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FOREWORD



	This Critical Process Assessment Tool (CPAT) is intended for application during the development of a solicitation, the award of a contract, and the management of an acquisition through the end of the program. It specifically addresses the  mass properties critical processes of control,  determination and documentation. 



Keep in mind, however,  that the mass properties function interacts with other disciplines as part of the overall  systems engineering process. Table 1 below,  “Mass Properties Relationship to Other Technical Tasks”, illustrates the two-way flow of information between the Mass Properties function and other program disciplines.





Table 1 : Mass Properties Relationship to other Technical Tasks� XE "Table 1 \: Mass Properties Relationship to other Technical Tasks" \b �

Technical Disciplines�Relationship��Program Management�Mass Properties Control  and Verification Documentation are approved and supported by management. 

Program level of effort is sufficient to meet all mass properties requirements.��Attitude Determination & Control (ADC)�The space vehicle inertia is used to size reaction/momentum wheels.

Sequenced Mass Properties data are used as a  parameter to design and analyze control laws.

The control laws and algorithms are used in ADC line of sight (LOS) jitter simulations.

LOS jitter simulator contains FEMs (Finite Element Model) of the spacecraft and payloads.

ADC design solutions may dictate limits on mass properties parameters. 

Spin stabilization sets limits on the transverse center of gravity, the ratio of the moments of inertia and the spin axis tilt(i.e. products of inertia)��Launch and Mission Operations�Verified and Sequential Mass Properties are used in all phases of operations from launch, deployment of components, on station maneuvers through disposal.

Operations provides data for nominal mission operations for incorporation in the Sequential Mass Properties Documentation.

 Updates are provided with current operational data. ��Associate contractor, subcontractors, and suppliers (including GFE suppliers) �Associate contractors, subcontractors and suppliers supply  mass properties data to support the integration of sub�unit mass properties into the complete unit mass properties. 

Contractor imposes a mass properties control section to impose applicable requirements  on the subcontractor and to insure the delivery of information required by the contractors in satisfaction of contractual requirements.��Test Engineering�Mass properties and test engineers coordinate the equipment and procedures for mass properties measurements:

objectives of the measurement

determination of accuracies required

design of test fixtures to meet requirements

calibration of equipment

The mass properties group verifies calibration of equipment.

The mass properties group approves all mass properties measurements and procedures.��Structures and Mechanical Design�Designers provide sketches, layout drawings, preliminary and released drawings for mass properties determinations.

Signoff generally required on released drawings.

The mass properties group provides data to designers about optimal component location for Space Vehicle (SV) balance. ��Booster Interface�The space vehicle and booster mass properties are integrated to determine ascent sequence of events, performance margins, and interface loads.

The ascent sequence of events is a driver for trajectory analysis.

Interface requirements with the booster may dictate limits on mass properties parameters���

Table 1 : Mass Properties Relationship to Other Technical Tasks (continued)

Technical Disciplines�Relationship��Stress Group�The weight and center of gravity of boxes are used to analyze box installation and attachment.

Section mass properties data are used as input for FEMs to determine load distribution in structures.

The weight and center of gravity of components are used to size structural members.��Dynamics Group Finite Element Model (FEM )�Mass properties data are utilized in FEM to determine vehicle dynamic response.

Provide segmented mass properties per definition of the Structural Analysis Group.

Subsystem FEMs are developed based on structural design and segmented mass properties data.

Subsystem FEMs combined to form vehicle level FEMs.

All FEM’s are checked against the mass properties model.��Propulsion�The moment arm of SV thrusters is dependent on center of gravity and moment of inertia information.

The space vehicle weight is used for propellant load determination.

Mass properties data is needed to determine delta V requirements.��Thermal Control

�The mass properties group works with the thermal analysis group for optimum component location satisfying thermal balance requirements with the lowest overall vehicle weight.

Component location will determine the amount of balance weight needed to meet mass properties requirements.��Survivability�The mass properties group works with the survivability group for optimum component selection as well as component and space  vehicle shielding/hardening methods.��Ground Support Equipment�Weight and center of gravity data is used for design of lifting slings, handling fixtures, etc.��Manufacturing�Manufacturing personnel must understand the necessity of weight control .

Mass properties must be aware of the  cost and schedule impact of any suggested weight saving proposals and work for optimal design solutions.��Life Cycle Cost Model�Component and subsystem weights are used in the Cost model.��Systems Engineering�System engineers, and others involved in the SV design, work together to define and monitor mass properties limits against projected values.

Mass properties supports trade studies and program reviews.��Materials and Processes (M&P)�Efforts to influence the design and reduce weight (if necessary) are coordinated.

M&P evaluates recommended materials and writes the necessary process specifications for their use.��

	The Overview CPAT describes the tool’s format, provides guidance on it’s usage and a summary of the acquisition process. It explains how this CPAT interacts with other CPATs just as Table 1 shows mass properties relationships with other disciplines.



	

	Specific mass properties objectives are described here and follow the format developed  for all CPATs  outlined in Figure 1,  “Structure of the CPAT”.  Objectives, criteria and questions are included for all relevant functional areas. �1.  Introduction To Mass Properties



	The mass properties of an item include the item’s 

weight (or mass), 

		center of  gravity (or center of mass) (X c.g.,Y c.g., Z c.g.),  

		mass moments of inertia (IXX, IYY, IZZ), and 

		mass products of inertia (IXY, IXZ,IYZ).



	 Mass properties processes  provide for the control, determination and documentation of the mass properties and mass properties limits of space vehicles and their subsystems and components.



	The processes  apply to  upper stage vehicles, injection stages, satellites, satellite payloads, reentry vehicles, launch vehicles, ballistic vehicles, or other vehicles. For these applications the term "space vehicle" is to be interpreted as the applicable vehicle.



	The importance of the technology has always been recognized in space systems due to the high cost of delivering every pound of a payload to orbit.  Counter to the need to minimize launch weight is the increasing demand for greater performance and reduced cost. Therefore  optimum weight solutions must be found that consider cost, reliability, producibility, ease of operation and all the other factors that must be balanced to meet requirements.  Improper control of space and launch vehicles may allow  the fabrication of vehicles that cannot meet the required performance or achieve the required stability.



	It would be hard to exaggerate the importance of weight in the evolution of a spacecraft program. Virtually the first question that any analyst asks is “How much does it weigh?” Mass properties engineers must see into the future to answer that question. They must predict the launch weight at the earliest program stage and then  establish an effective control program to see that the predicted weight is not exceeded. Thus the control, determination, and documentation  of  mass properties are key activities involved in all phases of the life of space vehicles from configuration selection  to disposal.



	Effective prediction of the space vehicle  mass properties parameters is the foundation of  space vehicle design. The disciplines that rely on mass properties data for analyses has been detailed in the Foreword, Table 1, Relationship to Other Technical Tasks.



1.1  	Description of the Mass Properties Functional Processes



1.1.1  	Mass Properties Control



	Mass Properties control has as its purpose the design of a space vehicle consistent with the governing design criteria that meets all mass properties requirements.



	In addition to weight control, there may be the need for control of the other nine mass properties parameters. The degree of control will depend on the limits, if any, identified by mass properties personnel and others involved in the configuration selection process, the design process, and the design development process.



	Weight growth is a historical fact as evidenced by The Aerospace Corporation study of 16 space vehicle weight histories. The vehicle weight growths actually experienced ranged from a low of 14% to a high of 53% with an average of 29%.� All but one of the space vehicles experienced a steep increase in weight during the initial part of the program.



	 The control of  weight growth is a continuous function from model conception to the last item of production. However a more restrictive definition usually refers to the concept/exploration and dem/val stages of  a program’s life when most growth occurs. A major effort is required to keep the designers’ attention focused on weight efficiency. Weight control, emphasized in the early phases of a program, will prevent later costly fixes and possible schedule delays.





Mass Properties Control Contribution to Mission Success

	Virtually every space vehicle experiences an increase in weight (weight growth) in the interval between submission of the proposal and the completion of the first vehicle. Controlling this weight growth without spending excessive program funds or adversely impacting the program schedule is an important element of a successful program. Obviously much planning and organization are required.



	A mass properties control program with the objective of meeting the space vehicle mass properties requirements is established and implemented.  Qualified personnel are assigned the responsibility and authority to assure the establishment and maintenance of mass properties objectives and the effective planning and execution of mass properties control functions.  The program level of effort is adequate to determine, control, and document the mass properties of the space vehicle, subsystems, and components.  The mass properties control program includes all subcontractor items, associate contractor items, Government Furnished Equipment (GFE) items, as well as contractor furnished items.



	 Probably the most important  prerequisite is gaining the support of people in the higher levels of management, that is, the Program Manager, Chief Engineer, IPT Leaders, etc. The attitude of these people toward weight efficiency is the foundation on which a weight control program is built.  With management support all others who may be active in design are immediately made aware that overweight is not a condition that may possibly occur.  It is instead one that is almost certain to occur if preventive measures are not initiated at the outset of a program and maintained regularly thereafter.





Mass Properties Determination

	The mass properties parameters (i.e. weight, center of gravity, moments and products of inertia) of a space vehicle must be known for performance analyses, stability and control analyses, and structural dynamics and loads analyses. The mass properties values are determined and verified by mass properties engineers so that accurate data is readily available throughout the long process of configuration selection, development and launch.



	During configuration selection the mass properties, estimated by mass properties engineers, are based on similarity with previous programs, weight estimating algorithms, etc.  These early estimates  typically evolve into math models which are continually refined and updated throughout subsequent phases of  the  program.  Original estimated values are replaced with calculated and actual values as they become available.



	In order to assure that final mass properties requirements are met, weight growth  must be carefully predicted and tracked throughout all phases of the program with final verification of weight, c.g. and inertias by  test and/or analysis prior to delivery to the user.



Mass Properties Determination Contribution to Mission Success

	The mass properties of a particular configuration is determined analytically by trained personnel using appropriate tools. The basis of space vehicle mass properties can be categorized by the methods used for their determination, for example: estimated, calculated, or measured.  The weight is totaled for each of these categories to provide an indication of the mass properties confidence at the subsystem level and for the complete vehicle.

	

The process of configuration selection is dependent on accurate mass properties prediction. Costly schedule delays and rework are a possibility  if the prediction is inadequate.



	 For example, the reaction wheels used to control a space vehicle might need to be resized because of an increase in the space vehicle inertia. Then a whole series of problems could result

The reaction wheels might have already been purchased. 

If reaction wheels are a long lead item there could be a significant schedule slip.

If there is not be enough room to install larger reaction wheels in the same location components will need to be moved with many inherent drawing changes including wire rerouting.

Thermal analysis and testing may need to be redone.

More balance weight might be necessary to achieve the required center of gravity and /or cross product .

Control authority of a spinning space vehicle could be lost due to a change in the inertia ratio.

The spacecraft total weight might exceed the capability of the launch vehicle to reach the desired orbit.

If the weight has exceeded the launch limit some items can be deleted from the vehicle reducing mission performance objectives or a larger launch vehicle can be procured at a higher cost and potentially starting the whole design process over.



Mass Properties Documentation

	The maintenance of adequate and reliable records is the foundation of a mass properties program and forms the basis from which almost all phases of the work originate. The records fulfill the function of keeping the customer informed of the mass properties of the item(s) and supply necessary information for the selection of optimum design solutions.



Mass Properties Documentation Contribution to Mission Success

	Since the maintenance of adequate and reliable records is the foundation of a mass properties program  the data must be readily available for review.  Mass properties documentation may be required at major program milestones.  Comparisons of weight trends and predictions may be required at program reviews. 



	Internal mass properties reports are distributed to those persons within the company connected with the design and development of the space vehicle. They document significant changes to the mass properties data base   and these data are generally updated frequently in the early development phase.   Less frequent updating is usually acceptable late in the development phase when mass properties changes are small. The updating frequency is not necessarily related to the frequency of submitting official mass properties reports and may be subject to the approval of the contracting officer. 



	The verified mass properties parameters for a space vehicle, used by launch and mission operations, may require frequent updating  during launch preparation. These data can be a contractual requirement and as such are called a Contract Data Requirement List  (CDRL) document.



Definitions 

	Appendix A  of this CPAT is a list of  definitions and key words unique to the mass properties function.  An understanding of the definitions and key words in Appendix A is needed to evaluate a mass properties control plan and contractor performance.



The Program Management CPAT contains an appendix with a glossary of common definitions and acronyms.



Applicable Documents



	 Appendix B is a list of  references that can  be  used  as  guides, reference  documents, or compliance  documents either by the project  officer/project engineer  or  in an RFP.



	Appendix C is a description  of  mass properties reports that may be a required as a formal report or as data easily accessible by the customer as well as members of the contractor staff. 









Application

System Performance Specification or Other Requirements Document(s)

	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. They are not necessarily included in an RFP. 



	MIL-PRF-8983 is an overall space system performance Specification that can be used as a reference and can be cited as a requirements document on RFPs.



	Example specification language is presented below: 

Weight - The Space Vehicle weight at launch shall not exceed XXXX pounds.

Weight - The Space Vehicle shall deliver the payload of XXXX pounds to operational orbit.

Inertias - The ratio of the inertia about the spin axis divided by the inertia about each of the transverse axes must be greater than 1.07 ( 1.07 used as an example - another value may be selected. This limit applies to spinning space vehicles). 

Center of Gravity - The center of gravity shall be less than .05 inches (or other value) from the thrust axes of the space vehicle.

Center of Gravity - The center of gravity shall be between xx and yy inches forward of the space vehicle/launch vehicle physical interface plane defined by ….	

	

	The specific limits (if any) for inclusion in an RFP should be defined and monitored with the support of specialists.  For example,  the mass properties specialists in The Aerospace Corporation  can be consulted for specific language when mass properties limits are included in a procurement or for risk evaluation in later phases of a program.



	Limits are usually integrated into the Operational Requirements Document (ORD), System Requirement Document (SRD), Interface Requirements Specification (IRS) or other requirements documentation.  They are generally monitored through Technical Performance Measurements (TPMs).



Additional support can be found at  the  Space and Missile Command  (SMC) staff  office, name and phone number TBS.



	

Information Deliverables 

	The following mass properties data should be easily accessible by the customer as well as members of the contractor staff on an ongoing basis: Basic Mass Properties, Projected Mass Properties, Sequential Mass Properties, Weight Control Plans, Verification Plans, the current status of these plans, and minutes from review processes such as TPMs (Technical Performance Measurements ) reported at program reviews. Appendix C lists the elements usually included in these reports.



 All data produced under the contract should be included as part of the contractorÕs electronic  Management Information System (MIS) and should be easily accessible, via electronic links, by all government agencies that require insight into the program.



	 Documents prepared under the contract may be covered by a contractual data requirements list (CDRL) and either reviewed informally through participation in joint government/contractor Integrated Product Teams (IPTs) or acquired as directed by the Procuring Contracting Office (PCO).  



The use of a formal CDRL should be minimized when the data are accessible on the contractorÕs MIS.  However there may be some data that, along with textual material, table of contents, etc., must be assembled into a formal report and made available to government agencies.  Even if a formal CDRL is needed, electronic delivery of reports in the contractorÕs format is the preferred method of delivery.



	

RFP Requirements

RFP Section L or L-2 provides proposal preparation instructions to the contractors or offerors.  The general approach recommended here is for the Government to instruct that each contractor  show that 

(1)	The contractor shall implement and maintain a mass properties control program with the objective of meeting the space vehicle mass properties requirements.

(2) 	Qualified personnel shall be assigned the responsibility and authority to assure the establishment and maintenance of mass properties objectives and the effective planning and execution of mass properties control functions.

(3)	 The program level of effort shall be adequate to determine, control, and document the mass properties of the space vehicle, subsystems, and components.



Structure of the CPAT



	Prior to the 1995, 1996 Acquisition Reform Initiatives, the work requirements for mass properties engineering were usually called out in a Statement of Work (SOW) that required compliance with MIL-STD-1811 (or MIL-SPEC-38310B), Mass Properties Control for Space Vehicles.

 

	Currently an RFP will include a Statement of Objectives (SOO). In response the contractor prepares an Integrated Master Plan (IMP) and possibly a Statement of Work (SOW). Here the contractor defines and commits to  mass properties control, determination and documentation as part of the plan to achieve the objectives of the SOO.

	

	The Critical Process Assessment Tool (CPAT) was developed to assist the project officer in pre-contract activities such as preparing request for proposal objectives and criteria, source selection and  post-award surveillance of the events in the Integrated Master Plan (IMP). 



How to Use the CPAT



	All CPATs follow the same general outline. They are divided into three functional areas (FA’s). These functional areas are  management,  engineering  and operations.



The Mass Properties discipline has a basic number designation of 15.0



FA 15.1.0  Management -- those operations and actions that have to do with the administration of the function. This functional area is much the same as the mass properties critical process of control .

FA 15.2.0  Engineering -- those operations and actions that have to do with technical direction of the function. This functional area is much the same as the mass properties critical process of determination.

FA 15.3.0 Operations -- those operations and actions that have to do with day-to-day performance of the function. This functional area is much the same as the mass properties critical process of documentation.



	Specific objectives called Critical Capability Areas (CCAs)  have been identified within each of these Functional Areas (FAs).  The logic flow from Functional Areas to individual sub elements (CCAs)  is outlined in the following Figure 1, Structure of the CPAT .  This outline has been followed  throughout the following sections of mass properties objectives,  criteria and questions where the Critical Capability Area is applicable.



Additional Support



	Contact SMC AXMP staff iffuce at (310) 363-2406 or DSN 833-2406 for additional support.





 �Figure 1 : Structure of the CPAT� XE "Figure 1 \: Structure of the CPAT" \b �

�

�Critical Process Objectives

	The mass properties processes of control, determination and documentation of the mass properties 

parameters apply throughout the following acquisition phases.

Phase 0: Concept Exploration.              

Phase I: Program Definition and Risk Reduction.

Phase II: Engineering and Manufacturing Development. 

Phase III: Production, Fielding/Deployment, and Operational Support.



The depth of involvement and level of detail changes as the program progresses through the different acquisition phases. Some of the objectives and tasks apply  to a single phase, while others are performed iteratively throughout the program. The following table lists the Mass Properties Objectives by acquisition phase and may be applied or tailored to meet the specific program requirements.



  	A large X in the program phase in Table 3 is intended to highlight  the objective in that phase of a program so that resources can be allocated accordingly.



	 Objectives are divided into three functional areas (FAs) Management, Engineering and Operations.  The Critical Capability Areas (CCA) are listed under each functional area.



Table 2 :  Mass Properties Objectives� XE "Table 2 \:  Mass Properties Objectives" \b �



                                              Mass Properties Objectives 15.0�Cncpt

Def�Dem

Val�

EMD�

Prod��                                                  Mass Properties Management  - FA 15.1��                                                  Mass Properties Management - Organization  CCA 15.1.1��  CCA 15.1.1.1�Responsibility - Structure an organization to plan,develop & implement        a Mass Properties Control   Plan and a Mass Properties Verification Plan      with  the objective of  meeting  the  mass properties requirements.         (Update if necessary)�   X�X�x�x��  CCA 15.1.1.1�Responsibility  - Put personnel and procedures into place to implement       the control and verification plans.�   X�X�X�X��  CCA 15.1.1.2�Integration/liaison  - Define the interfaces with other functions to assure    that all system requirements are met.�   X�X�X�X��                                                 Mass Properties Management - Planning  CCA  15.1.2��  CCA 15.1.2.1�Task Planning - Plan a level of effort to support control, determination      and documentation of each required configuration through all program phases.�   X�X�   x�x��  CCA 15.1.2.2�Task Scheduling - Identify the timing of task completion and their interrelationship to other tasks. Include major milestones in the Integrated Master Schedule (IMS).�   X�   X�   x�x��                                                Mass Properties Management - Control  CCA 15.1.3��  CCA 15.1.3.1�Task Authorization - Authorize the needed resources (and training if necessary) to complete all the identified tasks. �  X�X�X�X��  CCA 15.1.3.2�Task Statusing - Conduct reviews as required to monitor the progress of  the tasks.�  X� X  � X� X��                                              Mass Properties Management - Risk Management CCA  15.1.4��  CCA 15.1.4.1�Risk Identification - Identify and track major drivers that present risk.�   X� X�   x�x��  CCA 15.1.4.2�Risk Mitigation - Implement and monitor risk mitigation efforts and  focus resources in risk areas.�   X� X   �   x�x����������

�Mass Properties Objectives 15.0�Cncpt

Def�Dem

Val�

EMD�

Prod��                                              Mass Properties Engineering -  FA 15.2��                                              Mass Properties Engineering - Requirements  CCA 15.2.1��  CCA  15.2.1.1�Review/Allocation - Provide data agreeing with the baseline vehicle configuration that are available for review by personnel involved in the   space vehicle design and by the contracting officer. Determine the SV and component mass properties of all  configurations as necessary for analyses and trade studies requiring such data.�   X�  X  � X�X��  CCA 15.2.1.2�Tracebility/Change Control  Document the mass properties of alternate system concepts under consideration as the space vehicle develops.�   X�  X  � X�X��                                                    Mass Properties Engineering - Analysis CCA 15.2.2��  CCA 15.2.2.1�Modeling & Predictions - Implement the mass properties control plan, including tracking limits against  projected mass properties.�   X�  X  � X�X��  CCA 15.2.2.2�Analyses - Support the design optimization process with more accurate

 and detailed mass properties analyses.�   X�  X  � X�X��                                              Mass Properties Engineering - Information management  CCA 15.2.3�� CCA 15.2.3.1�Information Architecture - Design a “shared data base” system to support technical needs/activities of all disciplines.�   X�  X  � X�X��  CCA 15.2.3.2�Information Maintenance- Structure the information data base to assure timely updates and input to the systems engineering effort. �   X�  X  � X�X��  CCA 15.2.3.2�Information Maintenance- Develop methodologies and criteria for data gathering, reduction and analysis. �   X�  X� x�x��Mass Properties Engineering - Monitoring  15.2.4��  CCA 15.2.4.1�Meetings - Include mass properties representatives at all configuration     and  change control board  meetings for assessment of the mass properties impacts of design decisions.�   X�  X  � X�X��  CCA 15.2.4.2�Data Review -Require mass properties review of specifications, test plans and drawings to ensure that   mass properties requirements have been met.�   X�  X  � X�X����������

�Mass Properties Objectives 15.0�Cncpt

Def�Dem

Val�

EMD�

Prod��Mass Properties Operations  FA 15.3��                      Mass Properties Operations  - Design  CCA 15.3.1��  CCA 15.3.1.1�Design Application Provide a documented accounting of mass properties control and determination.�   X�  X  � X�X��  CCA 15.3.1.2�Improvement Identify and evaluate the effects of   configuration changes as related to program mass properties requirements.�   X�  X  � X�X��  CCA 15.3.1.3�Deficiency Correction Design Develop and implement an effective system for reporting and correcting Mass Properties design deficiencies.�   X�  X  � X�X��                               Mass Properties Operations  - Testing  CCA 15.3.2��  CCA 15.3.2.1

15.3.2.2

15.3.2.3�Qualification, Production, Improvement Testing . Provide a documented accounting of approved mass properties test procedures and verification tests.. �   X�  X  � X�X��  CCA 15.3.2.4�Analytic Fidelity Improvement  Influence the decisions that are made in order to get minimum weight commensurate with other necessary requirements. Great fundamental weight savings (or penalties as the case may be) are possible in the initial selection of a configuration, the equivalent of which no amount of redesign in a later phase can replace.�   X�  X  � X�X��  CCA 15.3.2.5�Corrective Action Verification  see 15.3.1.1 Qualification, Production, Improvement Testing������                                    Mass Properties Operations  - Feedback Reporting  CCA 15.3.3��  CCA 15.3.3.1

15.3.3.2�Reporting System Development, Report Accounting�   X�  X  � X�X��                                    Mass Properties Operations  - Corrective Actions  CCA 15.3.4��CCA 15.3.4.1

15.3.4.2

�Accounting System Development, Corrective Action Accounting�   X�  X  � X�X���Detailed CPAT Criteria and Questions



	The following section addresses mass properties critical process factors/criteria and a series of  key questions which may be selectively used during IPT participation, preparing Request for Quotes (RFQs),  evaluating proposals and conducting fact finding and periodic reviews of an ongoing program.

Table 3 : Detailed Criteria and Questions� XE "Table 3 \: Detailed Criteria and Questions" \b �

FA 15.1  MASS PROPERTIES MANAGEMENT

CCA 15.1.1 Organization

CCA 15.1.2 Planning

CCA 15.1.3 Control

CCA 15.1.4 Risk Management��

CCA 15.1 Management is responsible for the adequacy and completeness of the (proposed) mass properties control and verification  plans and of the work performed.















�Q1 Has offeror assigned qualified personnel the responsibility and authority to assure the effective planning and execution of  mass properties control and verification?

RFP and Factfinding Evaluation

Look in the management section for management support. 

Look in the IMP (Integrated Master Plan), the IMS (Integrated Master Schedule), TPMs (Technical Parameter Measurements), and Test Schedules for integration of the mass properties processes. 

DEM/VAL, EMD, Operations Evaluation

 Does the Mass Properties Control Plan include (and does the program implement) the following :

management participation and corrective actions when mass properties limits are approached, equaled or  exceeded?

determination and documentation of mass properties limits?

an adequate weight growth allowance and a plan for depletion of the allowance?

the maintenance of the mass properties data base and verification of the mass properties?



Q2 Does planning identify milestones for completion of mass properties tasks and technical reviews?



Q3 Does the planned  scheduling provide sufficient visibility for management and program control?



���

�FA 15.2  MASS PROPERTIES ENGINEERING

CCA 15.2.1  REQUIREMENTS

CCA 15.2.2  ANALYSIS

CCA 15.2.3  INFORMATION MANAGEMENT

CCA 15.2.4  MONITORING��

CCA 15.2 Engineering is responsible for the adequacy and completeness of the mass properties processes to determine and verify the mass properties of the Space Vehicle, subsystems and components.



CCA 15.2 Engineering analyzes and understands the mass properties limits imposed by system, subsystem and component performance, as well as design requirements and the mass properties limits established by contract.





�

Q1 Is the mass properties database maintained current with the most recent information from design data, drawings, measurements, GFE data, associate contractors, subcontractors and vendors?



Q2 Are the mass properties measurement tests conducted in accordance with approved documented procedures?

Has the planning been integrated with the program master schedules (IMS)?



Q3 Are the basis for mass properties computations progressing from estimates through calculated to actual weights? Check previous documentation and compare percentages of weights classified as estimated, calculated and actual.



Q4 Is the mass properties database maintained current and available for analyses and trade studies.?



 Q5  Are all mass properties limits within acceptable bounds for the stage of development?

Proposal and Factfinding Evaluation

Look at the Technical Parameters Measurements (TPM’s) in the risk management section for monitoring of the mass properties parameters.

Look in the IMP (Integrated Master Plan) for the Verification Plan, and for IMS (Integrated Master Schedule) Test Schedules for development and scheduling of test procedures.



DEM/VAL, EMD, Operations Evaluation

(and does the program implement) the following :

a general description of the method selected to verify each mass property which is to be used in performance analyses, stability and control analyses, or other analyses which require mass properties data as an input?

 Does the Mass Properties Verification Plan include

a description of the elements of the space vehicle for which the mass properties data has been developed along with the method of verification?                                                                                                 

	For example if the mass moments of inertia about the hinge line of a deployable element has been 	specified or established by design limits, the Verification Plan describes the element being deployed	and states if the mass moments of inertia is to be verified by test or analysis. If a combination of methods 	is planned, the portions to be verified by each are stated.

an analyses substantiating the methods selected to verify the mass properties  i.e., technically logical explanations of the methods selected, particularly for analytical verifications?

a description of test procedures to be prepared including a description of the item or items to be tested and the mass properties limits?

a general description of the testing equipment, including its accuracy, and a calibration schedule.

a test schedule showing the planned test site, planned schedule, and articles to be tested



Q6 Have the mass properties requirements been satisfied? 



Q7 Does the offeror  understand the mass properties limits imposed by system, subsystem and component performance, as well as design requirements and the mass properties limits established by contract?



Q8 Have the a mass properties requirements been incorporated into system level specs?



Q9 Is there a method established for resolving conflicting mass properties issues with other technical operations?



Q10 Do the individuals assigned system mass properties responsibilities have the appropriate background or qualifications to properly perform their mass properties functions?



Q11 Is the scheduling consistent with the Integrated Master Schedule (IMS)?��































�

FA 15.3.0 MASS PROPERTIES OPERATIONS

CCA 15.3.1  DESIGN

CCA 15.3.2  TESTING

CCA 15.3.3  FEEDBACK  REPORTING

CCA 15.3.4  CORRECTIVE ACTIONS��

CCA 15.3  Mass properties Operations performs development, qualification and verification testing as dictated by the Mass Properties Control Plan and the Intergrated Test Schedule (IMS).



CCA 15.3  A formal system for reporting, tracking and managing mass properties is in place.



�

Q1 Is the Mass Properties Control Plan is scheduled for release and approval in the early design phases? The Verification Plan is delivered after the baseline design has been selected?



Q2 Is the mass properties documentation maintained current and available for review with the most recent information from design data, drawings, measurements, GFE data, associate contractors, subcontractors and vendors?



Q3 Are the mass properties measurement tests documented in accordance with approved procedures?

 Is there an approved Control Plan, Verification Plan.?



 Q4 Are mass property limits integrated in the Technical Requirements Document (TRD) and measured against projected values.?  Has the final mass properties of the vehicle been verified and documented?



Q5 Will all changes to the vehicle after final measurements be documented by mass properties and updated reports issued if necessary?



Q6 Is mass properties  data is incorporated into Program level mass properties documentation?

��









































�APPENDICES



Appendix A - Mass Properties Definitions and Key Words

Mass Properties



	The mass properties of an item include the item's weight (or mass), center of gravity (or center of mass, X c.g.,Y c.g., Z c.g.), mass moments of inertia (IXX, IYY, IZZ), and mass products of inertia (IXY, IXZ, IYZ).



Basic Mass Properties



	The Basic Mass Properties (can be called CURRENT, UNMARGINED or other contractor identified term) of an item are the mass properties data based on an assessment of the most recent baseline design.  This design assessment includes the estimated, calculated, or measured mass properties, and also includes an estimate for undefined design details.  The weight growth allowance is not included.

Weight  Growth Allowance



	The weight growth allowance is the predicted change to the basic weight of an item based on an assessment of the design and fabrication status of the item, and an estimate of the design changes that may still occur.  These design changes are changes that may be implemented by the contractor to meet contracted design requirements.  The weight growth allowance associated with these design changes generally compensates for the lack of design maturity.

Predicted Mass Properties



	The predicted mass properties of an item are the basic mass properties adjusted to include the weight growth allowance.

Mass Properties Limits



	The mass properties limits are requirements established by system, subsystem, and component performance, as well as the design configuration, and may be established by contract.

Sequential Mass Properties



	The sequential mass properties of a space vehicle document the mass properties as a function of time  (or other variable) from mission initiation through mission completion.  Time increments are based on requirements of other analyses or on significant mission events.  All items that are expended, jettisoned, or moved during the mission are identified in the  sequential mass properties records.



	The Basis of Mass Properties



	The basis of space vehicle mass properties can be categorized by the methods used for their determination, for example: estimated, calculated, or measured.  The measured category has historically been called "actual."  The percent of the space vehicle weight that is based on each of these categories is an indication of the confidence that can be placed in reported mass properties data.  

Estimated mass properties are typically determined from preliminary data such as sketches or calculations from layout drawings.

Calculated mass properties are typically determined from released drawings

Measured or Actual  mass properties are determined by measurement or by comparison of nearly identical components for which measured mass properties are available.

 

	When ambiguities occur, the most representative category should be used, keeping in mind that the purpose of this categorization is to provide an indication of the confidence of the reported mass properties.  The basis (estimated, calculated, measured, etc.) of each component weight is included as part of the recorded component data.  As many categories as is necessary to accurately define the status of the mass properties is used.  Totals of each of these categories are recorded to provide an indication of the mass properties confidence at the subsystem level and for the complete vehicle.







Appendix B - Applicable Documents:



	The following is a list of references that can  be  used  as  guides, reference  documents, or compliance  documents either by the project  officer/project engineer  or  in an RFP.



Mass Properties Applicable Documents

Document�Discussion �Source��MIL-STD-1811, Mass Properties Control For Space Vehicles�Establishes uniform procedures for the control, determination, and documentation of space vehicles and their subsystems and components�SMC or The Aerospace Corporation library.��MIL-M-38310-B Mass Properties Control For Space Vehicles�Same as above. This document has been simplified and superseded by the above MIL-STD-1811. However it may still be the requirement on older contracts. �SMC or The Aerospace Corporation library.��MIL-PRF-8983,  Performance Specification for Space Vehicles

�(TBD) Not Developed As Of May 1997�SMC or The Aerospace Corporation library.��Society of Allied Weight Engineers, Inc. (SAWE) Recommended Practice Number 11, Mass Properties Control For Space Vehicles

September 1,1995�Same as MIL-STD-1811. Approved by the Society of Allied Weight Engineers as an industry recommended practice for use in acquisition and study contracts. This document is maintained by the Society. Changes will be adopted by a vote of the Board of Directors upon recommendation by a committee of government and industry representatives�SMC, The Aerospace Corporation library, The Society of Allied Weight Engineers, Inc., P.O. Box 60024, Terminal Annex, Los Angeles, Ca. 90060��Society of Allied Weight Engineers, Inc. (SAWE) Recommended Practice Number 6, Standard Coordinate Systems for Reporting the Mass Properties of Flight Vehicles.         � Approved by the Society of Allied Weight Engineers as an industry recommended practice for use in mass properties reporting. This document is maintained by the Society. Changes will be adopted by a vote of the Board of Directors upon recommendation by a committee of government and industry representatives�SMC, The Aerospace Corporation library, The Society of Allied Weight Engineers, Inc., P.O. Box 60024, Terminal Annex, Los Angeles, Ca. 90060��JSC-23303 Design Mass Properties, Guidelines and Formats for Aerospace Vehicles”

March 1989�Requirement document imposed on NASA payload contracts.�NASA Johnson Space Center���Appendix C - Information Deliverables

	Mass Properties Control Plan.

A Mass Properties Control Plan describes the management program and procedures to be used for mass properties control and verification during the various procurement phases.



	Verification Plan.

A Verification Plan describes and substantiates the methods to be used to verify the mass properties data.

The Plan provides a document which the contracting officer can use to review the contractor's planned methods for verifying the space vehicle mass properties.  This review includes assessing the acceptability of the planned methods and the availability of acceptable mass properties measurement equipment and measurement sites.



The following elements, taken from MIL-STD 1811, are found in a Verification Plan.

Selected Methods Description.  The Verification Plan includes a general description of the method selected to verify each mass property which is to be used in performance analyses, stability and control analyses, or other analyses which require mass properties data as an input.  The element of the space vehicle for which the mass properties data have been developed shall be described.  For example, if the mass moments of inertia about the hinge line of a deployable element have been specified or established by design limits, the Verification Plan shall describe the element being deployed and state if the mass moment of inertia is to be verified by test or analysis.  If a combination of methods is planned, state the portions to be verified by each method.



Substantiation of Method Selection.  The Plan describes analyses to substantiate the methods selected to verify the mass properties.  Technically logical explanations of the methods selected, particularly for analytical verifications, shall be included in the contractor's substantiation of the methods selected.



Test Plans.  General test plans are explained.  The plans include a description of the item or items to be tested and the mass properties limits.  A general description of the testing equipment, including its accuracy, and a calibration schedule are included.  A test schedule showing the planned test site, planned schedule, and articles to be tested are included.



	Status Report. 

The following elements should be included:

Mass Properties Summary - a tabulation of the basic and predicted mass properties by subsystem and combined for the total predicted mass properties. Items which are expended or jettisoned are noted. For each weight item reported, the basis (for example, estimated, calculated ,actual) used is indicated.

 

Mass Properties Limit Monitoring - a comparison of the predicted mass properties and the mass properties limits

Changes - documents weight changes incorporated since the previous Status Report



Potential Changes - documents all pending or potential weight changes.



Sequential Mass Properties - see Appendix A for the definition of Sequential Mass Properties



Government Furnished Equipment (GFE) -  tabulates GFE and the associated mass properties.



Reference Axes. A diagram is prepared which relates the location and orientation of the reference axis system used for mass properties determination to the space vehicle.  The exact location of the reference axis system origin with respect to the vehicle shall be noted on the diagram.  If the space vehicle is comprised of more than one section, and each section has a different reference axis system, each system is similarly described.  Their mutual relative locations and orientations are also described.                                                                	Recommended Practice - Guidelines for reporting the mass properties of flight vehicles have been 	developed by the Society of  Allied Weight Engineers (SAWE.).  It is recommended that these 	guidelines be utilized when  developing a reference axis system.

	 Reference:  SAWE  Recommended Practice No. 6,  Issue No. 1 dated 	3 January 1995.



Weight Growth - documents the current status of both the weight growth allowance and the weight growth depletion plan.



Detail Mass Properties Report.

 	A Detail Mass Properties Report includes the elements described in the status report above plus the following  elements.

Detail Weight Statement. - tabulates the basic weights by subsystem (See Appendix A, The Basis of Mass Properties )



Design Data.  These data include the design parameters that have major impacts on subsystem weights.  The information is useful for evaluating weights in the early design phase and also for improving weight estimating methods.  



Miscellaneous Mass Properties Report. 

A Miscellaneous Mass Properties Report  includes the mass properties data associated with contract changes proposals, fluid and propellant verification, or current operational data 



Electronic Data Delivery

	  Current and future  SMC solicitations and contracts require the selected  contractor to deliver products via a link between the governmentÕs and contractors  electronic Management Information System (MIS) or via a customer maintained Electronic Bulletin Board (EEB).  Most mass properties products developed by the contractor lend themselves  to  "electronic delivery" 







� “Space Vehicle and Associated Subsystem Weight Growth”, by Keith Hawkins, Society of Allied Weight Engineers Paper No.1816, 23-25 May 1988, Detroit.
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