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Preface

P.1  PURPOSE

This procedure establishes guidelines for providing mechanical systems analysis in support of the design, verification and review of GSFC products.

P.2  APPLICABILITY

This guideline document applies to mechanical systems analysis efforts performed in support of GSFC products covered by the scope of the GSFC Quality Management System.  It covers all mechanical systems analysis performed by members of the Mechanical Systems Analysis & Simulation Branch in support of in-scope GSFC products.  Similarly, it covers mechanical systems analysis performed by on-site contractors working directly for the branch.

The types of analysis performed by members of the Mechanical Systems Analysis & Simulation Branch include structural dynamics and loads analysis, stress analysis, fracture control and safe-life analysis, vibro-acoustic analysis, thermo-mechanical analysis, opto-mechanical analysis, kinematic analysis and simulations.  Typical outputs include loads, component accelerations, mode shapes and frequencies, structural dynamics models, random vibration and shock criteria for component qualification, stresses, strains, margins of safety, deflections, proof test criteria, and cycles to failure.

 This guideline document does not necessarily apply to mechanical systems analysis efforts performed as part of informal studies, independent check cases, branch-initiated research and development efforts, and other non-product-oriented activities.

P.3  AUTHORITY 

GPR 8700.1, Design Planning and Interface Management

P.4  REFERENCES

a. GPR 8730.3, The GSFC Quality Manual

b. GPR 8700.1, Design Planning and Interface Management

c. GPR 8700.2, Design Development

d. GPR 8700.3, Design Validation

e. GPR 8700.4, Integrated Independent Reviews

f. GPR 8700.6, Engineering Peer Reviews

g. NASA-STD-5001, Structural Design and Test Factors of Safety for Spaceflight Hardware

h. NASA-STD-5002, Load Analyses of Spacecraft and Payloads

i. NASA-STD-5003, Fracture Control Requirements for Payloads Using the Space Shuttle

j. NASA-STD-5005, Ground Support Equipment

k. NASA-STD-7001, Payload Vibroacoustic Test Criteria

l. NASA-STD-7002, Payload Test Requirements

m. GEVS-SE, General Environmental Verification Specification for STS & ELV Payloads, Subsystems and Components

P.5  CANCELLATION 

N/A

P.6  SAFETY 
N/A

P.7  TRAINING 
N/A

P.8  RECORDS

N/A

P.9  METRICS 
The effectiveness of this process to achieve planned results can be measured by demonstration that mechanical systems analyzed using this process successfully meet mission requirements.  Positive customer feedback is an additional measure of effectiveness. 

P.10  DEFINITIONS

N/A

Procedures

In this document, a requirement is identified by “shall,” a good practice by “should,” permission by “may” or “can,” expectation by “will,” and descriptive material by “is.”

The following procedure and flow chart (section 9) describe a typical process for providing mechanical systems analysis support.  Individual cases may vary substantially from the standard process.  For example, multiple iterations of mechanical systems analysis may be required as requirements change during the evolution of a design.

1. Receive Request for Analysis from PDL

The Mechanical Systems Analysis & Simulation Branch schedules, plans and executes work based upon requests for analysis received from Product Design Leads (PDL).   The PDL is responsible for delivering a written request for analysis support to the Branch Head.

The PDL provides information describing not only the technical nature of the mechanical systems analysis requirements, but also the anticipated scope and schedule of the efforts.  Based upon this information, the Branch Head determines whether the branch staff will provide all, none, or a portion of the requested support, and the Branch Head communicates this determination to the PDL.   

2. Assign Work to Responsible Analyst

The Branch Head assigns all or a portion of the requested work to a responsible analyst within the branch.  The qualification of the analyst to perform the requested work is determined by the Branch Head, based upon the analyst’s position description, works experience and training.  The assigned analyst becomes a member of the Product Design Team (PDT), and attends team meetings and reviews as requested by the PDL.   

3. Support Requirements Definition

To the extent requested by the PDL, the responsible analyst supports the definition of mechanical system design and verification requirements for the relevant product.  The analyst ensures that those requirements are consistent with the latest versions of the referenced NASA standards (section 2).  

4. Receive Inputs Needed for Analysis

The analyst receives inputs required for mechanical systems analysis from a variety of sources, including other GSFC members of the PDT, other NASA centers, contractors, universities and product vendors.  Typical inputs might include design drawings, design criteria, environment specifications or assumptions (loads, acoustics, random vibration, shock, thermal, etc.), component finite element models, mass properties, damping requirements, and material properties.

The analyst is responsible for identifying required inputs, for specifying appropriate formats for those inputs, and for establishing a schedule for the delivery of the inputs.  The analyst is responsible for specifying input requirements to the PDL, as well as to the expected sources of those inputs.  The PDL is responsible for ensuring that those sources supply the necessary inputs to the analyst in accordance with the analyst’s specifications.

The analyst is responsible for retaining a record of inputs received from sources, and for referencing those inputs when they are employed in an analysis.  The analyst is responsible for notifying the PDL if the required inputs are incomplete, improperly formatted, late, or otherwise inconsistent with the specifications.

5. Perform Analysis

The analyst performs the required analysis in accordance with the latest versions of the NASA specifications listed in section 2.

The analyst commonly uses a variety of mechanical systems analysis and mathematical analysis tools and methodologies that are well verified, commercially available, widely used, and recognized throughout the engineering community as rigorous, reliable and accurate engineering tools.  In such cases, the analyst is responsible for referencing the tools, but is not responsible for performing an independent confirmation of their validity and accuracy.  

The analyst may also use unique analysis tools and methodologies that are not widely used, in which case the analyst is responsible for confirming the validity and accuracy of those tools.  The analyst may do so either by identifying references that substantiate the validity of the tools, or by performing independent checks to demonstrate the accuracy of the tools.  The analyst is responsible for retaining records of any independent checks that have been performed to verify unique analysis tools and methodologies.

6. Support Reviews

The mechanical systems analyst supports various informal and formal reviews that occur throughout the design development of a product.  The PDL establishes the schedule for those reviews, and determines the nature of the support to be provided by the responsible analyst.  Support for reviews may include supplying mechanical systems analysis results and recommendations in accordance with a schedule that permits inclusion of those results and recommendations in review presentations.  Whenever possible, the analyst attends the reviews.

7. Support Verification Testing

To the extent requested by the PDL, the mechanical systems analyst supports verification testing of GSFC products.  Mechanical systems verification testing may include static loads tests, random vibration tests, sine tests, shock tests, acoustics tests, and others.  Requested support may include the development or review of mechanical test requirements, the creation or review of mechanical test plans and procedures, the oversight of mechanical testing, the review and/or interpretation of mechanical test results, the correlation of analytical models with test results, and the performance of mechanical systems analysis in support of mechanical testing.

The responsible mechanical systems analyst ensures that recommendations concerning mechanical systems verification testing are in accordance with the latest versions of the NASA specifications listed in section 2.

8. Communicate Results to PDL

The mechanical systems analyst is responsible for communicating preliminary and final analysis results and recommendations to the PDL.

Preliminary analysis results and recommendations may be communicated informally (including verbally or by electronic messages), unless the PDL specifically requests communication in the form of a memorandum.  In either case, the analyst is responsible for retaining records of all preliminary analyses, including records of inputs and their sources, design assumptions and iterations, environment assumptions, and analytical tools and techniques employed.

Final analysis results and recommendations are communicated by the analyst to the PDL in the form of memoranda that not only summarize the final results of the analysis, but also include records of inputs and their sources, design and environment assumptions, and analytical tools and techniques employed.  In addition to providing summary memoranda, the responsible analyst may be required to produce formal, written reports documenting portions of the mechanical systems analysis efforts.  These may include loads reports, stress and margin of safety reports, test reports, and model correlation reports.  Both the PDL and the analyst are responsible for retaining records of reports and memoranda documenting final analysis results and recommendations.

9.  Flowchart: Typical Mechanical Systems Analysis Flow
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	Initial Release
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	06/09/1999
	Corrected Reference 2a. (updated GPG number and name) and deleted obsolete Reference 2b.; re-numbered References 2c. through 2m. (due to deleted Reference 2b.).; added missing Effective Date for Baseline Revision in Change History Log.
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	02/04/2005
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