captured by and allocable from the system-level requirements in preceding subsections.  State the requirements in verifiable, performance terms and so that they can be readily parsed and separately tracked.  Add further subsections to this subsections for clarity and ease of tracking the requirements in the future.  For each subsection added, add an entry to the tables in 4.2 and 4.3  

Rationale/Lessons learned underlying the requirement(s).  


Certain requirements for the space system will not apply to the space or user elements of the system and may, therefore, be more practically or clearly stated at the terrestrial communications and control level.  

A.3.2.4  User Equipment Requirements.

The user equipment consists of _________________________________________________.  

__________________________________________________________________________.

Guidance for tailoring the requirement(s).  


If it is unnecessary to state any requirements at the user equipment or lower level, enter “Reserved” at the beginning of this subsection and delete all else.  


The definition at the beginning of the subsection should cover any electrical power (sources and distribution), electrical and electronics equipment (including computer, communications, and tracking and telemetry), software, thermal, mechanical, and facilities elements of the user equipment that are necessary to meet mission requirements.  


In the blank paragraph after the definition, insert any requirements for user equipment that are not already captured by and allocable from the system-level requirements in preceding subsections.  State the requirements in verifiable, performance terms and so that they can be readily parsed and separately tracked.  Add further subsections to this subsections for clarity and ease of tracking the requirements in the future.  For each subsection added, add an entry to the tables in 4.2 and 4.3  

Rationale/Lessons learned underlying the requirement(s).  


Certain requirements for the space system will not apply to the space vehicle or the terrestrial communications and control elements of the system and may, therefore, be more practically or clearly stated at the user equipment level.  

A.3.3  System External Interface Requirements.

_____________________________________________________________________________________________________________________________________________________.  

Guidance for tailoring the requirement(s).  


If there are no external interface requirements, insert “Reserved” in the blank.  Otherwise, in the blank paragraph, list the interfacing systems or facilities.  If there are more than one, add a subsection of 3.3 for each.  In each subsection, define an interfacing system and either provide the interface requirements or cite another document that does.  If another document is cited, state the extent to which it is applicable (if in its entirety, so state) and also list the title, date, version, and issuing agency in the appropriate subsection of Section 2.  If subsections are added, add corresponding entries to the tables in 4.2 and 4.3.
Rationale/Lessons learned underlying the requirement(s).  


The design and operation of most systems is constrained by mechanical, electrical, and/or functional interfaces with other systems or facilities.  The resulting constraints must be determined and a design response provided for the system to have the necessary functionality.  For most satellite systems, the interfaces include those with the launch system(s); the facilities and land, sea, and/or air platforms in which the terrestrial control, communications, and User elements of the system are installed; communications systems that carry system data; and other systems that provide data to or use data from the system.  If the specification is being prepared for an upgrade of part of a system, then there also will be system elements already in place with which the upgrade must interface.  

A.3.4  System Internal Interface Requirements.

____________________________________________________________________________________.  

Guidance for tailoring the requirement(s).  


If there are no internal interface requirements that need to be stated at the system level, insert “Reserved” in the blank.  Otherwise, in the blank paragraph, define the requirements, adding subsections as necessary for clarity and to ease tracking the requirements in the future.  If another document is cited in defining the requirements, state the extent to which it is applicable (if in its entirety, so state) and also list the title, date, version, and issuing agency in the appropriate subsection of Section 2.  If subsections are added to this subsection, add corresponding entries to the tables in 4.2 and 4.3.
Rationale/Lessons learned underlying the requirement(s).  


The design and operation of most elements of a system is constrained by mechanical, electrical, and/or functional interfaces with other elements of the system.  Because of pre-planned upgrades (such as applying an evolving  technology when it is mature), it may be appropriate to place requirements on internal interfaces.  Most internal interface requirements, however, need only be defined for each element, not at the system level.  

A.3.5  System Internal Data Requirements.

______________________________________________________________________________________________________________________________________________________

Guidance for tailoring the requirement(s).  


If there are no internal data requirements that need to be stated at the system level, insert “Reserved” in the blank.  Otherwise, in the blank paragraph, define the requirements, adding subsections as necessary for clarity and to ease tracking the requirements in the future.  If another document is cited in defining the requirements, state the extent to which it is applicable (if in its entirety, so state) and also list the title, date, version, and issuing agency in the appropriate subsection of Section 2.  Note that the instructions in the DID DI-IPSC-81431 place design constraints such as the use of particular data standards in a subsection of 3.12 – See 3.12.2.6 below.  If subsections are added to this subsection, add corresponding entries to the tables in 4.2 and 4.3.
Rationale/Lessons learned underlying the requirement(s).  


The design and operation of software intensive systems involves significant internal data elements.  To facilitate future upgrades or software maintenance over the life cycle, it may be cost effective to levy requirements on the internal data.  

A.3.6  Adaptation Requirements.

____________________________________________________________________________________.  

Guidance for tailoring the requirement(s).  


If there are no adaptation requirements that need to be stated at the system level, insert “Reserved” in the blank.  Otherwise, in the blank paragraph, define the requirements, adding subsections as necessary for clarity and to ease tracking the requirements in the future.  If another document is cited in defining the requirements, state the extent to which it is applicable (if in its entirety, so state) and also list the title, date, version, and issuing agency in the appropriate subsection of Section 2.  Care should be taken not to confuse the requirements stated in this subsection with those in 3.3.  If subsections are added to this subsection, add corresponding entries to the tables in 4.2 and 4.3.
Rationale/Lessons learned underlying the requirement(s).  


If system elements are required to operate in multiple space orbits or if terrestrial elements are required to operate at multiple geographic locations or in multiple platforms (ships, aircraft, or land vehicles), the requirement for the system to adapt to (or to be adapted or adaptable to) each location must be stated.  Requirements to physically or functionally interface with other facilities or systems should, however, be stated in 3.3 rather than here.  

A.3.7  Safety Requirements For Space And Terrestrial System Elements.

A.3.7.2  Safety For Pressurized Systems. 

A.3.7.3  Electroexplosive Subsystem Safety Parameters For Space Systems.
A.3.7.3.1.1  General Design. 


Electroexplosive subsystems (EES) shall meet design requirements under the specified environmental conditions. (See 6.2.63).

Guidance for tailoring the requirement(s).


Environmental conditions are specified in either the individual design requirements or in test requirements. When designing to meet the environmental conditions in test requirements, one must consider not only a specific test method, but also the environmental conditioning the device receives due to the sequence in which test methods are accomplished.

A.3.7.3.1.2.3.1  Electrostatic Protection.  


Electroexplosive devices shall be protected from electrostatic hazards by the placement of resistors from line-to-line and from line-to-ground (structure).

Guidance for tailoring the requirement(s).


The placement of line-to-structure static bleed resistances is not considered to violate the single-point ground requirements as long as the parallel combination of these resistors are 10k ohms or more.

A.3.7.3.1.2.3.2  Monitor Circuits (Portable or Built-In).


Application of operational voltage to the monitor circuit shall not compromise the safety of the firing circuit nor cause the electroexplosive subsystem to be armed.

Guidance for tailoring the requirement(s).


Additional monitoring circuit requirements that should be considered are:

1. Monitoring currents should be limited to one-tenth of the no-fire current level of the EED or 50 milliamps whichever is less.

2. Monitor circuits and test equipment that applies current to the bridgewire should be designed to limit the open circuit output voltage to one volt.

3. Fault tolerance requirements of paragraph 4.2 should apply to monitor circuits and associated equipment.

A.3.7.3.1.2.4.  Safety Provisions.

A.3.7.3.1.2.4.1  S&A Safety Provisions.  


The provisions that follow apply to all devices using mechanical barriers.

a. The safe and arm device shall contain a mechanical safety barrier between the EED and the explosive train when the S&A is in the safe (disarmed) position. 

b. In the armed position, the safe and arm safety barrier shall be aligned to permit ignition or detonation of the explosive train.

c. In the safe (disarmed) position, inadvertent ignition of the EED shall not result in ignition or detonation of the subsequent explosive elements including any explosives within the S&A. 

d. In the safe (disarmed) position, both power and return lines shall disconnected.

e. In the safe (disarmed) position, the EEDs shall be shorted and the short shall be grounded through an appropriate resistance. If the resistor(s) remain connected to the firing circuit in the arm position, it shall be a minimum of    (specify)    ohms.

f. Establishing and breaking circuit continuity, and shorting and unshorting of the electrical initiators shall be accomplished by actuation of the device to align, and disalign the EEDs with the rest of the explosive train.

g. Transition of the barrier from the safe to the arm position for a rotating barrier shall require a minimum of    (specify)   degrees rotation of the mechanical barrier.

h. The devices shall be designed to meet all performance requirements after the application of maximum operational arming voltages continuously for periods of up to    (specify)    minutes with the safing pin installed.  Stalling shall not create a hazardous condition when arming voltages are applied continuously for one hour with the safing pin installed.

Guidance for tailoring the requirement(s).


Items e, g, h: See MIL-HDBK-1576 Section 5.12.3.1 


Item c: This should be demonstrated during the development stage using three mechanically and explosively similar devices in the 50 degree from safe position for rotating barriers and midway between the safe and the armed position, for sliding barriers in accordance with barrier Test method 2410. See MIL-HDBK-1576 Section 5.12.3.1 and 6.12.2.12 for Test Method 2410 Barrier Test.

A.3.7.3.1.2.4.2  Safe & Arm Simulator Resistors.  


Application of operational voltage for times in excess of    (specify)     seconds shall not create a hazardous condition.

Guidance for tailoring the requirement(s).

a. S&A devices may contain a simulator resistor across each of the firing line circuits to permit testing of the firing circuit without energizing the electrical initiators.

b. The application of operational voltages to the resistor for a duration of 20 seconds, minimum, should not cause degradation in performance of the device.


See MIL-HDBK-1576 Section 5.12.7 for developing requirements. 

A.3.7.3.1.2.6  Hazard Classification.  


Ordnance items shall have a Military Hazard Classification and Compatibility Grouping.

Guidance for tailoring the requirement(s).


Classification should be in accordance with DOD 5154.48 or if not already classified, classification should be in accordance with AFTO 11A-1-47.

A.3.7.3.1.2.7  Safety Reliability Demonstrations.  


The reliability of the safety features of the electroexplosive subsystem shall be considered demonstrated with the successful completion of the required qualification and acceptance testing.  The capability of the EED output in performing its intended function shall be verified.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 Paragraphs 6.7 Qualification, Inspection and Test and 6.8  Lot Acceptance Sampling, Inspections and Tests

A.3.8  Security and Privacy Requirements.

The system shall be protected against ___________________________________________.

Guidance for tailoring the requirement(s).  


Starting with the blank, define the requirements, adding subsections below this subsection as necessary for clarity and to ease tracking the requirements in the future.  If another document, such as a threat assessment, is cited in defining the requirements, state the extent to which it is applicable (if in its entirety, so state) and also list the title, date, version, and issuing agency in the appropriate subsection of Section 2.  If subsections are added to this subsection, add corresponding entries to the tables in 4.2 and 4.3.
Rationale/Lessons learned underlying the requirement(s).  


Military space systems are valuable assets that must be protected from theft, vandalism, and the like.  

A.3.9  System Environment Requirements.

A.3.9.1  General Environmental Requirement.  


The contractor shall describe the plans and controls to be implemented to assure that the system is designed and tested to withstand all pertinent environmental conditions, naturally occurring and induced or man-made, to which the system will be subjected during its life cycle. (see 6.2.170).

Guidance for tailoring the requirement(s).


The following lists the reference documents where additional guidance can be found for developing environmental requirements for specific missions.

Reference Document
Title/Subject



MIL-HDBK-310
Global Climatic Data For Developing Military Products. (Dated 23 JUN 97.)

MIL-HDBK-1809
Space Environment For Space Vehicles. (Proposed draft dated May 97.)

MIL-HDBK-340-A
Test Requirements For Launch, Upper-Stage, and Space Vehicles. (Proposed draft dated 26 June 97)

MIL-HDBK-1766
Nuclear Hardness And Survivability Program Guidelines (Proposed draft dated 4 December 97.)

MIL-STD-810E
Environmental Test Methods and Engineering Guidelines. (Dated 14 July 89.)

A.3.9.1.1  Detailed Environmental Requirements.
A.3.9.1.1.1 Natural Environment Requirements. 

A.3.9.1.1.1.1  Terrestrial Environment Requirements. 


To the greatest extent feasible, vehicle/equipment hardware shall be protected from the potentially degrading effects of extreme terrestrial natural environments by procedural controls and special support equipment.

Rationale/Lessons Learned Underlying the Requirement.


It is the intent that environmental design of the vehicle/equipment hardware not be unnecessarily driven by terrestrial natural environments.  Only those environments that cannot be controlled need be considered in the design and testing. 
A.3.9.1.1.1.1.1  Atmosphere.

A.3.9.1.1.1.1.1.1  Wind Profile Studies.  


Wind profile studies shall be developed for each launch site which defines steady state vector winds, vector wind shears, and gusts which produce the maximum vehicle response. 

Guidance for tailoring the requirement(s).


See the following documents to develop this requirement. 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Wind Speed
5.1.10, 5.2.5.9, 5.3.1.7, 40.1.10


Wind Shear. 
5.3.1.8

Rationale/Lessons learned underlying the requirements. 


Wind profile studies for the prelaunch phase should include, if applicable:

1. Peak wind speed for exposure periods and percentiles of exceedance and variation with height. 

2. Gust factors to be applied to the peak design wind speed to obtain mean wind speed. 

3. Ground wind turbulence data. 

4. Normal wind operations.

5. High wind speed operations. 

6. Transportation wind environments to and from the launch pad. 

7. On pad environments and responses with the vehicle fueled and unfueled. 

A.3.9.1.1.1.1.1.1.1  Wind Operations.  


The system shall be capable of accomplishing all vehicle ground operations, including towing, transportation, and on–pad operations in peak winds up to and including specify  m/sec (knots) at specify height level(s)   m from any azimuth, (or specify azimuths o.)
Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Wind Speed
5.1.10, 5.2.5.9, 5.3.1.7, 40.1.10


Wind Shear. 
5.3.1.8

Rationale/Lessons learned underlying the requirements. 

Example of typical wind operations matrix developed for specific launch sites: 

For all azimuths (or specify o ) 
Risk of exceeding   specify %.


PEAK WIND SPEEDS

ALTITUDE
Launch Site I
Launch site II

(m)
(ft.)
m/s
knots
m/s
knots

10
33
15.8
30.8
15.8
30.8

18.3
60
17.7
34.4
17.7
34.4

30.5
100
19.5
37.9
19.5
37.9

61.0
200
22.1
43.0
22.1
43

91.4
300
23.9
46.4
23.9
46.4

A.3.9.1.1.1.1.1.2  Pressure.  


The vehicle/equipment shall be capable of withstanding ambient pressures that change from a low of    (specify)   millipascals, to a high of    (specify)   millipascals, over a duration of __specify duration_ without deleterious effects or loss of performance.

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
High Atmospheric Pressure
5.1.16, 5.2.5.15, 5.3.1.12 , 40.1.16


Low Atmospheric Pressure
5.1.17, 5.2.5.16, 5.3.1.13, 40.1.17

Rationale/Lessons learned underlying the requirements. 


Examples of problems that could occur as a result of exposure to changing pressures:

1. Leakage of gases or fluids from gasket sealed enclosures. 

2. Rupture or explosion of sealed containers. 

3. Change in physical and chemical properties of low density materials.

4. Erratic operation or malfunction of equipment resulting from arching or corona.

5. Overheating of equipment due to reduced heat transfer.

6. Evaporation of lubricants.

7. Erratic starting and combustion of engines.

8. Failure of hermetic seals. 

A.3.9.1.1.1.1.1.3  Density.  


The vehicle/equipment shall be capable of operating in atmospheric densities that range from a low of    (specify)   kg/m3 to a high of    (specify)   kg/m3 without deleterious effects or loss of performance.

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
High Atmospheric Density
5.1.18, 5.2.5.17, 5.3.1.14, 40.1.18


Low Atmospheric Density
5.1.19, 5.2.5.18, 5.3.1.15, 40.1.19

A.3.9.1.1.1.1.1.4  Ozone.  


The vehicle/equipment shall be capable of withstanding ozone concentrations of    (specify)   µg/m3 without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).


The requirement for protection against ozone is normally satisfied by design and the selection of materials that have known properties which resist the effects of ozone.  Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Ozone Concentrations
5.1.20, 5.2.5.19, 5.3.1.16, 40.1.20

A.3.9.1.1.1.1.1.5  Solar Radiation.  


The vehicle/equipment shall be capable of withstanding exposure to the sun (solar radiation) at ground level without damage or loss of performance.

Guidance for tailoring the requirement(s).


See the following documents to develop this requirement.
Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
High Temperatures
5.1.1


Basic Regional Type
5.2.1

Rationale/Lessons learned underlying the requirements. 


The heating effects of solar radiation differ from those of high air temperature alone in that the amount of heat absorbed or reflected depends on the roughness and color of the surface on which the radiation is incident.  In addition to the differential expansion between dissimilar materials, changes in intensity of solar radiation may cause components to expand or contract at different rates, which can lead to severe stresses and loss of structural integrity.  

In addition to the effects listed under Temperature in 3.9.1.1.2.1 appendix A, other effects of heating include: 

1. Jamming or loosening of moving parts.

2. Weakening of solder joints and bonded parts.

3. Change in strength and elasticity.

4. Loss of calibration or malfunction of linkage devices.

5. Loss of seal integrity.

6. Changes in electrical or electronic components.

7. Premature actuation of electrical contacts. 

8. Fading of colors of color-coded components. 

9. Changes in characteristics of elastomers and polymers. 

10. Blistering and peeling of paints and other finishes. 

11. Softening of potting compounds.

A.3.9.1.1.1.1.2  Weather.

A.3.9.1.1.1.1.2.1  Temperature.  


The vehicle/equipment shall be capable of withstanding thermal environments that are between    (specify)   deg C maximum and    (specify)   deg C minimum without deleterious effects or loss of performance.. 

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-340A, VOL. I
Environments
3.3


Maximum & Minimum Expected Temperatures
3.3.1


Margins for Thermal Control
3.3.1.1, 3.3.1.2

MIL-HDBK-310
High Temperature
5.1.1, 5.2.5.1, 5.3.1.1, 5.3.2.1, 40.1.1


Low Temperature
5.1.2, 5.2.5.2, 5.3.1.2, 5.3.2.2, 40.1.2


High Temperature with High Humidity 
5.1.5, 5.1.6, 5.2.5.5, 40.1.5, 40.1.6


High Temperature with Low Humidity
5.1.8, 5.2.5.7, 40.1.8 


Low Temperature with High Humidity
5.1.7, 5.2.5.6, 40.1.7


Low Temperature with Low Humidity  
5.1.9, 5.2.5.8, 40.1.9

Rationale/Lessons learned underlying the requirements. 


High temperature may temporarily or permanently impair the performance of a component by changing the physical properties or dimensions of the materials(s).  Examples of some other problems that could occur as the result of high temperature exposure are as follows: 

1. Parts binding from differential expansion of dissimilar materials.

2. Lubricants becoming less viscous; joints losing lubrication by outward flow and outgassing of lubricants.

3. Materials changing in dimension, either totally or selectively.

4. Packing, gaskets, seals, bearings and shafts distorting, binding , and failing causing mechanical or integrity failures. 

5. Gaskets displaying permanent set.

6. Closure and sealing strips deteriorating.

7. Fixed-resistance resistors changing in values.

8. Electronic circuit stability varying with differences in temperature gradients and differential expansion of dissimilar materials. 

9. Transformers and electromechanical components degrading and overheating.

10. Altering of operating/release margins of relays and magnetic or thermally activated devices.

11. Shortened operating lifetime.

12. Solid propellants or grains separating.

13. High pressures created within sealed containers.

14. Accelerated burning of explosives or propellants.

15. Expansion of cast explosives within their cases.

16. Melting and exuding of explosives.

17. Discoloration, cracking or crazing of organic materials.  


Low temperatures have adverse effects on almost all basic materials.  As a result, exposure of components to low temperatures may either temporarily or permanently impair the operation of the components by changing the physical properties of the material(s).  Therefore, low temperature tests must be considered whenever sensitive components are exposed to temperatures below standard ambient.  Examples of some problems that could occur as the result of exposure to cold are:

1. Hardening and embrittlement of materials.

2. Binding of parts from differential contraction of dissimilar materials and the different rates of expansion of different parts in response to temperature transients. 

3. Loss of lubrication and lubricant flow due to increased viscosity.

4. Changes in electronic components.

5. Changes in performance of transformers and electromechanical components.

6. Stiffening of shock mounts.

7. Cracking of explosive solid pellets or grains, such as ammonium nitrate.

8. Cracking and crazing, embrittlement, change in impact strength, and reduced strength.

9. Static fatigue of restrained glass.

10. Condensation and freezing of water.

11. Decrease in dexterity, hearing, and vision of personnel wearing protective clothing.

12. Change of burning rates. 

A.3.9.1.1.1.1.2.2  Humidity.  


The vehicle/equipment shall be capable of withstanding high and low humidity environments that are between    (specify)  percent maximum relative humidity and    (specify)  percent minimum relative humidity without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
High Absolute Humidity 
5.1.3, 5.2.5.3, 5.3.1.3, 40.1.3


Low Absolute Humidity 
5.1.4, 5.2.5.4, 5.3.1.4, 40.1.4


High Relative Humidity
5.3.1.5


Low Relative Humidity
5.3.1.6


Basic/Constant High Humidity Diurnal cycle
5.2.1.3


Basic/Variable High Humidity Diurnal cycle
5.2.1.4

Rationale/Lessons learned underlying the requirements. 


Moisture can cause physical and chemical deterioration of material to include surface effects such as corrosion, and biologic growth; changes in material properties due to moisture penetration, and electrical or mechanical performance effects due to condensation,. Typical problems that can result from exposure to a warm, humid environment include:

1. Swelling of materials due to moisture absorption. 

2. Loss of physical strength. 

3. Changes in mechanical properties.

4. Degradation of electrical and thermal properties in insulating materials.

5. Electrical shorts due to condensation.

6. Binding of moving parts due to corrosion or fouling of lubricants.

7. Oxidation and/or galvanic corrosion of metals.

8. Loss of plasticity.

9. Accelerated chemical reactions. 

A.3.9.1.1.1.1.2.3  Rain.  


The vehicle/equipment shall be capable of withstanding a rainfall rate of     (specify)  mm for a duration of __specify duration_ without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Rainfall Rate
5.1.11, 5.2.5.10, 40.1.11 


Precipitation Rate 
5.3.1.9, 


Water Concentration (Liquid/Solid) in Precipitation.
5.3.1.10


Rainfall Rate/Water Concentration
5.3.2.5


Ice Accretion (Freezing rain)
5.1.14  

Rationale/Lessons learned underlying the requirements. 


Rain, when falling, upon impact, and as deposited (water) has a variety of effects on materials and operations. 

· In the atmosphere, it:

1. Interferes with or degrades radio communication.

2. Limits radar effectiveness.

3. Limits visibility.

4. Damages vehicle in flight. 

5. Affects launch operations. 

6. Degrades or negates optical surveillance. 

7. Decreases effectiveness of personnel in exposed activities. 

8. Causes some fuses to malfunction. 

· On impact, it erodes surfaces. 

· After deposition, it:

1. Degrades the strength of some materials. 

2. Promotes corrosion of metals.

3. Deteriorates surface coatings.

4. Can render electrical or electronic apparatus inoperative or dangerous.

· After penetration into containers, it:

1. Causes malfunction of electrical equipment.

2. May freeze inside equipment, which may cause delayed deterioration and malfunction by swelling or cracking of parts.

3. Causes high humidity, which can, in time, encourage corrosion and fungal growth.

4. Causes slower burning of propellants. 

· Freezing Rain.  


A buildup of ice occurs in three principal ways:  (1) from rain falling on an item whose temperature is below freezing (0o C),  (2) from freezing rain falling on an item at or near freezing, or  (3) from sea spray which coats equipment when temperatures are below freezing.  Mil-HDBK-310 identifies two conditions commonly encountered: clear, glaze ice and granular, rime ice.  Glaze ice occurs when rain or drizzle freezes on objects, and is nearly as dense as pure ice.  Rime ice occurs when fog droplets or drizzle falls on surfaces colder than 0o C.  It is white and since it is saturated with air, it is much less dense than glaze ice.  Since glaze ice is more difficult to remove and has a density approximately four times greater than rime ice, it is a more significant factor in considering its effects on components.  


Ice formation can impede equipment operation and survival and effect the safety of operating personnel by creating the following problems:

1. Binds moving parts together.

2. Adds weight to vehicle components. 

3. Interferes with clearances between moving parts. 

4. Induces structural failures. 

5. Reduces airflow efficiency.

6. Impedes visibility. 

7. Effects transmission of electromagnetic radiation. 

8. Leads to increased probability of damage to equipment from the employment of mechanical, manual, or chemical ice removal measures. 

A.3.9.1.1.1.1.2.4  Blowing Snow.  


The vehicle/equipment shall be capable of withstanding blowing snow mass flux rates of      (specify)  g/m2 at a height of    (specify)  m with wind speeds of    (specify)  knots without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Blowing Snow
5.1.12, 5.2.5.11, 40.1.12 

A.3.9.1.1.1.1.2.5  Snow Loads.  


The vehicle/equipment shall be capable of withstanding snow loads of       (specify)  kg/m2 without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Snow Loads
5.1.13

A.3.9.1.1.1.1.2.6  Hail.  


The vehicle/equipment shall be capable of withstanding hailstone impacts with stone diameters up to     (specify)  mm and/or maximum densities of    (specify)  gm/cm3  with terminal velocities not exceeding     (specify)  mps without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Hail Size
5.1.15, 5.2.5.14, 5.3.1.11, 40.1.15

A.3.9.1.1.1.1.2.7  Sand/Dust.  


The vehicle/equipment shall be capable of withstanding particle concentrations of     (specify)  g/m2 with wind speeds up to     (specify)  mps at a height above ground level of    (specify)  m without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Sand and Dust
5.1.21, 5.2.5.20, 40.1.21

Rationale/Lessons learned underlying the requirements. 


An airborne sand and dust environment, associated most often with the hot-dry regions of the earth, exists seasonally in other regions.  Naturally occurring sand and dust storms are an important factor in the design of systems but sand and dust associated with mans activities should also be considered.  Examples of problems that could occur as a result of exposure of components to blowing sand and dust are:

1. Abrasion of surfaces.

2. Penetration of seals.

3. Erosion of surfaces.

4. Degradation of electrical circuits. 

5. Clogging of openings and filters. 

6. Physical interference with mating parts. 

7. Fouling of moving parts. 

8. Exothermal reaction (thermite effects) of clay particles (with aluminum oxide) at high temperatures, producing heat which could cause high-temperature corrosion and produce extremely hard, erosive particles. 

A.3.9.1.1.1.1.2.8  Salt Fog.  


The vehicle/equipment shall be capable of withstanding a salt spray atmosphere without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).


This requirement may be satisfied by providing proper protection against this environment using suitable preservation means and protective shipping and storage containers. 

Reference Document
Subject
Section/Paragraph Numbers

MIL-STD-810E
Salt Fog
509.3

MIL-HDBK-340A, VOL. I
Salt Fog Test, Unit Qualification.
6.4.12.5

Rationale/Lessons learned underlying the requirements. 


The effects of exposure of components to an environment where there is an aqueous salt atmosphere can be divided into three broad categories:  (1) corrosion effects,  (2) electrical effects, and  (3) physical effects. 

· Corrosion Effects:

1. Corrosion due to electrochemical reaction.

2. Accelerated stress corrosion.

3. Formation of acidic/alkaline solutions following salt ionization in water.

· Electrical Effects:

1. Impairment of electrical equipment due to salt deposits.

2. Production of conductive coatings. 

3. Corrosion of insulating materials and metals. 

· Physical Effects:

1. Clogging or binding of moving parts of mechanical components and assemblies.

2. Blistering of paint as a result of electrolysis. 

A.3.9.1.1.1.1.2.9  Lightning  


The equipment shall be designed to provide protection against lightning and shall be capable of surviving and operating after exposure to a lightning environment. 

Guidance for tailoring the requirement(s).


See MIL-STD-1795 for developing this requirement. 

Rationale/Lessons learned underlying the requirements. 


The design objective should be to insure the spacecraft/equipment is properly protected during all phases and operations under conditions of natural and triggered atmospheric electrical discharges during prelaunch, launch, and flight operations.

A.3.9.1.1.1.2  Launch Environment Requirements. 

A.3.9.1.1.1.2.1  Vehicle Assent Phase.

A.3.9.1.1.1.2.1.1  Ground Winds for Launch.  


The vehicle shall be capable of launching into ground wind environments between 0 to _specify m altitude above the natural grade.  The vehicle shall withstand: 


a.  Design peak winds from all (or specify o) azimuths shall be specify  m/sec, (knots).  


b.  Steady state winds from all azimuths (or specify o) shall be  (specify)  m/sec, (knots).


c.  Wind shear values equal to  (specify)  sec-1.

Guidance for tailoring the requirement(s).


Develop wind profile studies for each launch site based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Wind Speed
5.1.10, 5.2.5.9, 5.3.1.7, 40.1.10


Wind Shear 
5.3.1.8

A.3.9.1.1.1.2.1.2  Winds During Boost Phase.  


During the boost phase from _specify m altitude, to orbit (or specify) m, the vehicle shall be capable of withstanding in-flight wind environments as defined by the design wind profiles developed for each launch site.  The design wind profiles shall utilize those steady state vector winds, vector wind shears, and gusts which produce the maximum vehicle response. The vehicle dynamic load and control system boost design studies shall employ the in–flight wind environments.  

Guidance for tailoring the requirement(s).


Select appropriate values based on the mission requirements from reference information below: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-310
Wind Speed
5.1.10, 5.2.5.9, 5.3.1.7, 40.1.10


Wind Shear 
5.3.1.8

A.3.9.1.1.1.3  On-Orbit Environment Requirements. 

A.3.9.1.1.1.3.1  General Orbital Requirements.


The system shall be designed to function within performance specifications while exposed to natural space environments found during specify  (orbital type; geosynchronous, polar, circular, elliptical, escape) orbit at altitudes of    (specify)  _ km to    (specify)  _ km for a duration of __specify duration.  The predicted environments shall include a factor of safety or design margin of    (specify)   .

Guidance for tailoring the requirement(s).


To establish time-sensitive and orbit-sensitive parameters for naturally occurring space environment above 100 kilometers, see Table I in MIL-HDBK-1809.

A.3.9.1.1.1.3.1.1  Radiation.  


The system/equipment shall be designed to operate within performance specifications during exposure and after exposure to on-orbit level radiation environments for the service life of the system.  The timeline of the on-orbit levels shall include a representative number of time periods at the maximum predicted radiation levels to ensure a satisfactory design margin.

Guidance for tailoring the requirement(s).


See sections: 3.9.1.3.2.1 Energetic Charged Particles, 3.9.1.3.2.6 Electromagnetic Radiation, 3.9.1.3.2.6.1 Solar Radiations and 3.9.1.3.2.8 Nuclear Radiation.

A.3.9.1.1.1.3.1.2  Thermal and Vacuum.  


The systems/equipment shall be designed to operate within performance specifications during exposure to thermal environments of   (specify)    deg C above the maximum predicted temperature and    (specify)    deg C below the minimum predicted temperature at ambient pressure changes from sea level to    (specify)    micropascals, with a rate of change of    (specify)    micropascals/ sec. 

Guidance for tailoring the requirement(s).


See sections: 3.9.1.3.2.10 Temperature  (On Orbit), and 3.9.1.3.2.11 Pressure/Vacuum.

A.3.9.1.1.1.3.2  Detailed Orbital Requirements. 

A.3.9.1.1.1.3.2.1  Energetic Charged Particles.  


The system shall be capable of withstanding the deleterious effects caused by energetic charged particles while performing its intended mission.  (see 6.2.72)

Guidance for tailoring the requirement(s).


Specific design requirements for each category of energetic charged particles may be developed based on the mission requirements. Refer to Table I in MIL-HDBK 1809 to select the appropriate sections/paragraphs based on the orbital type.

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Energetic Charged Particles
5.1


Cosmic Rays
5.1.1


Galactic Cosmic Rays
5.1.1.1


Trapped Radiation Belts
5.1.2


Inner Zone
5.1.2.1


Slot Region
5.1.2.2


Outer Zone
5.1.2.3


Geosynchronous Orbit
5.1.2.4


Trans-geosynchronous Orbit
5.1.2.5

Reference Document (cont.)
Subject
Section/Paragraph Numbers


Solar Particles
5.1.3


Solar/Magnetic Storm Effects
5.1.4


Galactic Radio Noise.
5.6.3 


Environmental Effects on Spacecraft
5.9


Circuit Electronics
5.9.1.2.2 


Environments That Affect Spacecraft Charging/Discharges
5.9.4 

Rationale/Lessons learned underlying the requirements. 


Surrounding the Earth are belts of energetic charged particles - the Van Allen belts. The sun also creates streams of very energetic particles. High energy heavy particles also reach near to earth from outside the solar system. All these natural radiation sources are a serious problem to the survivability and operation of satellites.


Energetic charged particles produce effects in materials primarily through their ionizing action.  Effects include:

1. Radiation damage in electronics, solar cells, and optical materials.

2. Electrostatic discharge.

3. Backgrounds in sensors.

4. Single-event upsets in digital electronics.

5. Optical noise and other deleterious effects.

A.3.9.1.1.1.3.2.2  Plasma Environment.  


The system shall be capable of withstanding the deleterious effects caused by a plasma environment while performing its intended mission.  (see 6.2.129)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Plasma Environment
5.2 


Ionosphere.
5.2.1 


Plasmasphere/Space Plasma.
5.2.2 


The Auroral Regions
5.2.3 


Magnetospheric Plasma Waves
5.6.1 


Hot Plasma (Near GEO)
5.9.4.1.1 

Rationale/Lessons learned underlying the requirements. 

The plasma environment, especially in geosynchronous orbit, can cause differential charging of satellite components on the surface of the vehicle.  This surface charging can exceed breakdown voltages and the resulting electrostatic discharges may be large enough to disrupt electronic components and cause the spacecraft to malfunction.

A.3.9.1.1.1.3.2.3  Neutral Atmosphere.  


The system shall be capable of withstanding the deleterious effects caused by the neutral atmosphere while performing its intended mission.  (see 6.2.114)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Neutral Atmosphere.
5.3 


Environmental Effects On Spacecraft
5.9 


Neutral Atmosphere (Drag Forces)
5.9.1.1 


Atmospheric Drag Torques
5.9.2.2 


Plane of Polarization Rotation (Ionosphere)
5.9.3.3

Rationale/Lessons learned underlying the requirements. 


The neutral atmosphere limits space on-orbit life time, by producing spacecraft drag, especially at lower altitudes in orbits of 

 500 km.  Other effects include the erosion of forward (ram) facing organic material, primarily due to the atomic oxygen in the atmosphere. 


In low Earth orbits, satellites encounter the very low density residual atmosphere. At orbital altitudes, this is composed primarily of oxygen in an atomic state.  (On ground, this is encountered pre-dominantly in the molecular (O2) state but at the top of the atmosphere solar UV breaks the molecular bonds).  A satellite moves through the atomic oxygen (AO) at a velocity of about 7.5 km/sec. Although the density of AO is relatively low, the flux is high.


The large flux of atomic oxygen, which is in a highly reactive state, can produce serious erosion of surfaces through oxidation.  Thermal cycling of surfaces, which go in and out of the earth's shadow frequently, can remove the oxidized layer from the surface.  Some surfaces respond differently by dramatically changing their surface structure and properties.  These changes are important for spacecraft thermal control. 

A.3.9.1.1.1.3.2.4  Meteoroids.  


The system shall be capable of withstanding the deleterious effects caused by meteoroids while performing its intended mission.  (see 6.2.108)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Meteoroids
5.4


Environmental Effects On Spacecraft
5.9 


Micrometeoroids/Space Debris (Hits/Penetrations)
5.9.1.3 


Alternate wording for the above requirement:  "The vehicle/equipment shall be protected against loss of functional capability when subjected to the meteoroid flux model as defined in   (specify)  document  with a 0.95  or specify  probability of no penetration during the maximum total time of    (specify)    in orbit."

Rationale/Lessons learned underlying the requirements. 


The micrometeoroid and space debris environment are often considered together since they are fast moving pieces of matter.  Behaving like projectiles, they can penetrate material relatively easily. The energy they possess is very high and the impact can vaporize the primary particle, generate fragments and leave a crater or hole on the surface.  The amount of damage depends on the mass of the particle and the relative velocity of the impact.
A.3.9.1.1.1.3.2.5  Geomagnetic Field.  


The system shall be capable of withstanding the deleterious effects caused by the geomagnetic fields while performing its intended mission.  (see 6.2.85)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Geomagnetic Field
5.5 


Internal Field.
5.5.1 


Environmental Effects On Spacecraft
5.9 


Magnetic Field Torques
5.9.2.3 

Rationale/Lessons learned underlying the requirements. 


The earth's geomagnetic field produces torques and small voltages on the spacecraft.

A.3.9.1.1.1.3.2.6  Electromagnetic Radiation.  


The system shall be capable of withstanding the deleterious effects caused by electromagnetic radiation while performing its intended mission.  (see 6.2.67)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Electromagnetic Radiation
5.6 


Magnetospheric Plasma Waves
5.6.1 


Solar Radiations
5.7 


Environmental Effects On Spacecraft
5.9 


Radiation (e.g. sunlight) Torques
5.9.2.4 

Rationale/Lessons learned underlying the requirements. 


Electromagnetic radiation effects on the spacecraft:  produces torques , disrupts communications, heats spacecraft surfaces, and reduces spacecraft charging. 

A.3.9.1.1.1.3.2.6.1  Solar Radiations.  


The system shall be capable of withstanding the deleterious effects caused by solar radiation while performing its intended mission. (see 6.2.162)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Electromagnetic Radiation
5.6 


Solar Radiations
5.7 


Environmental Effects On Spacecraft
5.9 


Radiation (e.g. sunlight) Torques
5.9.2.4 

Rationale/Lessons learned underlying the requirements. 


The effects of solar radiation on a spacecraft include:  heats spacecraft surfaces, produces small pressure torques on spacecraft, and reduces/limits spacecraft charging.

A.3.9.1.1.1.3.2.7  Gravitational Field.  


The system shall be capable of withstanding the deleterious effects caused by gravitational fields while performing its intended mission.  (see 6.2.86)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Gravitational Field
5.8 


Environmental Effects On Spacecraft
5.9 


Gravity Gradient Torques
5.9.2.1 


Atmospheric Drag Torques
5.9.2.2

Rationale/Lessons learned underlying the requirements. 


Gravitational fields control the spacecraft orbit, once the initial spacecraft position and velocity are determined by the launch vehicle.  The fields continue to produce gravity gradient torques upon the spacecraft while in orbit. 

A.3.9.1.1.1.3.2.8  Nuclear Radiation (Ionization/Displacement Damage.)  


The system shall be capable of withstanding the deleterious effects caused by naturally occurring nuclear radiation while performing its intended mission.  (see 6.2.113)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1809
Nuclear Radiation (Ionization/Displacement Damage)
5.9.1.2 


Solar Cells
5.9.1.2.1 


Circuit Electronics
5.9.1.2.2 

Rationale/Lessons learned underlying the requirements. 


The effects of naturally occurring nuclear radiation on a spacecraft are: 

1. Limits spacecraft life.

2. Damages spacecraft materials and components.

3. Disrupts and damages electronics.

A.3.9.1.1.1.3.2.9  Temperature  (On Orbit).  


The vehicle/equipment shall be capable of withstanding orbital thermal environments that are between    (specify)  deg C maximum and    (specify)  deg C minimum without deleterious effects or loss of performance. 

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-340A, VOL. I
Environments
3.3


Maximum & Minimum Expected Temperatures
3.3.1


Margins for Thermal Control
3.3.1.1, 3.3.1.2

MIL-HDBK-1809
Plasma Environment, Ionospheric Models. 
5.2.1.1


Neutral Atmosphere, Temperature
5.3.3


Neutral Atmosphere.
5.9.1.1

Rationale/Lessons learned underlying the requirements. 


See A.3.9.1.1.1.1.2.1 for effects associated with high and low temperature exposure.

A.3.9.1.1.1.3.2.10  Pressure/Vacuum.  


The vehicle/equipment shall be capable of withstanding operational pressure changes from a low of    (specify)  micropascals, to a high of    (specify)  micropascals, with a rate of change of __specify _micropascals/sec without deleterious effects or loss of performance.

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-340A, VOL. I
Thermal Vacuum and Thermal Cycle Tests. 
6.1.3


Thermal Vacuum Test, Vehicle Qualification. 
6.2.9


Thermal Vacuum Test, Subsystem Qualification. 
6.3.4


Thermal Vacuum Test, Unit Qualification. 
6.4.3


Thermal Vacuum Test, Vehicle Acceptance. 
7.2.8


Thermal Vacuum Test, Unit Acceptance.
7.4.3

A.3.9.2  Induced Environment Requirements. 

A.3.9.2.1  Vibration, Acoustic, Shock, And Acceleration Requirements.

A.3.9.2.1.1  Vibration Requirements.  


The system shall be capable of withstanding the accumulated effects of vibration induced stresses without degradation. 

Guidance for tailoring the requirement(s). 

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-340A, VOL. I
Statistical Estimates or Vibration, Acoustic, and Shock Environments. 
3.3.2


Extreme and Maximum Expected Random Vibration Environment.
3.3.5


Extreme and Maximum Expected Sinusoidal Vibration Environment.
3.3.6

Rationale/Lessons learned underlying the requirements. 


Vibration can cause:

1. Wire chafing.

2. Loosening of fasteners. 

3. Intermittent electrical contacts.

4. Touching and shorting of electrical parts.

5. Seal deformation.

6. Component fatigue/failure.

7. Optical misalignment.

8. Cracking and rupturing. 

9. Loosening of particles or parts that may become lodged in circuits or mechanisms.

10. Excessive electrical noise. 

A.3.9.2.1.1.1  Random Vibration. 


The on-orbit random vibration design level shall be at least   (specify)    dB above the maximum predicted on-orbit levels.

Guidance for tailoring the requirement(s). 


See A.3.9.2.1.1.

A.3.9.2.1.1.2  Sinusoidal Vibration. 


A sinusoidal vibration environment that is at least   (specify)  dB above the maximum predicted level shall be used to provide the required design margin of safety. 

Guidance for tailoring the requirement(s). 


See A.3.9.2.1.1.

A.3.9.2.1.2  Acoustic Requirements.  


An acoustic design environment that is   (specify)    dB above the maximum predicted levels shall be used to provide the required design margin of safety.

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-340A, VOL. I
Statistical Estimates or Vibration, Acoustic, and Shock Environments. 
3.3.2


Extreme and Maximum Expected Acoustic Environment. 
3.3.4

Rationale/Lessons learned underlying the requirements. 


Acoustic noise can produce vibration in equipment similar to that produced by mechanically transmitted vibration.  In an acoustic noise field, pressure fluctuations impinge directly on the equipment.  The attenuation effects of mechanical transmission are missing and the response of the equipment can be significantly greater.  Further, components which are effectively isolated from mechanical transmission will be excited directly.  Examples of acoustically induced problems:

1. Failure of microelectronic component lead wires. 

2. Chafing of wires.

3. Cracking of printed circuit boards.

4. Malfunction/failure of waveguides and/or Klystron tubes.

5. Vibration of optical elements. 

A.3.9.2.1.3 Shock Requirements.  


The design level pyrotechnic shock spectrum shall be at least   (specify)     dB over the maximum predicted levels occurring during on-orbit operation.

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-340A, VOL. I
Statistical Estimates or Vibration, Acoustic, and Shock Environments. 
3.3.2


Extreme and Maximum Expected Shock Environment. 
3.3.7

Rationale/Lessons learned underlying the requirements. 


Mechanical shocks will excite an equipment item to respond at both forced and natural frequencies.  This response, among other things, can cause:

1. Failures due to increased or decreased friction, or interference between parts. 

2. Changes in dielectric strength, loss of insulation resistance, variations in magnetic and electrostatic field strength. 

3. Permanent deformation due to overstress. 

4. More rapid fatiguing of materials (low cycle fatigue). 

A.3.9.2.1.4 Acceleration Requirements.  


The on-orbit acceleration level shall be the maximum predicted on-orbit levels times a factor of safety that: includes a   (specify)    percent test measurement tolerance.  The on-orbit design acceleration factor of safety shall be at least   (specify)  .  When applicable, the acceleration shall include that which is due to space vehicle rotation.

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-340A, VOL. I
Maximum Predicted Acceleration.
3.4.8

Rationale/Lessons learned underlying the requirements. 


Acceleration generally increases the forces acting on equipment and the hardware used to mount the equipment.  An exception is acceleration that induces forces in opposition to gravitation forces, in which case the equipment can approach or attain a state of weightlessness and become reverse loaded in excess of the opposing gravitational forces.  The forces induced by acceleration can cause:

1. Structural deflections that interfere with equipment operation.

2. Permanent deformations and fractures that disable or destroy the equipment. 

3. Broken fasteners and mounting hardware that cause equipment to become loose projectiles. 

4. Electronic circuit boards to short out and circuits to open.  

5. Inductances and capacitances to change value.

6. Relays to open or close. 

7. Actuators and other mechanisms to bind. 

8. Seals to leak.

9. Pressure and flow regulators to change value.

10. Pumps to cavitate. 

11. Spools in servo valves to be displaced and cause erratic and dangerous control system response. 

A.3.9.2.2  EMI/EMC Requirements.

A.3.9.2.2.1  Electromagnetic Interference. (EMI)


The equipment shall be capable of surviving and meeting the specified performance requirements when exposed to the operational electromagnetic environment  (See 6.2.65).

Rationale/Lessons Learned Underlying the Requirement.


Electromagnetic Compatibility and Electromagnetic Interference.  Unintentional electromagnetic radiation can cause unacceptable degradation (interference to electronic equipment within range or initiation of electroexplosive devices).  EMC is achieved by eliminating or controlling unintentional radiation to an acceptable level or by shielding equipment from its effects.  Protection from lightning and static charges are included in this discipline.

3.9.2.2.2  Electromagnetic Compatibility. (EMC)


Electrical and electronic systems shall be designed to be mutually compatible with other sub-systems and systems within their intended operational environment (See 6.2.64).  The contractor shall validate that the system can successfully operate in its intended worst case environment without suffering degradation from, or causing unacceptable degradation to other systems.

Rationale/Lessons Learned Underlying the Requirement.


All electric or electronic systems should be designed to be mutually compatible with other electric or electronic equipment within their expected operational environment.  For additional information, see DoDD 3222.3. 


EMI/EMC specialists address electromagnetic sources of radiation within the system such as: motors, generators, power sources, signal and power wiring, transformers, relays, etc.  They develop design criteria to minimize potential radiation shielding, bonding, lead lengths, wire routing, component placement, and de-coupling.  It is usually necessary to perform a detailed analysis of the electrical power system to determine power bus characteristics and dynamic impedance and to evaluate any undesirable steady state or transient effects.  Development and qualification tests include EMI/EMC tests to measure unintended radiation and its effects.


Requirements for EMI characteristics of equipment are set forth in MIL-STD-461.  An EMC control plan provides policies, guidelines, methods, and tasks required to achieve the characteristics required.  The plan is usually prepared in accordance with MIL-STD-464 for systems.

A.3.9.2.2.3  Electromagnetic Control.  


An Electromagnetic Control Plan shall be prepared to identify the requirements and to provide confidence that the system will achieve its specified functional performance based on the EMC design criteria.  The plan shall delineate system and hardware parameters and performance characteristics to determine electric and magnetic emissions, conductive emissions, and susceptibility criteria.  The plan shall include, but not be limited to, integrated requirements with all functions that form a part of the design functionality, allocation for the systems, and the following:


1.  Frequency Management.


2.  EMI/EMC Mechanical design.


3.  Electrical/Electronic wiring design.


4.  Electrical/Electronic circuit design.


5.  Development Testing. 

Guidance for tailoring the requirement(s).


The following documents may be used for guidance in developing specific requirements.

DOCUMENT
TITLE/SUBJECT

MIL-STD-461D
Requirements for The Control Of Electromagnetic Interference Emissions and Susceptibility.

MIL-STD-462D
Measurement of Electromagnetic Interference Characteristics.

EMI/EMC Critical Process Assessment Tool (CPAT)
Provides guidance for system acquisition and a detailed description of the EMI/EMC process. 

Rationale/Lessons Learned Underlying the Requirement.

EMI/EMC control should be considered in the basic design of all equipment and systems.  Early in the design stages, potential electromagnetic interference which may be generated and propagated should be identified and an interference control plan developed to assure an electromagnetic compatible system.


Design of electromagnetic interference controls should give consideration to conservation of spectrum bandwidth, control of operating frequencies and associated harmonics; side bands and spurious signals, control of pulse amplitudes and rise times and other factors which may generate electromagnetic interference. 


Techniques to minimize the susceptibility of equipment or systems to electromagnetic interference should consist of identifying and applying design controls on the associated elements.  Examples of which are: signal levels, power levels, frequency assignments, wire, cable, and interface separation, shielding, filtering, grounding, and circuit design.

A.3.9.3  Requirements Regarding Environments Due To Enemy Action. 

A.3.9.3.1  General Requirements.

A.3.9.3.1.1  Survivability.  


Unless waived by the Milestone Decision Authority (MDA), mission-critical systems, regardless of Acquisition Category (ACAT), shall be survivable (see 6.2.169 ) to the threat levels anticipated in their operating environment.  System (to include the crew) survivability from all threats found in the various levels of conflict shall be considered and fully assessed as early as possible in the program, usually during Phase I.

Guidance for tailoring the requirement(s).
Reference Document
Subject
Section/Paragraph Numbers

DoD Regulation 5000.2R (15 March 96)
Survivability
4.4.1

Survivability Critical Process Assessment Tool (CPAT) 
A thorough discussion on all aspects of Survivability. 
As required. 

MIL-HDBK-1766 Nuclear Hardness And Survivability Program Guidelines 
Volume I describes guidelines for ICBM Weapon systems.  Volume II is for Space Systems. 
As required. 

Rationale/Lessons Learned Underlying the Requirement.


The threats to an object in space, (spacecraft, rocket, etc. ) may be divided into ground based and space based categories.  Ground based threats include high powered rf transmitters and laser beams.  They are directed energy generators which can illuminate the space object whenever the object is in view.  Space based threats include non-directional energy mechanisms (nuclear bombs) as well as various directed energy mechanisms (direct impacts by various projectiles as well as by lasers, radars, and particle accelerators).

The following table (TABLE A-I) lists the major threats to space objects.  It is noted that a nuclear weapon in space is especially dangerous because some of its effects (radioactive debris, enhanced electron Van Allen belts) can persist for days or weeks afterwards.  Because of the longitudinal drift of the Van Allen belt particles, a nuclear bomb detonation remote from the space object (e.g.: on the opposite side of the earth) will affect the space object.  

TABLE A- I Threats.

WEAPON
EMISSIONS
EFFECTS
VULNERABLE 

PART

Nuclear Bomb

(Detonated In Space)
Prompt x-rays
Thermo/Mech. Damage
Exposed 

(Low Temp-High Z) Surfaces

"
"
EMP/SGEMP/

DEMP
RF Receivers






"
Prompt  (-Rays
High Dose Rate 
Electronic Circuits

"
Prompt Neutrons
Atomic Displacements 
Electronics (esp. solar cells.)


Radioactive Debris
Contributes to total ( dose. 
Electronics

"

Enhances e- Van Allen Belt.


Electronics


(x-rays contribute too)
Enhances Ionosphere.
RF Communication Links. 

Laser 
Pulsed/CW Photon Beam
Surface Heating
Optical Sensors (Blinding Damage)




MLI/Low Temp Surfaces

R F Transmitter 
Pulsed/CW RF Beam (Photons)
Surface Heating
Low Temp. Cond. Surfaces



Spoofing/Jamming
RF Receivers

Direct Attack Anti-SATellite (ASAT) 
Pellets, ASAT Body
Mechanical Impact Damage
Entire S/C (Esp. Solar Panels)

Particle Accelerator 
Neutral e-/p+ Beam
High Dose Rate

Subsurface/Internal Heating 
Electronics

Exposed Surfaces

A.3.9.3.1.1.1  Nuclear Hardness and Survivability (NH&S) Program Plan.  


A Nuclear Hardness and Survivability Program Plan shall be prepared early in the program addressing both space and ground segment elements of the system.  (see 6.2.91 ).  (see 6.2.120 ).

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1766 Vol. II
Survivability Program Considerations
4.1


Survivability Program Plan (SPP) Tasks
5.1.1.1.3


SPP Outline and Narratives
Appendix B


Survivability Requirements Allocation Process
Appendix D 


Nuclear Hardness and Survivability Program Plan
Appendix E

A.3.9.3.1.1.2  Hardness Assurance Plan.  


A Hardness Assurance Plan shall be prepared early in the program addressing both space and ground segment elements of the system.  (see 6.2.88 )

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1766 Vol. II
Hardness Assurance
5.1.1.1.2.4, 5.1.2.1.1.6, 5.1.3.1.1.3, 5.1.3.1.3.4, 5.1.4.1.2


Hardness Assurance Plan
Appendix E

A.3.9.3.1.1.3  Nuclear Hardness and Survivability Trade Studies.  


Nuclear Hardness and Survivability Trade Studies shall be prepared early in the program addressing both space and ground segment elements of the system.  (see 6.2.119 )

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1766 Vol. II
Survivability Trade Studies.
5.1.1.1.2.2, 5.1.2.1.1.2, 5.1.3.1.1.1


NH&S Trade Study Report
Appendix E

A.3.9.3.1.1.4  Hardness Surveillance Plan.  


A Hardness Surveillance Plan shall be prepared early in the program addressing both space and ground segment elements of the system.  (see 6.2.90)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1766 Vol. II
Hardness Maintenance/Hardness Surveillance Plan.
5.1.3.1.3.5


Hardness Surveillance Plan.
Appendix E

A.3.9.3.1.1.5  Hardness Maintenance Plan.  


A Hardness Maintenance Plan shall be prepared early in the program addressing both space and ground segment elements of the system.  (see 6.2.89 )

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1766 Vol. II
Hardness Maintenance/Hardness Surveillance Plan.
5.1.3.1.3.5


Hardness Maintenance Plan.
Appendix E

A.3.9.3.1.1.6  Survivability Testing.  


Survivability testing shall begin at the component, subsystem, and subassembly level, culminating with tests of the complete covered system (see 6.2.32 ), when appropriate or program, or covered product improvement, configured for combat.  A covered system, major munitions, a missile program, or a product improvement to a covered system, major munitions, or missile program may not proceed beyond low-rate initial production until realistic survivability or lethality testing is completed and the report required by statute is submitted to the prescribed congressional committees (10 USC §2366 ).

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

DoD Regulation 5000.2R (15 March 96)
Survivability
4.4.1


Live Fire Test and Evaluation
3.4.9


Live Fire Test and Evaluation Report
6.3.2

Rationale/Lessons Learned Underlying the Requirement.


See DoD 5000.2R.  Such testing shall be conducted sufficiently early in the development phase of the system or program (including a covered product improvement program) to allow any design deficiency demonstrated by the testing to be corrected in the design of the system, program, or product improvement before proceeding beyond low-rate initial production.


Since almost all of the testing is concerned with surviving a nearby nuclear weapon detonation in space, the testing program is concerned with the total dose, dose rate, and neutron flux responses of semiconductor components and their circuits.  Co60 ( rays are used to measure total dose survivability.  Flash electron/x-ray accelerators are used for dose rate testing, while nuclear reactors are usually used for validating neutron hardness.  Because of variations in the responses of semiconductor devices, a statistically significant number ( 10 to 500) of each device must be tested at 2 to 10 times the required level to establish confidence in the results. 


The hardness (survivability) of electronic circuits is usually established by computer modeling, since physical exposure to simulations of nuclear weapon environments would be too expensive.  These computer simulations involve calculating the circuit behavior with degraded components (total dose, dose rate, neutron fluence) with injection currents used to simulate EMP/SGEMP/DEMP effects.  Since high dose rates make insulators and semiconductors more conducting, this can cause circuits to latch up (achieve a self-sustaining state which persists even after the stimulus is removed).  Since in latch-up the currents are abnormally high, the latched devices may experience burn out (destruction) in a few seconds.  

Sometimes specialized (e.g.: EMP) testing is carried out on an entire object (airplane, spacecraft), but such tests are costly in time and money because an insulating support platform must be constructed, specialized rf generators must be assembled, and the entire object is instrumented to obtain measurements.  Usually only military significant objects which fly at altitudes less than 1000 km are tested this way.

A.3.9.3.2  Detailed Requirements.

A.3.9.3.2.1  Nuclear Hardening Requirements.  


(see 6.2.118 )

A.3.9.3.2.1.1  Thermal/ Mechanical Effects.  


All exposed surfaces of the space vehicle shall be capable of surviving the prompt radiation effects produced by a nuclear detonation in space with a JCS level of   (specify)  .    (see 6.2.176 )

Guidance for tailoring the requirement(s).

Nuclear Bomb Detonations.


Description:  A nuclear bomb consists of fissionable and (often) fussionable material that can be placed in a prompt critical condition.  In this condition, the chain reaction which has been initiated continues at a rapid rate (< 10-9 sec/neutron generation) until the bomb disassembles (blows itself apart).  Prior to disassembly, the bomb emits a number of prompt radiations; after disassembly, the bomb debris continues to emit various types of delayed radiations.


Parameters:  The prompt radiations emitted by a nuclear bomb detonation are primarily x-rays,  rays, and neutrons.  These radiations are typically emitted in ~ 2 X 10-8 seconds.  One related parameter is the speed of the detonation, which is measured in neutron generations/shake (1 shake = 10-8 sec).  A "slow" detonation may proceed at the rate of ~ 2 generations/shake, producing an x ray spectrum which approximates that of a 2 KeV black body, while a fast detonation may proceed at the rate of ~ 15 generations/shake, producing an ~ 15 KeV black body x ray spectrum.


Prompt radiation environments produced by a nuclear bomb detonation in space are usually lumped into one number (the JCS level).  A 1 JCS environment is approximately that produced by a 1 megaton detonation in space at a distance of ~ 250 km and consists of 0.1 calories/cm2 of x-rays, 7 rads of  rays and 3 X 1011 neutrons/cm2.  The x-rays and the  rays all arrive in 2 X 10-8 sec (since they travel at the velocity of light 3 X 108 meters/sec), the neutrons (which travel slower) arrive over a period of a few milliseconds.  The x-rays may have any spectrum bounded by the black body curves for 1 KeV and 15 KeV temperature, the  rays have the spectrum of prompt fission  rays.  The neutrons have the spectrum of fission neutrons plus (if the bomb has a fusion component), a flux of 14 MeV neutrons.


The JCS level is directly proportional to weapon yield (Y) and inversely proportional to the square of the distance (R) from the detonation, Thus




where Y is in megatons and R is in kilometers.  The x ray,  ray, neutron fluence, and the JCS level as a function of distance from various-sized detonations are shown in FIGURE A-1.


The x ray dose for a 1 JCS environment is ~ 5 X 102 Gy (Silicon) ( ~ 5 X 104 rads (Sil)) for the first layer of atoms, decreasing as the depth into the material increases (see FIGURE A-2).  The curves for other materials have similar shapes but the higher the material atomic number, the higher the initial energy deposition (Y intercept) and the more rapid the energy deposition decreases with depth into the material.


[image: image2.wmf]0.1

0.1

0.1

10

10 

1

10 

2

10 

3

10 

1

10 

2

10 

3

10 

4

10 

11

10 

12

10 

13

BOMB YIELD

10 MT

1 MT

0.1 MT

DISTANCE FROM DETONATION (N. MI.

)

DISTANCE FROM DETONATION (KM)

0.01

0.01

1.0

1.0

1.0

JCS LEVEL

X-RAY FLUENCE (Calories/cm

2

)

GAMA RAY DOSE (

Gy

)

NEUTRON FLUENCE (Neutrons/cm

2

)

RADIATIONS FROM 

EXOATMOSPHERIC 

BOMB DETONATIONS


FIGURE A- 1  Radiations from exoatmospheric bomb detonations.
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FIGURE A- 2  Energy deposition in silicon due to x-rays.

A.3.9.3.2.1.2  Electromagnetic Pulse (EMP).  


The equipment shall be capable of surviving without permanent damage and operating after exposure to the free-field EMP intensity of   (specify)   . (see 6.2.66)

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1766 Vol. I
Electromagnetic Pulse (EMP).
5.3.3.1.2.1 


EMP.
5.3.4.2.1, 5.4.1.1, 5.4.2.1, 5.4.3.1


Electromagnetic Pulse (EMP). 
A.4.31


High Altitude Electromagnetic Pulse (HEMP). 
A.4.87  


Source Region Electromagnetic Pulse (SREMP).  
A.4.129  


System Generated Electromagnetic Pulse (SGEMP).
A.4.136 

MIL-HDBK-1766 Vol. II
Survivable Ground Segment Trade Studies.
2.2 

Rationale/Lessons Learned Underlying the Requirement.


Radio frequency energy is radiated by a nuclear bomb detonation in space with the magnitude of the EMP (electromagnetic pulse) being a function not only of the detonation altitude but also the spacecraft altitude.  For spacecraft, a multi-megaton detonation at an altitude of 200 km is often used as a reasonable worst case situation.  The amplitude and frequency characteristics of the EMP in this case are shown in FIGURE A-3.  While the maximum amplitude is ~ 300 volts/meter, the frequencies produced extend above 100 MHz.


A related environment is DEMP (dispersed EMP) which is due to the interaction of the EMP with the earth's atmosphere and ionosphere.  The reasonable worst case DEMP environments are shown in FIGURE A-4.  Not only can the low altitude DEMP environments be more severe than the EMP environments, they last much longer. 


One effect of the prompt bomb x-rays is system-generated electromagnetic pulse (SGEMP).  This refers to the voltages and currents which can be generated by the motion of electrons in conductors due to the transient removal of other electrons via the photoelectric effect.  A 1 JCS environment can produce potentials of ~ 1 kilovolt and currents > 1 amp if means are not taken to limit them.
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FIGURE A- 3  Worst case EMP (Electromagnetic Pulse) environment.
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FIGURE A- 4  Worst case DEMP (Dispersed Electromagnetic Pulse) environment.

A.3.9.3.2.1.3  Radioactive Debris.  


The system shall be capable of surviving without permanent damage and operating after exposure to radioactive debris produced by a nuclear bomb detonation in space. 

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1766 Vol. I
Mechanical 
5.3.3.1.2.3


Debris.
5.4.1.6, 5.4.2.6, 5.4.3.6, A.4.24  

Rationale/Lessons Learned Underlying the Requirement.

When a nuclear weapon disassembles it becomes a rapidly expanding cloud of highly radioactive dust.  Part of this radioactive cloud may deposit itself on a nearby (< a few hundred kilometers) space object.  This radioactive debris includes fission fragment nuclei which continue to emit  rays and  particles at a decreasing rate.  The  rays contribute to the total dose which the space object components, especially the semiconductor electronic components must withstand.  The delayed  ray flux as a function of time due to a 1 JCS prompt environment is shown in FIGURE A-5.
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FIGURE A- 5  Fission debris dose rate for 1 JCS event.


The detonation of a nuclear bomb in space can produce an artificial Van Allen Belt of magnetically trapped fission electrons.  There is a theoretical limit to the numbers and energies of particles which can be stably trapped by the earth's magnetic field.  This saturation limit for trapped fission electrons is shown in FIGURE A-6.  While it will require > 100 one megaton detonations in space to produce this environment, it could result from a general nuclear exchange.  However, unless the nuclear bomb detonations in space continue, the electron fluxes will decrease with an altitude-dependent time constant ( see FIGURE A-7).  Thus, even though the initial (~2 days after the general nuclear exchange) dose rates will be quite high (see FIGURE A-8 ), the time integrated total doses are more manageable (see FIGURE A-9 ).  For orbit inclinations other than 0o, the same factors used in the natural Van Allen belts are applicable. 


The effects of a high altitude (~200 km) nuclear bomb detonation on the earth's ionosphere should be considered.  The effect is to greatly increase the peak and areal electron densities for an appreciable time (hours) over an appreciable area (> 105 km2).  FIGURE A-10 shows the effect on the electron areal (column) densities.  The consequent effect on the vertical ionospheric attenuation at 250 MHz is shown in FIGURE A-11.  The attenuation at other frequencies may be calculated by using the f-2 dependence where f is the frequency of interest.  It will be noted that Gigahertz communication links can be affected. 
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FIGURE A- 6  Trapped electron environments.
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FIGURE A- 7  Trapped fission electron decay constant.
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FIGURE A- 8  Initial dose rate due to saturated fission belts.
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FIGURE A- 9  Total dose due to saturated fission belts.
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FIGURE A- 10  Effect of exoatmospheric detonation on ionosphere.
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FIGURE A- 11  Effect of detonation-disturbed ionosphere on RF.

A.3.9.3.2.2  Communications.

A.3.9.3.2.2.1  Anti-jamming.  


The electronic components or equipment shall be designed to obtain the maximum inherent protection against possible interfering signals caused by intentional and unintentional jamming.

Rationale/Lessons Learned Underlying the Requirement.


Because the satellite is usually in view of a large segment of Earth, rf interference from Earth-based transmitters, either unintentional or deliberate, may occur.  Frequency allocation procedures can minimize unintentional interference.  Intentional interference, or jamming, is of particular concern in military applications.  Jamming consists of transmitting a large modulated carrier to the receive terminal at approximately the same frequency, overwhelming the desired signal and thus disabling the link.  The satellite crosslink may also be jammed.  

A.3.9.3.2.2.2  Security.


Data encryption techniques shall be incorporated into the communication subsystem design, to preclude signal interception by unauthorized persons. 

Guidance for tailoring the requirement(s).


A characteristic of space-ground communication is the ease with which the link can be intercepted by an unauthorized user, who may receive the data for his own use, or, even worse, take control of the satellite by transmitting commands to it.  Data encryption techniques help to avoid these problems by denying access to the data and the satellite command channel unless the user has the correct encryption key.

A.3.9.3.2.3  Non-Nuclear Hardening Requirements.

Rationale/Lessons Learned Underlying the Requirement.


Setting unrealistically high threat levels can either stop a project or force it into funding levels several times what it should have cost.  Specifying the parameters in the following sections is a very difficult system management task concerning review of the current threat data and advice provided from several government agencies.  From past experience the military sources tend to provide the worst case values while the civilian agencies use the lower values.  It is recommended that all of these government resources should be used and a careful weighing of the scenarios be made. 


If the worst case values will force significant effort to use or develop exotic materials and/or design configurations, and there is a large difference between worst and least case scenarios, a careful selection of nominal threat levels is needed.  Since there are many technical, economic, and infrastructure factors to consider, this selection process is more of an art than a science.  This includes the trade between the level of hardness in terms of specified allowable damage level and the program cost.  In any case, a review of threat levels of recently completed programs of similar systems is recommended for additional guidance.


For reusable elements of a system or if the elements are accessible to servicing after deployment, it is recommended that a performance requirement providing modular upgrade replacement capability be included in the appropriate design sections of the system specification.  Such a requirement provides a capability to update the system survivability as the threat levels are revised and/or become better defined over the life of the system.

A.3.9.3.2.3.1  Continuous Wave Laser.


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage) during and/or after exposure to a continuous wave (CW) laser beam to a SMATH level   specify  (e.g. I, II, III, etc.) or to the level described as follows:  


a.  Specify   either individually or as a broadband range wavelength(s) ((), 
(mm/m/nm/()


b.  Specify   peak power level/flux/power density 

,


c.  Specify  total energy level /fluence 

,


d.  Specify  total exposure time (seconds),


e.  Specify  exposure power vs. encounter time profile (w/cm2 vs. sec)


f.  Specify   exposure area/spot size (cm2).

Rationale/Lessons Learned Underlying the Requirement.


Description.  Laser is an acronym for Light Amplification By Stimulated Emission Of Radiation.  A laser is a cavity, with mirrors at the ends, filled with lasable material such as crystal, glass, liquid, gas or dye.  The materials must have atoms, ions, or molecules capable of being excited to a high energy level by light, electric discharge, or other stimulus.  The transition from this high energy level back to the normal ground state is accompanied by the emission of photons which form a coherent beam.  A coherent beam of light is characterized by the light waves vibrating in phase to produce a single parallel ray of light that can be measured as a single wavelength.  The range of wavelengths possible are depicted by FIGURE A-12.  Included in the figure are the commonly known laser wavelengths typically referred to by the raw material used in the laser to produce that wavelength.  (e.g. CO2 gas at about 10 (m).

CW is the abbreviation for continuous wavefront or more commonly continuous wave.  It is the continuous emission mode of a laser as opposed to pulsed operation. 


Parameters.  Based upon earlier work, various levels of CW laser beam environments have become a quasi-standard known as SMATH levels. (e.g. I, II, III etc.)  The term SMATH stands for Satellite MATerials Hardening.  Each SMATH environment, (i.e. exposure profile), has the time dependence shown in FIGURE  A-13.  The wavelengths, peak power levels, exposure times and spot sizes are derived from threat data provided by the appropriate government agencies.  However, the CW laser beam intensities may be estimated from the equation:
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where



 = laser beam intensity (watts/cm2)





P = laser beam power (watts)





D = optics principal diameter (cm)





 = wavelength of laser beam (cm)





R = range to target (cm).


The constant can be as large as /4 for a laser with perfect optics (beam quality = 1), no jitter, and no laser beam attenuation.  For ground-based lasers, the constant is more on the order of 10-2 since all of these factors (beam quality, jitter, and beam attenuation) will contribute.  More accurate expressions are available.


Effects.  The primary effect of a laser beam is to heat exposed surfaces.  As the surfaces become hot, they will in turn radiate themselves.  The limiting temperatures which a laser beam can produce are shown in FIGURE  A-14 for two cases: 

1. A2 = A1: when the re-radiating area is equal to the absorbing area (i.e. the back side of the surface is insulated) and 

2. A2 = 2A1: when the re-radiating area is twice the absorbing area.  The laser beam absorbtivity (L) will be approximately equal to the thermal emissivity because the peak wavelength of the black body distribution will approximate that of the laser beam at some temperature as the surface heats up (e.g. at 273O K it is 10.6 microns; at 1,074O K it is 2.7 microns).


The melting temperatures of some materials are also shown in FIGURE A-14.  It is seen that a 10 watt/cm2 laser beam can produce temperatures of 970O K to 1,150O K at equilibrium, which will melt aluminum, assuming the initial temperature was 0O.  If the initial temperature is higher, the laser beam intensity which can be tolerated is less, although the effect is small until the initial temperature is at least 75 percent of the melting temperature (OK)- see FIGURE A-15.
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FIGURE A- 12  Lasing wavelengths of various elements.
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FIGURE A- 13  Model of ground-based laser beam intensity.
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FIGURE A- 14  Equilibrium temperatures due to laser beams.
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FIGURE A- 15  Laser beam intensities to melt some materials.

A.3.9.3.2.3.2  Pulsed Laser. 

Rationale/Lessons Learned Underlying the Requirement.


Description  Pulsed laser threats come in two basic types: 

1. Single Pulse, (SP) where all the energy of the laser is deposited on the target area in one very high level pulse or,

2. Repetitively Pulsed, (RP) where all the energy is deposited in a series of high level pulses. 


The difference in these energy delivery forms is illustrated in FIGURE A-16.  If the total energy delivered is normalized to the total area under the CW curve, as shown in this figure, the peak power levels for the same total energy are significantly higher for a RP and even higher for a SP laser.  This translates into different possible effects to the target other than melting as discussed below.


Parameters.  The basic parameters of pulsed lasers important to defining the threat levels are depicted in FIGURE A-16 and compared to the equivalent CW parameters.  The peak power level or flux is the highest rate of energy delivered to the target, expressed in watts/cm2 on the target surface.  However, this parameter has more meaning to a CW laser, as a convenient reference, since the power level changes over time and to the equilibrium temperature reached at that peak moment relative to the onset of melting of a surface material as already discussed in Section A.3.9.3.2.3.1.  With a pulsed laser the effects discussed below are more closely linked to the total energy level deposited on a target in a single or multiple set of pulses before reaching an equilibrium melting temperature.  For a single pulse laser the total exposure time and the pulse width or duration are the same.  For a repetitively pulsed laser the duration of exposure is the total of all the pulse widths and time gaps between pulses.  The total energy or fluence in all three cases can be thought of as the integrated area under the curve.


For a Repetitively Pulsed Laser the last parameter of concern is the pulse rate or number of pulses per second typically referred to in Hertz. (Hz)


Effects.  Once the beam reaches the target, it deposits part of its energy there.  This involves a complex interaction between beam and target that depends strongly on the nature of the beam and of the target, and which ultimately determines how much of the energy in the beam is transferred to the target.  Only after the energy is transferred to the target can it do any damage.  The damage level of a material exposed to a RP laser, once initiated by a pulse in the series of pulses (known as the pulse "train") will be cumulative with the remaining pulses.  An SP laser has either an all or nothing effect with its one and only pulse.  The abrupt heating and cooling could cause thermal shock, sufficient to shatter brittle materials such as glass.  A short, intense pulse could also rapidly evaporate a burst of material from the surface, generating a shock wave that would travel through the target and could cause mechanical damage.  (Evaporation and/or melting caused by a continuous beam would be more gradual and would not cause a shock wave.)  The combination of thermal and mechanical damage and heating effects caused by a series of short, closely timed laser pulses does a better job of breaking through a material than either laser heating or laser-produced shock waves can do by themselves.  This effect is known as thermomechanical shock.  In this respect, it is somewhat 
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FIGURE A- 16  Continuous and pulsed laser operation.

similar to that produced by the x-rays from a nuclear bomb detonation.  The physical results can be any combination of : 

a. top surface vaporization and/or spalling;

b. back surface spalling; or

c. interlaminar failure.  


If the mass loss during vaporization or spalling is large enough and sufficiently focused, an abnormal thrust vector may be imparted to the vehicle.  Thermomechanical shock is especially damaging to glasses and ceramics, producing cracks and/or pits.  If the glasses and ceramics are windows for earth, star, or sun sensors, the result can be a degradation (or even loss) of the ability of the spacecraft to maintain its orientation. 

A.3.9.3.2.3.2.1  Single Pulsed Laser.


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage), during and/or after exposure to a single pulsed (SP) laser beam described as follows:  


a.  Specify   either individually or as a broadband range wavelength(s) ((), 
(mm/m/nm/(),


b.  Specify   total energy level/fluence 

,


c.  Specify   pulse width/pulse duration/ total exposure time (msec/sec/nsec/psec)


d.  Specify   exposure area/spot size (cm2).

Rationale/Lessons Learned Underlying the Requirement.


Description.  See the description discussion in A.3.9.3.2.3.2.


Parameters.  The wavelengths, energy levels, pulse widths, and spot sizes are derived from data provided by the appropriate government agencies.  See the parameters discussion in A.3.9.3.2.3.2.3.


Effects.  See the effects discussion in A.3.9.3.2.3.2.

A.3.9.3.2.3.2.2  Repetitive Pulsed Laser.  


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage) during and/or after exposure to a repetitive pulsed (RP) laser beam described as follows:  


a.  Specify   either individually or as a broadband range wavelength(s) ((), (mm/m/nm/(),


b.  Specify   peak power level/flux/power density 

,


c.  Specify  total energy level /fluence 

,


d.  Specify   total exposure time (seconds),


e.  Specify   pulse rate (Hz, pulses/sec),


f.  Specify   pulse duration/width, (msec/sec/nsec/psec)


g.  Specify   exposure area/spot size (cm2).

Rationale/Lessons Learned Underlying the Requirement


Description.  See the description discussion in A.3.9.3.2.3.2.

Parameters.  The wavelengths, energy levels, pulse widths, exposure time, pulse rates, and spot sizes are derived from data provided by the appropriate government agencies.  See the parameters discussion in A.3.9.3.2.3.2.


Effects.  See the effects discussion in A.3.9.3.2.3.2.

A.3.9.3.2.3.3  Particle Beam.


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage) after exposure to (specify type)  (charged, neutral) particle beams with intensities of    (specify)   watts/cm2 for a period of    (specify)   seconds. 

Rationale/Lessons Learned Underlying the Requirement.


Description.  A charged particle beam is a beam of atomic particles, such as protons, electrons, or heavy ions that are traveling at near the speed of light.  Such beams bend uncontrollably in the earth’s magnetic field.  A neutral particle beam is a beam of atoms or molecules which have been accelerated to high energies also traveling near the speed of light.  The beam must be neutral or the ambient magnetic fields will deflect the beam appreciably.  The neutral beam is produced by initially generating negative ions, accelerating them to the desired energy (typically > 100 MeV), and then stripping off the extra electron.  The ion acceleration is accomplished by a linear accelerator, the charge neutralization by either a gas cell or by a plasma cell.  


Parameters.  The particle type, intensities, and exposure times are derived from threat data provided by the appropriate government agencies.  However the basic particle beam parameters are the particle type (charge and mass) and the particle energy (potential, expressed in MeV.)  These two parameters define the kinetic energy, and thus the ionizing ability of the particles.  A third important factor is the particle density or population of particles in the beam, referred to as the intensity level expressed in watts/cm2.  These particles, accelerated to velocities near the speed of light, are merely a directed form of radiation, and therefore the number of particles, or radiation level, has a large bearing on the destructiveness of the threat.  


The intensity  of a neutral particle beam device in space is expected to be approximately:
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Where:


 = beam intensity. (watts/cm2)




I = the average neutral beam current (amps)




 = the beam divergence (radians)




R = range (cm)




E = energy of particles in the beam (electron volts).


Effects.  When these neutral or charged particles collide with a target, they can generate various damage processes:

1. Atomic Restructuring.  At relatively low energy levels, the particle beam disturbs solid-state circuitry within the target.  Nonlinear circuits are most vulnerable to this effect.  Impacting particles can rearrange the doping levels of the various semiconductor materials.  This can change characteristics, cause errors, and, in many cases, result in device failure or, in the case of missile targets, possible warhead detonation.  The energy required for this level of damage, although considered low for the particle beam weapon, should be placed in perspective with respect to the biological effects it is capable of producing.  For comparison purposes, such a weapon could kill the pilot of a manned vehicle long before it started to change the output of the onboard computer systems.  In both cases, it is the total dose, not the dose rate, which is the threat. 

2. Electric Discharge.  At slightly higher energy levels, the impacting particles strip electrons from the atomic shells on the surface of the target facing the weapon, leaving the surface positively charged.  This charge imbalance within the target generates an internal potential, and a high current pulse can surge through the target to balance the static charge distribution.  This current pulse can burn out circuits, cause arcing, disrupt logic states, and generate various other catastrophic results.  For brittle, non-electrically conductive materials, "shattering" could occur during the arcing event.

3. Heating.  Depending primarily on the beam energy level and the density of the material, internal heating of the target can occur.  The depth of the highest heating is the location where the highest concentration of particles of the beam come to rest and transfer their kinetic energy into heat.  The energy level corresponding to the highest heating is referred to as the "Bragg peak".  The critical beam energy, expressed in MeV, that produces this internal heating can result in material effects ranging from reduction in material strength or elastic modulus to "slumping" of materials from partial internal melting.  If the energy is high enough and the material dense enough, rapid heating near the target surface can result in "blowoff" vaporization at the front surface.  If the surface area is large enough, this blowoff can not only degrade the target surface but, in the case of satellites, impart an abnormal thrust vector.

4. Vaporization.  The most dramatic of the damage processes associated with particle beam weapons is vaporization.  This process, however, requires the highest energy levels.  When the "atomic bullets" hit the target, the result is equivalent to the explosion of TNT on the target surface.  The actual damage process occurs as electrons in the target are torn from the nuclei of the structure to such an extent that the remaining charged ions repel each other, atomically decomposing or vaporizing the target.

A thorough discussion of particle beam effects and effects analysis techniques can be found in Fitzgerald, E. A. and J. S. Mills, Hardening Technology for New and Emerging Threats, McDonnell Douglas Astronautics Company, DNA 5939F, AD-C031-729,  December 31, 1981 (CNWDI-SRD).

A.3.9.3.2.3.4  Conventional/Particle/Pellet Impacts.  


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage) after exposure to an attack by a conventional/particle/pellet weapon consisting of   (specify pellet size and material)  with a particle density/flux of   (specify) pellets/m2 over an area of   (specify)  m2 and an impact velocity of   (specify)  m/sec.

Guidance for tailoring the requirement(s).


Description.  One pellet Anti-SATellite (ASAT) weapon was developed by the USSR in the 1970's and tested against some of their own spacecraft.  These tests produced some of the space debris streams which are still a threat to low altitude spacecraft.


Parameters.  Consult the appropriate Government agencies.  (Also see W. Hermann & A. H. Jones " Survey of Hyperenergy Impact Information"  MIT A.S.R.L Report # 9.9-1, Sept. 1961)


Effects.  The effects of these pellets will be to seriously damage any unprotected spacecraft.  Even if the spacecraft is adequately shielded, there will be a net linear momentum transfer by the pellets, and probably a net angular momentum transfer as well.  There is also the risk that one of the more massive parts of the ASAT itself will hit the spacecraft.
A.3.9.3.2.3.5  Projectile/Object Impact.


The system shall be capable of surviving with    specify damage level  (no damage, no critical damage causing mission denial, or no catastrophic damage) after exposure to an attack by a projectile/object impact weapon consisting of   (specify dimensions)  with a mass of   (specify mass)  kg at an impact velocity of   (specify)  km/sec. 

Guidance for tailoring the requirement(s).


Description. This weapon is simply a homing projectile that destroys its target by running into it.  One example includes a torpedo-like rocket booster ~ 50 cm in diameter by ~ 3 meters long which is carried aloft under the wings of a supersonic fighter airplane.  At high altitude the airplane is pointed up at the proper angle and the rocket fired.  The weapon itself locks onto the target optically at a range of < 1,800 km.  The closing velocity is ~ 3.6 km/sec.   After a flight time of < 200 seconds, it impacts the target, destroying it.  Another example are kilogram projectiles accelerated by electromagnetic rail guns to impact velocities in the tens of km/sec.


Parameters.  Consult the appropriate government agencies. 


Effects.  If impact is unavoidable even a heavily armored vehicle is likely to be severely damaged if not completely destroyed. 

A.3.9.3.2.3.6  High Power Radars And Other Sources Of Radio Frequency Energy.


The system shall be capable of surviving without permanent damage and operating after exposure to an attack by high power radars and other sources of radio frequency.
Rationale/Lessons Learned Underlying the Requirement.


Description.   Radars and other sources of radio frequency or microwave energy, if of sufficiently high power, can produce interference which can affect a vehicles performance and/or health. 


Parameters.  The peak power levels, exposure times and frequencies are derived from data provided by the appropriate government agencies.  Various ground based radars exist that can radiate >108 watts from antennas with effective diameters >100 meters.  These radars can produce large electric fields on a spacecraft at low altitudes (< 500 km).  The frequencies vary from > 10 MHz to 1 GHz.


Effects.  Radio frequency or microwave energy exposure can produce an electric field on the vehicle with any combination of the following effects:

1. Jamming microwave radar and communication systems by overpowering the signals that their antennas are trying to receive.  The effect is similar to that of a powerful static source on an AM radio.  This is called the "negation of information".

2. Disrupting or "spoofing" the operation of sensors and electronic equipment by inducing microwave currents that drown out the signals in the equipment or fool the vehicle into responding to spurious signals.  This is distinct from jamming in that it is aimed at equipment that is not supposed to be picking up microwave signals.

3. Heating of targets in "reasonably short" illumination times by effects similar to those in a microwave oven or exposure to the sun.  Since radar beam intensities can approach sunlight intensity (1367 watts/m2), the heating effects can be comparable.  This heating may be extremely uneven because electrical conductors interact with radar beams while insulators do not.  The very high fields produced can cause surface electrical breakdowns across surface insulators.  If even a small fraction of this energy reaches sensitive electric circuits, upsets and damage may occur.

A.3.10  Computer Resource Requirements.


The system computer resources include all computer software, firmware, and associated computational equipment that are integral to the system operation and any software, firmware, and computational equipment included in system support environments and system support equipment.  Computer resources shall be selected from:


1.   Commercial off-the-shelf (COTS), 


2.   Military off-the-shelf (MOTS), 


3.   reusable software and firmware components, 


4.   modified (evolved), and new to meet all other applicable requirements of this 

specification and minimize system life cycle cost.  Except for COTS, software data 
rights shall be owned by the Government.

Guidance for tailoring the requirement(s). 


If there are no computer resource requirements that need to be stated at the system level, insert “Reserved” in both this subsection and all lower tier subsections and delete all else.  In tailoring the definition at the start of this subsection, consider whether other forms of computer resources should be added.  In tailoring the alternative sources for computer resources, consider whether other sources should be added and whether a specific order of priority should be added (such as MOTS first, COTS next, and so on).  If the software will not be maintained by the Government, then consider deleting the last sentence in the second paragraph.  Add other requirements that apply to all computer resources in the blank paragraph or, if there are none, delete the blank. 

Rationale/Lessons learned underlying the requirement(s).  


Computer resources are critical to the operation of most modern space systems.  In addition, they often drive the cost, schedule, and risk of the development program and the support costs over the life cycle.  Requirements on the computer resources, such as the requirement that the Government own the data rights, may help control the costs and risks.  

A.3.10.1  Computer Hardware Requirements.


_______________________________________________________________________________________________________________________________________________.

Guidance for tailoring the requirement(s).

(to be furnished)

Rationale/Lessons learned underlying the requirement(s). 

(to be furnished)

A.3.10.2  Computer Hardware Resource Utilization Requirements.


_______________________________________________________________________________________________________________________________________________.

Guidance for tailoring the requirement(s).

(to be furnished)

Rationale/Lessons learned underlying the requirement(s). 

(to be furnished)

A.3.10.3  Computer Software Requirements.


Within each modified or new functional processing element, the software used in the  

system shall provide the following capabilities: 


1.   measurement of computer resource utilization, 


2.   logging of system events to support anomaly resolution (including software 
anomalies) and system performance verification, and 


3.   restart/re-initialization of software to recover from anomalies.  

Guidance for tailoring the requirement(s).  


If there are no computer software requirements that need to be stated at the system level, insert “Reserved” in this subsection and delete all else.  In tailoring the first paragraph, consider other features that could be added to the software to facilitate system requirements verification and anomaly resolution and recovery over the life cycle.  Add other computer software requirements in the blank paragraph, or if there are none, delete it.  Note that the instructions in the DID DI-IPSC-81431 place computer software design constraints such as use of particular data standards and programming languages (such as ADA) in a subsection of 3.12 – see 3.12.2.6 below. 

Rationale/Lessons learned underlying the requirement(s). 


The resources required for verification of conformance to computer resource requirements and the investigation of and recovery from computer resource anomalies can be reduced by requiring that the software support those processes.  

A.3.10.4  Computer Communications Requirements.


_______________________________________________________________________________________________________________________________________________.

Guidance for tailoring the requirement(s).

(to be furnished)

Rationale/Lessons learned underlying the requirement(s). 

(to be furnished)

A.3.11  System Quality Requirements.  (to be furnished)

Guidance for tailoring the requirement(s).  

Consider whether there are system quality factors in addition to those in the following subsections of 3.11 for which requirements should be stated.  

A.3.11.1  Reliability Requirements.  (to be furnished)

A.3.11.2  Maintainability Requirements.  (to be furnished)

A.3.11.3  Availability Requirements.  (to be furnished)

A.3.11.4 Interoperability Requirements.


The system shall be interoperable with _________(specify)_________________ for which the interoperability requirements are _____(specify)____________________.

Guidance for tailoring the requirement(s).


If there are no interoperability requirements, insert “Reserved” in this subsection and delete all else.  When interoperability requirements can be captured by general specifications to provide interoperability with a class of equipment or by precise designation of the equipment itself, they may be most readily captured by requirements in this subsection.  Where detailed interface specifications must be stated and subsequently verified, it is suggested that the requirements be included in Section 3.3 above.  If to be defined here, list the interoperable equipment in the first blank and define the requirements in the second or cite a document that does. If another document is cited, state the extent to which it is applicable (if in its entirety, so state) and also list the title, date, version, and issuing agency in the appropriate subsection of Section 1.  If there is more than one such equipment, add a lower tier subsection for each.  If subsections are added, add corresponding entries to the tables in 4.2 and 4.3.

Rationale/Lessons learned underlying the requirement(s).  


Most new or upgraded systems do not operate alone but must interoperate with other systems, usually via one or more communication media. Joint operations by more than one military service usually require that equipment separately developed to meet the distinct needs of each service must operate together.  

A.3.11.5  Software Portability Requirements.  (to be furnished)

A.3.11.6  Reusability Requirements.  (to be furnished)

A.3.11.7  Testability Requirements.  (to be furnished)

A.3.11.8  Usability Requirements.  (to be furnished)

A.3.11.9  Transportability Requirements.  (to be furnished)

A.3.12  Design and Construction Requirements. 

A.3.12.1  Architectural Requirements.  (to be furnished)

A.3.12.2  Design Requirements.

A.3.12.2.1  Structures Design Requirements.

A.3.12.2.1.1  General Requirements. 


The primary and secondary structure for the spacecraft/equipment shall possess sufficient strength, rigidity , and other characteristics required to survive the critical loading conditions that exist within the envelope of handling and mission requirements.  (see 6.2.135 and 6.2.154 ) 

Rational/Lessons learned underlying the requirements. 


The following table lists some typical environments that should be considered when determining loading conditions:

TABLE A- II Loading condition environments.

Mission Phase
Source of Requirements

Manufacturing and Assembly
· Handling fixture or container reactions.

· Residual stresses induced by manufacturing process. 

· Structural surface characteristics to facilitate fastener types. 

Transportation and Handling
· Crane and dolly reactions.

· Land, sea and air transportation environments. 

Testing
· Environments from vibration or acoustic tests. 

· Test fixture reaction loads. 

Prelaunch 
· Handling during stacking sequence and pre-flight checks. 

Launch and Ascent
· Steady state booster accelerations.

· Vibro-acoustic noise during launch and transonic phase. 

· Propulsion system engine vibrations. 

· Transient loads during booster ignition and burn-out, stage separations, vehicle maneuvers, propellant slosh and payload fairing separation. 

· Pyrotechnic shock from separation events. 

Mission Operations
· Steady state thruster accelerations.

· Transient loads during pointing maneuvers and altitude control burns or docking events. 

· Pyrotechnic shock from separation events, deployments. 

· Thermal environments. 

TABLE A-II  (Cont.)

Mission Phase  (cont.)
Source of Requirements

Reentry and landing. (If applicable)
· Aerodynamic heating.

· Transient wind and landing loads. 

A.3.12.2.1.1.2  Structural Interface Requirements.  


The vehicle/equipment shall be designed to interface with   (specify)    .

Guidance for tailoring the requirement(s).


Specify Government, or contractor furnished equipment or commercial off-the-shelf (COTS) items that require interface design considerations.  

A.3.12.2.1.2  Detailed Requirements.

A.3.12.2.1.2.1  Strength Requirements.

A.3.12.2.1.2.1.2  Ultimate Load.  


The structure shall be designed to withstand simultaneously the ultimate loads, applied temperature, and other accompanying environmental phenomena without failure.  (see 6.2.46 )

Guidance for tailoring the requirement(s).


Ultimate Combined Loads.  The mechanical external and thermally induced loads shall be combined in a rational manner according to the equation given below to determine the design loads.  Any other loads induced in the structure, e.g., during manufacturing, shall be considered.  In no case shall the ratio of the allowable load to the combined limit loads be less than 1.4 for first flight of the vehicle and before degradation from time exposure to elevated temperature.

K1L external + K2L thermal = Ultimate Load


Where:
K1 = 1.4 for boost, entry, atmospheric cruise, and landing when the 




term is additive to the algebraic sum, ( L




K1 = 0 when the term is subtractive to the algebraic sum, ( L




K2 = 1.4 when the thermal loads are additive to the algebraic sum, ( L




K2 = 0 when the thermal loads are subtractive to the algebraic sum, (L




L external = Mechanically externally applied loads; e.g., inertial loads,




aerodynamic pressure.




L thermal = Thermally induced loads.

A.3.12.2.1.2.1.4  Fracture Control.  


Fracture control requirements shall be considered in the selection of the materials, detail design and operating stresses, and fabrication process.  Fracture control shall conform to   (specify)   .
Guidance for tailoring the requirement(s).


The following documents may be used to establish fracture control requirements tailored to the system acquisition:

· Fracture Control for STS payloads shall be in accordance with NASA-STD-5003 (Formally NHB 8071.1) “Fracture Control Requirements for Payloads Using The Space Shuttle”.) 

· or (Boeing North American SD73-SH-0032B, “Space Shuttle Orbiter Fracture Control Plan”, Dated May 1995)

· or (USAF & Navy Document “Joint Service Guide Specification”, Dated January 24, 1996 - Note: no document number)

· or (NASA - STD - 5003A “Fracture Control Requirements For Space Systems - Note: Available Late 1998)

A.3.12.2.1.2.1.5  Design Thickness. 


The thickness used for analysis shall be the lesser of the mean thickness, or   (specify)    times the minimum thickness for stability design or   (specify)   times the minimum thickness for strength design.

Guidance for tailoring the requirement(s).


Based on accepted structural analysis practices specified value for stability , it is recommended to use 1.05 times the minimum thickness and for strength design use 1.10 times minimum thickness.

A.3.12.2.1.2.2  Stiffness Requirements. 

A.3.12.2.1.2.2.3  Component Stiffness.  


The fundamental resonant frequency of a component weighing    (specify)    kilograms or less shall be    (specify)     Hertz or greater when mounted on its immediate support structure.

Guidance for tailoring the requirement(s).

Reference Document
Subject
Section/Paragraph Numbers

DoD-HDBK-343
Stiffness Requirements
6.2.3

MIL-HDBK-83577
Structure
4.1.13

A.3.12.2.1.2.3  Factors of Safety.

A.3.12.2.1.2.3.1  Limit Loads.  


The structural design factor of safety shall be   (specify)   .   (see 6.2.78 )  Note:  All safety related structural design requirements shall also be met.  (see 3.7 Safety Requirements.)

Guidance for tailoring the requirement(s). 

TABLE A- III Structural design factors of safety.


Select the appropriate factor of safety from the following options. 

Structural Design Factors of Safety

Design and Test Options. 
Design Factor of Safety on Limit Loads


Yield
Ultimate


(FSy)
(FSu) Unmanned Events 
(FSu) 

Manned Events

1.  Dedicated Test Article.(see 6.2.50)
1.00
1.25
1.40

2.  Test One Flight Article.
1.25
1.40
1.40

3.  Proof Test Each Flight Article. 

(see 6.2.142)
1.10
1.25
1.40

4  No static Test. 
1.60
2.00
2.25

A.3.12.2.1.2.3.2  Pressure Loads. 


Factors of safety for pressure loads shall be determined individually for each pressure vessel, based on tests to establish material characteristics and an analysis of service life requirements (see 6.2.158 ) and other environmental exposure.  Proof and burst pressure factors shall be established at levels that ensure structural integrity. structural life, and safety throughout all phases.  

Guidance for tailoring the requirement(s).


The values listed in the following table should be considered as limiting lower bounds.  

TABLE A- IV  Factors of safety.

Component (c)
Design 

Ultimate
Acceptance 

(Proof)
Qualification.

Solid Rocket Motor Cases (b)
1.25
1.10 (a)
1.25 (a)

Pneumatic Vessels (b)
2.00
1.50 (a)
2.00 (a)

Lines Fittings and Hoses:

     Less than 3.81 cm dia. (d)

     3.81 cm dia. and larger. (d)
4.00

1.50
2.00 (a)

1.10 (a)
4.00 (a)

1.50 (a)

Other Pressurized Components
2.50
2.00 (a)
2.50 (a)

Notes:

1. No yielding permitted at acceptance (proof) test pressure and no rupture at qualification pressure. 

2. Factors of safety shown are minimum values applicable to metallic pressure vessels for which ductile fracture mode is predicted via a combination of stress and fracture mechanics analyses.  Design of metallic pressure vessels for which brittle fracture mode is predicted by these analyses should be in accordance with fracture mechanics methodology wherein the proof factor as well as the design ultimate factor of safety should be established to provide a minimum of four times the specified service life against mission requirements.  In addition, a fracture control program should be established to prevent structural failure due to the initiation or propagation of flaws or crack-like defects during fabrication. testing, and service life.

3. All pressure vessels, sealed containers, lines, fittings, and other pressurized components or equipment to be launched in the STS should be designed to meet the applicable safety requirements of NHB 1700.7 (NASA) and SAMTO HB S-100 (designated by NASA as KHB 1700.7).

4. 3.81 cm diameter is equivalent to 1.5 inches diameter. 

A.3.12.2.1.2.5  Materials.

A.3.12.2.1.2.5.4  Strength, Non-metallic, Composite Materials.  


Composite material strengths and other mechanical or physical properties shall be selected from reliable sources such as MIL-HDBK-17 or data determined in approved contractor development test programs. 


a.  The design allowables basis for primary and secondary nonmetallic structure shall 
correspond with "A" and "B" levels respectively, as defined in MIL-HDBK-5 wherever 
possible.  For fail-safe primary structure, "B" values shall be used.


b.  In special circumstances where design data at the requisite statistical level are not 
available, the contractor shall, with procurement agency approval, conduct special 
limited data acquisition testing to establish S basis (test Basis) allowables.  Under these 
circumstances, an acceptance proof test is mandatory.

Guidance for tailoring the requirement(s).


The anisotropy of typical laminated composite structural elements should be accounted for when establishing laminate material properties and failure modes.  The laminate strength and other mechanical properties used should be appropriate for the critical structural modes of failure and environmental conditions. 


For cases where applicable material properties do not exist testing is required to establish such values.  The variability of small coupon specimen properties and the scaling to full-size composite structure should be addressed to establish realistic design properties.  In particular, the potential effects of low interlaminar strength, the lack of ductility, local yielding, and sensitivity to impact and handling damage should be addressed in the critical regions of the structure.  Composite primary structures should be acceptance proof tested at minimum loads of 1.1 times the design limit loads. 

A.3.12.2.2  Thermal Design Requirements. 

A.3.12.2.2.1  Thermal Control General Requirements.

A.3.12.2.2.1.2  Thermal Control Inputs. 


The design shall meet vehicle temperature requirements that account for inputs from the sun, earth and/or other terrestrial bodies plus  electrical/electronic components on board the vehicle.

Rationale/Lessons learned underlying the requirements.


The maximum and minimum expected temperatures are the highest and lowest temperatures that an item can experience during its service live, including all operational modes.  These temperatures are established from analytically determined extreme temperatures by adding a thermal uncertainty margin, discussed below.  (see 3.12.2.2.2.1) The analytically determined extreme temperatures are predicted from thermal models using applicable effects of worst case combinations of equipment operation, internal heating, vehicle orientation, solar radiation, eclipse conditions, ascent heating, descent heating, and degradation of thermal surfaces during the service life. 

TABLE A- V  Typical temperature ranges for selected space vehicle components.

COMPONENTS
TYPICAL TEMPERATURE RANGES O C

Electronics
0 to 40

Batteries
5 to 20

Solar Arrays
-100 to +100

Propellant Hydrazine
7 to 35

Structures
-45 to +65

Infrared Detectors
-200 to -80

A.3.12.2.2.2  Detailed Thermal Control Requirements.

A.3.12.2.2.2.1  Thermal Control Subsystems.  


Space vehicle thermal control designs shall utilize either passive or active controls or a combination there of.  (see 6.2.127 and 6.2.4).  Thermal margins shall be determined for both active and passive thermal control subsystems. 

Guidance for tailoring the requirements. 


The thermal margins vary depending on whether passive or active thermal control techniques are used.  Examples of each type, for purposes of uncertainty margin to be applied, appear in the table below.  (see TABLE A-VI)  The margins to be applied are addressed in the paragraphs following the table.

TABLE A- VI  Categorization of passive and active thermal control subsystems.

Passive
Active

Constant-conductance or diode heat pipes. 
Variable-conductance heat pipes. 

Hardwired heaters (fixed or variable-resistance, such as auto-trace or positive-temperature coefficient thermistors).
Heat pumps and refrigerators. 

Thermal storage deices (phase-change or sensible heat).
Resistance heater with commandable or mechanical or electronic controller. 

Thermal insulation (multi-layer insulation, foams, or discrete shields).
Capillary-pumped cooler. 

Radiators (fixed, articulated, or deployable) with louvers or pinwheels. 
Pumped fluid loops. 

Surface finishes (coatings, paints, treatments, second-surface mirrors).



Margins for Passive Thermal Control Subsystems.  For units that have no thermal control or have only passive thermal control, the recommended minimum thermal uncertainty margin is 17o C prior to achieving a validated analytical model.  For space and upper-stage vehicles, the uncertainty margin may be reduced to 11o C after the analytical model is validated using results from a vehicle thermal balance test.  To avoid significant weight and power increase of the subsystem due to additional hardware or increased heater size, the uncertainty margin of 17o C may be reduced to 11o C. 


For units that have large uncertainties in operational or environmental conditions or that do not require thermal balance testing, the thermal uncertainty margin may be greater than those stated above.  Examples of these units for a launch vehicle are a vehicle heat shield, external insulation, and units within the aft skirt. 


For passive cryogenic subsystems operating below minus 70o C, the thermal uncertainty margin may be reduced as presented in the table below.  (See TABLE A- VII).  In addition, the following thermal-uncertainty heat-load margins are recommended: 50% in the conceptual phase, 45% for preliminary design, 35% for critical design review, and 30% for qualification. 

TABLE A- VII  Thermal uncertainty margins for passive cryogenic subsystems.

Predicted Temperature  

(o C)
Thermal Uncertainty Margin  

(o C)


Pre-validation
Post-validation

Above -70
17
11

-70 to -87
16
10

-88 to 105
15
9

-106 to -123
14
8

-124 to -141
13
7

-142 to -159
11
6

-160 to 177
9
5

-178 to -195
8
4

-196 to -213
6
3

-214 to -232
4
2

Below -232
2
1


Margins for Active Thermal Control Subsystems.  For thermal designs in which temperatures are actively controlled, a heat-load margin of 25% may be used in lieu of the thermal margins specified above.  This margin is applicable at the condition that imposes the maximum and minimum expected temperatures.  For example, for heaters regulated by a mechanical thermostat or electronic controller, a 25% heater capacity margin may be used in lieu of the thermal margins at the minimum expected temperature and at minimum bus voltage, which translates into a duty cycle of no more than 80% under these cold conditions.  Where an 11 o C addition in the analytically determined extreme temperatures would cause the temperature of any part of the actively-controlled unit to exceed an acceptable temperature limit, a control-authority margin in excess of 25% should be demonstrated. 


For designs in which the temperatures are actively controlled to below minus 70 o C by expendable coolants or refrigerators, the thermal uncertainty heat-load margin of 25% should be increased in the early phases of the development.  For these cases, the following thermal-uncertainty heat-load margins are recommended: 50% in the conceptual phase, 45% for preliminary design, 35% for the critical design review, and 30% for qualification. 

A.3.12.2.2.2.1.2  Thermal Control Design.  


During the preliminary design phase, thermal issues shall be addressed.  The resulting investigations shall be instrumental in bounding thermal problems and providing estimates of engineering and computer time required to develop the vehicle thermal design. 

Rationale/Lessons learned underlying the requirements.

TABLE A- VIII  Preliminary design process for the thermal subsystem of an isothermal spacecraft.

Step
Notes

1.  Determine requirements and constraints. 
Identify temperature limits: payload requirements usually dominate; batteries often have narrow temperature limits.

Estimate electrical power dissipation. 

Use powers consistent with worst case hot and worst case cold conditions, if available, otherwise use orbit average power. 

2.  Determine diameter of sphere with surface area equal to surface area of the spacecraft. 
First-order estimates of the spacecraft thermal performance can be made by assuming an isothermal and spherical spacecraft.

3.  Select radiation surface property values.
Initially assume white paint with an absorption coefficient of 0.3 and an emission coefficient of .8.

4.  Compute worst-case hot and cold temperatures for the spacecraft.
For upper limit, use high side values for direct solar, albedo, and Earth I R emission; for lower limit use low value for Earth IR emission.

5.  Compare worst-case hot and cold temperatures (step 4) with temperature limits (step 1).
If worst-case hot temperature is higher than required upper limit, deployed radiator with pumped looped system will likely be necessary.  If opposite is true, body-mounted radiators can be used.

6.  Estimate required area for body-mounted radiator.
Use upper temperature limit for radiator temperature, assume no environmental heat inputs, and use maximum heat dissipation.

7.  Estimate radiator temperature for worst-case cold conditions.
Use the area from step 6 and minimum heat dissipation.

8.  Determine heater power required to maintain radiator at lower temperature limit.
If temperature found in step 7 is less than lower limit, assume the radiator temperature is at lower limit and area is value defined in step 6.

9  Determine if there are special thermal control problems.
Components with narrow temperature range, high power dissipation, or low temperature requirements.

TABLE A-VIII (CONT.) Preliminary design process for the thermal subsystem of an isothermal spacecraft.

Step
Notes

10.  Estimate subsystem weight, cost, and power. 
If no special problems, use 4.5% of spacecraft dry weight, 4% of the total spacecraft cost, and heater power from step 8.

11.  Document reasons for selections.
Particularly important to document assumptions.

A.3.12.2.2.2.1.2.2 Thermal Tests.  


Thermal testing shall include tests which cover thermal cycling, thermal vacuum and thermal balance testing.  These tests shall be imposed at the unit level, subsystem and vehicle system level where required for both acceptance and qualification purposes.

Rationale/Lessons learned underlying the requirements.


Rationale for Thermal Cycling Tests.  Thermal cycling is required for electrical and electronic units primarily as an environmental stress screen.  It is intended to enhance quality assurance by revealing latent workmanship or material defects.  The types of defects found in thermal cycling include loose connectors, defective solder joints, inadequate stress relief, performance drift, and material deficiencies. 


The parameters deemed important in regard to thermal cycling of units are the temperature range, number of cycles, dwell or soak duration, rate of change during temperature transitions, and operational conditions.  Vehicle thermal cycling at acceptance and qualification levels is an optional test, which may be selected to augment the required thermal vacuum test. 


Rationale for Thermal Vacuum Tests.  Thermal vacuum testing is vital in ensuring successful mission operation for units, subsystems and vehicles which operate at high altitudes.  For upper stage and space vehicles it presents the essential conditions of the operating environment.  Thermal vacuum testing provides assurance that the unit, subsystem or vehicle will operate successfully, and within expected thermal extremes in its mission environment.  Unit thermal vacuum cycles are counted toward accumulating the required number of thermal cycles for qualification or acceptance.  All unit thermal cycling may be performed under vacuum conditions as long as a consistent choice is made for both qualification and acceptance testing. 


If the thermal cycling option is selected for subsystems or vehicle testing, the thermal vacuum testing can be reduced in the number of cycles required.  In thermal cycling the required cycles are accumulate more rapidly than in thermal vacuum testing.  However, this efficiency is gained at the expense of the logistics associated with a separate test setup.  For qualification testing purposes thermal vacuum requirements are the same as those imposed for vehicle test. 


For acceptance testing purposes thermal vacuum requirements are the same qualification vehicle thermal tests except that the acceptance temperatures limits apply.  For subsystems-level thermal vacuum tests, these are considered to be discretionary. 


Rational for Thermal Balance Tests  Thermal balance testing is normally conducted during  vacuum qualification tests of vehicles or subsystems.  This test should be conducted for one-of-a-kind spacecraft, the lead vehicle of a series of spacecraft, a block change in a series of vehicles, upper stages, and sortie pallets designed to fly with the vehicle.  The principal role of thermal balance testing is validation of the thermal analysis model.  In fulfilling that role, careful attention must be given to features of the facility and the specimen which may influence test fidelity.  It is also important that the test cases and instrumentation be fashioned to provide the insight needed to intelligently modify the analytic model, or to perhaps alter the test setup.  In addition to the model validation role, this test provides a verification of the capability of the thermal control system to maintain temperatures within prescribed limits for a bounding variety of mission phases that are simulated in the test.
A.3.12.2.3  Mechanical Design Requirements.

A.3.12.2.3.1  Moving Mechanical Assemblies Design Requirements.

A.3.12.2.3.1.1  Deployables 


Deployables (see 6.2.44 ) and other movable systems (see 6.2.112 ) shall be designed, where applicable:


a.   to be self supporting when placed in any orientation relative to gravity, while in 

either the stowed or deployed configuration,


b.   with sufficient motive force to permit full operation during ground testing without 

depending upon the assistance of gravity to demonstrate deployment,


c.   to utilize redundancy in the design to improve reliability and avoid single point 


failures.


d.   (where a device rotates after deployment), such that the center of gravity of the 

device is coincident with the axis of rotation to preclude the need for 



counterbalancing during functional testing.


e.   so the deployment motion, is controlled or restrained for the full range of travel.


f.   to minimize rebound of the deployable after contacting the stops. 


g.   with kick-off springs or other suitable devices to initiate deployment motion.


h.   so acceleration loads applied to the deployed assembly, tend to drive the 


deployable into its deployed latched position.


i.   with positive retention provisions for deployables in the stowed and in the 


deployed positions. 


j.   (where two or more deployables are used on a space vehicle),so the 



deployment of one shall not be dependent upon the successful deployment 


of the other.


k.   with field joints to permit disassembly from the space vehicle and/or device to 

facilitate testing or replacement of parts. 


l.   with established tolerances on all parts to ensure adequate clearances are 


maintained under all environmentally induced conditions, including thermally 


induced distortions.

Guidance for tailoring the requirement(s).

1. Requirement a.: Off-loading devices to simulate a zero-g condition are allowed so that the movable system does not have to act against the force of gravity. 

2. Requirement c.: This requirement may be implemented by such means as use of redundant springs or motors in deployment mechanisms so that failure of one spring or motor does not prevent full deployment and latching. Where redundancy is provided, the redundant portion of the moving mechanical assembly should be in accordance with all the requirements of the specification. Ref.: MIL-HDBK 83577 Section 4.1

3. Requirement d.: Example: sun tracking solar arrays. 

4. Requirement g.: These springs should have a stroke long enough to ensure complete disengagement of the deployable from its retention mechanism. 

5. Requirement j.: Where this sequential dependency cannot be avoided, and the deployable that could be obstructed is mission critical, (see 6.2.33), a fully redundant release device and fully redundant or backup deployment mechanism should be provided for the deployable which, by its failure (see 6.2.81) could prevent successful deployment of the mission critical deployable. Deployables which require discrete sequential motions, each initiated by separate commands, should have either the primary initiation of each event separately ground commanded or should have a backup ground command for each event. 

A.3.12.2.3.1.1.1  Hinges. 


Hinges shall be designed to preclude binding of pivoting elements. 

Guidance for tailoring the requirement(s).


Continuous hinges, such as piano hinges should not be used. Flexures, four bar linkages, or other types of pivotal linkage are preferred. Self-aligning features, such as self-aligning bearings and rod ends, should be used to preclude binding of pivoting elements. 

A.3.12.2.3.1.1.2  End of Travel Latches. 


The design of latching devices shall be such that peaking of resistance near the end of travel of the deployable is minimized. 

Guidance for tailoring the requirement(s).


Leaf spring latches which become the primary element for reacting deployment or deployment rebound loads should be avoided. Catches using a permanent magnet as the holding element should be avoided

A.3.12.2.3.1.2.1  Pin Pullers. 


Pin pullers shall:


a.
include design, installation, and checkout procedures that ensure loads due to 


misalignment of the pin are within design limits,


b.
be designed with a minimum retraction force margin of         (specify)          


percent at worst case environmental conditions and under worst case 



tolerances (applicable to nonexplosive pin pullers),


c.
be designed with sufficient stroke so that complete release is attained 



under worst case tolerances and environmental conditions,


d.
shall be designed to retract at least        (specify)         millimeters (         inches) 


beyond the point of release calculated under worst case dimensional tolerances 

and environmental conditions,

.
e.
be designed with redundant release devices.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83577 Section 4.1.2.1 

Requirements and functional margins for pyrotechnically actuated pin pullers may developed using MIL-HDBK-83578, Explosive Ordnance for Space Vehicles.

A.3.12.2.3.1.2.5  Pyrotechnic Actuation Devices. 


Redundant pyrotechnically  actuated devices shall be used. 

Guidance for tailoring the requirement(s).


Requirements for pyrotechnically actuated devices may be developed using MIL-HDBK-83578, Explosive Ordnance for Space Vehicles.

A.3.12.2.3.1.4  Parts, Materials, and Processes. 


Unless otherwise specified, the parts, materials, and manufacturing process selection shall be the prerogative of the contractor as long as all articles submitted to the government fully meet the operating interface, ownership and support, and operating environment requirements specified. 

Guidance for tailoring the requirement(s).


The following matrix lists the handbook sections where guidance can be found for developing specific requirements for parts, materials and processes as applicable to the procurement.

SUBJECT
MIL-HDBK-83577 SECTION NUMBER

Parts, Materials and Processes general.
4.1.4

Materials, Suitability.
4.1.4.1

Materials, Fungus Inert.
4.1.4.1

Materials, Low Outgassing.
4.1.4.1, 4.7.3.3

Metals, Corrosion Resistant.
4.1.4.1

Heat Treatments.
4.1.4.1

Hydrogen Embrittlement.
4.1.4.1

Low Fracture Toughness.
4.1.4.1

Magnetic Materials.
4.1.4.1

Resistivity Of Materials.
4.1.4.1

Minimum Wall Thickness.
4.1.4.1

Honeycomb Venting.
4.1.4.1

Surface Treatments.
4.1.4.2

Lubricants.
4.1.4.3

Rolling Element Bearing Lubricants.
4.1.4.4

Dry Film Lubrication.
4.1.4.5

Hard Coatings.
4.1.4.6

Bearings For Deployables, Hinges, And Linkages.
4.1.5

Ball Bearings. 
4.1.5.1

Design And Selection. 
4.1.5.1.1 

Bearing Applications Requiring Quiet Operation Or Low Torque Ripple.
4.1.5.1.2

Bearing Alignment. 
4.1.5.1.3

Other Bearing Types. 
4.1.5.2

Brush And Slip Ring Assemblies.
4.1.6

Electrical And Electronic.
4.1.7

Electric Motors. 
4.1.8

Stepper Motors. 
4.1.8.1

Torque Motors. 
4.1.8.2

Direct Current Brush Motors. 
4.1.8.3

Gears. 
4.1.9

Design And Selection. 
4.1.9.1

Harmonic Drives. 
4.1.9.2

Precision Gears. 
4.1.9.3

Springs. 
4.1.10

Dampers. 
4.1.11

Deformable Material Dampers. 
4.1.11.1

Viscous Dampers. 
4.1.11.2

Eddy Current Dampers.  
4.1.11.3

Fasteners And Locking.
4.1.12

Locking Devices. 
4.1.12.1

Pivots. 
4.1.12.2 

Snag Rings. 
4.1.12.3

SUBJECT (cont.)
MIL-HDBK-83577 SECTION NUMBER

Structure. 
4.1.13

Fiber-Reinforced Composite Material Properties. 
4.1.13.1

Adhesives And Polymers
4.1.13.2

Allowables For Nonmetallic Materials.
4.1.13.3

Stops.
4.1.13.4

Pressurized Components.
4.1.14

Instrumentation.
4.1.15

Test Points And Test Parameters.
4.1.15.1

A.3.12.2.3.2  Performance.

A.3.12.2.3.2.1  Margins. 


Moving mechanical assemblies shall be designed with the highest practicable torque margin or, for linear devices, the highest practicable force margin. Two components of margin shall be considered: 


a.
the static torque or force margin which applies to the torque or force required to 


overcome drive resistance and 


b.
the kinetic margin which applies to the torque or force required to impart 



acceleration.


Minimum available driving capability and maximum load determination shall be verified through an appropriate test program; each element of resistance shall be characterized in this test program. 

Guidance for tailoring the requirement(s).
See MIL-HDBK-83577 section 4.2.1

A.3.12.2.3.2.1.1  Static Torque or Force Margin. 


The static margin (see: 6.2.167 ) depends on the minimum driving torque or force and maximum static resisting torques or forces. 


a.
Minimum available driving capability shall be determined by performing a worst 


case analysis which includes a combination of such items as supply voltage, 


temperature, motor and controller parameters, and minimum available drive 


torque or force, all of which act so as to minimize the drive output capability. 


b.
Maximum static resistance shall be determined by performing a worst case 


analysis which includes a combination of such items as static friction, alignment 


effects, latching forces, wire harness loads, damper drag, and variations in 


lubricity, including degradation or depletion of lubricant under vacuum and worst 

case thermal conditions. 

Guidance for tailoring the requirement(s).

See MIL-HDBK-83577 section 4.2.1.1

A.3.12.2.3.2.1.2  Kinetic Torque or Force Margin. 


The kinetic torque or force margin (see 6.2.98 ) depends on the minimum drive capability available to accelerate a specified inertia or mass at a specified rate. The kinetic torque or force margin shall be greater than        (specify)       percent. 

Guidance for tailoring the requirement(s).

See MIL-HDBK-83577 section 4.2.1.2

A.3.12.2.3.2.5 Off-nominal Operation. 


The design and operational performance sensitivity to changes in parameters shall be minimized and substantiated by analysis or tests conducted to determine the effects of various off-nominal parameters which are beyond design requirements. 

Guidance for tailoring the requirement(s).

These off-nominal parameters should include, but not be limited to, such items as higher dynamic response of surrounding structure, higher and lower speed of motors, higher and lower velocities of deployables, varying duty cycles, misalignments, friction due to contamination, overload and heating of motors due to stalling, inadvertent spin up of the despun portion of dual spin space vehicles, inadvertent spin-up of 3 axis controlled space vehicles, higher and lower spin speeds of spinning space vehicles, higher and lower nutation frequencies associated with spinning space vehicles, unsymmetrical deployment of solar arrays, transient overvoltage, high and low bus voltage, power down modes, and off-nominal environmental conditions including such changes in environmental conditions as those caused by a delay in deployment of a device until a subsequent ground station-contact.

A.3.12.2.3.2.6  Failure Modes and Effects. 


Required performance and reliability shall be ensured based upon a failure modes, effects, and criticality analysis (see 6.2.79 ). 

Guidance for tailoring the requirement(s).

The failures to be considered should include, but are not limited to, power outage, low voltage conditions, damper leakage, binding or excessive frictional loads, increase in friction noise, over temperature conditions, excessive temperature gradients, failure of limit switches, partial or complete deployment failure, and structural failure in the moving mechanical assembly. During the preliminary design phase, an initial failure mode analysis should consider providing redundancy in the design to achieve the required reliability. Failure modes established for the moving mechanical assemblies should be used as a basis for selecting in-flight telemetry monitoring points to be used for ground diagnostic analysis should an anomalous condition occur.

A.3.12.2.3.3  Environmental Design Requirements.  


Moving mechanical assemblies shall be designed to function within performance specifications after exposure to terrestrial, launch and on orbit environments for the service life of the assembly.  These environments include: temperature, humidity, pressure, salt spray, thermal/vacuum, radiation, shock, vibro-acoustics, and acceleration. 

Guidance for tailoring the requirement(s).


The following lists the relevant sections of this Spec Guide as well as other sources of information. 

Reference Document
Subject
Section/Paragraph Numbers

Specification Guide for Space Systems
Terrestrial Environments
3.9.1.1


Launch Environments
3.9.1.2


On-orbit Environments
3.9.1.3


Induced Environments
3.9.2

MIL-HDBK-83577 
Environmental Design Requirements
4.3


Launch Environment
4.3.1


On-Orbit Environment
4.3.2


Fabrication, Storage, Transportation and Handling Environments
4.3.3

MIL-HDBK-340A, VOL. I
Maximum Predicted Environments
3.3

A.3.12.2.3.4  Identification and Marking. 


Each moving mechanical assembly and interchangeable subassembly shall be identified by a nameplate.

Guidance for tailoring the requirement(s).


The following matrix lists the handbook sections where guidance can be found for developing specific requirements for identification and marking as applicable to the procurement.

SUBJECT
MIL-HDBK-83577 SECTION NUMBER

Data Cards
4.4.1

Not For Flight Marking
4.4.2

A.3.12.2.3.5  Interface Requirements.

A.3.12.2.3.5.1  Clearance. 


The clearance requirements between the moving mechanical assembly or deployable and any other structure or component shall be established and maintained.

Guidance for tailoring the requirement(s).

See MIL-HDBK-83577 section 4.5.1.

A.3.12.2.3.5.2  Alignments. 


Provisions shall be included to permit alignment and adjustment of moving mechanical assemblies with respect to the space vehicle and other subsystem elements.

Guidance for tailoring the requirement(s).

See MIL-HDBK-83577 section 4.5.2.

A.3.12.2.3.5.3 Structural. 


In selecting the design for the structural interface of the moving mechanical assembly with the space vehicle, preference shall be given to simple approaches that minimize the complexity of the interface. The moving mechanical assembly shall be easily installed and readily accessible for inspection or removal. Standard wrench clearances shall be provided. The use of special tools shall be minimized. In addition, where complex connections and structural assembly interfaces are employed, the design of fittings shall be based on a minimum fitting factor of      (specify)      at ultimate load.

Guidance for tailoring the requirement(s).

See MIL-HDBK-83577 section 4.5.3.

A.3.12.2.3.6 Operability

A.3.12.2.3.6.1 Reliability. 


The reliability of each moving mechanical assembly shall be analytically determined using piece part or component failure rates obtained from actual usage data where available, or evaluated at anticipated operating temperatures from standard data sources.

Guidance for tailoring the requirement(s).

See MIL-HDBK-83577 section 4.6.1.

A.3.12.2.3.6.5.1 General Safety. 


The design shall be such that a safety hazard to personnel and surrounding equipment shall not be created during installation, maintenance, ground test, and transportation of moving mechanical assemblies and deployables.

Guidance for tailoring the requirement(s).

See MIL-HDBK-83577 section 4.6.5.1.

A.3.12.2.3.6.5.2  Space Transportation System Payloads. 


For all moving mechanical assemblies and deployables that are in payloads which are to be launched by the Space Transportation System (STS), the safety requirements shall also be in accordance with Chapter 2 of NHB 1700.7 (NASA).

Guidance for tailoring the requirement(s).

See MIL-HDBK-83577 section 4.6.5.2.

A.3.12.2.3.7  Manufacturing. 


The manufacturing process shall be accomplished in accordance with documented procedures and process controls which ensure the reliability and quality required for the mission. 

Guidance for tailoring the requirement(s).

The following matrix lists the handbook sections where guidance can be found for developing specific requirements for the manufacturing process as required.

SUBJECT
MIL-HDBK-83577 SECTION NUMBER

Process And Controls.
4.7.1

Production Lots. 
4.7.2

Contamination
4.7.3

Fabrication And Handling
4.7.3.1

Device Cleanliness.
4.7.3.2

Outgassing
4.7.3.3

Electrostatic Discharge.
4.7.4

Craftsmanship.
4.7.5

Storage And Handling Provisions.
4.8

A.3.12.2.3.8  Quality Assurance Provisions.

A.3.12.2.3.8.1  Responsibility for Inspection and Testing. 


Unless otherwise specified in the contract, the contractor is responsible for the performance of all inspection and test requirements as specified. 

Guidance for tailoring the requirement(s).

The following matrix lists the handbook sections where guidance can be found for developing specific requirements for quality assurance provisions as required.

SUBJECT
MIL-HDBK-83577 SECTION NUMBER

Responsibility For Compliance. 
5.1.1

Test Equipment And Inspection Facilities.
5.1.2

Classification Of Inspections And Tests.
5.2

Parts, Materials And Process Controls.
5.3

Records
5.3.1

Manufacturing Screens
5.3.2

Non-Conforming Material
5.3.3

Inspection Of Parts
5.3.4

Inspection Of Assemblies.
5.3.5

Lubrication Processing Procedures. 
5.3.6

Development Tests.
5.4

First Assembly Inspection.
5.5

Component And Subsystem Level Acceptance Tests.
5.6

Run-In Test.
5.6.1

Functional And Environmental Acceptance.
5.6.2

Component And Subsystem Level Acceptance Tests.
5.6

Qualification Tests.
5.7

Design Life Verification Tests.
5.7.1

Functional And Environmental Qualification. 
5.7.2

Vehicle Level Acceptance Tests.
5.8

Pre-Launch Validation Testing And Inspection.
5.9

Interface Tests.
5.9.1

Inspection.
5.9.2

Pre-Launch Validation Exercises.
5.9.3

Modifications, Rework And Retesting.
5.10

A.3.12.2.4  Electrical Power Design Requirements. 


The DC electrical power on a space vehicle shall be a nominal 28 volt system or the voltage system specified by contract.  The DC Electrical Power System (EPS) shall provide the following functions: electrical power generation; energy storage; power control and regulation and power distribution to the input power terminals of all spacecraft electrical loads, external to the EPS system.


Additionally the EPS design shall provide the capability to satisfy the following system  requirements as a minimum:

1.  Supply a continuous source of electrical power to vehicle power loads during 

     mission life. 

2.  Control and distribute electrical power to the spacecraft.

3.  Support power requirements for average and peak electrical loads. 

4.  Provide converters for AC and regulated DC power buses, if required. 

5.  Provide command and telemetry capability for health and status of EPS as well as 

     control by ground station or an autonomous system. 

6.  Protect the space craft payload against failures within the EPS. 

7.  Suppress transient bus voltages and protect against bus faults. 

8.  Provide ability to fire ordnance devices if required.

9.  Provide a single ground point (SGP) on the vehicle structure to which the negative

     or the neutral of the electrical power system is connected. 


These  system requirements shall be based on electrical load and energy management analysis which include time-lines (see 6.2.179) that reflect both normal and abnormal (see 6.2. 117 and 6.2.1) predicted operational modes. 

Guidance for tailoring the requirement(s).


The following sections from MIL-STD-1539, Electrical Power, Direct Current, Space Vehicle Design Requirements may be used as a guide in developing the detailed electrical power design requirements as required. 

Reference Document
Subject
Section/Paragraph Numbers

MIL-STD-1539
Power Requirements of Loads
5.2.1 through 5.2.4


Energy Management
5.3.1, 5.3.2, and 5.3.3


Deviations (Voltage)
6.1


Command/Telemetry Instrumentation
6.2

Rationale/Lessons Learned Underlying the Requirement.

The preliminary design process of the EPS is to:

1. Identify the requirements, 

2. Select and size the power source, 

3. Select and size the energy source and 

4. Identify power regulation and control which includes solar array control, bus voltage regulation and battery charging.  The most important factors in sizing requirements are identifying the demands for average and peak power and the orbital profile (inclination and altitude).  The electrical power loads for mission operations must be identified at the beginning-of-life (BOL) and end-of-life (EOL).

In order for the electrical power system to provide power having the required characteristics and quality, the individual system components which contribute to these characteristics must perform as required.  Verification of component performance can be obtained by qualification testing.  In addition, it may be possible to perform certain analysis to show that the integrated electrical power system will meet the power quality requirements.  The final verification lies in system testing on a mock-up in an engineering laboratory environment. 

A.3.12.2.4.1  Primary Power Design Requirements. 


The primary electrical power generation  system for the space vehicle shall be designed so that the power levels and energy requirements of each of the space vehicle subsystems are satisfied for the specified service life of the space vehicle.  The primary electrical power  system shall be capable of meeting the functional characteristics and capacity requirements before and after exposure to preflight environmental conditions and during all predictable or specified flight environmental conditions.  The space vehicle's primary energy source shall be based on the space vehicle's power load, mission duration requirements and shall include the requirements of the secondary power system.  The primary power system shall include the following capabilities:


1.  A power generating system that generates DC power for charging batteries or 
for operating directly into the power control/distribution system. 

2.  Solar cell arrays or panels may be used as a primary power source, however, other 
generating  systems, such as thermoelectric devices, fuel cells and reactor systems are 

to be considered based on mission requirements. 


3.  Circuitry and devices used to supply ground test, prelaunch, or pre-injection 
electrical power.   


4.  Shunts, protective diodes, instrumentation, heaters and other controls built integrally 
with the power generating source. 

Guidance for tailoring the requirement(s).


If required, additional detail design requirements may be derived from MIL-S-83576, Solar Cell Arrays, Space Vehicle, Design And Testing, General Specification For,  MIL-HDBK-1578, Nickel-Cadmium Battery Usage Practices For Space Vehicles and NASA Reference Publication 1314, NASA Handbook for Nickel-Hydrogen Batteries. 

Rationale/Lessons Learned Underlying the Requirement.

There are three types of primary power sources used for spacecraft power:

1.  Photovoltaic Solar Cells.

2. Heat sources such as nuclear reactors for direct thermal to electrical conversion.  Identified as a static power source.

3. Heat sources such as nuclear reactors and solar concentrators which are used to energize a fluid which drives an engine producing mechanical energy which is then converted to electrical energy.  Identified as a dynamic power source. 


Earth orbiting spacecraft at low earth to geosynchronous orbits have usually employed photovoltaics as their power source.  Often, photovoltaics were the only real candidate for these low power missions (< 10 kW) because they were well known and reliable.  Photovoltaics are not attractive for interplanetary missions to the outer planets because solar radiation decreases, thus reducing the available energy from a solar array.  


(Note: Photovoltaics are a poor source of power for missions lasting more than 10 years because of natural degradation in the solar array.)


For sizing and configuring a solar array, cell types and characteristics are to be taken into account in addition to solar array design issues, types, sizing calculations, configurations, regulation and radiation and thermal environments.  Key design issues for solar arrays include spacecraft configuration, required power levels (peak & average), operating temperatures, shadowing, radiation environment, illumination or orientation, mission life, mass and area, cost and risk. 


In solar array design, mass, area, cost, and risk are considered trade-offs.  Silicon presently costs the least for most photovoltaic power sources, but it often requires larger area arrays and more mass than the more costly gallium-arsenide cells.  Programs for which mass and volume (solar array area) are critical issues, may allow for higher costs and technical risks such as selecting a system based on gallium arsenide, indium phosphide or some other advanced type of solar cell.  Reliability and fabrication of unproven photovoltaic sources are considered risks.


The following steps should be considered when determining the size and cell type of solar arrays:

1. Determine mission life and average power requirements. 

2. Determine how much power the solar array must provide during daylight to power the vehicle for the entire orbit.  Factors include sun incidence angles, solar distance, eclipse periods and concentration of solar energy.

3. Determine efficiencies and radiation degradation sensitivity of candidate cell types and solar array output voltage & current degradation due to the effects of radiation. 

4. Determine the realistic power product capability of the manufactured solar array.       (Note: Not to be based on single cells or laboratory samples of power estimates.)

Mission life and average power requirements are the two key design considerations in sizing a spacecraft solar array.  The system is sized to meet the power requirements at End-Of-Life (EOL) which results in oversized power requirements at Beginning-Of-Life (BOL).  The longer the mission, the larger the difference between power requirements at EOL and BOL.

A mission operating temperature profile must be established.  The solar cell’s performance depends on temperature, i.e., performance is reduced at higher temperatures.  Solar cell performance can be improved with coverslides, coatings and back surface reflectors.

Solar arrays consist of solar cells in series-parallel combinations.  The number of series connected solar cells in one string establishes the bus voltage required at EOL at the operating temperature.  The number of parallel strings depends on the required current output.

· Solar array configurations are either planar or concentrator and:

1. either type can be body or panel mounted; 

2. most applications employ planar arrays and; 

3. concentrator arrays increase the solar cell’s output by using mirrors to focus more solar radiation on the cells.

· Panel mounted solar arrays:

1. usually apply to three axis stabilized spacecraft; 

2. tracks and points the array for an optimum sun incidence angle; 

3. usually mounted on a boom and 

4. deployable arrays can be flexible or rigid.

· Body mounted planar cells: 

1. are typical on spinning spacecraft (provides thermal control and all cells within a series connected string are to be illuminated, otherwise the entire string is lost) and 

2. generates lower power per unit area, i.e., all cells are not always sun oriented.

· Solar cell performance degrades during a mission due to 

1. thermal cycling in and out of eclipses; 

2. micrometeoroid strikes; 

3. plume impingement from thrusters; 

4. material outgassing; 

5. radiation damage, and;

6. electrons and protons trapped in the earth’s magnetic field.

In general, for a silicon solar array in Low Earth Orbit (LEO), power production can decrease by as much as 3.75% per year, of which up to 2.5% per year is due to radiation.  Gallium arsenide degradation is approximately 30% less than silicon.
A.3.12.2.4.2  Secondary Power Design Requirements.


The secondary electrical power system for the space vehicle shall be designed to provide electrical power to the space vehicle subsystems when the primary power system is unable to provide this function.  The secondary electrical power system shall provide electrical power from its energy storage system.  The secondary electrical power system shall be capable of operating directly into the power distribution and control system and shall also include instrumentation, heaters and other controls built integral to the storage source. 

Guidance for tailoring the requirement(s).


The secondary power requirements are derived from the mission performance requirements of the system specification, see sections 3.1 and 3.2 of this specific guide. 


Additionally, detailed nickel-cadmium battery requirements can be found in the following: 

Reference Document
Subject
Section/Paragraph Numbers

MIL-STD-1578
Battery Storage and Handling
4.1


On-Orbit Operations. 
4.2

Rationale/Lessons Learned Underlying the Requirement.

The nickel cadmium (NiCd) battery is the most common for secondary energy storage.  NiCd battery cells for aerospace missions have capacities of 5 to 100 ampere-hours.  A 28V space vehicle NiCd battery will consist of approximately 22 series-connected cells.  Nickel hydrogen (NiH2) technology for secondary batteries has advantages over NiCd such as longer life applications, better depth of discharge percentages resulting in a higher usable specific-energy density which saves on mass.

· Battery system design requirements include; 

1. battery requirements; 

2. charge control methods and;

3. thermal management.

· Battery applications for space vehicles fall into two categories:

1. Low-Earth-Orbit (LEO) and;

2. Geosynchronous-Earth-Orbit (GEO).  

These two applications have different battery requirements based on charge/discharge cycles.

For a LEO application, the orbital duration is based on altitude.  The sunlight and eclipse periods are based on altitude and inclination angle.  For an earth orbit of 300 nautical miles, a satellite will orbit the earth 15 times per day or a 96 minute orbit and for an inclination angle of 28.30 the eclipse duration will cycle from approximately 35.6 to 27 minutes.  The battery is charged during the sunlight period and discharged during the eclipse period.  With this high duty cycle (38,325 cycles in 7 years) it is essential to minimize overcharge (heat dissipation) and to maximize the battery watt-hour efficiency.  

A.3.12.2.4.2.1.1.2  Charge Control. 


When battery charge or discharge controls are used, separate controls shall be provided for each recharged battery or system of recharged batteries connected in series to provide the required bus voltage.
Rationale/Lessons Learned Underlying the Requirement.

Charge control – A charge control method is required to compensate for the variation in Depth-of-Discharge (DOD), i.e., variation in eclipse duration and to minimize overcharge.  DOD is defined as the percentage of ampere-hours removed from the battery on discharge divided by the rated capacity of the battery in ampere-hours:

                           %DOD = ampere-hours removed on discharge X 100%

                                                   rated capacity of battery

The design goal for NiH2 Space Station Freedom batteries is 40,000 cycles at 35% depth-of-discharge (DOD). 

For LEO applications, the batteries must be adequately recharged while avoiding excessive overcharge to minimize heat dissipation.  If the battery can be maintained between 0 and 100 C on charge, the ampere-hour charge efficiency approaches 100% and the watt-hour efficiency approaches 85%.

During the recharge cycle the battery ampere-hours returned on charge (c) slightly exceeds the ampere-hours removed on discharge (d) which accounts for losses.  Typical values for the c/d ratio are 1.01 to 1.05.

· Two charge control methods most common are: 

1. use of a voltage limit to terminate or taper the charge current and; 

2. use of a fixed c/d ratio to terminate the charge.

The method most often used for NiCd batteries in LEO applications is to charge to a temperature-compensated voltage limit and then terminate or taper the charge current.  This method minimizes heat dissipation. 

Using a fixed c/d ratio to recharge batteries is more difficult to implement due to the variations in the duration of the sunlight and eclipse periods.  When the batteries are recharged at a constant current, the recharge time needs to be adjusted every cycle to keep the c/d ratio constant.  After the batteries are recharged to the fixed c/d ratio selected, they are switched to trickle charge.

The Hubble Space Telescope (HST) NiCd batteries were replaced with NiH2  batteries to extend the battery lifetime.  The NiCd system used temperature compensated voltage limit charging.

The charge control method used for the HST was to charge the NiH2 batteries to a predetermined voltage limit and then switch to a trickle charge rate of approximately C/100 where C is the rated capacity of the battery.  The charge voltage limit was set to approximately 85% of the batteries full capacity.  For example the battery voltage limit is 33.31 volts for 22 cells at 00 C, or a cell voltage limit of 1.514 volts/cell.

During thermal vacuum tests and using the charge voltage limit and the C/100 trickle charge rate the battery was thermally stable with repetitive cycling.  The battery was recharged to the same voltage limit each cycle and with the trickle charge, the batteries end-of-charge pressure (state-of-charge) gradually increased with each cycle, asymmetrically approaching a steady-state condition at 90 to 100% state of charge.

Unlike NiCd batteries, in which the current tapers rapidly to a low rate once the voltage limit is reached, the NiH2 batteries do not perform this way in the taper mode.  The current does not drop off as sharply for the NiH2 cells once they have reached the voltage limit, and in the taper mode there is more of a chance that the battery will overheat and become thermally unstable.  Therefore switching to the C/100 trickle charge rate once the battery reaches the voltage limit minimizes heat dissipation.

· To summarize, the following are design considerations for NiH2 applications in LEO:

1. It is essential to minimize the heat dissipated during recharging of the battery to control the temperature and extend cycle lifetime.

2. The best overall watt-hour efficiency one can achieve with a NiH2 battery is about 85% with the c/d ratio = 1.0.  The remaining 15 percent of the energy is dissipated as heat.  The watt-hour efficiency can be determined from the difference in voltage on charge and discharge; the ratio of the average discharge voltage to the average charge voltage is about 0.85.

3. A battery cannot be fully charged without dissipating heat, but it can be charged to about 85 percent of full capacity (85 percent state-of-charge) with a minimum amount of heat dissipation.  This can be achieved with a c/d ratio of about 1.03.  This 85 percent state-of-charge is not to be confused with the 85 percent overall watt-hour efficiency as stated above.

4. The battery should be thermally stable with repetitive cycling.  In addition, the voltage, pressure and capacity of a battery should become stable with cycling.  The pressure provides a good indication of the state-of-charge.

5. The recommended temperature range of operation is –5 to 250 C.  It is recommended that the battery be charged at 0 to 100 C.  Ampere-hour charge efficiency is higher at lower temperatures.

A.3.12.2.4.3.1  Power Control/Regulation.   


The power control system shall be designed to regulate and control the electrical power generation, energy storage and distribution to subsystems of the vehicle. 

Guidance for tailoring the requirement(s).


The following sections of MIL-STD-1539 Electrical Power, Direct Current, Space Vehicle Design Requirements, may be used as a guide in developing design requirements for the items listed under this category. 

Reference Document
Subject
Section/Paragraph Numbers

MIL-STD-1539
Power Control Subsystem
3.1.4


Voltage Limits
4.2


Ripple Voltage
5.5.1


Transients
5.5.2


Bus Impedance
5.5.3


Power Transfer
5.5.4


Loads
5.2

Rationale/Lessons Learned Underlying the Requirement.


Power Regulation and Control 


Power regulation and control deals with controlling the solar array, charging batteries and regulating the bus voltage.  The electrical power generated at the array must be controlled to prevent battery overcharging and to minimize spacecraft heating.


Solar Array Power Control.  



Array power control can be accomplished by two methods:

1. The peak-power tracker method extracts the exact power a spacecraft requires up to the arrays peak power capacity.  It is a non-dissipative dc-dc converter operating in series with the solar array and the load.  It allows the array voltage to swing up to its maximum power as required by the energy demand;  then the converter transforms the input power to an equivalent output power, i.e., at a different voltage and current.  Since the converter is in series with the array, it will use approximately 4-7% of the total power.  This method has advantages for missions under 5 years that require more power at BOL than EOL.

2. The direct energy transfer method is a dissipative technique since it dissipates power not used by the loads.  A shunt regulator operates in parallel to the array and shunts the array current (typically at the array) away from the system when the load or battery charging do not need power.  Shunt regulation is efficient, it dissipates little energy by simply shunting excess power at the array or through shunt  resistor banks.  The advantages are fewer parts, lower mass and higher total efficiency at EOL.


Bus Voltage Regulation.

Techniques for controlling bus voltage on electrical-power systems fall into three categories: unregulated, quasi-regulated, or fully regulated.  

1. In an unregulated system, the load bus voltage is the voltage of  the batteries which can vary up to 20% from charge to discharge.

2. Quasi-regulated systems regulate the bus voltage during battery charge but not during battery discharge.  During charge, the bus voltage fixes at a potential several volts above the batteries.  As the batteries reach full charge, the drop across the chargers decreases, but the bus voltage is still constantly regulated.  The bus becomes unregulated during discharge.  A quasi-regulated power system has low efficiency and high electromagnetic interference if used with a peak-power tracker. 

3. The fully regulated power system is inefficient, but it will work on a spacecraft that requires low power and a highly regulated bus.  This subsystem employs both charge and discharge regulators.  The advantage of this type of power system is that, when connected to the loads, the system behaves like a low-impedance power supply, making design integration a simple task.  It is the most complex type of power system, with an inherent low efficiency and high electromagnetic interference when used with a .peak-power tracker.  

A.3.12.2.4.3.2  Failure Protection.   

A.3.12.2.4.3.2.1  Fault Isolation. 


The electrical power system shall include fault isolation that protects against short circuits in the utilization equipment (see 6.2.187) or in the electrical distribution subsystem which could adversely affect the electrical systems operation.  The fault isolation shall either open the circuit to remove the short circuit load from the power bus or shall limit the current so that electrical power characteristics to other loads remain within specified limits.   

Guidance for tailoring the requirement(s).


The following sections from MIL-STD-1539 may be used for guidance:

Reference Document
Subject
Section/Paragraph Numbers

MIL-STD-1539
Failure Protection
5.4


Instrumentation
6.2


Fault Isolation
6.3

Rationale/Lessons Learned Underlying the Requirement.


Fault protection within the EPS focuses on detection, isolation and correction of faults.  Its main purpose is to isolate a failed load that could eventually cause loss of the mission or the spacecraft.  A failed load typically implies a short circuit which will draw excessive power.  If this condition continues, the failed load may stress cables and drain the energy-storage reserve.  Typically, These faults should be isolated from the EPS bus. with fuses.  Most spacecraft power loads have some sort of fuse in series with the power bus for short circuit isolation. to isolate faults.  Fault detection circuits may be used if it is required to know where the fault occurs. 

A.3.12.2.4.3.3 Power Distribution   


The DC power shall be distributed using a two wire system.  The negative or ground return path for all power circuits shall be through the conductors in the wiring harnesses.  The vehicle structure shall not be used as a current carrying conductor. 

Rationale/Lessons Learned Underlying the Requirement.


A spacecraft's power distribution system consists of cabling, fault protection, and switching gear to turn power on and off to the spacecraft loads.  It also includes command decoders to command specific load relays on or off.  The power distribution system is a unique feature of the electrical-power subsystem and often reflects individual spacecraft loads and power-switching requirements.  Power distribution designs for various power systems depend on source characteristics, load requirements and subsystem functions.  In selecting a type of power distribution, the concern is to keep mass and power losses at a minimum while attending to survivability, cost, reliability, and power quality. 


Most spacecraft have demanded low power (< 2000 W), so power distribution has relied on a standard 28 V bus.  This standard with electronic parts built to match, has limited study of the best bus voltage.  As power systems expand to many kilowatts, the 28-V bus may not work for power distribution because of losses in cabling and limits on mass.  The harness or cabling that interconnects the spacecraft's subsystems is a large part (10-25%) of the electrical-power system's mass.  The harnesses should be kept as short as possible to reduce voltage drops and to regulate the bus voltage.


Electrical power subsystem performance and reliability is dependent to a large extent on the integrity of the wiring which interconnects the subsystem.  Wiring components must be suitable for the application with particular attention given to the environment.  Considerations for wiring installation should include maximum reliability, minimum interference and coupling between subsystems, accessibility for inspection and protection against damage.  Since the wiring is normally expected to last for the entire service life of the spacecraft, special care is required in its design and installation.  MIL-W-5088 provides guidance based on years of experience with aircraft installations and on the capabilities of wiring components. 


Systems for distributing power on spacecraft have been predominantly dc since spacecraft power is generated as direct current.  Direct-current systems will dominate throughout the 1990s.  Conversion to ac would require more electronics  which would add mass to the EPS.  Alternating-current power distribution applies only for high-power spacecraft.


Power distribution systems are either centralized or decentralized, depending on the location of the converters.  The centralized approach places the converters out at each load end separately, whereas the decentralized approach regulates all spacecraft loads within the EPS.  The decentralized approach implies an unregulated bus because distributed converters regulate power within the EPS.  A regulated power bus typically has power converters at the load interface because electronics may require different voltages (+5, +12 V dc).  A centralized system has the advantage in that the EPS does not have to be tailored for different applications.

A.3.12.2.5  Electrical and Electronics Equipment Design Requirements.


The design of electrical and electronic equipment, as well as the parts, materials, and processes selected shall be of sufficient proven quality to allow the space equipment to meet the functional performance, reliability, and strength requirements during its life cycle, including all environmental degradation effects.  Elements include:


a.  design and selection of components, 


b.  selection, application and control of processes,


c.  pressurization,


d.  electrical overload protection,


e.  electrical power requirements,


f.  corona and rf electrical breakdown prevention,


g.  explosion-proofing,


h.  identification and marking. 

Guidance for tailoring the requirement(s).


The following items extracted from MIL-E-8983D, may be used as a guide in developing the detail electrical and electronics equipment design requirements if required.
A.3.12.2.5-1  Printed Wiring Board Subassemblies.

A.3.12.2.5-1.1  Printed Wiring Boards.  


Rigid printed wiring boards should may be in accordance with MIL-STD-1547.

A.3.12.2.5-1.2.  Internal Electrical Connections.  


Removable printed wiring boards may be connected into the equipment by means of connectors.  Printed wiring boards utilizing the conductor pattern as the direct contact with the mating connector should not be used.

A.3.12.2.5-1.3  Mounting and Installation of Parts.  


Mounting and installation of parts should be in accordance with the provisions of MIL-STD-2000, Task B, and MIL-STD-1547, as applicable, and the requirements contained herein.  No assembly should depend solely on soft solder for mechanical strength, except relatively light parts that have, by actual use, proved to be suitable in similar applications when soldered.  Care should be taken to discharge or neutralize any charge buildup of the printed wiring boards prior to mounting charge-sensitive devices on the boards.

1. Sleeving.  Fragile parts should be fitted with sleeving, or a buffer coat should be used to prevent damage.

2. Hermetic Seals.  All hermetically sealed devices with glass-to-metal seals should be subjected to a hermetic seal test following machine formation of the leads.

3. Terminals.  When the mounting of terminals on printed wiring boards is required, the terminals should not be mounted on active circuit traces or in active plated through-holes of the printed wiring board.  When terminals are used as an electrical interface to printed wiring, a "redundant" wire should be used for circuit attachment to an adjacent plated through-hole.  An alternate to redundant wiring is step soldering of the terminal to the printed wiring beard to preclude solder reflow during subsequent soldering operations.

4. Power Device Mounting.  All metal power packages requiring electrical connection to the case should be mounted with stressed hardware appropriately torqued to assure electrical contact during expansion and contraction of the printed wiring board during thermal excursion.  A preferred alternate is a metallurgical connection to the case.

A.3.12.2.5-1.4  Soldering.  


Soldering should may be per MIL-STD-2000, Task G. The period of exposure of any printed wiring board to a solder bath should be limited to a duration that does not result in damage to the board or to the pans mounted thereon.  Type R or Type RMA flux conforming to MIL-F-14256 should be used for all solder connections; however, more active solder fluxes may be used with contracting officer approval.  More active solder fluxes may be considered provided the application does not damage the assembly and the application permits a thorough removal of all unreacted flux and flux residues without depositing contamination on other parts of the assembly.  To avoid gold contamination of solder joints, all goldplated areas of electronic hardware which require soldering, including leads of electronic parts, should be pre-tinned with molten solder prior to attachment in accordance with the provisions of MIL-STD-2000 (see "Preparation of gold plated areas").  However, pre-tinning should not be required for solder bath soldering if the goldplating thickness is no greater than 1.3 micrometers.

A.3.12.2.5-1.5  Conformal Coating.   

1. Conformal coating for printed wiring boards may be in accordance with MIL-STD-275 and the following:

2. Conformal coating materials may be selected from MIL- I-46058.

3. The selection of conformal coatings should consider outgassing that could cause contamination of optical and thermal control surfaces.

4. A technique of applying Conformal coating should be used that prevents stressing the solder joints.  The underside of parts that are spaced off the printed wiring board should be coated without filling the space between the printed wiring board surface and the underside of the parts.

5. The coated assemblies should exhibit no blisters, cracking, crazing, peeling, wrinkles, measling, or evidence of reversion or corrosion.  A pinhole, bubble, or combination thereof may not bridge more than 50 percent of the distance between nonconnecting conductors, while maintaining the minimum dielectric spacing.  Bridging of greater than 50 percent should be reworked to meet this requirement.  For any of the cited coated assembly anomalies the maximum number of reworks which can be performed without approval of the contracting officer is two (2).

6. If rework of a coated assembly is required, only mechanical means should be used to remove coatings other than Type AR (MIL-I-46058) and solvent removable parylene (paraxylene) coatings.

7. Conformal coating for printed wiring boards containing devices sensitive to static discharge should be accomplished at a static-free station using DOD-STD-1686 and DOD-HDBK-263 as guides.

A.3.12.2.5-2  Wiring and Cabling.

A.3.12.2.5-2.1  External Wiring and Cabling.  


Cables and wiring external to enclosures should be in accordance with MIL-HDBK-83575.

A.3.12.2.5-2.2  Internal Interconnect Wiring.  


Internal cables and interconnect or hookup wire should be in accordance with MIL-HDBK-1547, or be a type with insulation that has adequate resistance to cold flow.  Adequate controls should be included in the designs and in the procedures implemented during assembly, to avoid cold flow failure mechanisms.  The size of wire leads supplied with parts should be controlled by the applicable part specification.

A.3.12.2.5-2.3  Metallic Shielding.  


Shielding and grounding criteria should be consistent with the circuit categories and external harness interface requirements of MIL-HDBK-83575.

A.3.12.2.5-3  Welds (Electrical Interconnections).  


Electrical interconnection resistance welds should be in accordance with MIL-HDBK-8939, except the minimum weld strength should be greater than 13 Newtons in either shear or peel mode.  Weld strengths need not be based on parent metal breaking strength.

A.3.12.2.5-4  Potted Modules.  


Potted modules are not recommended for new designs.

A.3.12.2.5-5  Circuit Breakers.  


Circuit breakers should be of the automatic reset or remote control (command) reset type.

A.3.12.2.5-6  Electric Motors  


Electric motors should be in accordance with the provisions of MIL-HDBK-83577.

A.3.12.2.5-7  Tape (Electrical).  


Glass cloth, teflon-glass, and polyimide film tapes should be used.  If the application requires pressure-sensitive adhesive tapes, the adhesive should provide appropriate bond strengths with the surface with which it is to be utilized at the minimum and maximum temperatures to which the equipment is to be subjected.  Other types of fabric (textile) pressure-sensitive (adhesive or friction) tapes should not be used.

A.3.12.2.5-8  Enclosures. 


Enclosures for all electronic equipment should be electrically conducting and should be designed as an electromagnetic shield to minimize electromagnetic propagation out of the enclosure and to minimize electromagnetic pickup inside the enclosure from external sources.  The provisions for mounting or installation in the space vehicle should be such that there is a continuous, low-impedance path from the equipment enclosure to the basic structure of the space vehicle to permit bonding of the equipment.  The direct current resistance from enclosure to structure should not exceed 2.5 milliohms.  Mechanical discontinuities in the enclosure, such as covers, inspection plates, and joints, should be kept to a minimum.  Covers should be secured by methods that prevent conductive metal particles generated from screw threads or EMI gaskets becoming mobile within the enclosure.  A low-impedance current path should be provided across the interface of each discontinuity so as not to degrade the electromagnetic shielding effectiveness of the enclosure.  Positive, self-locking fasteners, sized appropriately for the weight of the equipment, should be used.  Shock mounts or vibration isolators should not be used.

A.3.12.2.5-9  Connectors on Equipment Enclosures. 


Electrical connectors to which external wiring harnesses are to be attached should be suitable for the application.  Connectors should be selected consistent with the circuit categories and related suggestions of MIL-W-83573.  Connectors should be of the rear insertable, removable-crimp contact and quick disconnect type where feasible.  Connectors should be in accordance with:  1.  MIL-C-2430,  2.  MIL-C-3899,  3.  MIL-C-83723, Series III  4.  MIL-C-83733, class S, or  5.  NASA SPEC 40M38277.  MIL-C-24308 connectors should be used only in environmentally protected areas.  MIL-C-26482 Series II, MIL-C-81703, or NASA specification 40M38298 or 40M39569 connectors should be used where required to mate to existing harness connectors.  Coaxial connectors should be suitable for the application and be in accordance with MIL-C-39012.

A.3.12.2.5-9,1  Connector Shells.  


Connector shells should have a conductive finish; however, cadmium plating should not be used.  Connectors to be used in an EMP or high level rf environment should be capable of incorporating rf finger stock at the connector-receptacle interface to provide for shield continuity and should be mechanically capable of being subjected to the coupling nut torquing.  Pin-type (male) contact connectors should be used for input power or input signals.  Socket (female) contact connectors should be used for output power.  Connectors that are not self-locking should have provisions for being safety wired.

A.3.12.2.5-9.2  Connector Mounting.  


Connectors should be mounted so as to provide a ground path through the enclosure to the structure of the vehicle.  The dc resistance measured from the connector shell to the vehicle structure should not exceed 2.5 milliohms.  Connectors that are not self-locking should be safety wired.

A.3.12.2.5-9.3  Connector Locations.  


Connectors should be located near the middle of the enclosure side or face with a minimum of 25 millimeters clearance between connector shells to allow access during mating and demating.  Connectors for electroexplosive device circuits should be located 50 millimeters from other connectors.  Where practicable, connectors located on the same equipment enclosure should have different shell sizes to preclude connector mismating.  Connectors located on the same equipment enclosure and having the same shell sizes should have multiple keyways, with the master keyways on each connector rotated to different positions.  Provisions for different keying arrangements should also be provided to further preclude mismating should similar equipment or connectors be physically located in adjacent areas of the same vehicle.  Where redundant equipment is housed in a single enclosure, separate connectors should be provided for each of the redundant equipment.

A.3.12.2.5-9.4  Shielded Wire.  


For electroexplosive device circuits, and for all categories of circuits in equipment subjected to an electromagnetic pulse (EMP) environment, the external harness wire shields should be bonded around the circumference, and preferably within the backshell, of the connectors, and should not be carried to ground through connector pins or contacts.  When the external wiring harness is not exposed to an EMP environment, the harness wire shields should be designed to be connected to connector pins or contacts.  In that case, the connector should have the shield connection on a contact adjacent to the signal contact.  The single end or multipoint shield grounding criteria in MIL-HDBK-83575 should determine whether the shield contact in the equipment connector is grounded in the equipment or not.

A.3.12.2.5-9.5  Circuit Isolation.  


Circuit isolation criteria should be in accordance with MIL-HDBK-83575  in.  When wires from circuits in different categories use the same connector, the pin assignments and layout should stress isolation between different categories, and grounded "spare" pins should be utilized to provide such isolation.

A.3.12.2.5-9.6  Twisted Wire Contacts.  


Contacts for twisted wires should be adjacent to each other.

A.3.12.2.5-9.7  Spare Contacts.  


Spare contacts should be located on the outer periphery of the connector and should be ungrounded.  Connectors with less than 25 contacts should have a minimum of two spare contacts.  Where practicable, at least 10 percent of the contacts in connectors with more than 25 contacts should be spare.  Contacts that are grounded to provide signal isolation should not be counted as spare contacts.  Empty holes should not be left in connectors where there are unused contacts.  In such cases, the connector insert should be filled with a full complement of contacts and unused contact holes in the connector grommet should be filled with sealing plugs.

A.3.12.2.5-9.8  Grounding Connector Contacts.  


A size American Wire Gauge (AWG) 22 or larger wire should be used for terminating connector contacts to ground within the equipment enclosures.  The dc resistance from the connector contact to the vehicle structure should be less than 2.5 milliohms.

A.3.12.2.5-9.9  Protective Caps.  


Connector receptacles should be provided with protective caps whenever the mating connector is not installed, such as during equipment storage or installation.

A.3.12.2.5-9.10  Connector Savers.  


Connector savers should be provided and used during ground operations for those connector applications subject to frequent mate and demate operations such as connectors used during testing.

A.3.12.2.5-10  Electromechanical Subassemblies. )
A.3.12.2.5-10.1  Controls.  


External adjustment, alignment, or calibration controls should not be provided on electronic enclosures used in space vehicles.

A.3.12.2.5-10.2  Moving Mechanical Assemblies.  


See paragraph 3.12.2.3 of this Spec Guide for developing requirements for moving mechanical assemblies. 

A.3.12.2.5-11  Pressurization. 

Avoid using pressurization of units to meet the requirements of this specification.  Where pressurization is necessary, the equipment should be designed to maintain the specified minimum pressure level for at least four times the mission duration.  Whenever pressurization is utilized to meet the requirements of this specification, the following provisions for the enclosure should be met:

1. Proof pressure equal to or greater than 1.5 times the maximum absolute operating pressure

2. Burst pressure equal to or greater than 2.0 times the maximum absolute operating pressure

A.3.12.2.5-12  Electrical Overload Protection. 


Electrical overload protection should not be provided in individual boxes or components receiving power.  Overload protection, when required, should be a part of the space vehicle electrical power control subsystems.

A.3.12.2.5-13  Electrical Power.  


See paragraph 3.12.2.4 of this Spec Guide for developing the input power requirements.

A.3.12.2.5-13.1  Ripple voltage.  


The equipment should operate satisfactorily when the dc input voltage has a sinusoidal ripple voltage superimposed on the mean level as measured at the input power terminal to the equipment.  The design level for the ripple voltage should be 2.8 V rms in the frequency range between 0.1 hertz and 15 kilohertz. In the frequency range between 40 kilohertz and 400 megahertz the design level should be 1.0 V rms.  The design level of the ripple voltage should transition from 2.8 V to 1.0 V in the frequency range between 15 kilohertz and 40 kilohertz.

A.3.12.2.5-13.2  Transients.  


The equipment should operate satisfactorily when the dc input voltage has a voltage transient superimposed on the mean dc level.  For design purposes, the transient voltage should not exceed +/‑56 V peak as measured at the input power terminals to the equipment.  The integrated area under the assumed transient voltage-time function can be as large as 0.0003 volt-seconds.

A.3.12.2.5-13.3  Power Outage.  


When the input electrical power is removed from the equipment or is less than 22 V dc, the equipment may have a loss of function or performance degradation; however, when normal electric power is restored, the equipment should recover automatically or be capable of a command reset to full functional operation without performance degradation.  The equipment should be designed to operate without performance degradation or to recover automatically without a command reset should the power interruption be less than 500 microseconds in duration.

A.3.12.2.5-13.4  Warm-up Time.  


The warm-up time is the time period required to reach the specified operational performance capability from a nonoperational standby condition and environment.  The warm-up time should be as specified by the equipment specification.

A.3.12.2.5-14  Corona and RF Electrical Breakdown Prevention.  


Where practicable, the design of high voltage circuits should use low dielectric constant insulation materials (below 3.5) that are corona resistant.  Designs without discontinuities or air gaps in the dielectric material are preferred.  Sharp edges in microwave cavities and voids and bubbles in encapsulants should be avoided to minimize high voltage field stress.  When the frequency distance product is greater than 0.7 megahertz-meters, multipacting should be a design consideration. In that case:

1. The use of encapsulation should be considered to raise the voltage required to start electrons resonating,

2. The area should be vented to allow any gas generated by multipacting to escape and thereby reduce corona, and

3. The use of an electrical or magnetic bias should be considered to sweep away ions.

A.3.12.2.5-15  Explosion-proofing.  

The equipment should be made explosion-proof.  To prevent generating a possible ignition source, the temperature of any part exposed to the atmosphere should not exceed 178 deg C.  Equipment or units thereof which do not cause ignition of an ambient explosive gaseous mixture with air or other specified oxidizing atmosphere, when operated in such an atmosphere long enough to be permeated by the atmosphere, should be considered explosion-proof.

A.3.12.2.5-16  Automated Design and Production.

A.3.12.2.5-16.1  Circuit Selection.  


In the selection and layout of circuits, the contractor should attempt to use circuits and methods of construction which permit the use of the same subassemblies in other equipment having similar circuits and functions. 

A.3.12.2.5-16.2  Detailed Mechanical and Electrical Design.  


The design layout and assembly of the units and their components parts should be such as to facilitate production based on the quantity of the order, and to result in optimum size and weight consistent with the specified requirements.  If redundant components, circuits, or equipment are housed in a single enclosure, the design should be such that a failure in one of the units does not propagate to the other unit.  When designing new equipment, contractors should consider, where practicable, computer-aided designs and designs that have been or can be reproduced by mechanized or semimechanized production facilities consistent with the state of the art.  The contracting officer should be kept informed of the types of circuits selected and the type of facility required to produce such circuits.  The following types of mechanized or semimechanized construction should be considered:

1. Subassemblies using printed wiring upon which the parts are printed or placed and electrically connected.

2. Construction in which several ceramic or plastic wafers are placed one above the other and parts printed or mounted thereon.

3. Three-dimensional or folded-type construction in which the parts are mechanically placed and electrically connected.

4. Microcircuits using deposited or printed techniques, including circuits employing combinations of these processes and discrete parts.

A.3.12.2.5-16.2.1  Large Assemblies.  


Large assemblies should be capable of repair by either replacement of subassembly or detail part, whichever is the most practical.

A.3.12.2.5-16.2.2  Nonrepairable Subassemblies.  


Subassemblies of high reliability or of relatively low cost may be constructed as nonrepairable items.  If contracting officer approval of nonstandard parts is required by the contract, each nonrepairable subassembly may be considered as a single nonstandard part, and the detail parts in the subassembly need not be submitted for separate approval.

A.3.12.2.5-17  Wiring Marking.  


Color coding or physical marking of individual conductors used for internal wiring of electronic equipment is not required.  Coding or physical marking should only be used to the extent needed to facilitate assembly, inspection, and possible later modification of the wiring.  Marking should not be used on wires where the dielectric capability of the wire is reduced by such marking.  Hot and cold stamping should be allowed only on insulated wire which does not accept ink marking.  All external wiring should be marked in accordance with DOD-HDBK-83575.
A.3.12.2.5-18  Connector Marking.   


Each connector should be physically marked with its reference designator.  The identification markings should be located on the side of the panel or enclosure adjacent to the connector, in a manner that assures legibility when connecting the mating wiring harness connectors.  The marking may also include a function identifier or color coding for the mating wiring harness.

A.3.12.2.5.1  Mission Processing Design Requirements.

A.3.12.2.5.1.1  General Requirements.

A.3.12.2.5.1.1.1  Mission Processing.


The mission processing subsystem shall provide the means for controlling and monitoring the satellite subsystem operations.

Rationale/Lessons learned underlying the requirement.


The mission processing subsystem receives inputs from the satellite subsystems, processes the inputs, and provides output data and commands to the satellite communications subsystem.  The mission processing equipment stores and outputs data to the receiving station (see 6.2.146) via the communications subsystem.  The mission processing equipment consists of items such as input devices, output devices, processors, memory, etc.  The mission processing is performed under program control  and/or ground control instructions (see 6.2.29).
A.3.12.2.5.1.2.2  Input/Output.


Input/output characteristics shall be as follows:


a.  signal levels    (specify) 

b.  signal rates    (specify) 

c.  signal types    (specify) (analog, digital, serial, parallel, discrete, single ended, 
differential) (see 6.2.7, 6.2.52, 6.2.156, 6.2.126, 6.2.53, 6.2.160 and 6.2.51).

Rationale/Lessons learned underlying the requirement.

Input Processing


Command messages can originate from an on-board computer, uplink transponders, or a hardline test interface.  An arbitration scheme is necessary for source selection which gives uplink commands priority.  Commands from the computer are delayed until a time slot is available.  The hardline test interface is not active during flight and when in use overrides the other command sources.


A command consists of a synchronization code, spacecraft address bits, command message bits, and error check bits.  Received commands are validated prior to execution. Validation consists of reception of synchronization code, checking command message length (correct number of bits), an exact match of the spacecraft address, an exact match of any fixed bit patterns (unused message bits), and lack of errors detected using the error check polynomial code.  Once a command is validated, a counter is incremented indicating the number of executed commands and the message bits are passed on to a decoder for execution.  Commands that do not pass the validation criteria are rejected and the command reject counter is incremented.  Both the accept and the reject counters are read by the data handling system and included in the downlink data to provide operational feedback.


Commands are decoded to determine output type and the specific interface channel.  A typical system provides two types of output: discrete and serial. Discrete commands are a fixed amplitude and a fixed pulse duration and consist of two basic types:

1. High-Level Discrete Command: A +28 V, 10 to 100 millisecond pulse used to drive a latching relay coil or fire an ordnance device.

2. Low-Level Discrete Command: An open collector or 5 V pulse typically interfacing with digital logic.


A Serial Command is a 3-signal interface consisting of a shift clock, serial command data, and a data enable used to indicate the interface is active.  A portion of the received command message bits (typically 8 or 16) is sent in serial form to a user subsystem.


Most data processing systems are of the time-division multiplexed type.  The  data processing system sequences through a defined sampling format, processing input channels in a predetermined order.  Input signal sampling rate is determined  by signal bandwidth.  Sample rate must be a minimum of two times the greatest frequency component contained in the signal.

Output Processing

Data from all inputs is converted to digital form and formatted into a serial stream of continuous data for downlink. The data rate is the sum of all input sample rates plus some bandwidth for insertion of synchronization codes and a frame identification counter. 


Mission processing also supplies telemetry to an on-board computer.  A telemetry request is passed to the mission processing system which processes the input and returns telemetry data.  This operation is interleaved with downlink telemetry gathering which is usually continuous.


Analog telemetry data comes to the mission processing equipment in many forms.  Often, direct transducer outputs require signal conditioning prior to conversion from analog to digital form.  Data processing hardware is simplified, however, when input signals are preconditioned or fall in the general categories described below.

1. High-Level Analog:  A telemetry channel with information encoded as an analog voltage, typically in the range of O to 5.2 V.  These are active analog inputs in that the command and data handling system does not provide measurement excitation.  Data handling equipment converts this information to digital form.

2. Low-Level Analog:  A telemetry channel with information encoded as an analog voltage.  The signal range is such that amplification is needed before the information is encoded into digital form.  Typical gain values fall between 100 to 300.  Because of the signal's low voltage range, it is subject to noise contamination and thus utilizes an interface in which the telemetry information is the difference between signal and reference inputs to the command and data handling system.  This is referred to as a differential or double-ended interface.

3. Passive Analog:  A telemetry channel with information encoded as a resistance.  The command and data handling system supplies a constant current to the resistive sensor and encodes the resulting IR voltage drop into a digital word. 


All analog telemetry is converted to digital form within the command and data handling system.  Data resolution is determined by the number of quantization levels.


The two most common forms of digital telemetry data are described below:

1. Bi-Level (Discrete) Input:  A telemetry channel conveying two state information (such as on/off or enable/disable).  Information is encoded as voltages, but may be encoded as a resistance or the presence or absence of a signal.  Typically a logic O = O to 1 V, and a logic 1 = 3 V to 5 V (or 3 V to 28 V).

2. Serial Telemetry (Digital) Interface:  A 3-signal interface used to transfer digital data from an external source to the data handling equipment.  The command and data handling system provides a shift clock and an interface enable signal to control data transfer. Interface circuits may be differential line drivers or single ended.  Serial rather than parallel interfaces are preferred on spacecraft, because they simplify cable design and require fewer interface circuits.

A.3.12.2.5.2  Mission Communications Design Requirements.

A.3.12.2.5.2.1  General Requirements.

A.3.12.2.5.2.1.1  Carrier Tracking.


The communication subsystem shall be capable of performing carrier tracking utilizing both one and two way communication.
Rationale/Lessons learned underlying the requirement.


Most satellite communication subsystems generate a downlink rf signal that is phase coherent to the uplink signal.  Phase coherence means that we transmit the downlink carrier so its phase synchronizes with the received phase of the uplink carrier.  This process is referred to as the coherent turnaround or two-way-coherent mode.  The coherent turnaround process creates a downlink carrier frequency precisely offset from the uplink carrier by a predefined numerical turnaround rate.  This is the ratio of the downlink carrier frequency to the uplink carrier frequency.  This operational mode can only exist when the transmitter is phase-locked to the received uplink carrier.  For a given uplink signal, the downlink signal will have a constant phase difference. 


The two-way -coherent mode allows the ground station to know more exactly the downlink signal's frequency and to measure the Doppler shift from which the range rate is computed.  This knowledge allows us to sweep fewer frequencies to acquire the spacecraft more quickly.  Deep space imaging data collection, or low-earth orbit spacecraft best illustrates this advantage.  These spacecraft typically have large volume of data and a short field-of-view time to the ground station.  To transmit maximum data to the ground station on a direct downlink at the spacecraft's top data rate, we must acquire the downlink signal in minimum time.  Also if we use ranging for navigation, we can calculate range-rate information from the Doppler shift of the coherent signal.  


Most communications subsystems create a unique downlink frequency by referencing it to the subsystem's master oscillator.  In this case, the downlink carrier's phase is not synchronous to the uplink carrier.  Assume the subsystem is operating in the two-way-coherent mode when the subsystem's receiver loses lock of the uplink signal.  At his point, the spacecraft's transmitter will autonomously change the reference for the downlink carrier from the receiver's voltage-controlled oscillator to the subsystem's master oscillator. 

A.3.12.2.5.2.1.2  Command Reception And Detection Capabilities.


The communication subsystem connecting the satellite to the ground or other satellites shall be capable of performing command reception and detection functions as follows:


1.  acquire and track uplink carrier frequencies,


2.  demodulate (see 6.2.42) carrier and sub-carrier, 


3.  derive bit timing and detect data bits,


4.  resolve data-phase ambiguity, if it exists,


5.  forward command data, clock and receiver in-lock indicator to the mission 
processing subsystem. (Ref. 3.12.2.5.1)

Rationale/Lessons learned underlying the requirement.


Note: For the example sighted below the communication subsystem has full redundancy: two parallel transponders (see 6.2.184) with parallel transmit and receive paths plus parallel hardware that processes and feeds two antenna systems.  


The composite uplink signal enters the receiver, where the command data stream is demodulated from the carrier and subcarrier.  The data stream enters the command detector, which validates the stream and forwards the data and receiver-in-lock indicator to the subsystem for command and data handling. 

A.3.12.2.5.2.1.3  Telemetry Demodulation/ Modulation And Transmission Functions.


The communication subsystem shall be capable of performing telemetry demodulation/ modulation (see 6.2.42 and 6.2.110) and transmission functions as follows:


1.  receive telemetry data streams from mission processing subsystem. (Ref. 
3.12.2.5.1) or onboard data storage subsystem,


2.  modulate down link sub-carrier(s) with mission or science telemetry,


3.  transmit composite signals to ground stations or other satellites,


4.  others   (specify)  bits.

Rationale/Lessons learned underlying the requirement.


Note: For example, use a system containing two transponders and redundant hardware that feeds two antenna systems.


Two digital bit streams enter the transponder.  One enters either from data storage or real-time from the payload.  The other stream comes from command and data handling with telemetry on health and status. These two data streams are modulated onto subcarriers, which are then modulated onto the carrier output.  The composite signal is then amplified and routed out of the transponder and through a low-pass filter. The filter reduces second and higher-order harmonics to decrease frequency spurs and intermodulation products from the spacecraft's receiver.  From the filter, the composite signal travels through a band-reject filter; a double-pole, double-throw rf switch; a diplexer; and finally to the antenna where it radiates to the ground station.  The band-reject filter is a notch filter that attenuates frequencies coming from the transmitter and falling within the receiver s pass band.  This filtering action further isolates the transmitter and receiver signals. The rf switch selects transmitter A or B and antenna A or B.  The diplexer allows a transmitter and receiver to share the same antenna.  It also isolates the transmitter from the receiver port at the receiver's center frequency, so the transmitter doesn't lock, jam, or damage the receiver.

A.3.12.2.5.2.1.4  Ranging Functions.


The communication subsystem shall be capable of performing ranging functions as follows:


1.  detect and retransmit ranging codes or ranging tone signals, 


2.  retransmit either phase coherent or non-coherent (downlink carrier),

Rationale/Lessons learned underlying the requirement.


The ground station may use the ranging method of navigation to track, satellite.  Depending on the communication standard, the ground station modulates a pseudorandom code, tones, or both onto the command uplink signal.  The communications subsystem' s receiver detects the code or tones and retransmits them on the telemetry carrier back to the ground station.  Pointing information from the ground station's directional antenna allows us to determine the satellite's azimuth and elevation angles. From the turnaround time of tile ranging code or tones traveling to and from the satellite, we can determine the satellite's range. If the satellite downlink carrier's phase is coherent with the uplink carrier (two-way-coherent mode), we can measure the Doppler-frequency shift on the downlink carrier signal and thus obtain range-rate information.

A.3.12.2.5.2.1.5  Interfaces.


The communication subsystem shall be capable interfacing with other subsystem operations as follows:


1. receive commands from the mission processing subsystem. (Ref. 3.12.2.5.1),


2.  provide communication subsystem health and status telemetry information to the 
mission processing subsystem. (Ref. 3.12.2.5.1),


3.  perform antenna pointing for any antenna requiring beam steering,


4.  perform special mission sequence operations (like safing the communication 
subsystem) per stored software sequencing,


5.  automatically selecting omni-directional antenna (see 6.2.10) when spacecraft 
attitude is lost,


6.  automatically detect communication subsystem faults and implement recovery 
operations using stored software sequences. 

Rationale/Lessons learned underlying the requirement.


Item 1 above.  Receive commands from the command and data handling subsystem.


The interface with the subsystem for command and data handling concerns the passage of spacecraft commands and telemetry, as well as the communications subsystem's control and reporting of health and status.  The interface must allow the system to receive spacecraft commands while transmitting real-time telemetry from the spacecraft.  It also must permit safing of the communications subsystem and autonomous fault detection and correction.


Item 3 above.  Perform antenna painting for any antenna requiring beam steering.  


Antenna pointing is performed for any antenna that requires beam steering.  Closed-loop antenna pointing requires special autotracking equipment.  This equipment generates error signals for the guidance, navigation, and control subsystem, so that the spacecraft antennas can be pointed.  Monopulse and conical-scan systems are the most common ways of generating pointing error signals.  Monopulse systems use a monopulse feed that generates difference patterns with nulls on the axis of both the azimuth and elevation planes.  Conical-scan systems rotate the received beam about its axis by a small angle.  The rise and fall of the received signal amplitude per revolution indicates the pointing error.  By correlating the feed position with the position where the signal is at maximum amplitude, we can generate error signals to the control subsystem so we can point the antenna.  Open-loop antenna pointing can be used when we know the spacecraft antenna's position and the direction of the system the spacecraft is going to communicate with.  The World Administrative Radio Conference established antenna-pointing requirements for geostationary satellites.  The pointing error must be the smaller value of 10% of the half-power (-3 dB) beamwidth or 0.3 degrees.  

A.3.12.2.5.2.2  Detail Design Requirements.

A.3.12.2.5.2.2.1  Systems Level Design Requirements.

A.3.12.2.5.2.2.1.4  Frequency.


The communication subsystem shall use existing assigned frequencies and channels and shall be compatible with existing systems. (i.e.: ground or other satellite communication systems).

Rationale/Lessons learned underlying the requirement.

· Use existing assigned frequencies and channels
Policy set by Federal Communications Commission, International Telecommunications Union, and National Telecommunications and Information Administration.

· Use systems that are compatible to the existing system  
Refer to the frequency atmospheric absorption charts

A.3.12.2.5.2.2.1.7  Anti-jamming Techniques. 

The electronic components or equipment shall be designed to obtain the maximum inherent protection against possible interfering signals caused by intentional and unintentional jamming.

Guidance for tailoring the requirement(s).


Because the satellite is usually in view of a large segment of Earth, rf interference from Earth-based transmitters, either unintentional or deliberate, may occur.  Frequency allocation procedures can minimize unintentional interference.  Intentional interference, or jamming, is of particular concern in military applications.  Jamming consists of transmitting a large modulated carrier to the receive terminal at approximately the same frequency, overwhelming the desired signal and thus disabling the link.  The effects of jamming can be reduced by using spread-spectrum modulation techniques to spread the transmitted signal in a pseudorandom manner over a bandwidth much larger than the data rate.  The receiver takes advantage of the fact that he knows the code used to modulate the transmission while the jammer does not.  A replica of the pseudorandom waveform is generated at the receiver and correlated with the received signal to extract the data modulation.  The despread/spreading capability is used in military satellites to counter the effects of jamming.  This method, we can reduce the received jamming power relative to the desired signal by the ratio of the spread-spectrum bandwidth to the unspread signal bandwidth.  For example, by hopping a BPSK-modulated signal of 100 bps over 1 MHz, the jamming power, on the average, is reduced by a factor of approximately 10,000, or 40 dB.  In a communication relay satellite, on-board processing is highly desirable to despread the received signal before retransmitting it on the downlink.  Otherwise the uplink jamming signal will capture most of the satellite transmitter's power, leaving little for the signal.  Another technique for countering uplink jamming, employed by the DSCSIII, is to generate a null in the antenna beam pointed toward the jamming source.  This technique can lower the jamming power by 20 to 40 dB relative to the power of the received signal.  The satellite crosslink may also be jammed.  The satellite can reject jammers located on Earth by using narrow antenna beams pointed away from the Earth.  Operating at 60 GHz takes advantage of the oxygen absorption band, thus shielding the satellite from the Earth.  Crosslinks may also use spread-spectrum and antenna-nulling techniques.

A.3.12.2.5.2.2.1.8  Security.


Data encryption techniques shall be incorporated into the communication subsystem design, to preclude signal interception by unauthorized persons. 

Guidance for tailoring the requirement(s).


A characteristic of space-ground communication is the ease with which the link can be intercepted by an unauthorized user, who may receive the data for his own use, or, even worse, take control of the satellite by transmitting commands to it.  Data encryption techniques help us avoid these problems by denying access to the data and the satellite command channel unless the user has the correct encryption key.  Recent developments have led to complete encryption and decryption devices being placed on single VLSI chips, thus adding little to satellite mass.  The main issues are distributing the key and synchronizing time.  To make sure a link remains secure over the life of the satellite, the encryption key must change at regular intervals, because others will monitor and eventually uncover it.  The receiver decryption device must be accurately synchronized with the transmitter encryption device to recover the original data.  With some systems, both the satellite and ground station may need a very accurate atomic clock, especially if the data rate is high and one must acquire the signal within seconds.  For command links to stationary satellites, the data rate is low and the acquisition time can be long.  For this application, crystal oscillators are accurate enough. An alternative to atomic clocks is a GPS receiver, which automatically synchronizes itself to the GPS time standard.


Many DoD programs use TEMPEST (see 6.2.172) as a synonym for compromising emulation's that are unintentional, information bearing, interceptable signals that can carry information to the enemy.

A.3.12.2.5.2.3  Communication System Primary Design Elements.  


The communication subsystems shall consist of transmitters (see 6.2.183), receivers (see 6.2.145), modulation schemes (see 6.2.110), demodulation methods (see 6.2.42), and antennas.  (see 6.2.10).  The subsystem shall be designed to the following parameters:

a.  Band:  (specify).  (see 6.2.12).


b.  Bandwidth:  (specify).  (see 6.2.13).


c.  Effective Isotropic Radiated Power (EIRP):  (specify). (see 6.2.59).


d.  Antenna Gain/Receiver Noise -Temperature (G/T):  (specify). ).  (see 6.2.8 and 
6.2.9).


e.  Modulation technique:  (specify).  (see 6.2.109). 


f.  Signal/Noise:   (specify). .  (see 6.2.159). 


g.  Data rate:   (specify). ).  (see 6.2.38)  ( See 3.12.2.5.2.2.1.1)


h  Power supply:  (specify). ).  (see 6.2.132). 


i  Packaging:  (specify).   (see 6.2.125). 

Rationale/Lessons learned underlying the requirement.


(Applies to item d above.)  The communications subsystem's hardware must meet specifications of minimum performance to close the communication link with an acceptable signal-to-noise ratio.  The Bit Error Rate (BER) is a Figure of Merit for the digital part of the communication link.  It is the probability that a bit sent over the communication link will be received incorrectly.  A rate of 1 X 10-5 for the command uplink and 1 X 10-4 for the telemetry down-link is typically specified depending on the nature of the data.  To achieve this rate, the system must meet certain technical specifications: rf power output for the transmitter, receiver-noise figure, stable oscillator frequency, and the communications system's front-end losses and antenna gains. 

A.3.12.2.5.2.3.1  Transmitters.


The transmitter shall send data to the antenna subsystem for transmission to the receiving station.  The transmitter design requirements shall be as defined below:


a.  Output RF power: (specify) minimum). 


b.  Operating frequency: (specify) range).   (see 6.2.82).


c.  Carrier modulation characteristics: (specify) AM, FM, PM, etc.).


d.  Transmitter Bandwidth constraints: (specify) frequency range).


The modulator (see 6.2.111) shall include the required modulation techniques to fulfill the data requirements.

Rationale/Lessons learned underlying the requirement.


( Applies to item A.)  Trade studies include size of the antenna aperture vs transmitter power, solid state vs traveling-wave tube amplifiers (TWTA's) and S/C complexity vs ground complexity. 


As an antenna's aperture size increases, its gain increases; therefore, the transmitter's rf output power decreases, lowering the dc power required from the power subsystem.  Unfortunately, large antenna apertures are very heavy and have small beamwidths (producing more stringent pointing requirements).  Depending on the frequency and gain needed, one must decide between solid-state and TWT amplifiers-a system-level trade.  To do so one must assess the effects of the spacecraft's total mass, solar-array size, system reliability, and antenna aperture size.  Solid-state amplifiers tend to be more reliable, lighter, and smaller.  TWT amplifiers have a lower technology risk (at high gains) and a higher efficiency.  TWTA must be used when the rf output power is too high at a given frequency for solid state amplifiers, or when the solid-state amplifier is inefficient.  At today's technology level, it is possible to design solid-state amplifiers with power levels of 40 W at UHF frequencies, 30 W at S-band, and about 1 W at EHF frequencies. 

A.3.12.2.5.2.3.3  Antennas.


The antenna design requirements shall be as defined below:


a.  Gain:  (specify). 


b.  Bandwidth:  (specify). 


c.  Polarization:  (specify).  (see 6.2.130).


d.  Power handling: (specify minimum watts into free space).  (see 6.2.191).


e.  VSWR:   (specify).   (see 6.2.189). 


f.  Directionality:  (specify). 


g.  Ellipticity:  (specify).  (see 6.2.68).


h.  Impedance:  (specify).  (see 6.2.93).

Rationale/Lessons learned underlying the requirement.


Antennas.  Radiating elements intended to operate over a ground plane should be designed for installation on a homogeneous counterpoise or ground plane of negligible impedance within the operating frequency range of the electronic equipment involved.  The ground plane or counterpoise should be of adequate dimensions to ensure satisfactory radiation patterns.  When coaxial antenna transmission lines are used, provisions should be made for circumferential RF continuity between the outer conductor and the ground plane of the antenna.   For antennas where efficient operation depends upon a low-resistance return current path from the ground plane to metal portions of the antenna, the design should provide for a low-impedance homogeneous external surface as the ground plane, with a minimum length connection to the appropriate portion of the antenna.  All antennas, whether using a ground plane or not, should be designed to provide satisfactory radiation patterns in the presence of all spacecraft components for all spacecraft configurations and attitudes to be encountered during operation of the antenna.


Surface Acoustic Wave (SAW) Devices.  SAW crystals should be controlled by applicable performance and material properties such as elastic, piezoelectric, and dielectric constants; electromechanical coupling coefficient; temperature coefficient; coefficient of velocity; and delay.  The mechanical design of a SAW package should ensure that the SAW crystal is attached to a substrate carrier by a flexible adhesive material to absorb stresses resulting from the different thermal, expansion coefficients of the SAW crystal and the substrate, and to absorb the acoustic wave which overlaps to the edges of the SAW crystal that would otherwise be reflected back to the interdigited transducers.  The durometer value of the adhesive should be no greater than 65 Shore A, measured at room temperature.  Electrical connections to the SAW device should be made by ultrasonic aluminum bonds or equivalent room-temperature bonds.  Thermal compression bonds, which have the potential to cause microfractures of the SAW crystal, should not be utilized.  Discrete electronic parts should not be attached to the substrate of a SAW package by soldering, to circumvent the possibility of contaminating the SAW crystal surface with flux residues or solder.  SAW device process operations should include a thorough cleaning of completed SAW packages.  Prior to package sealing, the devices should be vacuum-baked for 24 hours at 150 deg C or equivalent to dry the device and to allow gases from the adhesives to escape.


Waveguide Assemblies.  The face of assembled flanges for a waveguide with a cross-section of 25 millimeters by 10 millimeters or larger should make an angle of 90 degrees plus or minus 0.50 degrees with the internal waveguide surfaces.  For smaller waveguides, the face of the flange should make an angle of 90 degrees plus or minus 0.25 degrees with the internal surfaces.  The centers of openings of assembled waveguide sections should be in axial alignment within 2 percent of the maximum waveguide cross-sectional dimension.  Where practicable, grooves should be oriented downward to prevent moisture accumulation.  The smallest practicable number of waveguide couplings and flexible assemblies should be used, such as by the use of preformed bends, to minimize the system voltage standing-wave ratio.  Long waveguide runs should be strain-relieved by suitable clamping devices spaced along the length of the waveguide.  Flexible waveguides should not be forced to bend beyond its natural "stop" position and repeated flexing should be minimized.  Waveguide assemblies, including choke flanges and couplings, should be free of dirt, metal filings, loose solder particles, and other contamination.  The open ends of assemblies should be suitably sealed to prevent ingress of moisture and contamination.


Waveguide Material.  Aluminum or magnesium alloys or castings are preferred for waveguide and related equipment due to its light weight.  If castings are utilized, the castings should exhibit no porosity or gas holes when penetrate tested in accordance with MIL-STD-6866.  If the application requires the aluminum attenuation at frequencies above 12 gigahertz, the waveguide or waveguide component may be constructed of coin silver (90 percent silver, 10 percent copper) conforming to Grade C of MIL-S-13282 with a Rockwell B hardness between 45.0 and 80.0.  Aluminum or magnesium waveguide and coin silver waveguides should not be mated unless the aluminum or magnesium waveguide is silver-plated or both are plated with a common metal.  Silver plating should be electrodeposited using a periodic reverse process to minimize porosity and the minimum silver plate thickness should be 5 micrometers.  Silver plating should be overplayed with rhodium, palladium, or gold to a thickness of  0.5 micrometers plus or minus 0.25 micrometers.


Stripline Transmission Assemblies.  Stripline transmission material should be in accordance with MIL-P-13949.  Bonded stripline circuit boards are preferred to boards assembled by eyelets or screws.  The unclad surfaces of the dielectric materials of circuit boards to be laminated into a stripline device should be chemically etched or otherwise primed for bonding.  The design of stripline microwave equipment should be such that stresses on solder joints are in shear and the shear stress is no greater than 6800 Newtons per square meter at the highest temperature to which the equipment will be subjected.  Connections between stripline assemblies and coaxial lines should be designed to accommodate the maximum predicted thermal expansion and contraction of the coax center conductor.

A.3.12.2.5.3  Telemetry, Tracking and Control (TT&C) Design Requirements.  (See 6.2.171 and 6.2.181).

A.3.12.2.5.3.1  Receiving TT&C Subsystem. 


The receiving TT&C subsystem shall provide the means of monitoring and controlling the satellite operations.  The TT&C subsystem shall enable data to be sent to and received from the receiving station.  (See 6.2.146)The TT&C subsystem shall allow the receiving station to track the satellite, monitor its health status and send commands to carry out the required satellite on-board tasks.

Rational/Lessons learned underlying the requirements. 


Receiving (Ground) Station.  

To support a realistic space mission, a ground system must usually provide high coverage simultaneously for several spacecraft in various orbits, with high levels of availability, security, and, for military missions, survivability.  Such a system will usually include many elements in several configurations.  The realistic system in FIGURE A-17 includes standard stations and less capable auxiliary stations, which may be on aircraft, ships, or land.  These auxiliary stations fill gaps in coverage, using equipment similar to that of regular stations and providing radar tracking, telemetry, data reception, and backup command.  


A ground system may also employ multiple control centers in separate locations.  Some Payload Operations Control Centers (POCCs) may be located near the Spacecraft Operations Control Center (SOCC), whereas some are remote.  In this generic system, we designate a SOCC as prime, co-locate it with a prime Mission Control Center (MCC), and back up both prime centers with remote centers.  Multiple control centers are redundant, survivable, and flexible, allowing responsibility for prime control to pass back and forth between the centers during various phases of the mission.  For example, we may make the remote SOCC prime during launch and early checkout of the space segment because it is near the launch or simulation equipment.  

Geographical dispersion and multiplicity of elements greatly complicate a ground system's design.  For example, each location must usually have its own synchronized timing system.  Further, the distributed system requires several physical plants with different administrative structures, complicated maintenance and logistics networks, and reliable communications links --all difficult and expensive to implement for remote locations.  Thus that remote tracking station in East Africa, for example, needed to fill a small but important gap in ground station coverage, may be disproportionately expensive.
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FIGURE A- 17  Model of typical ground system.

Air Force Satellite Control Network (AFSCN)

Another example of a service-provided ground system is the Air Force Satellite Control Network, AFSCN, a major ground system operated by the United States Air Force.  It has seven ground stations, called Remote Tracking Stations (RTS), located  throughout the world.  Five of these are dual stations, able to support two spacecraft simultaneously.  These stations communicate with two central facilities called the Consolidated Satellite Test Center (CSTC) in Sunnyvale, California, and the Consolidated Satellite Operations Center (CSOC) at Falcon Air Force Base, Colorado, through an array of communications satellites, including DSCS, Westar, RCA, and Anik.  Each user mission's SOCC, POCC, and MCC are generally combined into a single MCC at one of the central locations, with facilities including computers and software for both operations and planning.

TABLE A-IX lists locations and key parameters for the AFSCN stations.  To support spacecraft links, each station has 18-m and 14-m parabolic antennas, with rf and data-handling equipment for TT&C and mission data.  The system of rf links with spacecraft is known as the S-band Space-Ground Link Subsystem (SGLS).  The downlinks provide telemetry and mission data rates (signaling bit rates) up to 1.024 MBPS.  The uplinks permit command rates of 2 KBPS.  Most RTSs also support non-SGLS downlinks at data rates up to 5 MBPS.  Plans are to enhance the TT&C operating in the SHF/EHF bands to give the network strong antijam capabilities and more survivable communications.  For additional information about the AFSCN contact the Air Force Systems Command, CSTC/OS/STR, Onizuka AFB, Sunnyvale, California.

TABLE A- IX  Airforce Satellite Control Network (AFSCN).

STATION AND ANTENNA (1)
LOCATION

Deg;Min
G/T (dB)

       SGLS              Non-SGLS
EIRP(3)

(dBW)

New Hampshire

(Manchester) (NHS)
18m (2)
14m
42:57 N

71:38 W
22.7
21.5
76.0




24.1
25.2
75.0

Vandenberg AFB

(Lompoc, CA.) 

(VTS)
18m

14m

10m
34:50 N

120:30 W
22.5
21.7
72.7




24.1
25.2
75.0




18.1
-
-

Hawaii (Oahu)

(HTS)
18m

14m
21:34 N

158:15W
22.5
21.7
72.7




24.1
25.2
75.0

Guam

(GTS
18m

14m
13:37 N

144:52 W
22.7
21.5
76.0




24.1
25.2
75.0

Indian Ocean

(Seychelles) (IOS)
18m
4:40 S

55:29 E
22.5
21.7
72.7

Thule (Greenland)

(TTS)
4m

14m
76:31 N

68:36 W
7.7
-
61.5




24.1
25.2
75.0

Oakhanger

(England) (TCS)
18m
51:07 N

00:54 W
25.0
-
76.0

NOTES:

1.  Acronyms are AFSCN identifiers, parabolic antenna diameters are in meters.

2.  TT&C only.

3.  Nominal for 1 kW transmitter power; EIRP is 10 dB higher when using 10 kW transmitter.



A.3.12.2.5.3.2  Satellite TT&C Subsystem.


The satellite TT&C subsystem shall collect, process and transmit telemetry data to the receiving station.  The TT&C subsystem shall contain the required equipment (such as antennas, receivers, transmitters, processors, encrypters, (See 6.2.70) decrypters, (See 6.2.40) decoders, (See 6.2.39) encoders, (See 6.2.69) modulators and demodulators, etc. to perform the mission requirements.

Rational/Lessons learned underlying the requirements. 


For the purpose of spacecraft operations, the TT&C system performs the following functions:

1. Receives telemetry signals, validates and decodes them and distributes this in format as commands to the required spacecraft subsystem units. 

2. Gathers, processes and formats telemetry information based on mission payload data supplied. 

3. Forwards payload/spacecraft health status data to the communications subsystem for downlink transmission to receiving stations. 

A.3.12.2.6  Computer Software Design Requirements. (TO BE CANCELED?)

A.3.12.2.7  Propulsion System Design Requirements. 

A.3.12.2.7.1  General Design Requirements.

A.3.12.2.7.1.6  Weight  


The propulsion system shall weigh no more than (specify maximum) lbs., including the following components:  (specify).

Guidance for Tailoring the Requirement


The major components of the liquid propellant system assembly should include:

1. Thruster/Engine

2. Propellant Tank/Feed System

3. Pressurization System

4. System Power

5. System Thermal


The major components of the solid propellant system assembly should include:

1. Solid Motor Case

2. Solid Motor Nozzle

3. Solid Propellant

4. Ignitor

5. Safe & Arm (Laser ignition is an option)

The major components of the hybrid propellant system assembly should include:  

A combination of components from liquid and solid propellant system assemblies as required for specific hybrid system requirements.


The major components of the electric propulsion system assembly may include some or all of the following as a function of the specific type of electric propulsion system:

1. Ion thruster, gaseous propellant tankage/feed system, grid plates

2. Hall effect Thruster, magnetic pole pieces, electrodes

3. Arcjet, electrodes, power supply

4. Pulsed Plasma Thruster, flat plate electrodes, teflon fuel bar, capacitor

5. Resistojet, resistive heat exchanger

A.3.12.2.8  Ordnance Design Requirements.

A.3.12.2.8.1  Explosive Ordnance.

A.3.12.2.8.1.1  Requirements.

A.3.12.2.8.1.1.1  Flight Accreditation. 


Explosive ordnance furnished shall be flight accredited.  Items are considered to be flight accredited if the items satisfy the following conditions:        (specify)            .

Guidance for tailoring the requirement(s).

1. All items meet the requirements for parts, materials and processes and the manufacturing screens (see MIL-HDBK-83578 Section 5.3).

2. The items have passed the specified design verification tests (see MIL-HDBK-83578 Section 5.4).

3. The items have passed the qualification test requirements (see MIL-HDBK-83578 Section 5.5).

4. The items are from a production lot that passed the specified lot acceptance tests (see MIL-HDBK-83578 Section 5.6). Government furnished (GFE) explosive ordnance, whether DOD or NASA, are not exempt from this requirement. If prior lot acceptance testing has not met the requirements contained herein, testing should be conducted to demonstrate compliance.

5. The items have been transported and stored within the specified environmental limits. (see MIL-HDBK-83578 Section 4.4.3).

6. The items are from a production lot that have a verified service life for the scheduled operational use (see MIL-HDBK-83578 Section 5.7).

A.3.12.2.8.1.1.2.1  Selection of Parts. Materials. and Processes. 


Unless otherwise specified, the parts, materials, and processes shall be selected and controlled in accordance with contractor established and documented procedures to satisfy the requirements of the contract. The parts, materials, and processes selected shall be of sufficient proven quality to allow the space equipment to meet the functional performance, safety, reliability, contamination, and strength requirements during its life cycle including all environmental degradation effects. Parts, materials, and processes shall be selected to ensure that any damage or deterioration from the environment, or the outgassing effects in the space environment, shall not create a safety hazard or reduce the performance of the space vehicle beyond the specified limits.
Guidance for tailoring the requirement(s).


The selection and control procedures should emphasize quality and reliability to meet the mission requirements and to minimize total life cycle costs for the applicable system. An additional objective in the selection of parts, materials, and processes should be to maximize commonality and thereby minimize the variety of parts, related tools, and test equipment required in the fabrication, installation, and maintenance of the vehicle. However, identical electrical connectors, identical fittings, or other identical parts should not be used on a space vehicle where inadvertent interchange of the items or interconnections could cause possible malfunction.

A.3.12.2.8.1.1.2.1.1.1  Upper Temperature Limits. 


The decomposition, cook-off, (see 6.2.30 ) and melting temperatures of all explosives shall be at least      (specify)   degrees C higher than the maximum predicted environmental temperature to which the material will be exposed during storage, handling, installation, transportation, launch, or on orbit.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.1.1.1

A.3.12.2.8.1.1.2.1.2  Inert Materials. 


Materials shall be selected that have demonstrated their suitability for the intended application. Inherently fungus-inert materials shall be used, where practicable. Combustible materials or materials that can generate toxic outgassing or toxic products of combustion shall not be used if cost-effective alternatives exist. Materials shall be selected for low outgassing. 


Materials with low fracture toughness in the predicted operating environment, such as that exhibited by some plastics, shall not be used. Materials which are susceptible to cracking due to shock loads, or shock loads combined with low temperatures, shall not be utilized.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.1.2.

A.3.12.2.8.1.1.2.1.3  Finishes. 


The finishes used shall be such that completed components shall be resistant to corrosion. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.1.3.

A.3.12.2.8.1.1.2.2  Lubricants. 


Lubricants shall be selected with consideration given to corrosion, outgassing, temperature limits, operation in a vacuum; creep properties, effect of long term storage, and compatibility with other lubricants and materials.

Guidance for tailoring the requirement(s).


Explosive ordnance may use lubricants if the design and manufacturing processes assure that no lubricant can come in contact with explosive materials. Lubrication may be provided by greases or by solid film lubricants or a combination of both.
A.3.12.2.8.1.1.2.3  Springs. 


Helical springs shall be selected and controlled by contractor established procedures.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.3.

A.3.12.2.8.1.1.2.4.1  Threaded Parts. 


Fastening systems shall be selected and controlled by contractor established procedures.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.4.1.

A.3.12.2.8.1.1.2.4.2  Locking Devices. 


Positive locking devices shall be used on all fasteners.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.4.2.

A.3.12.2.8.1.1.2.5  Stops. 


Mechanical stops or shoulders and associated attachments shall be designed to a structural yield factor of safety based on static analysis, of at least     __specify     for maximum impact loads.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.5.

A.3.12.2.8.1.1.2.7  Sealing. 


Explosive ordnance shall be sealed to ensure protection from external environments.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.7.

A.3.12.2.8.1.1.2.8.2  Explosive Trains. 


Redundant explosive charges shall be used where practicable.  Each explosive charge shall be detonated by a minimum of two initiators. (see 6.2.94).  Linear explosive charges (see 6.2.23) shall have at least one initiator at each end of the charge.  Explosive trains containing cylindrical donor (see 6.2.55) and receptor charges (see 6.2.147) shall use the end-to-end detonation transfer mode, where practicable.  Side-to-side detonation transfer shall not be employed.  Detonating interconnects or crossovers (see 6.2.35) shall not be used between redundant explosive trains unless approved by the contract.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.2.8.2.

A.3.12.2.8.1.1.3  Performance Requirements. 

A.3.12.2.8.1.1.3.1  Cartridge Actuated Device Margins.

A.3.12.2.8.1.1.3.1.1  Minimum Charge Weight. 


All cartridge actuated devices shall be capable of performing their end function when actuated by a single cartridge containing an explosive charge which is      (specify)      percent or less of the minimum specified explosive charge weight. This requirement applies to both single and dual cartridge actuated devices.(see 6.2.20 ).

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.1.1.

A.3.12.2.8.1.1.3.1.2  Maximum Charge Weight. 


All cartridge actuated devices shall be capable of performing their end function when actuated by an explosive charge which is at least      (specify)       percent of the maximum specified charge weight and with no increase in the initial free volume without rupture.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.1.2.

A.3.12.2.8.1.1.3.1.3  Mechanical Load. 


All cartridge actuated devices which are required to function while under a load, either tension, compression, or shear, shall have the ability to operate satisfactorily both unloaded and when loaded to at least      (specify)  times the maximum predicted operating load.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.1.3.

A.3.12.2.8.1.1.3.2  Severing and Penetrating Device Margins. 


Severing and penetrating devices shall be designed to sever or penetrate the required maximum thickness of the specified material using      (specify)       percent or less of the minimum specified severing charge weight at the maximum standoff. (see 6.2.25, 6.2.24, and 6.2.166).

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.2.

A.3.12.2.8.1.1.3.3  EED Characteristics. 


EEDs shall be designed such that the all-fire current does not exceed      (specify)       percent of the minimum supplied operating current measured at the EED. (see 6.2.6 ).

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.3.

A.3.12.2.8.1.1.3.3.1  "All-fire" Current. 


All EEDs shall fire with a reliability of      (specify)       at      __specify     percent confidence when activated with the specified "All-fire" current and at any higher current level up to and including      (specify)      amperes.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.3.1.

A.3.12.2.8.1.1.3.3.2  "No-fire" Current. 


The EED shall not fire when the bridgewire is subjected to the "no-fire" current. (see 6.2.115 ).Unless otherwise specified, the "no-fire" current shall be a current of      (specify)      ampere applied for      (specify)      minutes. Firing probability when subjected to the "no-fire" current shall be less than      (specify reliability)      at      (specify)      percent confidence level. Following exposure to this "no-fire" current, the EED shall be capable of performing as specified herein.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.3.2.

A.3.12.2.8.1.1.3.3.3 "No-fire" Power. 


The EED shall not fire when the bridgewire is subjected to the "no-fire" power.  

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.3.3.

A.3.12.2.8.1.1.3.3.4  Static Sensitivity. 


EEDs shall not fire or deteriorate in performance as a result of being subjected to an

electrostatic discharge of      (specify)      volts from a      (specify)      picofarad capacitor applied in the pin-to-case mode with no series resistor and in the pin-to-pin mode with a      (specify)       ohm resistor in series.  EEDs using an external spark gap require contract approval (see 6.2.155).
Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.3.4.

A.3.12.2.8.1.1.3.3.5  Insulation Resistance. 


The insulation resistance between shorted pins and case shall be at least      (specify)       megohms when measured with the application of      (specify)      volts dc. (For testing the NASA Standard Initiator,      (specify)      volts potential shall be used.)

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.3.5.

A.3.12.2.8.1.1.3.4  Percussion Initiators. 


Percussion initiators shall be designed such that the "All-fire” energy does not exceed      (specify)     percent of the minimum supplied operating energy. The "No-fire" energy shall be such that the percussion initiator shall not fire when subjected to an energy of      (specify)      percent of the "All-fire" energy.(see 6.2.128 )

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.4.

A.3.12.2.8.1.1.3.5  Detonating Components.  


Detonating components, which include both through bulkhead (see 6.2.177 ) and those except for through bulkhead initiators, (see 6.2.73 ), plus safe arm device rotor leads and explosive transfer assemblies, shall perform with a demonstrated margin. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.5.

A.3.12.2.8.1.1.3.5.1  Through Bulkhead Initiators. 


Through bulkhead initiators shall demonstrate the ability to propagate the shock front through a bulkhead that is      (specify)      times the maximum thickness, and initiate the receptor charge.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.5.1

A.3.12.2.8.1.1.3.5.2  Detonation Transfer. 


The propagation of detonation from one detonating element to another shall be demonstrated for both donor and receptor elements. The ability of an explosive element to perform as a donor or receptor charge shall be demonstrated by initiating the specified receptor charge using the specified donor charge through a gap at least      (specify)      times the maximum specified gap or through a      (specify)      millimeters      (specify)      gap, whichever is greater.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.5.2.

A.3.12.2.8.1.1.3.6  Safe and Arm Devices. 


All safe and arm devices shall meet the safety and performance requirements of this document. (see 6.2.150)

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.3.6 and MIL-HDBK-1576 for developing safety and performance requirements for safe and arm devices. 

A.3.12.2.8.1.1.4  Environmental Design Requirements. 


To provide a design factor of safety or margin, the explosive ordnance shall be designed to function within performance requirements when exposed to environmental levels that exceed the extreme levels predicted during its service life (see 6.2.157 ) by the specified margins. 

Guidance for tailoring the requirement(s).


See section 3.9 of this Spec Guide and MIL-HDBK-340A, VOL. I for guidance in developing environmental requirements and design margins.

A.3.12.2.8.1.1.4.1  Non-operational Environments. 


Explosive ordnance shall be designed to function within performance requirements, and shall not prematurely operate after exposure in the non-operational environmental levels that exceed the extremes of the predicted non-operational environments by the design factor of safety or design margin. The following non-operational environments shall be considered:


a.
Temperature.


b.
Humidity.


c.
Handling Shock.


d.
Shock.


e.
Random Vibration.


f.
Acceleration.


g.
Radiation.


h.
Pressure.

Guidance for tailoring the requirement(s).


See section 3.9 of this Spec Guide and MIL-HDBK-340A, VOL. I for guidance in developing environmental requirements and design margins. In addition, the following lists the sections in MIL-HDBK-83578 where relevant information may be found.

Line Item
Requirement 
MIL-HDBK-83578 Section

a
Temperature.
4.4.1.1

b
Humidity.
4.4.1.2

c
Handling Shock.
4.4.1.3

d
Shock.
4.4.1.4

e
Random Vibration.
4.4.1.5

f
Acceleration.
4.4.1.6

g
Radiation.
4.4.1.7

h
Pressure.
4.4.1.8

A.3.12.2.8.1.1.4.2  Operational Environments.  


Explosive ordnance shall be designed to function within performance requirements when exposed to the operational levels that exceed the maximum predicted environments by the design factor of safety or design margin.  As a minimum, the following operational environments shall be considered:


a.  Temperature.


b.  Random vibration.


c.  Sinusoidal vibration.


d.  Pressure.


e.  Thermal control.


f.  Acoustics.


g.  Fatigue duration. 


h.  Statistical estimate of vibration, acoustics and shock. 

Guidance for tailoring the requirement(s).


See section 3.9 of this Spec Guide and MIL-HDBK-340A, VOL. I for guidance in developing environmental requirements and design margins. In addition, the following lists the sections in MIL-HDBK-83578 where relevant information may be found.

Line Item
Requirement 
MIL-HDBK-83578 Section

a
Temperature.
4.4.2.1

b
Random Vibration.
4.4.2.2

c
Pressure.
4.4.2.3

A.3.12.2.8.1.1.4.2  Fabrication, Storage, Transportation and Handling Environments.


Fabrication and handling of explosive ordnance shall be accomplished in a clean environment. Environmental conditions during fabrication, storage, handling, and transportation shall be within the following limits:


a.
Temperature:        (specify)       degrees C         (specify)       degrees C


b.
Humidity:        (specify)       percent         (specify)      percent

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.4.3.

3.12.2.8.1.1.7  Operability.

A.3.12.2.8.1.1.7.1  Reliability. 


The design reliability goal for successful operation of explosive ordnance shall be   specify )     at       (specify)      percent confidence. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 Section 4.7.1.

A.3.12.2.8.1.1.7.6  Safety.

A.3.12.2.8.1.1.7.6.1 General 


The design of explosive ordnance for space vehicles shall be such as to minimize the accident risk to personnel, equipment, and facilities. Ordnance handling, installation, and storage procedures shall be formally documented and shall have appropriate cautions and warnings as determined by ordnance safety personnel. Safety requirements shall be established so that their implementation can be verified during all activities. The safety requirements and procedures shall comply with all local, state, and federal requirements as well as all applicable range safety documents.
Guidance for tailoring the requirement(s).


For additional information see Range safety documents, ESMCR 127-1, 

WSMCR 127-1, SAMTO HB 5-100, NHB 1700.7 and MIL-HDBK-1576.

A.3.12.2.8.1.1.7.6.2  Space Transportation System Payload Ordnance. 


Explosive ordnance and firing circuits employed in payloads to be operated in the Space Transportation System and flown on the space shuttle vehicle shall meet the requirements of NASA Handbook NHB 1700.7. 

Guidance for tailoring the requirement(s).


In addition, Chapter 2 of NASA Handbook NHB 1700.7 defines safety requirements that are applicable for hazardous materials, pyrotechnics, destruct subsystems, and other space equipment.

A.3.12.2.8.1.1.8 Manufacturing.

A.3.12.2.8.1.1.8.1  Processes and Controls. 


The manufacturing of explosive ordnance devices shall be accomplished in accordance with documented procedures and process controls which assure the reliability and quality of the product.

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 section 4.8.1 for additional information.

A.3.12.2.8.1.1.8.2  Production Lots. 


Explosive ordnance items shall be grouped together in individual production lots (see 6.2.140 ) during the various stages of manufacturing to assure that all items in a production lot are assembled during the same time period using the same production materials, tools, methods, personnel, and controls.

Guidance for tailoring the requirement(s).


Each production lot should be loaded with explosive materials manufactured, tested, and stored as a single batch. (see 6.2.14 ) Lot numbers should be assigned to each production lot of explosive ordnance in accordance with MIL-STD-1168. A serial number should be assigned to each item in each lot at an appropriate point in the manufacturing flow.

A.3.12.2.8.1.1.8.3  Contamination.

A.3.12.2.8.1.1.8.3.1  Fabrication and Handling. 


Fabrication and handling of space equipment shall be accomplished in a clean environment.

Guidance for tailoring the requirement(s).


Attention should be given to avoiding non-particulate (chemical) as well as particulate air contamination. To avoid safety and contamination problems, the use of liquids should be minimized in powder loading areas, or areas where initiators, explosive bolts, or any loaded explosive devices are exposed.

A.3.12.2.8.1.1.8.3.2  Device Cleanliness. 


The particulate cleanliness of internal moving subassemblies shall be maintained at _   (specify) __ level. The allowable product nonvolatile residue (NVR) level shall be maintained to _   (specify) __ level 

Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 section 4.8.3.2 for additional information.

A.3.12.2.8.1.1.8.7 Craftsmanship. 


Explosive ordnance shall be manufactured, processed, tested, handled, and installed such that the finished items are of sufficient quality to ensure reliable operation, safety, and service life. 

Guidance for tailoring the requirement(s).


The items should be free of defects that would interfere with operational use such as excessive scratches, nicks, burrs, loose material, contamination, and corrosion.

A.3.12.2.8.1.1.9  Storage and Handling Provisions. 


Storage, handling, and transportation conditions to which explosive ordnance are to be subjected prior to flight shall be controlled to the limits specified (See 3.12.2.8.1.1.4.3).
Guidance for tailoring the requirement(s).


See MIL-HDBK-83578 section 4.9 for additional information.

A.3.12.2.8.1.2  Quality Assurance Provisions. 


Unless otherwise specified in the contract, the supplier shall be responsible for the performance of all inspection and test requirements as specified herein.

Guidance for tailoring the requirement(s).


See Verification and Quality Assurance Provisions section 4.0 of this Spec Guide. In addition, the following matrix lists the sections/paragraphs in MIL-HDBK-83578 containing guidance for developing quality assurance and test requirements which are unique to explosive ordnance. 

Reference Document
Subject
Section/paragraph numbers

MIL-HDBK-83578
Parts, Materials and Process Controls.
5.3


Design Verification Tests.
5.4


Qualification Tests.
5.5


Lot Acceptance Test. 
5.6


Service Life Verification Test.
5.7

A.3.12.2.8.2  Electroexplosive Subsystems.

A.3.12.2.8.2.1  General Requirements.

A.3.12.2.8.2.1.2  Fault Tolerance.

A.3.12.2.8.2.1.1  General Design.  


Electroexplosive subsystems (EES) shall meet design requirements under the specified environmental conditions. (see 6.2.63 ).

Guidance for tailoring the requirement(s).


Environmental conditions are specified in either the individual design requirements or in test requirements. When designing to meet the environmental conditions in test requirements, one must consider not only a specific test method, but also the environmental conditioning the device receives due to the sequence in which test methods are accomplished.

A.3.12.2.8.2.1.2.3  Extent of Applicability.  


The following provisions shall be applicable to all explosive ordnance systems.


a.  The design and testing of electroexplosive subsystem elements which have been 

previously approved shall require an evaluation for each subsequent usage.


b.  Requirements herein, that are relative to unintentional initiation, shall be applicable 
to all electroexplosive subsystems, unless otherwise specified by the contract.

Guidance for tailoring the requirement(s).


Item b.: If inadvertent initiation is not safety critical in itself and would not require a hazardous activity (e.g., vehicle demating) to be performed as a result of that inadvertent initiation, these requirements need not apply.  Requirements herein that are relative to failure-to-fire should be applicable only if the resulting non-function is safety critical, unless otherwise specified by the project officer.


See MIL-HDBK-1576 Section 4.2.3 a through f. 

A.3.12.2.8.2.1.3  Bonding.  


The DC bonding resistance between connection points of the shielded system, metallic enclosures, and structural ground shall be (     (specify)     ) milliohms or less.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 Section 4.3.

3.12.2.8.2.1.4  Electroexplosive Subsystems Electromagnetic Compatibility (EMC).

A.3.12.2.8.2.1.4.1  Inadvertent Activation.

The following EMC provisions shall be applicable to all electroexplosive subsystems:


a.  The electroexplosive subsystem shall be designed to limit the power produced by 

the electromagnetic environment acting on the subsystem to a level of at least (specify) 

dB below the maximum pin-to-pin DC no-fire power of the EED.


b.  The electroexplosive subsystem shall be designed to limit the power produced at 
each device in the firing circuit, to a level of at least   (specify) dB below the minimum 
activation power for each of the explosive devices.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 Section 4.4.1.

3.12.2.8.2.1.5  System Effectiveness Requirements.

A.3.12.2.8.2.1.5.2  Life.


The following life requirements shall be applicable in the electroexplosive subsystem design:


a.  The electroexplosive subsystem shall have sufficient service life to ensure reliable 
operation at the appropriate points in the mission timelines.


b.  The contractor shall identify age sensitive parts and materials and submit a 
surveillance plan to the project officer for review and approval.  This plan shall address 
periodic surveillance requirements of age-sensitive parts and materials. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 Section 4.5.5 for service life requirements. 


The expected EED service life should be demonstrated in accordance with Table VI or Table VII in MIL-HDBK-1576.

A.3.12.2.8.2.1.5.5  Human Factors.  


The electroexplosive subsystem shall be designed to enhance functional performance and to minimize hazards to personnel involved in assembling, transporting, installing, removing, maintaining, and testing systems involving the use of electroexplosive devices.

Guidance for tailoring the requirement(s).

As a minimum, the design should include, but not be limited to, the following requirements:

1. Ensure all circuits are capable of being physically disconnected between the ordnance device and its power supply as close to the ordnance item as possible throughout all phases of ground operation.

2. Ordnance items and associated circuitry should be accessible to facilitate electrical checkout and final electrical connection as late as possible in the spacecraft or vehicle processing sequence.

3. Safe and arm indications on S & A devices should be visible in a completely assembled configuration.

4. Safing pins should be capable of installation into, and removal from, a completely assembled spacecraft or vehicle.

5. Ordnance circuits should be capable of being manually safed during any phase of ground operation.

6. If the S & A is to undergo a cycling verification test during any phase of ground operations, there should be a capability to access and disconnect the explosive train from the safe and arm device.

3.12.2.8.2.2  Detail Design Criteria.

A.3.12.2.8.2.2.1  Power Source. 


a.  Separate and dedicated power distribution points shall be used for the 
electroexplosive subsystem firing sources. A firing source can share the same power 
source with other loads, but all currents flowing from the firing source point shall be 
for firing circuits only.


b.  If the host vehicle supplies power to the Firing Source Circuit,  (see 6.2.82 ) one of the following options shall be employed:



1.  The return side of the Firing Source Circuit shall not be grounded on the 


payload side of the interface, and shall be isolated from payload structure by 


at least    (specify) _ ohms measured at    (specify) _ times the bus voltage or 


greater, or equivalent isolation.



2.  Isolation transformers shall be employed in the Firing Source Circuit to 


provide at least    (specify) _ ohms isolation between the payload return circuit 


and the host vehicle return circuit when measured at    (specify) _ times the bus 


voltage or greater.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 sections 5.1 and Fig 1 (Typical firing circuit diagram ) for detailed design requirements.

A.3.12.2.8.2.2.2  Shields.  


The firing circuit including the EED shall be completely shielded, or shielded from the EED back to a point in the firing circuit at which isolators eliminate RF entry into the shielded portion of the system. 

Guidance for tailoring the requirement(s).


Isolators which provide 20 dB attenuation (regardless of source and load impedances) at all frequencies of the expected electromagnetic environment should be considered acceptable.
1. The adequacy of the RF protection provided by these isolators can also be demonstrated by test or analysis for each specific usage (i.e., the necessary protection is dependent on the configuration of unshielded circuits connected at this point and the expected electromagnetic environment).

2. Cable shielding should provide a minimum of 85 percent of optical coverage.  The method for determining optical coverage should be in accordance with FED-STD-228 or Federal Specification QQ-B-575.

3. With the exception of cable shielding there should be no gaps or discontinuities in the shielding, including the termination at the back faces of the connectors, nor apertures in any container which houses elements of the firing circuit. 

4. Shields terminated at a connector should provide 3600 continuous shield continuity without gaps.

5. Shields should not be used as intentional current-carrying conductors, but may be multiple-point grounded to structure.

6. Multiple point grounding of shields to structure is recommended.

A.3.12.2.8.2.2.4  Cables.  


The following specific cabling requirements shall be applicable to all EES designs:


a. There shall be no splices used to join elements of ordnance cables.


b. A connector shall be provided wherever mating or demating of a circuit is required.

Guidance for tailoring the requirement(s).


Electrical cables may be fabricated such that several electroexplosive subsystem circuits are contained in a common shielded cable bundle, provided that the requirements of 3.12.2.8.2.2.7.2 for electrical isolation are met.  All cable runs shall be routed as close to metal structure as feasible.

A.3.12.2.8.2.2.5  Insulation Resistance.  


The following specific insulation resistance requirements shall be applicable to all EES designs:


a.  All current-carrying components and conductors shall be electrically insulated from 
each other and system ground.


b.  The insulation resistance between all insulated parts, at a potential of   (specify)   
volts, minimum, DC, shall be greater than    (specify)    megohms after exposure to the 
environment specified herein.  

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.5 b for detailed design requirements.

A.3.12.2.8.2.2.6  Post Firing Short-Circuit Protection. 


Electroexplosive subsystem shall include positive protection for line-to-line and line-to-ground shorts which may develop within a fired EED. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.6 for detailed design requirements.

A.3.12.2.8.2.2.7  Firing Circuits.

A.3.12.2.8.2.2.7.1  Wiring.


a.  Shielded twisted pairs shall be used unless other configurations can be shown to be 
more effective.


b.  Any grounding of the firing circuits shall be done at one point only.

Guidance for tailoring the requirement(s).

1.  The return path, on all circuits, should be selected to minimize voltage buildup and transients on the firing circuit return with respect to the single point ground.

2. Ungrounded firing output circuits should be connected to structure by static bleed resistors.

3. Structural ground should not be used for return of ordnance circuitry.

4. The source circuits should terminate in a connector with socket contacts.

5. The design should preclude sneak circuits and unintentional electrical paths.

A.3.12.2.8.2.2.7.2  Electrical Isolation.  


The following specific electrical isolation shall be applicable to all EES designs:


a.  Firing circuits that do not share a common fire command shall be electrically isolated 
from one another such that current in one firing circuit does not induce a current greater 
than    (specify)   dB below the no-fire current level in any firing output circuit.


b.  Control circuits shall be electrically isolated so that a stimulus in one circuit does not 
induce a stimulus greater than    (specify)   dB of the actuation level in any firing circuit.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.7.2 Electrical Isolation for design details. 

A.3.12.2.8.2.2.7.6  Control Circuits. 


It shall be demonstrated that command and control interfaces with the host vehicle that are used for any arming or firing function in the payload cannot be actuated or triggered by return currents flowing in the host vehicle or payload structure. 

Guidance for tailoring the requirement(s).


The use of differential drivers and receivers, transformers or optical couplers, or other floating control circuits are possible means of accomplishing these controls. 

A.3.12.2.8.2.2.8  Connectors.

A.3.12.2.8.2.2.8.1  Type. 


All connectors used with the electroexplosive devices shall be approved by the project officer. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.8.1 for detailed design requirements.

A.3.12.2.8.2.2.8.2  Pin Assignments.  


The following specific pin assignment requirements shall be applicable to all EES designs:


a.  The circuit assignments and isolation of pins within any EES circuit connector shall 
be such that any single short circuit occurring as a result of a bent pin or contamination 
will not result in more than    (specify)   milliamperes or one-tenth of the no fire current 
whichever is less applied to any electroexplosive device.


b.  There shall be only one wire per pin, and in no case shall a connector pin be 
used 
as a terminal or tie-point for multiple connections.


c.  Spare pins are prohibited in connectors which are part of firing output circuitry.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.8.2 for detailed design requirements.

A.3.12.2.8.2.2.11  Electroexplosive Devices Electrical Design Requirements.

A.3.12.2.8.2.2.11.1  Hot Bridgewire.

A.3.12.2.8.2.2.11.1.1  No-fire Sensitivity.


The following electroexplosive subsystems design requirements shall be applicable to no-fire sensitivity devices:


a.  Unless otherwise specified electroexplosive devices shall be designed to withstand 

a constant direct current firing pulse of up to   (specify)  ampere and   (specify)  watt 
power (minimum) for a period of   (specify)  minutes (minimum) duration without 
initiation or deterioration of performance (dudding) (See 6.2.57 ).


b.  EEDs shall not fire, dud, or deteriorate in performance as a result of being subjected 
to an electrostatic discharge of   (specify)  volts from a   (specify)  picofarad capacitor 
applied in the pin-to-case mode with no series resistor and in the pin-to-pin mode with a   
(specify) ohm resistor in series.  EEDs using an external spark gap requires contract 
approval.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.11.1.1 for detailed design requirements.

A.3.12.2.8.2.2.11.1.2  Minimum All-Fire Current. 


The minimum all-fire current levels shall be determined by test and shall be at   (specify)    percent firing level with a   (specify)    percent confidence level.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.11.1.2 for detailed design requirements.

A.3.12.2.8.2.2.11.4  Temperature Endurance.



The following requirements shall be applicable to all EES designs:


a.  EEDs shall not autoignite when exposed to thermal environments that are


   (specify)   0 C above the maximum predicted temperature during worst case service 
life.


b.  EEDs shall not decompose when exposed to thermal environments that are 300 
above the maximum predicted temperature and   (specify)   0 C below the minimum 
predicted temperature during worst case service life, if decomposition or failure to 
function can create a hazard.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.11.4 for detailed design requirements.

3.12.2.8.2.2.12  Safe and Arm (S&A) and Arm and Disarm (A/D) Devices.

A.3.12.2.8.2.2.12.1.1  Cycle Life.  


All electrically actuated electroexplosive subsystem devices shall be designed to withstand repeated cycling from the armed to the disarmed positions. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 section 5.12.1.1 for detailed design requirements.

A.3.12.2.8.2.2.12.1.4  Electrical Contacts. 


Electrical switching contacts shall be designed such that the specified vibration environment shall not cause an inadvertent make or break (chatter). 

Guidance for tailoring the requirement(s).


Contacts which physically prevent closure (e.g., wiping type, disc-mounted) in the unarmed position are the preferred type of contact.

A.3.12.2.8.2.2.12.2  Mechanically Actuated S&As.  


Mechanically actuated devices shall meet the following requirements:


a.  These devices shall incorporate the same features as electrically actuated devices 

except that arming and safing is performed mechanically.  Normally these devices are 
armed by a lift-off lanyard or by stage separation.  Electrically actuated devices shall

 not be used unless justification for mechanical actuation is provided and approved by 
contract. 


b.  These devices shall be designed to withstand repeated cycling from the armed to 
the safe position for at least    (specify)   cycles without malfunction, failure, or 
deterioration in performance.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 Section 5.12.2 for detailed design requirements.

A.3.12.2.8.2.2.12.3  Safety Provisions.

A.3.12.2.8.2.2.13  Safe and Arm Plug Devices.


The following S & A component designs shall be applicable to all plug devices:


a.  Firing circuits that use Arming Plugs shall be designed to electrically interrupt the 
EED side of the firing circuit.  They shall provide for the electrostatic protection of the 
EED as specified in Paragraph 5.7.4 Mil-HDBK- 1576, with the Arm Plug removed. 


b.  Arm and Safe Plugs or caps shall be designed to be positively identifiable by color, 
shape and name. 


c.  The design of the device and the firing circuit shall ensure easy access for plug 
installation and removal during assembly and checkout in all prelaunch and post-launch 
processing facilities.


d.  Monitor and control circuits shall not be routed through Safe Plugs.


e.  These devices shall meet all the shielding requirements of paragraph 5.2, MIL-
HDBK-1576.

Guidance for tailoring the requirement(s).


Applies to a.: This protection may be achieved by installing a Safe Plug in the Arm Plug receptacle, or by intrinsic design of the firing circuits. If a safe plug is not required, a suitable conductive cap should cover the Arm Plug receptacle.


Applies to b.: The natural (unpainted) body color of the Arm Plug is required. The Safe Plug or cap should be green and should have a red remove-before-flight streamer attached. They should be marked Arm and Safe respectively.

A.3.12.2.8.2.3  Quality Assurance Provisions.

A.3.12.2.8.2.3.7  Lot Acceptance Sampling, Inspections and Tests.  


Electroexplosive subsystems, S&A devices and EEDs shall be acceptance tested.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1576 sections 6.8.1 Electroexplosive Devices, 6.8.2 Safe and Arm Devices and 6.8.3 Arm/Disarm Devices for testing details. 

A.3.12.2.8.2.3.9  Electromagnetic Compatibility (EMC) Verification.


EMC verification shall be accomplished as follows:


a. It shall be shown by analysis or test that the electroexplosive subsystem meets the 
requirements of paragraph 3.12.2.8.2.1.4.1 & 3.12.2.8.2.1.4.2.


b. If the electroexplosive subsystem is non-compliant with any of the requirements of 
this document which may have an impact on electro​magnetic environment 
susceptibility,  then a worst case analysis shall be performed on all firing circuits for all 
storage, handling, checkout and fully assembled configurations. The worst case 
analysis shall demonstrate that the electromagnetic environment, acting directly on the 
firing circuit, will produce at the EED in each firing mode (e.g., pin-to-pin, pin-to-case) 
an RF level less than the maximum RF no-fire level of the EED.

Guidance for tailoring the requirement(s).


The analysis/test should include not only the firing output circuits, but all of the firing circuit elements, in particular the control circuits that can couple power to the EED.  The radiated and conducted electromagnetic environment will produce a peak AC power level at the EED and this level must be compared to the maximum DC no fire power level of the EED, which is determined from the square of the DC no fire current times the nominal bridgewire resistance.


NOTE: This verification can be part of the normal EMC Conformance program used for the overall (completely assembled and powered-up) payload systems, e.g., connect an ordnance simulator or power measuring device to the firing output circuit. The monitoring device should be selected to minimize its effects on the overall system. This DC detector must have the capability of detecting pulses at least as short as one millisecond. The ordnance simulator and measuring device should be selected with sensitivities to levels far less than the no fire level of the EED so that a 20 dB safety margin can be demonstrated without irradiating the system at damaging levels.


A worst case analysis in accord with Test Method 4303 should be performed. See MIL-HDBK-1576 section 6.12.4.1. 

A.3.12.2.9  Tanks and Plumbing Design Requirements. 

A.3.12.2.9.1  General Requirements. 

A.3.12.2.9.1.2  General Design Requirements. 

A.3.12.2.9.1.2.1  Loads, Pressures and Environments. 


The anticipated load-pressure-temperature profile and associated environments throughout the service life (see 6.2.158 ) shall be determined in accordance with specified mission requirements.

Guidance for tailoring the requirement(s).


As a minimum, the following factors and their statistical variations should be considered:

1. The environmentally induced loads and pressures.

2. The environments acting simultaneously with these loads and pressures with their proper relationships.

3. The frequency of application of these loads, pressures, environments and their levels and duration.

4. These data should be used to define the design spectra which should be used for both design analysis and testing. The design spectra should be revised as the structural design develops and the loads analysis matures.

A.3.12.2.9.1.2.4  Thermal Requirements.  


Thermal effects, including heating rates, temperatures, thermal stresses and deformations shall be considered in the design of all pressure vessels and pressurized structures.  These effects shall be based on temperature extremes which simulate those predicted for the operating environment plus a design margin as specified in the contract.

Guidance for tailoring the requirement(s).


See MIL-HDBK-340A Vol. I Section 3.3.1 for guidance in developing design margins.  

A.3.12.2.9.1.2.5  Stress Analysis Requirements.  


A detailed and comprehensive stress analysis of each pressure vessel and pressurized structure shall be conducted under the assumption of no crack-like flaws in the structure.  The analysis shall determine stresses resulting from the combined effects of internal pressure, ground or flight loads, temperature and thermal gradients.  Both primary membrane stresses and secondary bending stresses resulting from internal pressure shall be calculated to account for the effects of design discontinuities, design configuration and structural support attachments.


Safety factors (see 6.2.78 ) on external (support) loads shall be as assigned to primary structure supporting the pressurized system.

Guidance for tailoring the requirement (s).


Classical solutions are acceptable if the design geometrics and loading conditions are sufficiently simple and the results are sufficiently accurate to warrant their application. Finite elements or finite difference structural analysis techniques should be used to calculate the stresses, strains and displacements for complex design geometrics and loading conditions. Local structural models should be constructed, as necessary, to augment the overall structural model in areas of rapidly varying stresses.


Minimum material gage as specified in the design drawings should be used in calculating stresses. The allowable material strengths should reflect the effects of temperature, thermal cycling and gradients, processing variables, and time associated with the design environments.


Records of the stress analysis should be maintained. The analysis should include the input parameters, data, assumptions, rationales, methods, references, and a summary of significant analysis results, and safe-life analysis. The analysis should be revised and updated to maintain currency for the life of the program.


For safety factors on internal pressures see MIL-HDBK-1522 Section 5.0.

A.3.12.2.9.1.4  Safe-Life Requirements.  


For those pressure vessels and pressurized structures which are readily accessible for periodic inspection and repair, the safe-life shall be determined by analysis and test.  All pressure vessels and pressurized structures which require periodic refurbishment to meet safe-life requirements shall be re-certified.

Guidance for tailoring the requirement (s).


See MIL-HDBK-1522 Section 4.4.

A.3.12.2.9.1.5  Fabrication And Process Control Requirements. 


Proven processes and procedures for fabrication and repair shall be used to preclude damage or material degradation during material processing, manufacturing operations, and refurbishment.

Guidance for tailoring the requirement(s).


In particular, special attention should be given to ascertain that the melt process, thermal treatment, welding process, forming, joining, machining, drilling, grinding, repair and re-welding operations, etc., are within the state-of-the-art and have been used on similar hardware.


The fracture toughness, mechanical and physical properties of the parent materials, weldments and heat-affected zones should be within established design limits after exposure to the intended fabrication processes. The machining, forming, joining, welding, dimensional stability during thermal treatments, and through-thickness hardening characteristics of the material should be compatible with the fabrication processes to be encountered.


Fracture control requirements and precautions should be defined in applicable drawings and process specifications. Detailed fabrication instruct ions and controls should be provided to insure proper implementation of the fracture control requirements. Special precautions should be exercised throughout the manufacturing operations to guard against processing damage or other structural degradation. In addition, procurement requirements and controls should be implemented to insure that suppliers and subcontractors employ fracture control procedures and precautions consistent with the fabrication and inspection processes intended for use during actual hardware fabrication.

A.3.12.2.9.1.6  Operations And Maintenance Requirements.

A.3.12.2.9.1.6.1  Operating Procedures. 


Operating procedures shall be established for each pressure vessel. These procedures shall be compatible with the safety requirements and personnel control requirements at the facility where the operations are conducted. 

Guidance for tailoring the requirement(s).


Step-by-step directions should be written with sufficient detail to allow a qualified technician or mechanic to accomplish the operations. Schematics which identify the location and pressure limits of relief valves and burst disc should be provided, and procedures to insure compatibility of the pressurizing system with the structural capability of the pressurized hardware should be established. Prior to initiating or performing a procedure involving hazardous operations with pressure systems, practice runs should be conducted on non-pressurized systems until the operating procedures are well rehearsed. Initial tests should then be conducted at pressure levels not to exceed 50% of the normal operating pressures until operating characteristics can be established and stabilized. Only qualified and trained personnel should be assigned to work on or with high pressure systems. Warning signs with the hazard(s) identified should be posted at the operations facility prior to pressurization.

A.3.12.2.9.1.6.2  Safe Operating Limits. 


Safe operating limits shall be established for each pressure vessel and each pressurized structure based on the appropriate analysis and testing employed in its design and qualification.

Guidance for tailoring the requirement(s).


These safe operating limits should be summarized in a format which will provide rapid visibility of the important structural characteristics and capability. The desired information should include, but not be limited to, such data as fabrication materials, critical design conditions, MEOP, (see 6.2.107)nominal operating or working pressure, proof pressure, burst pressure, pressurization and de-pressurization sequence, operational cycle limits, design and operating temperatures, operational system fluid, cleaning agents, NDI techniques employed, permissible thermal and chemical environments, minimum margin of safety and brittle failure mode. For pressurized systems with potential fracture failure mode, the critical flaw sizes and maximum permissible flaw sizes should also be included. Appropriate references to design drawings, detail analyses, inspection records, test reports, and other back-up documentation should be indicated.

A.3.12.2.9.1.6.3  Inspection and Maintenance. 


The results of the stress, and safe-life, analyses shall be used in conjunction with the appropriate results from the structural development and qualification tests to develop a quantitative approach to inspection and repair. 

Guidance for tailoring the requirement(s).


Allowable damage limits should be established for each pressure vessel and pressurized structure so that the required inspection interval and repair schedule can be established to maintain hardware to the requirements of this document. NDI technique(s) and inspection procedures to reliably detect critical structural defects and determine flaw size under the condition of use should be specified. Detailed repair procedures should be developed for use in field and depot levels. Procedures should be established for recording, tracking, and analyzing operational data as it is accumulated to identify critical areas requiring corrective actions. Analyses should include prediction of remaining life and reassessment of required inspection intervals.

A.3.12.2.9.1.6.4  Repair and Refurbishment.  


When inspections reveal structural damage or defects exceeding the permissible levels, the damaged hardware shall be repaired, refurbished, or replaced, as appropriate.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1522 Section 4.7.4.

A.3.12.2.9.1.6.5  Storage Requirements. 


When pressure vessels and pressurized structures are put into storage, they shall be protected against exposure to adverse environments which could cause corrosion or other forms of material degradation.

Guidance for tailoring the requirement(s).


In addition, they should be protected against mechanical damages resulting from scratches, dents, or accidental dropping of the hardware. Induced stresses due to storage fixture constraints should be minimized by suitable storage fixture design. In the event storage requirements are violated, re-certification should be required prior to acceptance for use. 

A.3.12.2.9.1.6.6  Documentation. 


Inspection, maintenance, and operation records shall be kept and maintained throughout the life of each pressure vessel and each pressurized structure. 

Guidance for tailoring the requirement(s).


As a minimum, the records should contain the following information:

1. Temperature, pressurization history, and pressurizing fluid for both tests and operations.

2. Number of pressurizations experienced as well as number allowed in safe-life analysis.

3. Results of any inspection conducted, including: inspector, inspection dates, inspection techniques employed, location and character of defects, defect origin and cause.

4. Storage condition.

5. Maintenance and corrective actions performed from manufacturing to operational use, including refurbishment.

6. Sketches and photographs to show areas of structural damage and extent of repairs.

7. Acceptance and re-certification test performed, including test conditions and results.

8. Analyses supporting the repair or modification which may influence future use capability.

A.3.12.2.9.1.7  Special Requirements.

A.3.12.2.9.1.7.1  Re-activated Pressurized Hardware.  


Pressure vessels and pressurized structures which are re-activated for use after an extensive period in either an unknown, unprotected, or unregulated storage environments shall be re-certified to ascertain their structural integrity and suitability for continued service before commitment to flight.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1522 Section 4.8.1.

A.3.12.2.9.1.7.2  Multiple Proof Tests.  


Multiple proof tests are generally not required or recommended except in special circumstances.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1522 Section 4.8.2.

A.3.12.2.9.1.7.3  Test Fluids. 


Proof-test fluids shall be compatible with the structural materials in the pressure vessels and pressurized structures. Proof-test fluids shall not pose a hazard to test personnel.

Guidance for tailoring the requirement(s).


If such compatibility data is not available, required testing should be conducted to demonstrate that the proposed test fluid does not have a deleterious effect on the article to be tested.

A.3.12.2.9.2  Detailed Requirements.

A.3.12.2.9.2.1  Verification Plan. 


A safe design verification plan for pressure vessels and pressurized structures, shall be developed.  It shall integrate analysis, design, and test into a verification approach that signifies proof of design and acceptability.  The selected approach shall be dependent on the desired efficiency of the design coupled with the level of analysis and verification testing required.  The final selection shall be coordinated and/or defined by the integrator and the appropriate launch or test range authority. 

Guidance for tailoring the requirement(s).


See FIGURE A 18  for examples of pressure vessel design verification approach. 


See MIL-HDBK-1522 sections 5.1 and 5.2 for detailed design requirements. 
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FIGURE A- 18  Pressure vessel design verification approach.

A.3.12.2.9.2.2  Pressure Vessel Requirements.  


The systems specification shall allow for multiple approaches for the design, analysis and test verification for pressurized systems.  The selection of the specific approaches shall depend on the desired efficiency of the design coupled with the level of required analysis and verification testing.  

Guidance for tailoring the requirement(s).


See MIL-HDBK-1522 Section 5.0. 

A.3.12.2.9.3.1  General Pressurized System Requirements.


The following features shall be reviewed for safe design impact:

a.  Design features. 

b.  Component selection. 

c.  Design pressures.

d.  Design loads.

e.  Controls.

f.  Protection.

g.  Electrical.

h.  Pressure relief.

I.  Contamination.

j.  Control devices. 

k.  Accumulators.

l.  Flex hoses.

m.  System Redundancy.  Hydraulic systems for primary flight control of manned 

      vehicles shall have redundant features for all major aspects of operation and 

      control. 

n.  Fluid Temperature Control.  Means shall be provided to thermally condition and 

     monitor the fluid temperature to a nominal operating bandwidth. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-1522 sections 6.1 for detailed design requirements. 

A.3.12.2.9.3.2.1  Hydraulic Systems Components. 


The following components/design parameters shall be reviewed for safe design impact:

a.  Component integrity.

b.  Cycling 

c.  Actuators  

d.  Shutoff valves  

e.  Variable response.  

f.  Fluid properties.  Where system fluid leakage can expose hydraulic fluid to 

   potential ignition sources or is adjacent to potential fire zone and the possibility 

   of propagation exists, fire resistant or flame proof hydraulic fluid should be used.  

   The air content (percentage of free air) in the hydraulic fluid should be specified 

   and a methodology specified to maintain it where a requirement for fast response 

   in actuators is required.  

g.  Accumulators.

h.  Adjustable orifices. 

i.  Lock valves

j.  Quick disconnects.  Fluid quick disconnects shall be designed with filter screens to 

 capture external debris (i.e. cut o-rings) and prevent passage into the hydraulic system 
where they may pose a functional hazard to valves, pumps etc. 

k.  Hydraulic reservoir.

l.  Component pressure limits.

m.  Pump cavitation.

n.  Hydraulic lock-up.

o.  Pressure relief, valves and pumps.

Guidance for tailoring the requirement(s).


See MIL-HDBK-1522 sections 6.2.1 through 6.2.6 for detailed design requirements. 

A.3.12.2.9.3.3  Pneumatic Systems Requirements. 


The requirements of this section shall apply to all types of pressurized systems and include detailed requirements for specific pneumatic systems. 

Guidance for tailoring the requirement(s).

See MIL-HDBK-1522 sections 6.3.1 and 6.3.2 for detailed design requirements. 

A.3.12.2.9.3.3.1  Pneumatic Systems Components. 


The following features/designs shall be reviewed for safety impact:


a.
Component integrity. 


b 
Configuration. 


c.
Compressors.


d.
Actuators.


e.
Adjustable orifice restrictions. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-1522 sections 6.3.1 for detailed design requirements. 

A.3.12.2.9.3.3.2  Controls.  


Manual takeover shall be provided for automatic disengagement or by-pass for pneumatic systems in event of a hazardous situation. 

Guidance for tailoring the requirement(s).


See MIL-HDBK-1522 sections 6.3.2 for detailed design requirements. 

A.3.12.3  Construction and Manufacturing. 

A.3.12.3.1  General Requirement.  


Unless otherwise specified, the manufacturing process selection shall be the prerogative of the contractor as long as all articles submitted to the government fully meet the operating, interface, ownership and support, and operating environment requirements specified herein.

Guidance for tailoring the requirement(s).


The above requirement may be cited as a single overall requirement to be levied on the construction and manufacturing process.  If the criticality of the system requires additional control by the government, the following, more detailed requirements of paragraphs 3.12.3.2 through 3.12.3.15 may be selected as appropriate.


For a thorough description of the manufacturing process, see the Manufacturing Critical Process Assessment Tool (CPAT). 

A.3.12.3.2  Producibility  


The producibility (See 6.2.139 and 6.2.138) of the system design shall be a priority of the development effort.  Design and manufacturing engineering (See 6.2.103) efforts shall focus on concurrent development of producible designs and manufacturing processes and controls to ensure requirements satisfaction and to minimize manufacturing costs.  The use of existing manufacturing processes shall be capitalized upon whenever possible.  When new manufacturing capabilities are required, flexibility (i.e., insensitivity to rate and product configuration) shall be considered.

Guidance for tailoring the requirement(s).


See the following documents for additional guidance: 

Reference Document
Subject
Section/Paragraph Numbers

Manufacturing (CPAT)
Manufacturing Critical Process Assessment Tool
1.1, 1.1.2, 2.2, 3.0

DoD 5000.2R 
Mandatory Procedures for Major Defense Acquisition Programs
4.3.1

MIL-HDBK-727
Design Guidance For Producibility
(as required)

Rationale/Lessons learned underlying the requirements. 


The manufacturing process represents a major portion of the overall program cost and is a key element in attaining the performance requirements for a system.  It is therefore essential that an effective producibility process be implemented early in the concept development phase and maintained throughout the program. 

A.3.12.3.3  Manufacturing Risk Identification And Resolution.  


Manufacturing planning during all program phases shall assure continuing identification and evaluation of manufacturing risk (See 6.2.104), and provide for timely resolution of those risks. 

Guidance for tailoring the requirement(s).


See the Manufacturing Critical Process Assessment Tool, section CCA 9.1.4 for additional information on manufacturing risk management.

Rationale/Lessons learned underlying the requirements. 

Risk identification should include, but is not limited to, continuing analysis of such data as : manufacturing trends during development and production, process and test yield rates, touch labor hours, hours for scrap, rework, repair, and out-of-station work. 

A.3.12.3.4  Manufacturing System Verification.  


The manufacturing engineering approach, (processes, tooling, test equipment, manufacturing and test software, and manufacturing methods) shall be verified by testing, proofing, or demonstration, prior to authorization for full rate production. 

Rationale/Lessons learned underlying the requirements. 

During the Engineering and Manufacturing Development phase the program is evaluated to determine if a low rate initial production schedule (LRIP) (See 6.2.101) is appropriate to avoid costly retrofit programs downstream.  Stability of the system design and the manufacturing process are key factors in this evaluation. 

A.3.12.3.5  Production Drawings.  


The    (specify)   (parts, units, equipment, assemblies) shall be fabricated and assembled in accordance with the    (specify)   (drawings, parts lists, and other applicable documents) listed in    (specify)   (Appendix no., RFP or Contract). 
Guidance for tailoring the requirement(s).


The above requirement should be used if some or all of the parts of the system are to be controlled by existing designs.

A.3.12.3.6  Standards Of Manufacturer.


     (specify)   (Manufacturing process or operation) shall be per   (specify)   (standard, specification or similar document). 
Guidance for tailoring the requirement(s).


Where applicable, this paragraph(s) should identify those standards or essential processes that, because of their criticality, must be established as a requirement for the manufacture of the item.  The requirements will normally reference standards, specifications, and similar documents issued by professional associations, by industry standardization organizations, and by the DoD.  The user is reminded that it is the DoD policy to not require standard management approaches or manufacturing processes in solicitations and contracts, but rather to rely on performance based requirements whenever practicable.  There may be rare occasions, however, where certain critical processes must be contractually required in order to protect both parties’ interests. After reviewing program complexity and risk, it may be necessary as a last resort to require potential offerors to commit to critical processes.

A.3.12.3.7  Processes and Controls.  


The manufacturing process shall be accomplished in accordance with documented procedures and process controls which ensure the reliability and quality required for the mission.

Rationale/Lessons learned underlying the requirements. 

Acceptance and flight certification of space equipment is based primarily on an evaluation of data from the manufacturing process.  It is therefore essential that thorough and accurate processing records be maintained for each component throughout its manufacturing cycle.

A.3.12.3.8  Planning and Procedures.  


The manufacturing planning, procedures and process controls shall be documented to give visibility to the drawings, specifications and procedures by which all processes, operations, inspections, and tests are to be accomplished by the contractor.

Rationale/Lessons learned underlying the requirements. 

Manufacturing planning should be accomplished throughout all program phases.  The process should be a logical planned sequence of activities resulting in identifying and obtaining production resources needed for efficient production.  The planning process should consider all aspects of manufacturing engineering, manufacturing methods, production and material control, minimization of scrap, rework and repair, and the requirements for facilities, materials, tooling, test equipment, equipment, personnel, training, government furnished property, and software.  The effects of other business on resources should also be assessed.

A.3.12.3.9  Documentation. 


The manufacturing process and control documents shall provide a contractor-controlled baseline that ensures that any subsequent failure or discrepancy analysis that may be required can identify the specific engineering drawings, specifications, manufacturing materials and processes, and tooling and equipment that were used for each item. 

Rationale/Lessons learned underlying the requirements. 


For effective failure and discrepancy analysis, the contractors manufacturing control system must include detailed documentation of how a component was manufactured.  This includes recording: work authorization documents, drawings and revisions, special instructions, process control data, process lot numbers, batch numbers, serial numbers, configuration data, wavers, deviations, dispositions, scrap reports and all pertinent documentation relative to or effecting the component's configuration from raw material through each of the manufacturing  processes including test, acceptance and delivery.

A.3.12.3.10  Production Tooling And Test Equipment.  


Manufacturing shall establish criteria and implement actions necessary for the timely selection, acquisition, and use of tooling and test equipment to minimize impacts on production.  Tooling philosophy and concepts shall be thoroughly defined early in the program with consideration given to minimizing life cycle costs.

Rationale/Lessons learned underlying the requirements. 


Special Tooling (ST) and Special Test Equipment (STE) can represent a significant portion of the overall programs cost.  Likewise, the quality, accuracy and timely availability of the tooling/equipment to meet critical schedules can have a significant impact on meeting program goals.  It is therefore essential that thorough planning and rigorous management be employed to assure a successful program. 

A.3.12.3.11  Production Lots. 


Parts for use in space equipment shall-be grouped together in individual production lots during the various stages of their manufacture to ensure that all devices assembled during the same time period use the same materials, tools, methods, and controls. 
Guidance for tailoring the requirement(s).


This requirement is especially critical for parts and devices for space equipment that cannot be adequately tested after assembly without destruction of the item, such as explosive ordnance devices.  Lot controls implemented during their manufacture ensures a uniform quality and reliability level of the entire lot.  Each lot should be manufactured, tested, and stored as a single batch.  Sequential lot numbers that indicate the date of manufacture should be assigned to each production lot. (Typically, use three digits for the day of the year and two digits for the year.) 

A.3.12.3.12  Fabrication and Handling.  


Fabrication, handling and storage of parts and materials for space applications shall be controlled consistent with the criticality of the end use of each item.  Controlled environment and controlled access shall be used to the extent required to avoid degradation of the quality and reliability of the parts, materials, and assemblies.

Guidance for tailoring the requirement(s).


See Section 3.17 Packaging, Handling & Transportation for additional information. 

A.3.12.3.13  Contamination.

A.3.12.3.13.1  Device Cleanliness.  


The particulate cleanliness of subassemblies and assemblies shall be maintained to at least level   (specify)    as defined in   (specify)  document .  External surfaces shall be visibly clean.  The allowable product nonvolatile residue level shall be maintained to at least level   (specify)     as defined in   (specify)  document   .  Specific cleanliness requirements shall be determined for each assembly based on an analysis of overall system cleanliness requirements.

Guidance for tailoring the requirement(s).


See MIL-STD-1246 Product Cleanliness Levels and Contamination Control Program for tailoring this requirement. 

A.3.12.3.13.2  Outgassing  


Items that might otherwise produce deleterious outgassing while on orbit shall be processed to minimize that condition. 

Guidance for tailoring the requirement(s).


To minimize outgassing, the item can be baked for a sufficient time to drive out all but an acceptable level of outgassing products prior to installation in the assembly.  Where baking is not practicable, exposure to vacuum within the operating temperature of the item may be employed.

A.3.12.3.14  Electrostatic Discharge.  


Provisions shall be implemented to avoid and to protect against the effects of static electricity generation and discharge in areas containing electrostatic sensitive devices such as microcircuits, initiators, explosive bolts, or any loaded explosive device.  Both equipment and personnel shall be grounded.

Guidance for tailoring the requirement(s).


See DOD-HDBK-263 Electrostatic Discharge Control Handbook for Protection of Electrical & Electronic Parts, Assemblies and Equipment for tailoring this requirement. 

A.3.12.4  Physical Characteristics Requirements.  (to be furnished)

A.3.12.4.1  Mass Properties Requirements.  


Mass Properties limits are usually derived from performance requirements and/or evolve from the design solutions.  They include those established by system, subsystem, and component performance, as well as operational requirements and the mass properties limits established by contract.  These limits may be expressed directly or implied as in the case with satellites by reference to the launch vehicle. 

A.3.12.4.1.1  Weight  

The system's weight shall not exceed   (specify maximum) .
Guidance for tailoring the requirement(s).  


The exact wording of this requirement must be tailored to reflect the specific technical requirements of the system or component being procured. 

Example specifications:

1. The Space Vehicle weight at launch shall not exceed (specify) pounds. 

2. The Space Vehicle shall deliver the payload of (specify ) pounds to operational orbit. 

3. The Spacecraft shall not exceed the launch capability of the (specify) launch vehicle. 

A.3.12.4.1.2  Center of Gravity.  


The system's center of gravity shall be located at       (specify coordinates)   within    (specify limits)          ."

Guidance for tailoring the requirement(s).  

The exact wording of this requirement must be tailored to reflect the specific technical requirements of the system or component being procured. 

Example specifications:

1. The system's Center of Gravity shall be less than (specify value) from the thrust axes of the space vehicle. 

2. The system's Center of Gravity shall be between (specify value) inches forward of the launch vehicle interface plane. 

A.3.12.4.1.3  Mass Moments of Inertia.  


The systems mass moments of inertia shall: (describe requirement, specify limits). 
Guidance for tailoring the requirement(s).  


The exact wording of this requirement must be tailored to reflect the specific technical requirements of the system or component being procured. 

Example specification:


The ratio of the inertia about the spin axis divided by the inertia about each of the transverse axes must be greater than (specify value). (This applies to spinning space vehicles only). 

A.3.12.4.1.4  Mass Properties Control Plan.  


The contractor shall prepare an Integrated Master Plan (IMP) narrative that explains the development and implementation of a Mass Properties Control Plan. The plan shall address the following: 


a.  Subcontractor Mass Properties Control Plan, 


b.  Associate Design Activity and GFE Suppliers Interfaces, 


c.  Management Participation, 


d.  Mass Properties Limits, 


e.  Weight Growth, 


f.  Current Mass Properties, 


g.  Limit Monitoring, 



h.  Corrective Action, 


i.  Documentation and Reporting. 

Guidance for tailoring the requirement(s).  

The requirements in each contract should be tailored to the needs of that particular program.  Only the minimum requirements needed to provide the basis for achieving the program requirements should be imposed.  The cost of imposing each requirement should be evaluated by the program office against the benefits that would be realized.  However, the risks and potential costs of not imposing requirements shall also be considered.  Improper control of the mass properties of space and launch vehicles may allow the fabrication of vehicles that cannot meet the required performance or achieve the required stability.  It is essential that the acquisition officer evaluate the systems requirements and the potential contractors capabilities and select only those mass properties control requirements that are deemed essential to reduce risk and achieve programs goals.  Depending on this evaluation, the requirements imposed may range from; citing a single general requirement such as paragraph 3.12.4.1.4; to citing specific additional requirements, such as those dealing with management approach, reporting methods, frequency, and formats as described in MIL-HDBK-1811. 

The following matrix lists the handbook sections where guidance can be found and converted to additional requirements if necessary, . 

Subject
 MIL-HDBK-1811 Section




Mass Properties Definitions
3.0

Mass Properties Control Program
4.1

Mass Properties Determination
5.2

Mass Properties Verification
5.2.7

Mass Properties Documentation
5.3

Description of Mass Properties Verification Plan
Appendix A

Example of Functional Breakdown of Weight
Appendix B

Design Data
Appendix C

The guide spec user may also refer to the Mass Properties CPAT for additional guidance  to better understand this critical process. 

Rationale/Lessons learned underlying the requirement(s).  
Prior to the Military Specification and Standards Reform Program MIL-STD-1811 Mass Properties Control For Space Vehicles was cited in acquisition contracts to assure the establishment of uniform control, determination and documentation of space vehicle mass properties.  This standard imposed historically proven, detailed requirements on the contractor on how to manage these elements to assure that the programs mass properties requirements were maintained and controlled throughout the program.  To preserve these proven procedures and techniques, based on lessons learned, MIL-STD-1811 was converted to MIL-HDBK-1811 and may be used for developing contract requirements as appropriate to the program.

A.3.12.4.2  Dimensional Requirements.  (to be furnished)

A.3.12.4.3  Clearance, Alignment, and Interchangeability Requirements.  (to be furnished)

A.3.12.4.4  Set-up/Assembly and Check-out Requirements.  (to be furnished)

A.3.12.5  Parts, Materials, and Processes Requirements.  (to be furnished)

A.3.12.6  Nameplate and Marking Requirements.  (to be furnished)

A.3.12.7  Pre-planned Product and Process Improvement (P4I) Requirements.  (to be furnished)

A.3.13  Personnel-Related Requirements.  (to be furnished)

A.3.14  Training Requirements.  (to be furnished)
A.3.15  Logistics Support Requirements.  (to be furnished)

A.3.16  Data Requirements.  (to be furnished)

A.3.17  Packaging, Handling, and Transportation Requirements.  (to be furnished) 

A.4  Verification And Quality Assurance Provisions.

A.4.1.2  Quality Assurance.


Parts, materials, and manufacturing process controls that are necessary to meet the requirements of this specification shall be documented and applied during the manufacture of all items submitted to qualification and acceptance verification.  


Controls on instrumentation and equipment including precision measuring equipment necessary to carry out the verifications required herein shall be documented and applied during all applicable verification activities.  
Guidance for tailoring the requirement(s).  


If necessary, add other quality assurance requirements that can be stated in performance terms.

Rationale/Lessons learned underlying the requirement(s).  


Prior to the start of the Mil-Specifications and Mil-Standards Reform program in mid-1994, MIL-Q-9858 was used to require a Quality Assurance (QA) program on most DoD acquisition contracts.  Since that time, the contractor has usually been encouraged to define the QA program.  The response has often been either a tailored version of -9858 or an implementation of the ISO-9000 and -9001 standards.  This requirement is intended to ensure that whatever program the contractor has selected is implemented in preparing the items submitted for verification.  

A.4.1.3  Records.


Complete records indicating relevant manufacturing and verification data, including the application of all parts, materials, and control requirements of 4.1.2 above and the verification procedures required by 4.1.1 above, and all nonconformance reports, if any, shall be maintained for the system items and shall be available for review during the service life of the system.  

Guidance for tailoring the requirement(s).  


Consider adding other records that may be needed in the future for certification of verification, pedigree reviews, independent readiness reviews, mission readiness reviews, anomaly resolution, failure analysis, and the like.  

A.4.1.4  Special Verification Methods.


Special verification methods include techniques that do not belong to the methods defined in subsections of  4.1.4.1 through 4.1.4.4 above.  Special verification methods include:________________________________________________________________.

Guidance for tailoring the requirement(s).  


Special verification methods include pilot lots, destructive physical analyses, lot samples, and formal proofs.  Insert any special verification methods beyond those called out in 4.2 through 4.3.  If no special verification methods need be cited in the specification, insert “Reserved” in this subsection and delete all else.  

Rationale/Lessons learned underlying the requirement(s).  


Verification methods other than demonstration, test, analysis, and inspection are sometimes necessary, especially for system elements that are designed for a single operation such as ordnance and for models used in software that are not conducive to direct verification by test or demonstration over their complete range of operation.  Formal proofs are suggested as a category of special verification method by the Data Item Description, DI-IPSC-81431.  

A.4.2  Qualification Requirements. 

A.4.2.1  Qualification Of System Elements That Are Reused From Prior Designs.


Similarity analysis shall be used in lieu of the test or demonstration methods for qualification of a system element when it can be shown that the item is identical in design to an item that has been previously qualified to equivalent or more stringent criteria.  Otherwise, qualification shall be in accordance with 4.2.2 below.  

Guidance for tailoring the requirement(s).  


The text in 4.2.1 is intended to impose strict limits on qualification by similarity.  It should be tailored with great care since a less strict requirements could significantly increase program risk.  

Rationale/Lessons learned underlying the requirement(s).  


In the past, qualification by similarity has sometimes been extended to space equipment that has been repackaged or otherwise redesigned after qualification, has been operated in a different regime, or has been only exposed to less demanding environments.  In some cases, qualification by similarity has been extended to “qualification by flight” despite the fact that the environments actually experienced in flight were either not well known or were significantly less stringent than the environments which are possible in the current application.  (In short, as it is usually used, “qualification by flight” is usually an oxymoron.)  Qualification by similarity should be applied when it does result in a valid qualification at reduced cost but not otherwise.  

A.4.2.2  System Element Qualification.


A space element is any system item that is intended to be deployed beyond the earth’s atmosphere.  A terrestrial element is any system item that is not a space element.  In the following table, the letter D stands for Demonstration, T for Test, A for Analysis, and I for Inspection as defined in 4.1.4.1 through 4.1.4.4 above.  


Each verification shall be carried out in accordance with a verification procedure approved in accordance with all applicable provisions of the contract.  In the case of verification by test, the procedure shall identify the test instrumentation (hardware and/or software) and/or special test equipment used.  


For each requirement designated with a "T", see Appendix B, Section B.1.0 for guidance on test requirements. 

Guidance for tailoring the requirement(s).  


Usually, the parts of this subsection in the above box will not need to be tailored.  To tailor the table in subsection 4.2.2 in the main body of this document (and not repeated here for brevity), first make sure the table includes entries for each subsection of Section 3 of the specification.  Then, insert D, T, A, I, or a special verification method in each cell in the right two columns.  Select the method which results in the most nearly unambiguous and least subjective verification that is practical within the affordability and other constraints of the program.  If there is no difference between the qualification methods specified for space and terrestrial elements, the definition at the beginning of the subsection can be deleted and the two right columns may be collapsed into one.  

A.4.3  Acceptance Requirements. 

A.4.3.1  Vehicle Acceptance.   


The space vehicle acceptance criteria shall verify that all of the vehicles performance requirements in section 3 have been satisfied.  Methods including demonstration, test, inspection, analysis and document review shall be utilized to verify fulfillment of the performance requirements.   


The following space vehicle performance requirements shall be verified:

(1) required states and modes, (2) system capability, (3) system external interfaces, (4) system internal interfaces, (5) system internal data, (6) adaptation, (7) safety, security and privacy, (8) system environment, (9) computer resources, (10) system quality, (11) design and construction, (12) personnel-related items, (13) training, (14) logistics support, (15) data, (16) packaging, handling, and transportation.


The results of these acceptance verifications will assure that the space vehicle will perform properly throughout the mission.  


Early in the space vehicle’s development process; a parts, materials, and process control program shall be established.  (Specify the  parts, materials, and process control elements such as record keeping, manufacturing screens, lot certification testing, inspection of parts and materials, inspection of assemblies and non-conforming material).

Guidance for tailoring the requirement (s).


The following items extracted from MIL-E-8983D, Military Specification Electronic Equipment, Aerospace, Extended Space Environment General Specification For, may be used as a guide in developing the detail electrical and electronics equipment design requirements if required.
Parts, Materials, and Process Controls 


To ensure that a reliable electronic assembly is fabricated in accordance with qualified baseline procedures, all parts, materials, and manufacturing aids should be adequately identified, controlled, and inspected prior to assembly.  During fabrication, the tools and processes, as well as parts and materials, should be adequately controlled and inspected to ensure compliance with the approved manufacturing processes and controls.

A.
Records.  Records documenting the accreditation status of the electronic assemblies should be maintained following assignment of serial numbers.  Each electronic assembly should have inspection records and test records maintained by serial number to provide traceability from system usage to the data for the parts, materials, and processes used.  Complete records should be maintained and should be available for review during the service life of the system.  The records should indicate all relevant test data, all rework or modifications, and all installation and removals for whatever reason.

B.
Manufacturing Screens.  Each electronic assembly and each critical subassembly should be subjected to in-process manufacturing and assembly screens to ensure compliance with the specified requirements to the extent practicable.  Compliance with the documented process controls, documented screening requirements, required hardware configuration, and general workmanship requirements should be verified.  At each level of assembly, each completed unit should be subjected to visual inspection to ensure that it is free of obvious defects and is within specified physical limits.

C.
Lot Certification Testing.  Space parts, materials, and subassemblies that cannot be adequately tested after assembly, and  must rely upon the process controls and in-process screening to assure satisfactory performance and reliability, should have appropriate lot certification tests imposed prior to installation into higher level assemblies.  Lot certification testing is that testing performed to demonstrate confidence that a lot of parts, materials, or subassemblies that have passed the in-process screening also meets the other quality and performance requirements.  All items submitted for lot certification should have been manufactured using the same supplier-documented processes and controls.  Certification of a lot is achieved by the satisfactory completion without failure of the applicable tests.  Note that lot certification testing should be performed by the supplier and need not be repeated by the user.

D.    Inspection of Parts and Materials.  All parts used in critical electronic assemblies, and parts, materials, or fasteners comprising single point failures, should be subjected to 100 percent inspection and environmental screening tests to ensure that no defects exist which could lead to degraded performance or failure.  Special attention should be given to the control of composite materials, including receiving inspection, in-process controls, and end-item inspections (See 3.1.3.10).  Load-carrying honeycomb sandwich structures should be subject to nondestructive inspection and appropriate proof-loading tests.  Panels using embedded heat pipes require special attention to ensure that thickness dimensions of the honeycomb core and heat pipe are closely controlled to prevent voids, gaps, or discontinuities in the adhesive bondlines.

E.
Inspection of Assemblies.  The dimensions, weight, finish, identification markings, and cleanliness of each electronic assembly should be inspected, as appropriate, prior to acceptance testing and prior to installation on the vehicle.  These inspection processes should include, but are not limited to, the following:

1. Scratched Or Damaged Surfaces.  If surface damage is sufficient to affect the intended function of the assembly or the performance is degraded (e.g., damaged thermal control surfaces or contamination due to debris), the electronic assembly should be rejected. 

2. Surface Finish. Any parts, materials, or fasteners exhibiting rust, corrosion, distortion, peeling of surface coatings, or severe discoloration shall be rejected.

3. Handling Damage.  Parts and materials should be visually inspected for damage and contamination.

4. Fastener Torque.  Fasteners should be visually inspected for looseness.  In addition, the torque should be checked on preselected fasteners before and after exposure to environmental test conditions.

5. Cleanliness.  Product particulate cleanliness should not exceed Level 500 as defined in MIL-STD-1246.  Lower levels may be required for optical sensors.  Product Nonvolatile Residue (NVR) should be in compliance with the applicable requirements specified for each assembly.

6. Wiring Harnesses.  Wiring harnesses should be inspected to verify that they are properly secured and to verify that the proper configuration is maintained.

7. Electrical Connectors.  Dust caps must be installed on unused connectors during shipment or test.  Although unnecessary disconnecting and reconnecting of connectors should be avoided, inspection for connector out of roundness and broken or loose electrical pins should be made, where practicable.

8. Safety Wire. Fasteners utilizing safety wire should be inspected to ensure  that the wire is properly installed and that such wire cannot result in interference with other parts.

9. Alignment.  Alignment should be inspected as appropriate.

10. Clearances.  Clearances should be inspected to ensure compliance with the specified requirements.

F.    Nonconforming Material. Nonconforming material, components, or assemblies that do not meet the established tolerance limits set as the acceptance limits in the in-process screens should be rejected for use. Any rejected material, component, or assembly may be reworked and rescreened in accordance with established, documented procedures if system reliability is not jeopardized. Nonconforming material or assembled units may be reworked and rescreened in accordance with established procedures if the rework is not so extensive as to jeopardize the lot identity of the material or assembled unit. If reworked material or assembled units that were lot-controlled subsequently pass the in-process screens, they can again be considered part of the lot. Reassignment of units that were lot controlled to a different lot should not be made. Nonconforming material or assembled units that do not satisfy these rework criteria should be considered scrap.

A.4.3.2  Component Verification.  


Verification of the space vehicle shall start at  the component (See 6.2.28 ) level and progress to each higher level of assembly until the entire space vehicle’s performance requirements have been satisfied. 


Specify  acceptance verification items  such as component level acceptance tests, vehicle (See 6.2.188 ) level acceptance tests, prelaunch validation testing, inspection, modifications, rework and retesting.

Guidance for tailoring the requirement (s).


The following items extracted from MIL-E-8983D, Military Specification Electronic Equipment, Aerospace, Extended Space Environment General Specification For, may be used as a guide in developing the detail electrical and electronics equipment design requirements if required.

Component Level Acceptance Tests.


The configuration and workmanship of the completed hardware should be verified by inspection prior to the start of acceptance testing.  Each electronic assembly should be subjected to functional and environmental tests that are in accordance with the applicable component acceptance test requirements of MIL-HDBK-340A.  All acceptance tests should be performed in accordance with written procedures.  Functional tests should be structured to demonstrate that the electronic assembly is capable of operating in such a manner that all performance requirements are satisfied.  Functional tests are required before and after exposure to environmental test conditions in order to establish whether damage or degradation in performance has occurred. These tests should be sufficiently comprehensive and should include sufficient measurements to determine whether performance specifications are met. The initial functional testing is used as a baseline to which subsequent performance should be compared. Where a device is designed to operate in extreme heat or cold or in some other environmental extreme, and a functional test at ambient conditions would not be significant, the functional tests should be conducted in the appropriate environment that would demonstrate performance.  All command functions should be exercised during functional testing. The electronic assemblies should be tested in their launch or in their on-orbit configurations corresponding to the environment being simulated. They should be passive or operating corresponding to their state during the launch or on-orbit operational phases. Assemblies that contain redundancy in their design should, where practicable, demonstrate performance to their requirements in each redundant mode of operation. Functional operation and alignment of each electronic assembly, including instrumentation that is an integral part of the assembly, should be tested and checked, where practicable, before and after exposure to each environmental acceptance test.  No disassembly, adjustments, or repair should be made on electronic assemblies during functional and environmental acceptance testing or after completion of testing unless approved by the contracting officer.

Vehicle Level Acceptance Tests.


The vehicle level acceptance tests should be conducted in accordance with the requirements of MIL-HDBK-340A.

Prelaunch Validation Testing- and Inspection.


The prelaunch validation tests should be conducted in accordance with the requirements of  MIL-HDBK-340A.

A.  Inspection. Where practicable, inspections and functional tests conducted at the vehicle level should be repeated at the launch site after assembly of the vehicle in the flight configuration.

B.   Prelaunch Validation Exercise  Prelaunch validation exercises should include contingency cases involving anomalous operation of the electronic assemblies. For example, failures may cause changes to the thermal control of the space vehicle, degradation of communication systems, or other effects on the space vehicle. In some cases the effects of the failure may be circumvented by operation of the space vehicle in a different mode, or by other actions.  These contingency plans should be formulated and exercised to the extent practicable.

Modifications, Rework, and Retesting. 


Completed electronic assemblies should be modified and reworked with the same high quality assurance provisions and criteria as the original assembly. Unless specifically limited by the approved change proposal, the inspection and retesting requirements following modification should not be limited to the changes or modifications, but the complete equipment must be retested including the changes.  Inspection and retesting requirements following rework should be consistent with the type and extent of the rework, the location where the rework is accomplished, and the inspection and testing criteria for the original equipment. Before resubmitting reworked equipment for acceptance, full particulars concerning previous rejection and the action taken to correct the defects found in the original should be reviewed. Units rejected after retest should not be resubmitted without the specific approval of the contracting officer.

A.4.3.3  Environmental and Structural Testing.  


Specify environmental and structural ground acceptance testing requirements such as temperature range, number of thermal cycles, acoustic environment, vibration environment, proof of load, proof of pressure, thermal vacuum, shock, leakage, wear-in, electromagnetic compatibility , storage and functional tests.

Guidance for tailoring the requirement (s).


The following paragraphs in MIL-HDBK-340A, Volume I, Military Handbook, Test Requirements For Launch, Upper stage, and Space Vehicles, may used as a guide in developing the detail design requirements if required.

Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-340A, Volume  I
Acceptance Tests
7.0


General Acceptance Test Requirements
7.1


Vehicle Acceptance Tests
7.2


Subsystem Acceptance Tests
7.3


Unit Acceptance Tests 
7.4

A.4.3.4  Computer Hardware and Software.  


Specify hardware and computer software acceptance test requirements and hardware acceptance test plans, hardware acceptance test procedures, computer software acceptance test plans and software test descriptions, acceptance test condition tolerances, acceptance retest, documentation and firmware acceptance tests.

Guidance for tailoring the requirement (s).


The following paragraphs in MIL-HDBK-1833 Department Of Defense Handbook Test Requirements For Ground Equipment And Associated Computer Software Supporting Space Vehicles, may used as a guide in developing the detail electrical and electronics equipment design requirements if required.
Reference Document
Subject
Section/Paragraph Numbers

MIL-HDBK-1833
General Requirements
4.0


Testing Philosophy
4.1


Test Plans And Procedures
4.2


Retest
4.3


Documentation
4.4


Firmware Tests
4.5


Detailed Requirements 
5.0

APPENDIX B

B.1.0 Guidelines for Test Requirements. 

SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.7.1  Safety.
N/A

N/A


3.7.2  Safety For Pressurized Systems.
N/A

N/A


3.7.3  Electroexplosive Subsystem Safety Parameters For Space Systems
N/A

N/A


3.7.3.1.2.7  Safety Reliability Demonstrations.
MIL-HDBK-1576
6.7
Qualification, Inspection and Test
6.8
Lot Acceptance Sampling, Inspections and Tests

3.8  Security and Privacy Requirements. 

(to be furnished)



3.9 System Environment Requirements.
N/A

N/A


3.9.1.1.1  Natural Environment Requirements.
N/A

N/A


3.9.1.1.1.1.1.1.1  Wind.
MIL-HDBK-340A, VOL. I
5.5.7g
Wind Tunnel Development Tests.
N/A


3.9.1.1.1.1.1.2  Pressure.
MIL-STD-810E
500.3
Low Pressure (Altitude), Test Method
N/A


3.9.1.1.1.1.1.5  Solar Radiation 
MIL-STD-810E
505.3
Solar Radiation (Sunshine) Test Method
N/A


3.9.1.1.1.1.2  Weather.
N/A

N/A


3.9.1.1.1.1.2.1  Temperature.
MIL-STD-810E
501.3
High Temperature, Test Method.
N/A


"
"
502.3
Low Temperature, Test Method. 
N/A


"
"
503.3
Temperature Shock, Test Method.
N/A


3.9.1.1.1.1.2.2  Humidity.
MIL-HDBK-340A, VOL. I
6.4.12.2
Humidity Test, Unit Qual..
N/A


SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.9.1.1.1.1.2.3  Rain.
MIL-HDBK-340A, VOL. I
6.4.12.4
Rain Test, Unit Qual..


N/A


"
MIL-STD-810E
506.3
Rain, Test Method
N/A


"
"
521.1
Icing/Freezing Rain, Test Method
N/A


3.9.1.1.1.1.2.7  Sand/Dust.
MIL-HDBK-340A, VOL. I
6.4.12.3
Sand & Dust Test, Unit Qual.


N/A


"
MIL-STD-810E
510.3
Sand & Dust, Test Method
N/A


3.9.1.1.1.1.2.8  Salt Fog. 
MIL-HDBK-340A, VOL. I
6.4.12.5
Salt Fog Test, Unit Qual..
N/A


"
MIL-STD-810E
509.3
Salt Fog, Test Method.
N/A


3.9.1.1.1.3  On-Orbit Environment Requirements. 
N/A

N/A


3.9.1.1.1.3.1  General Orbital Requirements.
MIL-HDBK-340A, VOL. I
6.2.1
Functional Test, Veh. Qual. 
7.4.1
Functional Test, Unit Accept.

"
"
6.4.1
Functional Test, Unit Qual.
N/A


3.9.1.1.1.3.1.2  Thermal and Vacuum
MIL-HDBK-340A, VOL. I
5.4.2
Thermal Dev. Tests.
7.2.7
Thermal Cycle Test, Vehicle Accept.

"
"
5.5.5
Thermal Balance Dev. Tests
7.2.8
Thermal Vacuum Test Vehicle Accept.

"
"
6.2.7
Thermal Cycle Test, Veh. Qual
7.4.2
Thermal Cycle Test, Electrical & Electronic Unit Accept.

"
"
6.2.8
Thermal Balance Test Veh. Qual.
7.4.3
Thermal Vacuum Test, Unit Accept. 

"
"
6.2.9
Thermal Vacuum Test Veh. Qual.
N/A


"
"
6.3.4
Thermal Vacuum Test Subsystem Qual.
N/A


"
"
6.4.2
Thermal Cycle Test, Electronic  Unit Qual.
N/A


"
"
6.4.3
Thermal Vacuum, Unit Qual.
N/A


SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.9.1.1.1.3.2  Detailed Orbital Requirements.
N/A

N/A


3.9.1.1.1.3.2.9  Temperature  (On Orbit) and 

3.9.1.1.1.3.2.10  Pressure /Vacuum.
See 3.9.1.1.1.3.1.2 above.





3.9.2  Induced Environment Requirements.
N/A

N/A


3.9.2.1  Vibration, Acoustic, Shock, And Acceleration.
N/A

N/A


3.9.2.1.1  Vibration Requirements.

3.9.2.1.1.1  Random Vibration.

3.9.2.1.1.2  Sinusoidal Vibration.
MIL-HDBK-340A, VOL. I
5.4.3
Shock and Vibration Isolator Dev. Tests. 
7.1.3


Vibration Environment, Acceptance Tests.

"
"
6.2.5
Vibration Test, Vehicle Qual.
7.2.5
Vibration Tests, Vehicle Accept.

"
"
6.3.2
Vibration Test, Subsystem Qual.
7.4.4
Vibration Test, Unit Accept.

"
"
6.4.4
Vibration Test, Unit Qual.
N/A


3.9.2.1.2  Acoustic Requirements.
MIL-HDBK-340A, VOL. I
5.5.4 
Acoustic & Shock Dev. Tests.
7.1.2
Acoustic Environment, Accept. Tests.

"
"
6.2.4 
Acoustic Test, Vehicle Qual.
7.2.4
Acoustic Test, Vehicle Accept.

"
"
6.3.3
Acoustic Test, Subsystem Qual.
7.4.5
Acoustic Test, Unit Accept.

"
"
 6.4.5 
Acoustic Test, Unit Qual.

N/A

3.9.1.2.3  Shock Requirements.
MIL-HDBK-340A, VOL. I
5.5.4


Acoustic & Shock Dev. Tests.. 
7.2.3 
Shock Test, Vehicle Accept.

"
"
6.2.3
Shock Test, Vehicle Qual.
7.4.6
Shock Test, Unit Accept.

"
"
6.4.6
Shock Test, Unit Qual.



3.9.1.2.3  Acceleration Requirements.
MIL-HDBK-340A, VOL. I
6.4.9
Acceleration Test, Unit Qual.. 
N/A


SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.9.2.2  EMI/EMC Requirements.
N/A

N/A


3.9.2.2.1  Electromagnetic Interference. (EMI). 3.9.2.2.2  Electromagnetic Compatibility (EMC).
MIL-HDBK-340A, VOL. I
6.2.2


Electromagnetic Compatibility Test, Vehicle Qual.. 


7.4.11
Electromagnetic Compatibility Test, Unit Accept.

"
"
6.4.11
Electromagnetic Compatibility Test, Unit Qual.. 
N/A


3.9.3  Requirements Regarding Environments Due To Enemy Action. 
N/A




3.9.3.1  General Requirements.
N/A
TBD



3.9.3.1.1  Survivability.


TBD



3.9.3.2.1  Nuclear Hardening Requirements.
N/A




3.9.3.2.1.1  Thermal/ Mechanical Effects.


TBD



3.9.3.2.1.2  Electromagnetic Pulse (EMP).


TBD



3.9.3.2.2  Communications.
N/A




3.9.3.2.2.1  Anti-jamming. 


TBD



3.9.3.2.2.2  Security.









TBD



3.10  Computer Resource Requirements.  

(to be furnished)



3.11  System Quality Requirements.  

(to be furnished)



3.12  Design and Construction Requirements.
N/A




SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.1  Architectural Requirements.  

(to be furnished)



3.12.2  Design Requirements.
N/A

N/A


3.12.2.1  Structures Design Requirements.
N/A

N/A


3.12.2.1.1  General Requirements.
MIL-HDBK-340A, Vol. I
5.5.3
Structural Development Tests
N/A


"
"
6.1
General Qualification Test Requirements. 
7.1
General Acceptance Test Requirements. 

"
"
6.2
Vehicle Qualification Tests.
7.2
Vehicle Acceptance Tests. 

"
"
6.2.10
Mode Survey Test, Vehicle Qualification. 
7.3
Subsystem Acceptance Tests. 

"
"
6.3.1
Structural Static Load Test, Subsystem Qualification. 
7.3.1
Proof Load Test, Structural Subsystem Acceptance. 

"
"
6.4
Unit Qualification Tests. 
7.4
Unit Acceptance Tests.

"
"
N/A

7.4.7
Proof Load Test, Structural Unit Acceptance. 

3.12.2.1.1.1  Electrical Grounding.
MIL-HDBK-340A, Vol. I
6.2.1.3
Electrical and Fiber-optic Circuit Functional Test.
7.2.1.3
Electrical and Fiber-optic Circuit Functional Test.

3.12.2.1.2  Detailed Requirements

N/A

N/A


3.12.2.1.2.1  Strength Requirements.

N/A

N/A


3.12.2.1.2.1.1  Yield Load.
See 3.12.2.1.1 above. 





3.12.2.1.2.1.2  Ultimate Load.
See 3.12.2.1.1 above. 





3.12.2.1.2.1.3  Fatigue.
See 3.12.2.1.1 above. 





3.12.2.1.2.1.4  Fracture Control.
See 3.12.2.1.1 above. 





SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.1.2.1.5  Design Thickness.
See 3.12.2.1.1 above. 





3.12.2.1.2.2  Stiffness Requirements.

N/A

N/A


3.12.2.1.2.2.1  Dynamic Properties.
See 3.12.2.1.1 above. 





3.12.2.1.2.2.2  Structural Stiffness. 
See 3.12.2.1.1 above. 





3.12.2.1.2.2.3  Component Stiffness.
See 3.12.2.1.1 above. 





3.12.2.1.2.3  Factors of Safety.

N/A

N/A


3.12.2.1.2.3.1  Limit Loads.
See 3.12.2.1.1 above. 





3.12.2.1.2.3.2  Pressure Loads.
MIL-HDBK-340A, Vol. I
6.4.8
Pressure Test, Unit Qualification. 
7.3.2
Proof Pressure Test, Pressurized Subsystem Acceptance. 

3.12.2.1.2.4  Design Load Conditions.
See 3.12.2.1.1 above. 





3.12.2.1.2.5  Materials.

N/A

N/A


3.12.2.1.2.5.1  Material Properties.

3.12.2.1.2.5.2  Material Allowables.
MIL-HDBK-340A, Vol. I
5.2
Part, Material, and Process Development Tests and Evaluations. 
N/A


3.12.2.1.2.5.3  Strength Metallic Material.
MIL-HDBK-5

MIL-HDBK-340A, Vol. I
all
Metallic Materials And Elements For Aerospace Vehicle Structures.


7.3.1
Proof Test, Structural Subsystem Acceptance. 

3.12.2.1.2.5.4  Strength, Non-metallic, Composite Materials.

3.12.2.1.2.5.4.1  Adhesives and Polymers.
MIL-HDBK-340A, Vol. I
5.4.1
Structural Composite Development Tests.
7.3.1
Proof Test, Structural Subsystem Acceptance. 

SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.2  Thermal Design Requirements.
N/A

N/A


3.12.2.2.2.1.1  Thermal Control Mechanisms. 
MIL-HDBK-340A, VOL. I
6.3.4
Thermal Vacuum Test, Subsystem Qualification. 
6.3.4
Optional Requirement

3.12.2.2.2.1.2.2  Thermal Tests.
MIL-HDBK-340A, VOL. I
6.4.2
Thermal Cycle, Unit Qual
7.4.2
Thermal Cycle, Unit Acceptance

"
"
6.4.3
Thermal Vacuum, Unit Qual
7.4.3
Thermal Vacuum, Unit Acceptance

"
"
6.3.4
Thermal Vacuum, Subsystems Qual

Optional Requirement

"
"
6.2.7
Thermal Cycle, Vehicle Qual
7.2.7
Thermal Cycle, Vehicle Acceptance

"
"
6.2.8
Thermal Balance, Vehicle Qual

N/A

"
"
6.2.9
Thermal Vacuum, Vehicle Qual
7.2.8
Thermal Vacuum, Vehicle Acceptance

3.12.2.3  Mechanical Design Requirements.
N/A

N/A


3.12.2.3.1  Moving Mechanical Assemblies Design Requirements.
N/A

N/A


3.12.2.3.1.1 Deployables.

3.12.2.3.1.1.2  End of Travel Latches.

3.12.2.3.1.2  Retention and Release Devices.

3.12.2.3.1.2.1  Pin Pullers.
MIL-HDBK-83577


5.4
Development Tests.
N/A


"
"
5.7
Qualification Tests
5.6.1
Run-in Tests

"
MIL-HDBK-340A, VOL. I
N/A

7.4.10
Wear-in Test, Unit Acceptance

SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.3.1.4  Parts, Materials, and Processes
MIL-STD-810E
508.4
Fungus
N/A


3.12.2.3.2.1  Margins

3.12.2.3.2.1.1  Static Torque or Force Margin.

3.12.2.3.2.1.2  Kinetic Torque or Force Margin.

3.12.2.3.2.2  Error Budget for Precision Control Assemblies..
MIL-HDBK-340A, VOL. I


6.2.1.2


Mechanical Functional Test


N/A


"
"
6.3.1
Structural Static Load Test, Subsystem Qualification
N/A


3.12.2.3.2.5  Off-nominal Operation
MIL-HDBK-83577
5.4
Development Tests
N/A


3.12.2.3.3  Environmental Design Requirements.
MIL-HDBK-83577


5.7.2
Functional & Environmental Qualification.
5.6.2
Functional & Environmental Acceptance. 

"
MIL-HDBK-340A, VOL. I
6.4.12
Climatic Test, Unit Qual.
N/A


3.12.2.3.6.2  Service Life.
MIL-HDBK-83577


5.7.1


Design Life Verification Tests


N/A


"
MIL-HDBK-340A, VOL. I
6.4.10
Life Test, Unit Qualification
N/A


3.12.2.3.6.3  Maintainability
MIL-HDBK-83577
5.4
Development Tests
N/A









3.12.2.4  Electrical Power Design Requirements.


see note #B1

see note #B1

3.12.2.4.1  Primary Power Design Requirements.
MIL-S-83576
3.5

4.4
Test Plans and Procedures 

Qualification Test.
4.6
Acceptance Test. 

3.12.2.4.2  Secondary Power Design Requirements.


see note #B1

see note #B1

SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.4.2.1.1  Batteries.
DoD-STD-1578B
4.3
Development Testing.
4.1.10
Acceptance Testing of Spacecraft. 

3.12.2.4.2.1.1.1  Battery Charge/Discharge. 


see note #B1

see note #B1

3.12.2.4.2.1.1.2  Charge Control. 


see note #B1

see note #B1

3.12.2.4.3  Electrical Power Distribution Design Requirements.


see note #B1

see note #B1

3.12.2.4.3.1  Power Control/Regulation.


see note #B1

see note #B1

3.12.2.4.3.1.1  Power Control/Regulation Protection.


see note #B1

see note #B1

3.12.2.4.3.2  Failure Protection.
N/A





3.12.2.4.3.2.1  Fault Isolation.


see note #B1

see note #B1

3.12.2.4.3.2.2  Power Control Failure.


see note #B1

see note #B1

3.12.2.4.3.2.3  Battery Failure. 


see note #B1

see note #B1

3.12.2.4.3.2.4  Overvoltage and Undervoltage.


see note #B1

see note #B1

3.12.2.4.3.3  Distribution Subsystem.
DoD-W-83575A


4.6


Qualification, Wiring Harnesses.


4.5


Acceptance Testing, Wiring Harnesses. 

3.12.2.4.3.3.1  Systems Ground Point (SGP).


see note #B1

see note #B1

3.12.2.4.3.3.2  Multiple Power Sources.


see note #B1

see note #B1

Note #B1  For this test see systems requirements or vehicle Test and Evaluation Master Plan (TEMP). 

SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.5  Electrical and Electronics Equipment Design Requirements
N/A

N/A


3.12.2.5.1.1  General Requirements.
N/A





3.12.2.5.1.1.1  Mission Processing.
TBD





3.12.2.5.1.1.1.1  Command Handling.
TBD





3.12.2.5.1.1.1.2  Data Acquisition and Control.
TBD





3.12.2.5.1.1.1.3  Data Input/Output Handling.
TBD





3.12.2.5.1.1.1.4  Data Processing.
TBD





3.12.2.5.1.1.1.5  System External Self Test And Health Reporting.
TBD





3.12.2.5.1.2  Detailed Requirements.
N/A





3.12.2.5.1.2.1  Processor.
TBD





3.12.2.5.1.2.2  Input/Output.
TBD





3.12.2.5.1.2.3  Memory.
TBD





3.12.2.5.2  Mission Communications Design Requirements.
N/A





SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.5.2.1  General Requirements.
N/A





3.12.2.5.2.1.5  Interfaces.
TBD





3.12.2.5.2.2  Detail Design Requirements.






3.12.2.5.2.2.1.1  Data Rates.
TBD





3.12.2.5.2.2.1.2  Data Volume.
TBD





3.12.2.5.2.2.1.6  Beamwidths.
TBD





3.12.2.5.2.2.1.7  Anti-jamming Techniques.
TBD





3.12.2.5.2.2.1.8  Security.
TBD





3.12.2.5.2.3  Communication System Primary Design Elements.
TBD





3.12.2.5.2.3.1  Transmitters.
TBD





3.12.2.5.2.3.2  Receivers.
TBD





3.12.2.5.2.3.3  Antennas.
TBD





3.12.2.5.3  Telemetry, Tracking and Control (TT&C) Design Requirements
TBD





SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.5.3.1  Receiving TT&C Subsystem
TBD





3.12.2.5.3.2  Satellite TT&C Subsystem.
TBD





3.12.2.5.3.3  Telemetry
TBD





3.12.2.5.3.4  Tracking.
TBD





3.12.2.5.3.5  Control
TBD





3.12.2.5.3.5.1  Command Link
TBD





3.12.2.5.3.5.2  Command Protection.
TBD





3.12.2.5.3.5.3  Command Verification
TBD





3.12.2.7  Propulsion System Design Requirements.
NOTE   The subject of standard methods for all vendors to comply with for verifying  propulsion system performance requirements has been identified and discussed within the AIAA.  It was concluded that there are no standard reference documents available today to evaluate whether a vendors’ performance verification methods are correct.  Each vendor defines the acceptance/qualification test procedures for verifying their subsystem performance requirements in compliance with the customers procurement specification.  (See MIL-HDBK-340A Vol. I ,Paragraph 4.3 and Vol. II Paragraph 4.5 for additional requirements and rational).

3.12.2.8  Ordnance Design Requirements.
N/A

N/A


3.12.2.8.1  Explosive Ordnance.
N/A

N/A


3.12.2.8.1.1  Requirements.
N/A

N/A


3.12.2.8.1.1.1  Flight Accreditation. 
MIL-HDBK-83578
5.4
Design Verification Test
5.3
Manufacturing Screens

"
"
5.5
Qualification Tests
5.6
Production Lot Tests

"
"


5.7
Service Life Verification.

3.12.2.8.1.1.2.7  Sealing.
MIL-HDBK-83578
5.5
Qualification Tests
5.6
Lot Acceptance Testing

3.12.2.8.1.1.3.3.1  "All-fire" Current.
MIL-HDBK-83578
5.5
Qualification Tests
5.6
Lot Acceptance Testing

SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.8.1.1.3.3.2  "No-fire" Current.
MIL-HDBK-83578
5.5
Qualification Tests
5.6
Lot Acceptance Testing

3.12.2.8.1.1.3.3.3  "No-fire" Power.
MIL-HDBK-83578
4.3.3.3
No-Fire Power
4.3.3.3
No-Fire Power

3.12.2.8.1.1.3.3.4  Static Sensitivity.
MIL-HDBK-83578
5.5
Qualification Tests
5.6
Lot Acceptance Testing

3.12.2.8.1.1.3.3.5  Insulation Resistance.
MIL-HDBK-83578
5.5
Qualification Tests
5.6
Lot Acceptance Testing

3.12.2.8.1.1.3.5  Detonating Components.
MIL-HDBK-83578
5.4.3
Denotation Transfer Performance Margins (Except through bulkhead initiators)
N/A


"
MIL-HDBK-83578
5.4.4
Denotation Transfer Performance Margins for through bulkhead initiators
N/A


3.12.2.8.1.1.4.1  Non-operational Environments.
MIL-HDBK-83578
5.5
Qualification Tests
N/A


3.12.2.8.1.1.4.2  Operational Environments.
MIL-HDBK-83578
5.5
Qualification Tests
N/A


3.12.2.8.1.1.4.3  Fabrication, Storage, Transportation and Handling Environments.
MIL-HDBK-83578
N/A

5.6
Lot Acceptance Testing

3.12.2.8.1.1.7.4  Service Life.
MIL-HDBK-83578
N/A

5.6
Lot Acceptance Testing

3.12.2.8.1.1.8.2.2  Qualification Tests For EEDs.
MIL-HDBK-83578
5.5.1
Qualification Tests for EEDs
N/A


3.12.2.8.1.1.8.2.3  Qualification Tests For Explosive Ordnance (Other Than EEDs.)
MIL-HDBK-83578
5.5.2
Qualification Tests for Explosive Ordnance other than EEDs
N/A


3.12.2.8.1.1.8.2.4  Qualification of Existing Designs. 
MIL-HDBK-83578
5.5.3
Qualification of Existing Design
N/A


SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.8.1.1.8.2.6  EEDs Acceptance Test.
MIL-HDBK-83578
N/A

5.6.1
EEDs

3.12.2.8.1.1.8.2.7  Explosive Ordnance (Other Than EEDs)
MIL-HDBK-83578
N/A

5.6.2
Explosive Ordnance (Other than EEDs)

3.12.2.8.1.1.8.2.8  Service Life Verification Tests.
MIL-HDBK-83578
N/A

5.7
Service Life Verification Tests

3.12.2.8.2  Electroexplosive Subsystems.
N/A




3.12.2.8.2.1.3  Bonding.


(See note B.2)

(See note B.2)



NOTE B.2:  No specific method has been identified.  The applicable system specification and corresponding quality assurance methods shall apply in these cases. 

3.12.2.8.2.1.4.2  Direct Coupling to the EED and EES.
MIL-HDBK-1576
6.12.2.4
Method 2204 Rf Impedance
N/A


"
MIL-HDBK-1576
6.12.2.6
Method 2207 Rf Sensitivity 
N/A


"
MIL-HDBK-1576
6.12.4.1
Method 4303 Worst Case Electro-magnetic Hazard Analysis
N/A


3.12.2.8.2.1.5.5  Life.
MIL-HDBK-1576
N/A

6.12.3.4


Test Method 3403 High Temp Storage (accelerated aging)

3.12.2.8.2.2.2  Shields.


(See note B.2)

(See note B.2)

3.12.2.8.2.2.5  Insulation Resistance.
MIL-HDBK-1576
6.12.2.1
Test Method 2117 Insulation Resistance. 
6.12.2.1
Test Method 2117 Insulation Resistance. 

3.12.2.8.2.2.11.1.1  No-fire Sensitivity.
MIL-HDBK-1576
6.12.2.3
Test Method 2203 Direct Current Sensitivity
N/A


3.12.2.8.2.2.11.1.2  Minimum All-Fire Current.
MIL-HDBK-1576
6.12.2.3
Test Method 2203 Direct Current Sensitivity



3.12.2.8.2.2.11.4  Temperature Endurance.
MIL-HDBK-1576
6.12.3.3
Test Method 3401 High Temperature Exposure
6.12.2.9
Test Method 2405 Firing Tests EED

3.12.2.8.2.2.12.1.1  Cycle Life.
MIL-HDBK-1576
5.12.1.1
Cycle Life
N/A


3.12.2.8.2.2.12.1.3  Electrical Arming and Safing Time.
MIL-HDBK-1576
6.12.2.10
Method 2406 S&A Device Bench Testing
6.12.2.10
Method 2406 S&A Device Bench Testing

SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.8.2.2.12.1.4  Electrical Contacts.
MIL-HDBK-1576
6.12.3.1
Method 3113 Random Vibration
6.12.3.1
Method 3113 Random Vibration

3.12.2.8.2.2.12.2  Mech. Actuated S&As.
MIL-HDBK-1576
6.12.2.10
Method 2406 S&A Device Bench Testing
6.12.2.10
Method 2406 S&A Device Bench Testing

3.12.2.8.2.2.12.4  Safe & Arm Lock/Safing Pin.
MIL-HDBK-1576
6.12.2.10
Method 2406 S&A Device Bench Testing
6.12.2.10
Method 2406 S&A Device Bench Testing

3.12.2.8.2.2.12.8.1  EEDs.
MIL-HDBK-1576
N/A

6.12
Table IX, Safe and Arm Devices Acceptance.

3.12.2.8.2.2.12.8.2  Safe & Arm Rotor Leads.
MIL-HDBK-1576
N/A

6.12
Table X, S&A Rotor Lead Acceptance Testing 

3.12.2.8.2.2.15  Hermetic Sealing.
MIL-HDBK-1576
6.12.1.4
Method 1111 Leak Test
6.12.1.4
Method 1111 Leak Test

3.12.2.8.2.3.6  Qualification Inspections and Tests.
MIL-HDBK-1576
6.7
Qualification Inspections and Tests
N/A
N/A

"
MIL-HDBK-83578
5.5
Qualification Tests
N/A
N/A

3.12.2.8.2.3.7  Lot Accept. Sampling, Inspections and Tests.
MIL-HDBK-1576
N/A
N/A
6.8
Lot Acceptance Sampling, Inspections and Tests.

"
MIL-HDBK-83578
N/A
N/A
5.6
Lot Acceptance Testing.

3.12.2.8.2.3.7.1  Electroexplosive Subsystems.


(See note B.2)

(See note B.2)

3.12.2.8.2.3.7.2  Service Life Tests.
MIL-HDBK-1576
N/A

6.8.5
Service Life Tests Tables VI and VII. 

"
MIL-HDBK-83578
N/A

5.7
Service Life Verification Tests

3.12.2.8.2.3.9  Electromagnetic Compatibility (EMC) Verification.
MIL-HDBK-1576
6.10
Test Method 4303 Worst Case Electromagnetic Hazard Analysis
N/A


3.12.2.9  Tanks and Plumbing Design Requirements.
N/A
N/A
N/A
N/A

SECTION NUMBER REQUIREMENT
REFERENCE

DOCUMENT
QUALIFICATION TEST
ACCEPTANCE TESTS



SECT
TEST TITLE
SECT
TEST TITLE

3.12.2.9.1.4  Safe-Life Requirements.
MIL-HDBK-343
10.8
Service Life Verification Tests
10.8
Service Life Verification Tests (for re-certification)

3.12.2.9.1.6.4  Repair and Refurbishment.
MIL-HDBK-1522
N/A
N/A
5.1.1.5
Test Requirements

3.12.2.9.1.6.5  Storage Requirements. "
MIL-HDBK-343
N/A
N/A
9.0
Storage and Handling Provisions

"
MIL-HDBK-340A Vol. II
N/A
N/A
5.11
Storage Tests

3.12.2.9.1.7.1  Re-activated Pressurized Hardware.
MIL-HDBK-1522
N/A
N/A
5.1.1.5
Re-certification Test Requirements

"
"
N/A
N/A
5.1.2.5
Re-certification Test Requirements

"
MIL-HDBK-343
N/A
N/A
10.6
Re-usable Flight Hardware Tests

3.12.2.9.1.7.2  Multiple Proof Tests.
MIL-HDBK-1522

MIL-HDBK 340A

Vol. I
N/A

6.4.8
N/A

Pressure Test, Unit Qualification
5.1.1.4B


Proof Tests



3.12.2.9.2.1  Verification Plan.


(See note B.2)

(See note B.2)

3.12.2.9.2.2  Pressure Vessel Requirements.
MIL-HDBK-1522
5.0
Detail Requirements
5.0
Detail Requirements

"
MIL-HDBK-340A Vol. II
5.14
Pressure Tests
5.14
Pressure Tests

Changes made to SG-S-8983 Draft dated 12 April 1998.

1. Incorporated Boeing review comments received 4-20-98 applicable to Section 3.12.2.1 Structures Design Requirements. 

2. Revised paragraph 3.12.2.1.1 Electrical Grounding.  Added: "and shall provide an electrical .....................these structures."

3. Paragraph 3.12.2.1.2.1.2 Ultimate Load.  Added: "Note to Spec Guide User ..............." and tailoring information in Appendix A.

4. Added paragraph 3.12.2.1.2.1.3  Fatigue and Definition for Safe Life.

5. Added paragraph 3.12.2.1.2.1.4  Fracture Control, Note to spec guide user and tailoring information in Appendix A. (Paragraph A.3.12.2.1.2.1.4)     

6. Added paragraph 3.12.2.1.2.1.5  Design Thickness.       

7. Revised paragraph 3.12.2.1.2.5.1  Material Properties.  Added: "For all pressure vessels...................capabilities". 

8. Revised table following 3.12.2.1.1  Appendix A, Rational/Lessons........, Manufacturing and Assembly, Source of Requirements, Added: "Residual" to bullet 2 and bullet 3 statement.

9. Added paragraph 3.12.2.3.6.5.2.1  Fracture Control for STS Payloads to section 3.

2.
Re-formatted appendix A to add "A." prefix to paragraph heading numbers. (per Mil-Std-962C) also coded headings for automatic table of contents which required separating text from heading.

3.
Updated appendix A section 3.7 to agree with Section 3 requirements. [Note. This involved deleting several paragraphs in appendix A that no longer apply since the bulk of this information was moved to the design section 3.12.2.9.]

4.
Added paragraphs A.1 through A.3.6 to appendix A. 

5.
Added Section 3.10.

6.
Revised Section 4 to add guidance and tailoring in Appendix A per outline July 23, 1996.  Deleted verification methods "DR" (document review) and "DMS" (design/material selection).  Rationale: DR = I (inspection), and DMS = A (analysis). 

7.
Replaced Section 3.9.3 "Environments Due to Enemy Action"  with completely revised section.  

8.
Added reference documents used in Spec Guide to section 2.

10. Replaced Section 3.12.2.4  Electrical Power Design Requirements with completely revised section.

11. Replaced Section 3.12.2.5  Electrical and Electronic Equipment Design Requirements with completely revised section.
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� Note to Editor: Paragraphs identified "To Be Supplied" will be completed when Proposed MIL-HDBK 83577, which was based on MIL-A-83577C (Draft) dated 27 Jan. 1995, is updated with the relevant data. 
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