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Note that this is an auto-generated TOC; as long as you retain the heading styles the TOC can be easily updated.

1.0 Abstract

In the abstract, first explain the general background behind the system—what it does, how it works, where it goes, its possible configurations, the general environment, etc.  Then, break down the system into its components, and describe what they do.

Once you have described the system, briefly enumerate each of the individual mechanisms in the system:  latches, hinges, EVA bolts, anything that moves.  Don’t worry about providing a lot of detail here; that will be done in later sections.

Some tips:

· Try to include some pictures of the overall system from different angles, or in the different configurations it may assume.  Standard orthogonal views are good too.  Label your pictures as figures for reference from within the text.  Add notes to the pictures to point out important features.  Envelope dimension or other important dimensions can be shown here too.  Also, try to include a coordinate system with at least one of the pictures so that directions specified with vector components later have a reference.

· Be sure to spell out all of your acronyms at least once before you start using them exclusively.

· Spell check the document!
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Figure 1-1

The Mars Transport.
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Figure 1-2

Clip Art doesn’t have orthogonal views of an airplane, but you get the idea.

2.0 Fault Tolerance

At a minimum, this section should include the fault tolerance worksheet matrix that explains the controls on each failure of the operational scenario.  Any clarifications to the matrix should be included here.
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This is an embedded Excel spreadsheet.  You should be able to double-click it and edit it but it may need to be reformatted or pasted as a word table to get your final product to fit right, especially if it grows to more than one page.  Instructions and an example are included farther down.  A separate Excel template is also available.

3.0 Individual Mechanism

In these sections, you will discuss each mechanism individually.  Be sure to discuss all components, modes of operation, methods of operation, operation scenarios, operating environments and redundancy.  If the mechanism is intended to be designated as DFMR, a DFMR matrix must be filled out and included in Appendix A.  Reference this matrix here.  However, even if a mechanism does not count on a DFMR designation, it is suggested that it follow DFMR practices anyway and be included in this matrix.

The primary purpose of this document is to address the verification activities planned for the mechanism in order to meet requirements.  This section where that should be located.  At a minimum it must discuss the test environment and pass/fail criteria for each test, and the verification method and rationale if testing is not to be performed.  Summarize the activities discussed here in the verification matrix included in Appendix B.  If a detailed test plan is available, reference it here and include it in another appendix.

Pictures and cross-sections will help reviewers understand the mechanism.

[image: image7.wmf]
Figure 2-1

Detail of the Elevon Hinge Clevis.

4.0 Individual Mechanism

Include a section for each mechanism.

5.0 Individual Mechanism

.

.

.

Appendix A – DFMR Matrix

Appendix A should contain the DFMR Matrix for all of the mechanisms.


[image: image8.emf]Mechanism Name Mechanism Name Mechanism Name Threaded Interface Name

Criticality Criticality Criticality Criticality

1 Binding/Jamming/Seizing

The design shall:

1.1

Include provisions to prevent 

binding/jamming/seizing.



(Information sought in this cell includes the 

materials of the components, any surface coatings, 

any lubrications used, and any other relevant 

information not captured in a subsequent cell.) How is this met and/or verified? How is this met and/or verified? Flowchart

1.2

Establish dimensional tolerances such that proper 

function is maintained under all natural and induced 

environments including: How is this met and/or verified? Etc… Flowchart

1.2.1

Thermally induced in-plane and out-of-plane 

distortions.  (Include temperature range.)

1.2.2Differential thermal growth and shrinkage. Flowchart

1.2.3Load-induced deflections. Flowchart

1.3

Account for tolerances associated with rigging 

(mechanical adjustment).

1.3.1

Demonstrate by test and/or analysis sensitivity of 

mechanism performance with respect to all rigging 

variables. 

1.4 Ensure lubricants are compatible with:

1.4.1Interfacing materials.

1.4.2Other lubricants.

1.4.3

Natural and induced environments (temperature 

limits, vacuum rating, atomic oxygen compatibility, 

settling due to long stowage times while waiting for 

flight, etc).

1.5 Address proper quantities of lubricant. Flowchart

2 Quick Release Pins

Quick release pins (pip-pins) are considered 

mechanisms and subject to the provisions in MA2-

00-057 when used in safety critical applications.  

Due to a history of failures, pip pins are excluded 

from applications as a simple mechanical system 

classificat

2.1 Meet the requirements of MA2-00-057. N/A


This is an embedded Excel spreadsheet.  If you double-click it you should be able to see and edit the whole thing it but it will need to be reformatted or pasted as a word table to make the entire table visible.  A separate Excel template is also available.

Appendix B – Functional Verification Matrix

Appendix B should contain the Functional Verification Matrix for the mechanism.  The matrix should act mainly as a summary.  Provide enough information so that the verification activities can be understood (what was done, report numbers, etc.) but save the details for the body of the report.


This is an embedded Excel spreadsheet.  If you double-click it you should be able to see and edit the whole thing it but it will need to be reformatted or pasted as a word table to make the entire table visible.  A separate Excel template is also available.

Appendix C

The remaining appendices should contain any documents referenced in the body or other appendices of the MSVP, or any other information that does not fit neatly into the body of the report.  The documents in the appendices can be provided separately from the MSVP; if this is the case, please list these documents and note them as provided separately.  Examples would include tolerance analyses, test plans or reports, the fracture control plan, hazard reports or the RAESR, etc.

Appendix D
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Sheet1

		Hazard		Mechanism Function		Criticality		First Failure that Prevents Mechanism Function		First Control Against Hazard if Failure Occurs		Second Failure		Second Control		Third Control		Fourth Control

		Hazard 1		Mechanism Function 1		Catastrophic/ Critical/ Mission Success		Subsystem/System First Failure 1		Hazard Control/Backup		Subsystem/System Second Failure 1		Hazard Control/Backup		UNDEVELOPED CONTROL
Label any possible but unconfirmed controls.  Helpful in the case that another control becomes unviable.

						Catastrophic/ Critical/ Mission Success		Subsystem/System First Failure 2		Hazard Control/Backup		Subsystem/System Second Failure 2		Hazard Control/Backup

						Catastrophic/ Critical/ Mission Success		Subsystem/System First Failure 3

				Mechanism Function 2

				Mechanism Function 3

				Mechanism Function 4

		Hazard 2		Mechanism Function 5

				Mechanism Function 6

				Mechanism Function 7

		Hazard		Mechanism Function		Criticality		First Failure that Prevents Mechanism Function		First Control Against Hazard if Failure Occurs		Second Failure		Second Control		Third Control		Fourth Control

		Hazard 1		Mechanism Function 1

				Mechanism Function 2

				Mechanism Function 3

		Hazard 2		Mechanism Function 4

				Mechanism Function 5

				Mechanism Function 6

		Key:

		Hazard--This is the hazard listed in the hazard report.  For mechanical systems this is typically "Inability to Gain/Maintain Structural Integrity" or "Inadvertent Crew Operation", but some others may apply.

		Mechanism Function--This is a particular system function that the mechanism is designed to perform.

		Failure--This is any subsystem or system level failure that could occur that would prevent the mechanism function or a hazard control from being performed.  Failures of or between individual

				mechanism parts should not be included here (those are most likely addressed in the DFMR Matrix.)  Subsystem examples include hinges, bolts, drives, latches, etc.

		Criticality--The consequence of the hazard, e.g. catastrophic, critical, mission success

		Controls Against Hazard if Failure Occurs--The methods of fault tolerance of the aforementioned failure.  If this failure occurs, how is the hazard prevented from manifesting itself?

		Example:

		Hazard		Mechanism Function		Criticality		Failure that Prevents Mechanism Function		First Control Against Hazard if Failure Occurs		Second Failure		Second Control		Third Control		Fourth Control

		Inability to Gain/Maintain Structural Integrity		Closing of Lid		Catastrophic		Hinge seizes		DFMR of hinge		Hinge seizes despite DFMR		2 of 3 hinges function, stuck hinge removed via EVA bolts		UNDEVELOPED CONTROL
May be able to show good for 1 hinge if all latches are present

						Catastrophic		Lid Soft Dock won't release		DFMR of soft dock		Soft dock seizes despite DFMR		Remove soft dock via EVA bolts		UNDEVELOPED CONTROL
May be able to stow ORU w/o container on ISS; remove lid and stow in ISS and take container home empty

				Latching of Lid		Catastrophic		Latch fails		Analysis shows good for any 4 of 5 latches		A second latch fails		Analysis shows good for any 3 of 5 latches		UNDEVELOPED CONTROL
DFMR of Latch		UNDEVELOPED CONTROL
May be able to stow ORU w/o container on ISS; remove lid and stow in ISS and take container home empty

				Securing of Container to Shuttle		Catastrophic		Bolt drive fails unengaged		DFMR of drive		Drive fails despite DFMR		Secure container on ISS with on-orbit EVA bolts (requires all 8 of 8!)

						Catastrophic		Bolt drive fails partially engaged--Bolts can't take load but can't remove container		DFMR of drive		Drive fails despite DFMR		No other control available!!

						Catastrophic		Anti-rotation device sticks		DFMR of ARD		ARD fails despite DFMR		Lock pin prevents rotation

		04/04/20005
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DFMR

						Mechanism Name		Mechanism Name		Mechanism Name		Threaded Interface Name

						Criticality		Criticality		Criticality		Criticality

		1		Binding/Jamming/Seizing

				The design shall:

		1.1		Include provisions to prevent binding/jamming/seizing.

(Information sought in this cell includes the materials of the components, any surface coatings, any lubrications used, and any other relevant information not captured in a subsequent cell.)		How is this met and/or verified?		How is this met and/or verified?				Flowchart

		1.2		Establish dimensional tolerances such that proper function is maintained under all natural and induced environments including:		How is this met and/or verified?		Etc…				Flowchart

		1.2.1		Thermally induced in-plane and out-of-plane distortions.  (Include temperature range.)

		1.2.2		Differential thermal growth and shrinkage.								Flowchart

		1.2.3		Load-induced deflections.								Flowchart

		1.3		Account for tolerances associated with rigging (mechanical adjustment).

		1.3.1		Demonstrate by test and/or analysis sensitivity of mechanism performance with respect to all rigging variables.

		1.4		Ensure lubricants are compatible with:

		1.4.1		Interfacing materials.

		1.4.2		Other lubricants.

		1.4.3		Natural and induced environments (temperature limits, vacuum rating, atomic oxygen compatibility, settling due to long stowage times while waiting for flight, etc).

		1.5		Address proper quantities of lubricant.								Flowchart

		2		Quick Release Pins

				Quick release pins (pip-pins) are considered mechanisms and subject to the provisions in MA2-00-057 when used in safety critical applications.  Due to a history of failures, pip pins are excluded from applications as a simple mechanical system classificat

		2.1		Meet the requirements of MA2-00-057.								N/A

		2.2		Meet requirements of NASM23460, which supersedes MIL-P-23460.								N/A

		2.3		Undergo qualification vibration testing:

		2.3.1		As part of total assembly qualification vibration testing								N/A

		2.3.2		Or, alone in component test to predicted qualification levels.								N/A

		2.4		Be subjected to qualification thermal testing.								N/A

				Flight quick release pins and pip-pins shall:

		2.5		Be subjected to environmental acceptance testing.								N/A

		3		Springs

				Springs used where failure would result in a hazard shall be:

		3.1		Redundant								N/A

		3.2		Or, designed, evaluated, and used under an acceptable fracture control plan (NASA-STD-5003)								N/A

		4		Fastener Retention

				Fasteners (threaded and otherwise) shall:

		4.1		Use a means of positive locking such as locking inserts, locking threads, etc. in addition to the standard torque/preload of the fastener.  (Note that the MSWG will require fasteners in rotating joints to have at least one non-friction locking device.)

		4.2		Not use locking compounds when other locking devices are practicable.

		5		Strength and Fracture Control

				Safety critical mechanical system components shall:

		5.1		Have a structural design meeting the requirements listed in NSTS 1700.7, paragraphs 208.1, 208.2, and 208.3.

		5.2		Be included in an acceptable fracture control plan.

		5.3		Designed with sufficient strength to tolerate actuation force/torque stall:

		5.3.1		At any point in the travel.

		5.3.2		And maintain positive margin of safety with and ultimate factor of safety applied.

		5.4		Where applicable, have mechanical stops designed to worst case dynamic loading conditions

		5.4.1		Have inertia properties, actuation force/torque, drive train resistance, and other environmental conditions considered in the design.

		5.5		Design to remote manipulator systems (RMS, ISS and/or Shuttle) and Extra/Intra-Vehicular Activity (EVA/IVA) impact loads.

		5.5.1		Preclude deformations that could cause binding/jamming/seizing or inadvertent actuation.

		5.6		Comply with NSTS 08307 preload criteria.

		6		Positive Indication of Status

				Safety critical mechanical system shall:

		6.1		Provide positive indication that the mechanism is in the desired position.

		6.2		Have end of travel stops.

		7		Torque/Force Margins

				OPERATING torque/force margin as defined by MA2-00-057 of safety critical mechanical systems shall:

		7.1		Be acceptance test-verified.

		7.1.1		Have a margin greater than 1.0 at all points of travel.

		7.2		Be submitted to the MSWG for review and approval for margin verification methods other than acceptance testing (analytical, analytical/testing combination).

		7.3		Have margin verification, test and/or analytical, account for worst case:

		7.3.1		Environmental conditions.

		7.3.2		Frictional effects.

		7.3.3		Alignment effects.

		7.3.4		Latching forces.

		7.3.5		Thermally induced distortions.

		7.3.6		Load induced distortions.

		7.3.7		Variations in lubricity including:

		7.3.7.1		Vacuum induced degradation or depletion.

		7.3.7.2		Due to thermal environments.

				HOLDING torque/force margin as defined by MA2-00-057 of safety critical mechanical system shall:

		7.4		Be acceptance test-verified.

		7.4.1		Margin required to be greater than 1.0 in all applicable holding configurations.

		7.5		Be submitted to the MSWG for review and approval for margin verification methods other than acceptance testing (analytical, analytical/testing combination).

		7.6		Have margin verification, test and/or analytical, account for worst case:

		7.6.1		Environmental conditions.

		7.6.2		Frictional effects.

		7.6.3		Alignment effects.

		7.6.4		Latching forces.

		7.6.5		Thermally induced distortions.

		7.6.6		Load induced distortions.

		7.6.7		Variations in lubricity including:

		7.6.7.1		Vacuum induced degradation or depletion.

		7.6.7.2		Due to thermal environments.

		8		Contamination

				Safety critical mechanical system shall:

		8.1		Be fabricated and handled in a clean environment to avoid chemical and particulate contamination.

		8.2		Have specific cleanliness requirements established/stated.

		8.2.1		Address cleanliness levels to prevent binding/jamming/seizing.

		9		Assembly Level Acceptance Tests

				Qualification and flight safety critical mechanical system assemblies shall:

		9.1		Undergo run-in testing (see MIL-A-83577B for a good definition) that is…								Flowchart

		9.1.1		Performed after initial functional testing and before further acceptance testing.								Flowchart

		9.2		Undergo functional and environmental acceptance testing.								Flowchart

		9.2.1		Environmental acceptance tests shall be structured to:

		9.2.1.1		Demonstrate mechanism achieved performance requirements.								Flowchart

		9.2.1.2		Be at expected environmental extremes.								Flowchart

		9.2.1.3		Identify workmanship defects.								Flowchart

		9.2.2		Functional tests are required before and after exposure to environmental tests.								Flowchart

		9.2.2.1		Functional tests shall be structured to demonstrate that mechanism performance meets requirements.								Flowchart

		9.2.2.2		Fuctional tests also shall establish whether damage or performance degradation has occurred due to environmental testing.								Flowchart

		9.2.3		Test parameters may be adjusted per MSWG approval for proto-flight hardware to avoid excessive endurance/fatigue limit margin erosion.								Flowchart

		10		Qualification Test

				Safety critical mechanical system assemblies shall:

		10.1		Establish a Qualification Test Program, which shall assure design performance and safety margin exists with respect to all requirements.								Flowchart

		10.1.1		Be tested in launch, on-orbit, and landing configurations.								Flowchart

		10.1.1.1		At appropriate environmental extremes.								Flowchart

		10.1.1.2		In appropriate passive or operating mode.								Flowchart

		10.1.2		Inspection and functional tests required before and after qualification tests.								Flowchart

		10.1.3		Test parameters may be adjusted per MSWG approval for proto-flight hardware to avoid excessive endurance/fatigue limit margin erosion.								Flowchart

		11		Design Life Verification Tests

				Where endurance, fatigue, lubrication deterioration, and/or excessive wear are a concern, design life verification testing shall:

		11.1		Be conducted to establish design life requirements are met.								Flowchart

		11.1.1		Mechanical systems in catastrophic hazard applications shall be cycled four times the number of planned operational cycles plus four times the number of functional and environmental test cycles.								Flowchart

		11.1.2		Mechanical systems in critical hazard applications shall be cycled two times the number of planned operational cycles plus two times the number of functional and environmental test cycles.								Flowchart

		11.1.3		Include inspection and functional tests before and after design life testing.								Flowchart

		11.1.4		Test parameters may be adjusted per MSWG approval for proto-flight hardware to avoid excessive endurance/fatigue limit margin erosion.								Flowchart

		Last Update:  04/04/2005
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Sheet1

								On-Orbit Performance												Launch																Landing/Decel

								Design Life in Environment		Run-in		Static Strength				Thermal-Vacuum				Random Vibration				Static Strength				Ascent Venting				Ascent Thermal				Random Vibration				Static Strength				Ascent Venting				Ascent Thermal

								Qual		Acceptance		Qual		Acceptance		Qual		Acceptance		Qual		Acceptance		Qual		Acceptance		Qual		Acceptance		Qual		Acceptance		Qual		Acceptance		Qual		Acceptance		Qual		Acceptance		Qual		Acceptance

		Certification				Comments		In each column, describe what was done to certify the system												In each column, describe what was done to certify the system																In each column, describe what was done to certify the system

		System		Criticality

		Component 1		Criticality

		Component 2		Criticality

		Component 3		Criticality

		Add components as required		Criticality

		Operational Steps for Task 1						For each column, describe how the mechanism operation in each step was verified												For each column, describe the functional testing performed in support of the certification tests																For each column, describe the functional testing performed in support of the certification tests

		Step 1		Criticality

		Step 2		Criticality

		Step 3		Criticality

		Add steps as required		Criticality

		Operational Steps for Task 2						For each column, describe how the mechanism operation in each step was verified												For each column, describe the functional testing performed in support of the certification tests																For each column, describe the functional testing performed in support of the certification tests

		Step 1		Criticality

		Step 2		Criticality

		Step 3		Criticality

		Add steps as required		Criticality

		Add Operations As Required
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