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FOREWORD





	This guide is intended for application during the generation of program requirements and documentation (e.g., Request For Proposal), the execution (contract award) and management of a program, including its termination .  It deals specifically with the critical process of maintainability, and it should be used in conjunction with other disciplines when functioning in an Integrated Product Team (IPT) environment.  Just as maintainability must interact with other disciplines within the IPT, this CPAT fits within a framework of other CPATs.  The figure below provides a depiction of how the individual CPATs are interrelated.
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CPAT ARCHITECTURE


Figure 1





	The Overview CPAT provides a description of the tool’s format, guidance on its usage, and an overview of the acquisition process, so it should be consulted by the first time reader.   It does not provide any directly applicable critical process information.


	


The Program Management, Systems Engineering, and Risk Management CPATs contain specific process information that provides top down direction to the other CPATs.  These are the functions that are common to and inherent in the execution of any process.  In order to reduce redundancy, you will find that they are referred to throughout the other tools.





	The remaining CPATs address the critical disciplines that input to the IPT process.  They feed into the processes mentioned above in a bottoms up approach.  While they focus on their individual functions, many are interrelated and therefore contain references to each other.
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CRITICAL PROCESS ASSESSMENT TOOL (CPAT)





MAINTAINABILITY


SECTION 1.0  INTRODUCTION 


1.1	DESCRIPTION OF THE MAINTAINABILITY CRITICAL PROCESS





	Maintainability is an accepted discipline and critical process characterized as an inherent part of the systems engineering process. It is performed as a unique program of activities, with interfaces to other such activities during defense systems acquisition and deployment. Maintainability is a ‘life-cycle’ activity, beginning during the conceptual design phase and terminating at the end of the operations and logistics support phase of the system life cycle.





	Maintainability is considered as an inherent characteristic of system or product supportability design. It pertains to ease, accuracy, safety and economy in the performance of maintenance actions. Maintainability is the ability of an item to be maintained, whereas maintenance is a series of actions; 1) to retain an item in a desired operational state, or 2) to restore an item to a desired operational state, including modification. Maintainability is a design parameter.  Maintenance is a function, reflecting the consequence of design. Maintainability may be specified, measured, demonstrated and verified as a design parameter, and in conjunction with support resources, verified as a measure of system supportability.  





	Testability, as a design characteristics, deals with the ability of a product to undergo functional and diagnostic tests for condition monitoring.  Within this CPAT, testability is a subset of maintainability engineering.





	Maintainability is a key factor in the determination and sustainment of systems operational readiness, and a contributing factor to the reduction of systems operational and support cost.





	Maintainability, as a programmatic activity, is comprised of the functions of maintainability management, maintainability engineering, and maintainability operations, as top-level processes. ( Refer to Section 3.1, Process Model).





 	Maintainability management includes planning, oversight, review of all organization for program tasks to be accomplished  (in accordance with integrated management planning and scheduling, work breakdown structure, statement of work, etc.), responsibilities and interfaces, applicable policies and procedures, projected resource requirements, and applicable risk management.





	Maintainability engineering includes definition of requirements, maintainability analysis, initiation of maintainability information structures, and maintainability  design implementation and monitoring. Maintainability analysis may be characterized as the modeling of maintainability allocation and maintainability prediction factors.


	


	Allocations are characterized as the apportionment of top level requirements to lower indenture levels in the system hierarchical structure to the depth necessary to provide specific criteria as design requirements.





	Predictions refer to the periodic estimate of maintainability design characteristics, measured  quantitatively, or whatever is appropriate.  Predictions are used to determine whether the system requirement is likely to be met with the current design. 


 


	Maintainability engineering additionally includes direct design participation activities, in the daily process of interpreting design criteria, reviewing/evaluation design data for incorporation of maintainability characteristics, etc., formal and informal review activity, and demonstrating/verifying that maintainability requirements have been met.





	Within the maintainability engineering process, a system for the collection, storage, processing and dissemination of maintainability information is created, within a specified media, to all interested parties for utilization, review, feedback and recommendations, as required, in a systems engineering environment.





	Space systems are defined as consisting of a Space Segment (spacecraft / platform with its payload(s)); a Launch Segment (launch vehicle and its (normally) ground based launch infrastructure); a ground Command, Control, Communications, Computers and Intelligence (C4I) Segment; and, in some cases, a User Segment.  Maintainability characteristics are embedded into the lowest level where the maintenance function is to be performed, and flows up to the element, segment, and system level.





	This CPAT focuses on ground based C4I Segment / Elements / Equipment, as well as the User Segment.  Annex II discusses the maintainability process as it applies to Launch and Space Segments.  Also, detailed guidance concerning maintainability of software is not included herein.


1.1.1	Contribution to Mission Success


	


	The contribution of maintainability to mission success is stated as a performance goal, expressed as a function of “operational availability” or “operational dependability”, and concerns the amount of  “mission downtime” caused by maintenance actions.





	“Operational availability/dependability” may be expressed in an algorithm that includes a reliability factor expressing the frequency of maintenance, a maintainability factor that expresses the duration of maintenance, and a logistics factor that expresses a operations delay, each measured in the time domain; the total algorithm expressing the percent of total time a system may be utilized, or is available for use. While availability expresses the probability that a system is operable at any given time, dependability only applies to systems available at the start of a mission.  





	The goal of any maintainability program is the reduction of maintenance duration (time) and associated support resources, consistent with the requirements of the operational and maintenance concept.  Maintainability, therefore, has a direct contribution to affordability.


	


1.1.2	 Relationship to Other Technical Tasks





	Maintainability, as a discipline, and a specialty of the systems engineering process is related to other such disciplines, and together with the reliability discipline, impacts the elements of  Integrated Logistics Support. The most significant maintainability technical interfaces are with the following disciplines, most of which are available as individual CPATs:





		Reliability (including Parts, Materials, and Processes (PMP))


		Human Factors 


		Safety


		Life Cycle Cost (Affordability)


		Configuration and Data  Management


		Integrated Logistics Support





	Each of these interfaces involves integrated program activity conducted to achieve specific objectives of each discipline.





	Maintainability along with reliability activities provide a combined interface to establish, evaluate and validate system availability and dependability requirements and/or objectives based upon mission needs. R&M often appear as combined requirements to establish design goals. Top level system objectives are specified in terms of availability and/or dependability terms, that are allocated as R&M parameters to be used as measures of system, segment, and equipment characteristics. These factors of  R&M impact the Integrated Logistics Support (ILS) activity, wherein R&M parameters establish the need for the logistics support resources, derived from the concepts and needs of system, segment, and equipment maintenance frequency and duration.





	The Human Factors interface with Maintainability is concerned with the human performance of maintenance actions, and the resulting influences on the system design, to assure that the maintainability goals may be realized with the human resources available in the operational environment.





	Similarly, the Safety discipline influences the conduct of maintenance tasks within the framework of safe practices in the operational environment.





	The ILS disciplinary process employs the technique of support analysis to determine the baseline of logistics support resources/assets (i.e. personnel, materiel, facilities, and information), creating a consolidated support database, documented as requirements for the sustainment of the system; which are subsequently developed, produced, and deployed with the operational system.  Maintainability parameters are input data to the support analysis.  Maintainability data is used to derive the required support levels in the support analysis records.





	Further, during the analysis and determination of a system life cycle cost ( LCC ), the factors of maintainability, together with reliability, are used in cost algorithms, to predict the probable cost of Operations and Support ( O&S ) of the system, and the overall affordability of the system. 





	Configuration Management (CM) deals with establishing a design (configuration) baseline; controlling changes to that baseline; and accounting for baseline changes (see the CM CPAT for further details o this process).  Data Management deals with information created during maintainability activity, as well as these interfacing disciplines by forming a body of engineering and support data, that must be retained in a common database, communicated and disseminated to other users, particularly within the Integrated Product Development processes. The Configuration and Data Management function is normally a key factor in the management of the dissemination process. The body of information serves as the genesis of requirements for the development of logistics support assets/resources. The database serves to transfer the body of engineering information to user information, to be used in the using and support command operations.





	Maintainability interface with these disciplines is an evolutionary process with varying emphasis during each major phase of an acquisition program. Objectives of the maintainability process for the individual phases is discussed in Section 2.2.
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								Arrows represent information flow





MAINTAINABILITY INTERFACES


Figure 1.1





1.2	STRUCTURE OF THE MAINTAINABILITY CPAT


	


	This Maintainability CPAT is divided into three major Sections, as follows: 





	Section 1, Introduction, provides a description of the Maintainability Critical Process, as a part of the systems engineering process, as an inherent characteristic of design, as a programmatic activity, and as a key factor in systems operational readiness. The contribution of maintainability to mission success is defined. The relationship of maintainability to other system engineering and Integrated Logistics Support processes is described, for the major phases of an acquisition program.





	Section 2, Application, provides details of the content of major Acquisition Program Requirements Documents, normally prepared for application in program solicitation activity. These may include the System Performance Specification, Technical Requirements Document, Operational Requirements Document, System Performance Specification, etc.





	Maintainability Critical Process Objectives are defined for each phase of an acquisition program.  Information to be used as candidates for delivery to the government procuring and user commands are identified for the maintainability process. These documents may be delivered electronically or other media as determined by the program office. 





	RFP requirements are identified as Instructions to Offerors, RFP Section L, and Evaluation Criteria, RFP Section M. 





	Section 3, Detailed CPAT Criteria and Questions, provides a maintainability functions dictionary and functional model, and a series of tables of key elements and inquiries for the examination of a contractor maintainability activity, for each major phase of an acquisition program.





	Annex I, Maintainability Definitions, provides formal definition of the maintainability terms used in typical maintainability program activity.





	Annex II, Space System Maintainability Metrics, provides descriptions of metrics used in space system maintainability programs.





1.2.1	Applicable Documents





	The Program Management and System Engineering CPATs list key high-level documents relating to the Maintainability process.  DODR 5000.2 provides the basic direction for the acquisition process. MIL-HDBK-470A, Maintainability Handbook contains valuable maintainability design criteria appropriate to ground-based C2/C4I space segments.  Also, Air Force Technical Orders / Regulations dealing with operational maintenance requirements should be consulted, where applicable.  


1.3	ADDITIONAL SUPPORT





	Additional support and latest policy for the conduct of the Maintainability process may be obtained from SMC/AXME ((310) 363-2429) or AXLM ((310) 363-1729).


�
SECTION 2.0  APPLICATION


2.1	SYSTEM PERFORMANCE REQUIREMENTS DOCUMENTS





	Performance requirements for maintainability may be included in various contractual documents, such as a System Performance Specification, System Requirements Document, Technical Requirements Document, Operational Requirements Document, etc., depending on the system application.





	The following statements are typical of the content of the requirements found in current space program solicitation documents:





(These statements are included here to illustrate the type and scope of maintainability considerations applicable to a major space program. They are to be considered as generic requirements , not a “cook book” of requirements for a specific use. Rather, the Using Command establishes these requirements for each specific program).





		System Peacetime Mission Maintainability-


		Any mission critical failure will, as a threshold, be restored within 	(time period) Mean Time to Restore Function (MTTRF). ( quantity ) percent of 	peacetime mission failures will, as a threshold, be restored in less than ( time 	period) Maximum Time to Restore Function (MaxTTRF).





		System Wartime Mission Maintainability


		Any mission critical failure will be, as a threshold, restored within (time period) MTTRF. ( quantity ) percent of all wartime mission failures will, as a threshold, be restored in less than  ( time period ) Max TTRF.





		Ground Segment Maintainability Criteria


		(See MIL-HDBK-470A, Maintainability Handbook for greater details)


		Allocated Mean Time Between Maintenance (MTBM) and Mean Maintenance Time ( MMT ) must ensure that maintenance manpower requirements are consistent with system manpower and personnel requirements .


		Ground asset maintainability requirements are based on allocated R&M requirements.  Both are subject to trade-off in order to meet Availability (Ao) and Life Cycle Cost (LCC) goals.


		Maintainability will be developed within the requirements for continuous operations through maximum use of automatic fault detection and auto-reconfiguration capability.


		Fault localization and isolation will be made to the line replaceable unit (LRU). 


		Built-in Test and fault tolerance will be incorporated.  Built-in Test and integrated diagnostics will have the capability to detect and isolate to a single LRU for ( )% or more of all equipment failures. The remaining equipment failures will be isolated to a set of LRUs not exceeding three.  (Note:  The probability of isolation increases as the size of the set of LRUs increases.)


		Test and diagnostic programs will be provided to isolate ( )% of all equipment failures to the failed LRU within ( )minutes. No less than ( )% of the LRUs identified by test and diagnostic programs will be false detection. Test equipment and technical data will be provided to isolate the remaining ( )% of all equipment failures to the faulty LRU.	All (100%) faults must be identified using a combination of the above diagnostic techniques within ( ) minutes.


		The maintenance computer programs will provide for a total check 	of each equipment group. The programs will provide outputs to indicate the location and nature of the malfunction(s).


		If test equipment is required, either rack mounted units or securable rack space (for portable units) will be provided convenient to point of use.


		Any test equipment failure shall, as a threshold, be restored within (time period) MTTRF. No more than ( ) percent of all faults occurring or indicated will be unverified fault detection or false alarms. No more than ( ) percent of the units identified as faulty will test OK at higher levels of maintenance. Of that ( ) percent, no more than ( ) will fail when reinserted in an operational system. 


		All assemblies and LRUs should allow diagnostics without 	disassembly.


		Fault isolation by mass substitution of LRUs will not be allowed.


		The design will incorporate interchangeable assemblies and parts capable of being readily installed, removed or replaced without misalignment or damage.


		Necessary test points will be provided to facilitate malfunction isolation.


		LRUs will be readily accessible for removal and replacement without disturbing adjacent components and without degrading performance.


		LRUs and other parts will be mounted so that they can be replaced without interference from, injury to, or removal of other parts or wiring.


		All parts and sealed units will be readily accessible without 	mechanical disassembly for circuit checks.


		Extensive teardown of assemblies should be avoided.


		The use of LRUs and components that require adjustment or alignment will be avoided to the maximum extent possible . Where LRUs and components that require on-line adjustment must be used, they will be adjusted/aligned without removal, and will have easily accessible adjustments and controls.





	It should be emphasized that  good maintainability design criteria and practices are applicable equally to systems supported and maintained (sustained) by either/or government (organic) or contractor (CLS) means.  It is not the “who”, rather it is the “what” and “how” that drives effective maintainability.


2.2 	MAINTAINABILITY CRITICAL PROCESS OBJECTIVES





	Maintainability policy emphasizes a disciplined engineering approach employing the best design and manufacturing practices. Emphasis for maintainability is placed on an understanding of the user’s system readiness and mission performance requirements, physical environment  (for maintenance), and resources available to support the mission.





	Maintainability objectives are based on operational requirements, in quantifiable operational terms, for all system elements. These objectives address maintenance actions (servicing, preventive and corrective maintenance, and battle damage repair) in terms such as allowable downtime or turnaround time, repair times, required manpower, personnel skill levels, and maintenance constraints. (Software maintainability is considered equally, to be enhanced during design by applying modern software engineering practices).


2.2.1	Phase 0 / Concept Exploration





	During this phase, a system is conceived, based upon a specific need, threat, or as a result of a deficiency of an existing asset. The goals of this phase include the preparation of initial operations and maintenance concepts. Goals of performance and operational availability (or dependability) are derived, that may be expressed in terms of reliability/maintainability. This activity may be performed by the government User and Procuring Agencies, with or without contractor participation.  A formal maintainability program effort is normally initiated at the start of this phase.	


2.2.2	Phase 1 / Program Definition and Risk Reduction (PDRR)





	This phase reiterates and continues the results of the previous phase. The goals, during this phase include identification of various candidate configuration systems to satisfy the requirements of the primary need:. evaluation against performance, availability/dependability (including maintainability) and affordability requirements. Expanded operations and maintenance concepts may be introduced and evaluated, to provide areas of trade spaces for determination of a preferred concept or configuration. 


	


	Contractor participation is included, within a competitive mode, for the determination of a preferred configuration.  Maintainability program activities are refined and amplified during this phase.


2.2.3	Pre-Engineering and Manufacturing Development (Pre-EMD)





	The results of the previous phase may be reevaluated  to further assess performance and availability/dependability (including maintainability) together with affordability. Further government decisions may be incorporated. Government agencies, together with contractor development organizations participate in these deliberations. The further goals for this phase are to establish detailed requirements for specifying performance (including maintainability) and support factors of the intended system, define and describe the preferred system,  provide initial plans for the conduct of the following phase, and, as required, to down-select to one prime contractor from competing contractors. 





	In today’s acquisition processes, the three phases described above may be tailored or functionally combined at the discretion of the government.


2.2.4	Phase II / Engineering and Manufacturing Development (EMD)





	Pre-EMD and EMD phases initiate the predominantly contractor-performed processes and activity of major acquisition programs.





	For major developmental programs, the major objectives to be considered in this phase include the following activities.





	Continuation of a disciplined approach to the conduct of maintainability program activity, preferably with a single point management, within a prime contractor organization, that is integrated with other systems engineering activities, customer organization, and supporting subcontractor’s maintainability structures. 





	Conduct  of maintainability program tasks, with governing cost and schedule constraints, 


for successful attainment of design and development, demonstration, and verification, of maintainability goals to be achieved during this phase.





	Establishment of specific maintainability design and verification criteria documented through specifications, of qualitative and quantitative factors to be assessed as measures of maintainability achievement, for system, segment, subsystem and/or equipment levels as applicable. Initial validation of maintainability design features is initiated.





	The verification of product maintainability features is initiated through demonstration, performed by the contractor with production prototypes or equipment as close to production fidelity as possible.  The scheduling of the Maintainability Demonstration should be as early as practical so as to leave the opportunity to improve the design characteristics.  The is particularly important for user segment equipment which are produced in large quantities.  





	Establishment, with other systems engineering activities, of a disciplined information structure of maintainability design/development data, traceable to operational goals, that form the basis of concurrent and subsequent life cycle support planning, and provides current visibility of program accomplishment.  Maintainability as a key design parameter is fully incorporated into the program Test & Evaluation (T&E) effort.





2.2.5	Phase III / Production, Fielding/Deployment, and Operational Support





	During the production phase of a new development system, the maintainability program goal is to assure that the design requirements contained in specification and drawings are incorporated into physical products. Maintainability features of design, such as functional packaging of modules, assemblies and parts; incorporation of internal test points for built-in test; external test connectors for connection to test equipment; accessibility to critical components; become the major consideration. These features are integrated into the system/product fabrication to optimize the product maintainability features.  





	The verification of product maintainability features is continued during this phase through formal demonstration, performed by the producing contractor, simulating the operational  environment as much as possible.  Such “demos” often are also used to validate maintenance technical data (see ILS CPAT for further discussion).


2.2.5.1 	Operations and Logistics Support (Support and Services):





	During this portion, maintainability verification is completed, by the government customer using and/or testing organizations in the operational environment with the deployed support personnel and materiel, such as trained personnel, test and support equipment, spares and repair parts, maintenance facilities, and including verified maintenance information resources. The objective is to insure that maintainability evaluation results are assessed and reports prepared by the participating organizations to identify any discrepancies for subsequent configuration changes in the system/equipment or support resources employed.


	


	A continuing recording of maintenance actions performed in the operational environment by the users is initiated, for any decisions to be made for improvements, as necessary.  Specific tailoring of the above criteria will be accomplished where contractor maintenance (i.e. CLS) is the prescribed support concept.


2.2.7	Demilitarization and Disposal:





	A goal of this phase, conducted at the termination of the system/product life cycle, is to include a final assessment of the system/product maintainability history, providing “lessons learned” information from which succeeding generations of the system/product technology may benefit, along with the infrastructure in which maintainability was a significant component.





	Physical resources employed during the operational and support phase may be disposed or salvaged for application to other similar system programs.





	[NOTE: Current methods of system acquisition are not necessarily constrained by the detailed separation of the phases as described above, but rather may combine activities to meet a specific need, with or without contractor participation. This may influence the scope of effort, particularly in the earlier phases of a program, that may include competing contractors, through the decision to initiate EMD with a single contractor.].


2.3	INFORMATION DELIVERABLES





	Contractor-deliverable data requirements, within the current acquisition environment, must be guided by the principle “less-is-best”. Only that data absolutely necessary to facilitate the government’s role should be imposed by CDRL. In developing data requirements, Data Call techniques should be employed to assure participation of other Commands and agencies, and to determine their data needs. Wherever beneficial, data should be generated within the IPT and be made available via government access to the contractor’s data systems, thus fostering an Integrated Product Data Environment.





	A more detailed discussion of this subject is contained in the Program Management and System Engineering CPATs. A list of all the DIDs approved for CDRL application is contained in the Acquisition Management Systems Data List (AMSDL). Care should be taken when making a selection as this entire area is undergoing great change. Accordingly, data requirements should be coordinated with the program Data Manager. Within this latter context, maintainability personnel must assure that the data generated under other disciplines, e.g. reliability, human factors engineering (HFE), ILS and CM, which is essential to maintainability, is properly staffed. 


 


2.4	RFP REQUIREMENTS


2.4.1 	Instructions to Offerors---Section L





	Section L of the RFP provides customer instruction to offerors for the preparation of  proposals, in response to other solicitation documents ( e.g. SRD, , TRD, SOO, WBS). Offeror response should be made in terms of requirements contained in these documents. For example, response to the Technical Requirements Document (TRD) normally includes qualitative and/or quantitative requirements pertaining to system design in terms of maintainability objectives. Additionally, the response should include the contractor’s understanding of  requirements for and constraints to any maintenance actions affecting system design and operations, when the system is deployed and operating in the user environment ( i.e. maintenance plan, maintenance allocations, etc.). 





	The offeror is required to prepare a Contract Work Breakdown Structure (CWBS) in response to an RFP-contained Preliminary Work Breakdown Structure (PWBS).  Maintainability is normally included as an identifiable subset of Systems Engineering at a lower indenture level activity. The offeror is required to specify the maintainability activity and/or task, and provide in a task dictionary, a statement or description of the specific activity required  (“ What is to be accomplished” ).





	Maintainability Program activity is normally placed in a Work Breakdown Structure  (WBS) as a subset of System Engineering (see the System Engineering CPAT). 


�
	A typical Space System CWBS may be configured as shown in the following table:





	Typical Space System CWBS Structure





LEVEL 1�
LEVEL 2�
LEVEL 3�
LEVEL 4�
�
Space System�
�
�
�
�
�
System Engineering�
�
�
�
�
�
Reliability�
�
�
�
�
Maintainability


�
Management Engineering Analysis�
�
�
�
Human Factors�
�
�
�
�
System Safety �
�
�
�
�
System Security�
�
�



	


	Wherever its placement in the CWBS hierarchy, Maintainability may be described by the following dictionary entry: 





	“The maintainability element includes the effort to perform analysis of mission and/or system operational needs and provide identification of quantitative and qualitative factors for allocation to system and lower tier specifications; the effort to directly perform design activity for incorporation of maintainability characteristics into design; the effort to perform predictions of emerging design results to determine the achievement of maintainability design attributes; the effort to formally and informally participate in design review of achieved design characteristics; the effort to support fabrication/production for incorporation of maintainability attributes in the physical product; the effort to demonstrate/evaluate that maintainability requirements have been achieved; and the effort to establish and maintain an information structure of maintainability factors that will be used for any required design changes, for support system planning, and any corrective action deemed necessary.  This activity will be accomplished integrated with other engineering, support and management activities.”





	The offeror’s response to the RFP, as directed by the customer-prepared solicitation documents, are contained in a Technical Volume, Management Volume, Integrated Management Plan, and Integrated Management Schedule to form the basic response to the program solicitation documents. ( Other volumes may be prepared, as identified by the SPO).





	The Technical Volume should address the technical approach for the conduct of maintainability, as a subset of  Systems Engineering. The response must reflect the analytical, design/development, and verification techniques, tools, and methods employed in the conduct of maintainability tasks in concert with other interfacing system engineering tasks.





	Similarly, the Management Volume should address the direct and interfacing organization structures, team participants, budgeting constraints, program review activity, and responsibilities of participants, for the proposed maintainability activity. 





	The Integrated Master Plan  (IMP) provides the specific program activity (events and exit criteria)for the phase being proposed, and a narrative description of the contractual maintainability process. Maintainability effort is addressed in the CWBS, CWBS dictionary, compliance and referenced documents as part of the model contract. The Integrated Master Schedule (IMS) complements the IMP providing Maintainability schedule and major events, measures of success and/or significant milestones and accomplishments.





	Other proposal volumes may be used to describe past experience, key personnel, and other factors to establish credibility for  the conduct of the proposed effort.





	A set of metrics for determining  maintainability activity accomplishments should be included in the IMP/IMS Volumes. Program/process metrics measure the performance of program activities and event milestones. Technical metrics measure the accomplishment of  design, development (or acquisition)  test, and verification of maintainability goals that have been incorporated in system/equipment.





	During the course of the offeror’s program, specific maintainability products, are prepared ( i.e. maintainability plans, analyses, models, design factors, etc. ) in a normal evolution of the maintainability process.  Such products form a normal collection of information to be communicated to other design and support activities for application to their efforts.  These products are subject to Integrated Product Team review and acceptance for further application, and may be subject to formal delivery (see para. 2.3).





2.4.2	Proposal Preparation Instructions (Examples)





	The examples provided below are presented as guidance when preparing SOO inputs for a RFP.


2.4.2.1		Concept Exploration





	Identify maintainability technical requirements and its relationship to reliability and supportability/ILS as it influences system readiness / availability / dependability.


2.4.2.2		PDRR





	Establish detailed maintainability requirements, allocated to the selected and defined design configuration.  Perform maintainability analysis and trade studies.  Define a maintainability program effort for subsequent system acquisition efforts.





	Note:  Where a pre-EMD phase is entered into, the above may be used, amplified as necessary to  provide the bridge between PDRR and EMD.


2.4.2.3		EMD





	Perform detailed maintainability analysis and establish definitive maintainability technical (performance) requirements for inclusion in system / segment / element - equipment specifications.  Conduct a maintainability program effort such that maintainability considerations are fully integrated into the design, production, and test and support activities.


2.4.2.4		Phase III / Production, Fielding/Deployment, and Operational Support





	Monitor maintainability performance characteristics.  Continue detailed analysis and update the maintainability data base.  Review proposed design / configuration changes for impact on maintainability.  Continue to manage maintainability program effort.


2.4.2.4.1		Operations and Logistics Support





	Continue to track, record, monitor, and analyzed maintainability data, with specific focus on supportability and sustainment.  Provide direct and timely support to logistics operations (government and contractor).


2.4.2.6		Decommissioning and Disposal





	Provide technical support to the operational logistics activity responsible for this function, to the extent requested.


2.4.3	Evaluation Criteria  (Section M)





	The basic criteria established for evaluation and selection is the bidder’s “soundness of approach”.  This criteria is applied to the technical, managerial, and cost data contained in the proposal.  Detailed standards are defined and included in the Source Selection Evaluation Guide (SSEG); these should flow from / track-to the SOO and the RFP instructions in Section L.  Where bidder / contractor responses are not clear, Clarification Requests (CRs) are normally generated by the evaluators.  In those cases where the bidder’s response to the Section L requirements are considered unsatisfactory (or unresponsive), a Deficiency Report (DR) is generated.  Some examples of Evaluation Criteria, which can be used in development of maintainability standards are shown below.





2.4.3.1		Concept Exploration 





	Evaluation of maintainability activity proposed for  phase is oriented : 1) toward the assessment of a maintenance concept to serve the mission needs, and 2) to the assessment of maintainability quantitative and qualitative goals to be established in solicitation documents for candidate contractor response





2.4.3.2		PDRR





	Evaluation of maintainability activity proposed for this phase is related to the identification of maintainability factors of candidate system configurations that may impact availability / dependability, performance, risk and affordability factors in the determination of a selected system to satisfy the stated mission needs. Establishment of an initial maintainability plan provides a measure of expected accomplishments to satisfy program needs. The plan may be employed as a measure of current and future activity for purposes of program assessment, and for contractor down-select based on current and proposed maintainability program activity 





	Note:  Pre-EMD may be an initiation or continuation of the activity described for PDRR and an introduction to the following phase. The factors for maintainability evaluation are included in the previous and following paragraphs. 





2.4.3.3		Engineering and Manufacturing Development (EMD)





	Evaluation criteria for EMD phase considers assessing the following contractor proposed major maintainability functions:


	


	Initiation or continuation of maintainability functions in an evolutionary process concurrent with other system engineering activities, and Integrated Product Teams.


	Definition of management processes for organizing, planning, controlling , staffing, budgeting, and reporting of maintainability activity,  


	Establishing and promulgating to interfacing activities the design, development, production and support quantitative and qualitative maintainability factors to be included in requirements documents for the successful attainment of maintainability objectives.


	Performing the analysis; design, development or acquisition; and verification activity to assure that maintainability requirements are integrated into other EMD efforts 





	The contractor proposal should be evaluated for content of the following: 


	


	Concise description  of the proposed maintainability process, depicting  the analytical and engineering methodology for achieving the stated requirements of the ORD/TRD, etc. in concert with system engineering and other interfacing disciplines. ( see Sect. 1.3 ).


	Identification of organized structures for the conduct of  CWBS task effort. (task focal point, team structures, interfaces, etc.).


	Description of maintainability design criteria to be applied to the design, development or acquisition, and verification ; to be included in system/equipment specification, subcontracting or other design/acquisition documents .


	The verification techniques to be performed for the assessment of maintainability features of the designed system/product, which typically include as a minimum:  models, predictions matched against allocations, and demonstrations.





2.4.3.4		Phase III / Production, Fielding/Deployment, and Operational Support





	Evaluation of proposed maintainability activity for this phase is oriented toward the assessment of plans and processes that assure that the objectives of maintainability design activity performed during previous phases is realized through the incorporation of the features of design into the manufactured product or system.


	


	The evaluation should be oriented toward the following :





	The continuation of any previously conducted maintainability effort that requires completion prior to initiation of fabrication or production.


	The establishment of a manufacturing engineering that transforms design requirements into manufacturing objectives.


	The establishment of manufacturing engineering processes that optimize the techniques that will result in delivery of products/systems that provide the ease of maintenance as specified in the previously established maintainability specifications.


	The establishment of manufacturing and quality control (including test and 	verification) that assure the product quality with the incorporated maintainability 	features.


	The conclusion of all maintainability verification activities that assure that 	all maintainability design objectives have been achieved.





2.4.3.4.1		Operations and Logistics Support  ( Support Services )





	Maintainability activity responsibility shifts during this phase from a design predominant to a customer/user predominant set of activities. Evaluation of maintainability accomplishments is performed primarily by the user with contractor assistance as required in a support role. Conversely, a contractor may be required, as part of the contract, to provide full logistics support for the system life cycle (CLS - see the ILS CPAT), or for a specified period.. 


	


	A maintenance reporting system is employed to record maintenance data that is forwarded to an assigned activity and assessed for relevant meaning (impact). This information, over time, compiled by the cognizant agency, becomes a measure of the success of the maintainability program activity for the acquisition program. Additionally, it becomes a record of any “lessons learned’ for subsequent acquisition programs.





2.4.3.6		Decommissioning and/or Disposal





	This phase denotes the termination of the life cycle for the previously acquired system/product. The results of the maintenance activities performed over time are assessed for establishing any “lessons learned” or other pertinent data having significance to subsequent acquisition program maintainability planning .�



	SECTION 3.0 DETAILED CPAT CRITERIA AND QUESTIONS


3.1	PROCESS MODEL





	This Section provides statements of key elements and inquiries for the examination of  a contractor’s ability to manage and perform the maintainability critical process. It may be used to assess the specific methods for each phase of an acquisition program. Statements and inquiries identified for each of the following phases are considered cumulative, that is, if not satisfied in a particular phase under consideration, they must be satisfied in a later phase. This method assumes that the program phases are well structured. When contractor participation is absent from the early program phases, modifications of the inquiries becomes necessary to assure that all criteria are satisfied. 





	The criteria and questions in this section, when tailored for  use as source selection standards, may be used for evaluating an offeror’s proposal to manage and perform the maintainability function.  They may also be used for assessing the contractor’s performance in  implementing their maintainability program after contract award.  The criteria and questions will facilitate insight into the contractor’s on-going processes, and the criteria may be tailored for  use in program award fee assessments.





	Function models have been created as part of the overall Critical Process Assessment Tool (CPAT) activity, as part of the Military Specifications and Standards Reform Program (MSSRP).  The maintainability function model is shown below (abbreviations used are:  FA (Functional Area) and CCA (Critical Capability Area).  The CPAT Functional Dictionary can be found in the System Engineering and Program Management CPATs.


�






�















































MAINTAINABILITY FUNCTIONAL MODEL


Figure 3.1





3.2	CRITERIA AND QUESTIONS


3.2.1	Concept Exploration and Definition





	The statements of criteria and questions relating thereto, contained in the following table, address the maintainability activity when a traditional Concept Exploration and Definition Phase is a part of a new system acquisition.





	A major objective of this phase is to conduct a mission requirements analysis for the intended system acquisition, and provide results in Operational Requirements Document, Technical Requirements Document, and/or other documents intended for use in further studies and solicitation activities.





	The purpose of maintainability activity is to support any studies intended to improve operational readiness, reduce maintenance manpower needs, reduce life cycle cost and provide data essential for further maintainability studies.





	Herein is established the concepts for maintainability, including any results from feasibility studies pertaining to the intended system acquisition.








FA7.0 MAINTAINABILITY


CCA7.1 Maintainability Management


CCA7.2.1/.2 Organization & Planning�
�
�
C1.  Maintainability is identified as a critical discipline, subject to a distinct program identity. (Q1)


C2.  Maintainability is accorded management attention and is incorporated into the overall program planning activity. (Q2)


�
Q1  Is maintainability recognized as a distinct technical discipline, critical to overall program success?


Q2  Do the program plans and schedules include maintainability activities / milestones?


�
�












FA7.0 MAINTAINABILITY


CCA7.2 Maintainability Engineering


CCA7.2.1 Requirements Derivation�
�
�
C1.  The maintenance concept is formalized, based on mission and system operations concepts. The concept includes the functions of all Using and Supporting Commands, the intended existing and projected infrastructure for maintenance support, and manpower objectives required for operational support.(Q1,Q2,Q3,Q4)�
Q1  Has a maintenance concept been derived from mission objectives and the operations concept to establish basic requirements for maintainability design and maintenance operations of the system?


Q2  Are mission operational objectives described in the TRD, ORD, SRS, SOO, etc., established as the basis of maintainability requirements?


Q3  Are the maintainability goals expressed in quantitative terms that may be allocated to system hierarchical elements?


Q4  Have mission needs, concepts, and objectives been stated quantitatively or qualitatively to provide sufficient information for inclusion in solicitation documents to allow assessment of contractor proposals?


�
�



�
3.2.2	Program Definition and Risk Reduction (PDRR)





	The requirements for the PDRR phase are similar and/or identical to the Concept Exploration and Definition Phase. Additional studies conducted during this phase may address alternative system configurations, which are evaluated for maintainability impacts on the initial readiness, manpower and life cycle cost objectives. Results are entered into Technical Requirements Document, Operational Requirements Document, Statement of Objectives and/or other system documents, as appropriate.








FA7.0  MAINTAINABILITY


CCA7.2  Maintainability Engineering


CCA7.2.1  Requirements Derivation�
�
�
C1  The Concept Exploration and  Definition phase established the concepts for mission and system operations and maintenance.(Q1)


C2 The mission operations and maintenance concepts are documented in program SOO, TRD, ORD and flow-down documents.(Q1, Q2)�
Q1  Have the maintenance concepts defined during the previous phase been documented in technical and program management documents?


Q2  Has maintainability engineering input been coordinated with and provided to the appropriate ILS activity for inclusion in the maintenance plan?


�
�



Note:  Pre-Engineering and Manufacturing Development (EMD)





	Requirements for Pre-Engineering and Manufacturing Development (Pre-EMD) and Engineering and Manufacturing Development (EMD) differ only in the degree of activity to be accomplished. Prior to Pre-EMD, initial maintainability activity addressed requirements derivation and engineering studies centered on the concepts for reaching the stated system (including maintainability) objectives and to initiate maintainability program planning activities.  Pre-EMD initiates the engineering development activity, to translate mission and system objectives into system specification and program planning. This phase is often conducted as a competition between two or more competing contractors for a future single EMD phase award. The degree of activity is limited only by the solicitation documents requirements and the constraints imposed on the competing contractors for time and budget.





�
 3.2.3.  Engineering and Manufacturing Development (EMD)





	Major maintainability management, engineering and analysis, and maintainability operations processes are initiated during this phase.





	The maintainability effort transitions from an engineering-centered activity to a full scale programmatic activity, involving management, engineering, interfaces with all other program disciplines, information structures, and ensuing operations.





	The following series of charts expresses the scope and breadth of these efforts throughout the Pre-EMD and EMD phases.








FA7.0  MAINTAINABILITY


CCA7.1  Maintainability Management


CCA7.1.1  Organization�
�
�
C1  The maintainability management function is organized consistent with the proposed overall program management structure. (e.g.  functional, project, Integrated Product Team, etc.)(Q1)


C2..The maintainability organization is defined and responsibilities assigned, including identified elements responsible for the subcontractor-developed and vendor-developed items.(Q2)


C3  The management of the subcontractor maintainability function is integral to the overall program maintainability function and provides integrated reporting and control of the subcontractor maintainability activity consistent with the program management control system. (Q3, Q4, Q5, Q6)�
Q1 . How is the maintainability organization, including interfacing activities, integrated with the program organization structure?


Q2. Have agreements, charters or procedures with the major subcontractor supporting organizations that define specific responsibilities between team members been prepared?


Q3  Is maintainability managed within the Integrated Program Development Team approach? How is maintainability managed across interrelated system segments?’


Q4  Does the established maintainability organization structure vary from standard organization structures? If so, explain any advantages.


Q5. Has the process for subcontractor maintainability function management been defined?


Q6.  Throughout the design/development cycle, there is periodic coordination required among developers, acquisition organizations, users, maintainers, and evaluators with regard to user needs and system requirements. How are they conducted? 


�
�
�



�
FA7.0  MAINTAINABILITY


CCA7.1  Maintainability Management


CCA7.1.2  Planning�
�
�
C1  Maintainability function planning is established to accomplish the defined maintainability methodology and implementation (Q1,Q3,Q4).


C2  Maintainability function planning includes the necessary reviews, accountability status, assessment, schedule and cost control and reporting to manage the maintainability function.(Q5, Q6)


C3  Maintainability schedules are established in sufficient detail to maintain visibility and control of the development or acquisition processes.(Q2)


C4  The maintainability scheduling and statusing system and proposed schedules are consistent with the program level schedules.(Q2,Q5, Q7)


C5  The proposed Contract Work Breakdown Structure (CWBS) task dictionary defines maintainability elements compatible with scheduling requirements.(Q4)


C6  The maintainability work packages have completion milestones, with associated criteria, scheduled consistent with the program requirements.(Q5)�
Q1  Is specific maintainability function management planning defined for the proposed maintainability methodology and implementation?


Q2  Is the proposed schedule for maintainability engineering, analysis and information processes consistent with the other discipline evolution?


Q3  Is the proposed budget and manloading consistent with established estimating methods and contractor historical records?


Q4  Do the maintainability process schedules flow from the top level schedule to the lowest level detail schedule?


Q5  Is the process for monitoring and statusing maintainability schedules well defined?


Q6  How is maintainability planning integrated with system management and planning?


Q7 Are maintainability milestones with completion criteria, in the Integrated Master Plan and Schedule?


�
�



7.0  MAINTAINABILITY


CCA7.1  Maintainability Management


CCA7.1.3  Control�
�
�
C1.. The maintainability work package is used to manage the individual tasks and used as the basis for performance visibility (Q4,Q5)


C2  A documented process exists for defining maintainability work packages, including schedules and manpower allocations.(Q1)


. C3  The program reporting system includes maintainability tasks and activities. The work package includes planned and actual work effort expenditure data.(Q3)


C4  The maintainability function has a consistent and integrated CWBS, work definition, scheduling, and tracking system to be used as the basis for program status and control. (Q1,Q2,Q3)


C5  The maintainability work packages  have completion milestones with associated criteria, scheduled consistent with the overall program requirements. (Q6)


C6  The management of the subcontractor maintainability function is integral to the system maintainability function management to provide reporting and control of subcontractor activity, consistent with overall program management.(Q7)�
Q1  How and at what level is the maintainability function structured in the CWBS?


Q2  What level CWBS is used as the baseline to schedule, track and report status?


Q3  Is the size, effort, cost and schedule status of each maintainability work package periodically reviewed for any corrective action when pre-established variance thresholds are exceeded?


Q4  Does the flow of work from the CWBS down through detailed work definition for each cost accounts/work packages proceed in a logical fashion?


Q5  Is the maintainability work package used to plan, define and assign resources (manpower loading) and responsibilities?


Q6  What metrics have been selected for the conduct of the maintainability function for cost, performance, and schedule control?


Q7  Has the process for subcontractor maintainability management, including reporting and control of subcontractor activity, been well defined?  How does this process relate to the overall maintainability management approach?


�
�



FA7.0  MAINTAINABILITY


CCA7.1  Maintainability Management


CCA7.1.4  Risk Management�
�
�
C1 Maintainability risk is identified as a design performance measure of systems engineering and risk management activities. (Q1)


C2  Maintainability risk is assessed periodically in concert with other performance design attributes. (Q2)


�
Q1 Have the details of maintainability risk been established in risk management planning?


Q2 Have the maintainability risk parameters been established for periodic assessment?�
�



[Refer to the Risk Management CPAT for information pertaining to maintainability risk as a subset of performance risk.]





FA7.0  MAINTAINABILITY 


CCA7.2 Maintainability Engineering


CCA7.2.1  Requirements�
�
�
C1  Maintainability engineering as a specific element of systems engineering is responsible for derivation, identification and allocation of maintainability requirements from TRD and ORD and/or other documents and allocating to system and lower level specifications (Q1,Q2,Q3)


C2  Requirements established during previous phases have been satisfied, and are included in initial system specifications in sufficient detail to initiate detail design activity.(Q1)�
Q1 How is traceability of requirements maintained from TRD and ORD documents to system and lower tier specifications?


Q2  Have User and Maintainer needs and viewpoints been adequately reflected in system maintainability requirements?


Q3  What methodology is applied in the allocation of maintainability requirements?�
�



FA7.0  MAINTAINABILITY


CCA7.2  Maintainability Engineering


CCA7.2.2  Analysis�
�
�
C1  A maintainability analysis process is used to assess that the performance and verification requirements are correct and complete at each level of hardware and software, and to assess them for implementation.(Q1,Q2)


C2  The selected maintainability analysis and allocation methodology is compatible with other system engineering methodologies adopted for the acquisition program.(Q2,Q3,Q4)


C3  Maintainability requirements, including test and verification, are analyzed, refined and decomposed to assure complete functional allocation to system hardware and software levels, and they do not include inappropriate levels of requirements.(Q5)


C4  A defined process is used to prepare the verification requirements for the initial versions of system and lower tier specifications.(Q5) 


�
Q1  How are system and lower tier requirements defined and allocated?


Q2  Has a process been defined by which maintainability requirements are analyzed, refined and decomposed to develop a functional allocation to lower tier system hardware, software and other functional entities?


Q3  Have maintainability requirements for COTS / NDI equipment and GFE been identified?


Q4  Have trade spaces and specific trade studies and analyses been performed to aid in determination of requirements allocated to hardware and software entities?  Have these been coordinated with the software engineering activity?


Q5  Has a process been defined that assures maintainability verification requirements are established for each maintainability performance requirement?�
�
�



FA7.0  MAINTAINABILITY


CCA7.2  Maintainability Engineering


CCA7.2.3  Information Management�
�
�
C1  A thread of maintainability information is initiated during early phases of an acquisition program which continues throughout the system acquisition activity to specify, allocate, assess and verify maintainability requirements concurrent with development and support functions.(Q1,Q2,Q3,Q4,Q5,Q6,Q7,Q8,Q9)


C2  A defined process is developed for validation and verification of maintainability information.(Q7,Q10)





�
Q1  Is maintainability information included in initial needs statements, Operational and Technical Requirements Documents, and/or other acquisition program statements of objectives as a genesis for the derivation of information to be incorporated in subsequent maintainability function activities?


Q2  Is maintainability operational of technical information used in the conduct of architect trade studies for the determination of viable architecture candidates?


Q3  Is maintainability specification information for both design and verification allocated to system and lower tier levels to define detailed requirements for development and/or acquisition of maintenance-significant items?


Q4  Is maintainability specification, allocation, prediction, and assessment information formally documented, stored and retrievable for all maintenance-significant equipment at designated maintenance levels?


Q5  Is maintainability information assessed at formal and/or informal design reviews, Integrated Product Team meetings, or other technical exchange meetings?


Q6  Is approved maintainability information designated for entry into the Logistics Support Analysis Record database for application to the derivation of logistics support resources?


Q7  Is maintainability information resulting from analyses and assessments used as the basis for maintainability verification activity during DT&E, IOT&E and FOT&E, or other special maintainability demonstrations, or other supportability demonstrations?


Q8  Has the process to integrate subcontractor maintainability design information into the system level maintainability information structure been defined?


Q9  Has maintainability information been generated and available?


Q10  Has validation and verification of maintainability information been defined and incorporated into the activities?


�
�






�






FA7.0  MAINTAINABILITY


CCA7.2  Maintainability Engineering


CCA7.2.4  Monitoring�
�
�
C1  Visibility and statusing of the maintainability engineering function is accomplished through the conduct of Integrated Product Team activity, formal design review and other technical information meeting (TIM) activity.(Q1,Q2,Q3,Q4)�
Q1  Is there a sound approach taken for monitoring the maintainability engineering function?


Q2  What process or procedure is used to assure that maintainability goals expressed in mission statements are adequately allocated to system requirements documents?


Q3  What method is used to assure that all system level maintainability performance objectives have been included in the system level specification?


Q4  What chosen method(s) for assessing accomplishment of maintainability performance during development activity have been used?�
�






FA7.0  MAINTAINABILITY 


CCA7.3  Maintainability Operations


CCA7.3.1 Design Operations�
�
�
C1 Maintainability design attributes are included in all design matters as a response to system/product specification requirements.(Q1)





�
Q1 What approach has been taken to assure that the total design of the system/product considers the maintainability factors required by the governing specification(s)?�
�






FA7.0  MAINTAINABILITY


CCA7.3  Maintainability Operations


CCA7.3.2  Maintainability Testing�
�
�
C1 Maintainability attributes of system/product design are required to be formally validated and/or verified as specified in system/product specifications.(Q1)


C2 Maintainability demonstration plans are required to be prepared and approved prior to conduct of any formal maintainability testing.(Q2)


�
Q1 Has the approach taken to validate/verify maintainability design requirements been well defined? 


Q2 Has planning for a formal test and evaluation maintainability demonstration prior to initiation of maintainability testing been accomplished?�
�






FA7.0  MAINTAINABILITY


CCA7 3  Maintainability Operations


CCA7.3.3  Maintainability Reporting�
�
�
C1 Reporting of maintainability activity is provided as a normal maintainability function, as defined in the IMP/IMS, SOW, CDRL, or other contractual documents. (Q1) 


�
Q1 Is the reporting of maintainability activity  adequate and complete for the satisfaction of the overall program objectives.�
�









FA7.0  MAINTAINABILITY


CCA7.3  Maintainability Operations


CCA7.3.4  Corrective Actions�
�
�
C1 Corrective action to mitigate any maintainability design inadequacies that could impact meeting maintainability objectives is necessary prior to full scale production of the system/product.(Q1)


�
Q1 Are maintainability design corrective action methods are in place, in concert with other performance-related corrective action activity?�
�






�
3.2.4	Production and Deployment





	During this phase, maintainability activity is merged with production engineering activity to assure that all requirements of the governing specification for design and verification are incorporated into the manufacture/ fabrication of the system/product.





FA7.0  MAINTAINABILITY


CCA  7.3  Maintainability Operations


CCA7.3.2  Testing�
�
�
C1 Validation of system/product maintainability attributes of the fabricated/manufactured article(s) 


are initiated in concert with other performance-related requirements of product integrity. (Q1)





�
Q1 Are methods in place for assuring that maintainability attributes of system/product fabrication/manufacture meet all maintainability design objectives for the operational use of the product?�
�






3.2.5	Operations and Support ( Support Services )





	A continuous process of data collection is used for assessing all maintainability attributes of the system design and support infrastructure, in concert with other operational reporting systems.








7.0 MAINTAINABILITY


7.3 Maintainability Operations


CCA7.3.3  Maintainability Reporting�
�
�
C1  Maintenance data provides feedback to producer and user organizations for assessing any field maintainability concerns.(Q1,Q2,Q3,Q4)�
Q1  Is a data collection system established for retrieval and analysis of field maintenance data?


Q2  Is the data, both reliability and maintainability, forwarded to the cognizant agency for evaluation?


Q3  Are summary reports furnished for further problem resolution?


Q4  Is a historical record maintained for purposes of “lessons learned” data to be used for system updates or new system acquisition purposes?


�
�
�
3.2.6  Decommissioning and/or Disposal





	A final assessment of maintainability to provide information for future generations of system design and support is performed during this phase. Additionally, physical maintenance and support resources used for this operational system are considered for salvage for future system use, or disposal.














7.0 MAINTAINABILITY


CCA7.3  Maintainability Operations


CCA7.3.3  Maintainability Reporting�
�
�
C1  Maintainability data provides feedback to user and producer organizations for assessing any field maintainability concerns.(Q1,Q2)�
Q1  Have all pertinent maintainability and/or maintenance assets been examined for potential use on subsequent acquisition programs?


Q2  Have all pertinent maintainability data been examined for applicability of “lessons learned” to subsequent acquisition programs?�
�






�
ANNEX I  DEFINITIONS





	Maintenance - Maintenance includes all actions necessary for retaining a system/equipment in, or restoring to, a desired operational state.





	Maintenance Concept - a series of statements defining criteria to which a system/equipment should be designated that develops a description of planned levels of maintenance, functions to be 	completed at each level, organizational responsibilities, “on-equipment” versus “off-equipment” maintenance, effectiveness factors, and anticipated environmental factors. (Normally prepared by the operational command, as the ultimate user of the system).





	Maintenance Plan - A description of the procedures and methods to be followed for the 	maintenance of the system/equipment which addresses the utilization of various elements of maintenance (e.g. test equipment, spares and repair parts, personnel, facilities, etc.) for the life cycle or consumer/user period. (Normally prepared by the developing contractor of the system, in conjunction with the supporting command).





	Maintenance Level - Pertains to the division of maintenance functions and tasks at each site where maintenance is performed. Task complexity and frequency, personnel availability and skill levels, special maintenance equipment and facility needs, and other elements of support determine the extent of maintenance at each site.





`	Corrective Maintenance  (CM) - The unscheduled actions initiated as the result of system/equipment failure (or perceived failure) that are necessary to restore the system/equipment to its expected performance level. CM actions may include activities such as troubleshooting (fault recognition, localization and isolation), disassembly, removal and replacement of failed items, re-assembly, verification of performance, etc.





	Preventive Maintenance (PM) - The scheduled actions necessary to retain a system/equipment at 	a specified level of performance. PM actions may include periodic inspection, calibration, condition monitoring, and replacement of critical items at designated time intervals. 





	Maintainability (M)- Maintainability is an inherent characteristic of design. It pertains to the ease, accuracy, safety and economy in the performance of maintenance actions. It is accomplished through the functional packaging and inter-changeability of system/equipment and components, the use of commercially available and reliable standard parts, the incorporation of conditioning monitoring and built-in test features, rapid and accurate diagnostics, rapid component accessibility, easy part identification, and provisions for disassembly/reassembly, handling and transport.





	Maintainability, as a characteristic of design can be expressed in terms of maintenance frequency factors, maintenance time and labor-hour factors, and maintenance cost factors. 





	Maintainability includes the consideration of all or part of these factors for various levels of the system or equipment that may be directed by a development and/or a using agency.





	Measures of  maintainability (maintainability metrics)may include one or more of the following:





	Mean Time Between Maintenance (MTBM) - MTBM includes both preventive (scheduled) and corrective (unscheduled) maintenance requirements. It includes consideration of  reliability mean-time-between-failure (MTBF)


	Mean Time To Repair (MTTR) - MTTR is a factor expressing the mean active corrective maintenance time required to restore an item to an expected performance level.


	Mean Corrective Maintenance Time (Mct) -  same as MTTR


	Mean Time Between Replacement (MTBR) - MTBR relates to replacement of an item due to a maintenance action (usually requires a spare part replacement).


	Mean Preventive Maintenance Time (Mpt) - an expression of the mean time to perform active preventive maintenance.


	Maximum Active Corrective Maintenance Time (Mmax) - An expression of the maximum time to perform corrective maintenance at the 90% or 95% confidence level.


	Maintenance Downtime (MDT)  - MDT represents the total elapsed time that a system/equipment is not in condition to perform its intended function. MDT 	includes active maintenance time, logistics delay time (LDT), and administrative delay time (ADT).


	Logistic Delay Time (LDT) - LDT refers to that maintenance downtime that is expended as a result of delay waiting for a resource to become available in order to perform active maintenance. A resource may be a spare part, test or maintenance equipment, skilled personnel, facility for repair, etc.


	Administrative Delay Time (ADT) - ADT refers to that portion of maintenance downtime during which maintenance is delayed for reasons of an administrative nature (e.g. personnel assignment priority, organizational constraint, transportation delay, labor strike, etc.).


�
ANNEX II- SPACE SYSTEM MAINTAINABILITY





General





	Space systems are normally thought of as having four segments: space, ground, launch, and user. These are normally employed in networks, as a system-of-systems.  Some of these segments are operated continuously for many years. Determination of system reliability and maintainability (R&M) metrics must be done during mission area analysis from a network perspective.





	The space segment includes all portions of a space system that performs its mission functions in space (referred to as space-based assets). These are the spacecraft, mission packages (payload), as well as space support vehicles ( orbital maneuvering vehicle, space storage platforms, space repair facilities, if applicable). 





	The ground segment is the ground based link to the satellite that receives  positional information, monitors satellite state-of-health, controls satellite location, affect orbit corrections, control on-board systems to preserve satellite mission performance, and receives mission payload information to transfer to users. The main functions of the ground segment are Telemetry, Tracking, and Commanding (TT&C).





	The launch segment includes not only the launch vehicle itself  but all launch assets. It includes the processes of getting the spacecraft to the launch area, and those processes required to land and turnarond a reusable launch or space vehicle.





	The user segment is composed of those activities and assets that use information collected or functions/service performed by the space based assets. Examples of user segment functions or services would include sensor data, satellite ground communication terminals or potentially a battlefield commander using a space based weapon.





	Although the system includes these individual segments, current contracting practices allocates separate contracts for launch development and/or operations. Space and Ground Segments are normally contracted in a single contract for a specific mission purpose. (such as Milstar, FEWS SBIRS ).    





Space Segment Maintainability	





	Spaceborne elements of the system will be designed to preclude scheduled maintenance actions that would interrupt any primary mission operations, or repair, during their service life. However, the spaceborne elements will be designed to minimize on-pad checkout requirements without unmating, and to allow for on-orbit software maintenance upgrade.





	 Integrated diagnostics will be used to quickly and effectively identify significant changes in mission essential functional capabilities





	The design of the space element will incorporate test and telemetry 	features to allow verification of functional performance. The system will have a diagnostic capability to detect and isolate faults to a level necessary to restore readiness, and provide data recording for analysis of all faults, to support safety, mission and maintenance decisions. Fault detection, prediction, isolation, indication and remote control will be automated through the use of BIT equipment and diagnostic computer programs.


	


	At least(quantity) percent  (threshold and objective) of faults will be isolated by internal automated and semi-automated diagnostics. The remaining (quantity) percent will be accomplished through non-automatic procedures.





Launch Segment Maintainability





	The principle issue here is readiness.  Design of the Launch Vehicle (LV) and its associated launch infrastructure, stresses responsiveness to a set launch date (window).  Though redundancy is often built-in, its major purpose is to enhance post-commit and launch reliability. Accordingly, any failure experience prior to actual launch is normally subjected to maintenance action.  The maintainability characteristic which stresses responsiveness, at minimum cost, is the goal for Launch Segments.


	


	Certain military launch vehicles may have recoverable components in the future.  Maintainability criteria for these configurations are not described herein.  Also, refurbishment of launch pad / infrastructure elements will be included in subsequent releases of this CPAT.
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