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INTRODUCTION

Purpose:

The Goddard Open Learning Design (GOLD) Rules specify sound engineering principles and practices, which have evolved in the
Goddard community over its long and successful flight history. They are intended to describe foundational principles that “work,”
without being overly prescriptive of an implementation “philosophy.” The GOLD Rules are a select list of requirements, which
warrant special attention due either to their historical significance, or their new and rapidly evolving nature.

The formalization of key requirements helps establish the methodology necessary to consistently and efficiently achieve safety and
mission success for all space flight products. The GOLD Rules share valuable experiences, and communicate expectations to
developers. Where appropriate, the rules identify typical activities across lifecycle phases with corresponding evaluation criteria. The
GOLD Rules also provide a framework for the many responsible Goddard institutions to assess and communicate progress in the
project’s execution. The GOLD Rules ensure that GSFC Senior Management will not be surprised by late notification of
noncompliance to sound and proven engineering principles that have made GSFC missions consistently successful. Each GOLD
Rule specifies requirements in the form of a Rule Statement, along with supporting rationale, and guidance in the form of typical
lifecycle phase activities and verifications.

Scope:

The GOLD Rules focus on fundamental principles and practices, and therefore are intended to apply to all space flight products,
regardless of implementation approach or mission classification. Whenever necessary, rules clarify requirements and expectations
consistent with different mission classifications. Although not expected to be required, an a priori Mission Exceptions List (MEL) may
be proposed at the start of a Program and/or Project, to highlight rules which may not apply. If a MEL is submitted and approved,
waivers will not be required for exceptions covered by the MEL unless changes occur to the underlying basis for exception. For rules
that include multiple elements (e.g., “test as you fly”) waivers and exceptions are valid for the specific elements indicated in a MEL or
waiver and do not constitute a global approval to waive all elements of that rule. Other exceptions that arise during execution of the
mission still require waivers, as appropriate. A MEL approved at the program level for multi project programs will be reviewed at key
points in the program lifecycle (e.g. At the release of a new Announcement of Opportunity) to validate its applicability for new
Projects.

The GOLD Rules is a living document, periodically assessed and updated to improve its clarity of purpose and effectiveness. While
the engineering principles and practices are stable, the select set of requirements may evolve based on whether they continue to
warrant increased visibility by their inclusion. The intent is to improve the GOLD Rules over time, not to grow it in size, complexity,
and coverage so that it becomes more cumbersome and less helpful over time. Requirements temporarily included because of their
new and rapidly evolving nature, must be accompanied by transition plan out of GOLD rules and into an appropriate lower level
document.
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GSFC Rules are governed by GPR 8070.4, configuration-controlled and accessible to all GSFC employees. A technical authority
designated for each rule will be responsible for requirements validation, rationale verifications, related guidance and lessons learned,
and participation in the evaluation of proposed changes and waivers.
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Figure 1
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Figure 2
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User's Guide

Rule # Title Discipline
Rule Rule Statement — The requirement.
Rationale: Statement(s) providing justification, clarification and/or context.
Phase: <A A B C D E
Activities:

Rule-associated best practices,|within each phase, to ensure compliance (guidance only)

Verification: Rule-associated best practices,|within each phase, to ensure compliance (guidance only)

Revision Status: Owner: Reference:

When implemented/modified Subject Matter Expert / Technical Authority Supporting Materials
Figure 4

10
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1.05 Single Point Failures Systems Engineering

Rule: Single point failures that prevent the ability to fully meet Mission success requirements shall be identified, and the risk associated with each shall be
characterized, managed, and tracked.

Rationale: Robust design approaches make the elimination of single point failures desirable. From a risk management perspective, it is recognized that the
acceptance of some single point failures may be prudent. In these cases, it is essential to understand the attendant risks and receive approval from
senior management.

Phase: <A A B C D E F

Activities: 1. Identify all 1. Identify failures 1. Identify failures for | 1. Design mission- 1. Verify that there N/A N/A
requirements that would cause the | all hardware and critical elements to are no single string
necessary for minimum mission to software that avoid single point failures in mission
minimum Mission fail and develop a performs mission- failures. elements that are
success. design strategy to critical functions. necessary for
2. Determine if a avoid single point 2. Develop a design minimum Mission
breach of any of failures. to avoid single point success.
these requirements failures.
will cause the
minimum mission to
fail.

Verification: 1. Verify or present 1. Verify or present 1. Verify or present 1. Verify or present 1. Verify or present N/A N/A
management management management management management
exceptions at MCR. exceptions at MDR. exceptions at PDR. exceptions at CDR. exceptions at PER

and PSR.
Owner: Reference:

Revision Status:

Rev. E

Mission Engineering and Systems Analysis Division (590)

New Fault Management PG (Future Reference)

11
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1.06 Resource Margins Systems Engineering

Rule: Resource margins shall be met in accordance with Table 1.06-1.

Rationale: Compliance with these margins improves performance on cost and schedule as well as overall mission performance.
NOTE: Flight software margin warnings are covered in Rule 3.07.

Phase: <A A B C D E

Activities: 1. Identify resource 1.Update resource 1. Update resource 1. Update resource 1. Update resource N/A N/A
margins. margins. margins. margins. margins.
2. Identify the 2. Identify the 2. Identify the 2. |dentify the
percent of resource percent of resource percent of resource percent of resource
that was determined that was determined that was determined that was determined
by estimation, by estimation, by estimation, by estimation,
calculation or calculation or calculation or calculation or
measurement. measurement. measurement. measurement.

Verification: 1. Verify at MCR. 1. Verify at ICR and 1. Verify at PDR and 1. Verify at CDR. 1. Verify at PER and | N/A N/A

MDR. confirmation review. PSR.

Revision Status:
Baseline; Updated: Rev C.2

Owner:

Mission Engineering and Systems Analysis Division (590)

Reference:

Guidelines for Margins (future)

12
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Table 1.06-1 Technical Resource Margins
All values are assumed to be at the end of the phase

‘ Pre-Phase A ‘ Phase A Phase B Phase C Phase D Phase E
Resource

Mass (dry)**** >30% >25% >20% >15% 0

Power (wrt EOL capacity) >30% >25% >15% >15% >10% *

Propellant 3g™** 30

Telemetry and Command hardware >25%, >20% >15% >10% 0

channels** B B B -

Margin (in percent) = (Available Resource-Estimated Value of Resource)/Estimated Resource X 100

*At launch there shall be 10% predicted power margin for mission critical, cruise and safing operating modes as well as to

accommodate in-flight operational uncertainties.
** Telemetry and command hardware channels read data from hardware such as thermistors, heaters, switches, motors, etc.
*** The 3 sigma variation is due to the following: 1. Worst-case spacecraft mass properties 2. 3-sigma low launch
vehicle performance 3. 3-sigma low propulsion subsystem performance (thruster performance/alignment, propellant residuals) 4.
3-sigma flight dynamics errors and constraints 5. Thruster failure (applies only to single-fault-tolerant systems)
**** Estimated value of resource includes contingency/reserve to cover mass uncertainty of immature items (e.g. low TRL).
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1.07 End-to-End GN&C Phasing Systems Engineering
Rule: All GN&C sensors and actuators shall undergo end-to-end phasing/polarity testing after spacecraft integration and shall have flight software mitigations
to correct errors efficiently.
Rationale: Many spacecraft have had serious on-orbit problems due to inadequate verification of signal phasing or polarity. Component-level and end-to-end
phasing tests and flight software mitigations can ensure correct operation.
Phase: <A A B C D E
Activities: N/A N/A 1. Define interface 1. Update ICDs to 1. Perform unit-level N/A N/A
requirements of include polarity phasing tests.
sensors and definition. 2. Test flight S/W for
actuators. 2. Review vendor table upload
2. Design flight unit-level phasing functionality.
software to include test plans. 3. Perform end to-
capability to fix 3. Write flight S/W to end phasing test for
polarity problems via include capability to all sensor-to-actuator
table upload. fix polarity problems combinations.
via table upload. 4. Develop & test
4. Create unit-level & | contingency flight
end-to-end phasing ops procedures for
test plan. fixing phasing
problems.
Verification: N/A N/A 1. Verify through 1. Verify through 1. Verify at PSR and | N/A N/A
peer review and at peer review and at LRR.
PDR. CDR.
Revision Status: Owner: Reference:

Rev. E

Guidance, Navigation, and Control Systems Engineering Branch (591)

ACS Handbook sec. 7.3.3.1

14
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1.08 End-to-End Testing Systems Engineering

Rule: System end-to-end testing shall be performed using actual flight hardware and software, wherever practicable, and shall apply from input to
instrument(s), through the spacecraft, transmitted to receiving antennas, and through the ground system - reconciled against what is physically
achievable before launch, and consistent with associated mission risk.

Rationale: End-to-end testing is the best verification of the system's functionality, and often cannot be fully achieved because of difficulties in closing some of the
links. Breaks from a continuous End-to-end test are permitted in such cases, if they are consistent with the associated risks of the mission
classification.

Phase: <A A B C D E

Activities: 1. Identify end-to-end | 1. Review and 1. Review and 1. Draft final 1. Perform unit-level N/A N/A
tests that represent update the list of update list of end-to verification plan. phasing tests.
system-level end-to-end tests and | end tests and 2. Sign off on plan, 2. Test flight S/W for
functions. analyses identified in | analyses identified in | put under CM test table upload

Pre-phase A. Phase A. schedule. functionality.

2. Define success 2. Review and 3. Identify and 3. Perform end to-
criteria for verification | update verification schedule sequence end phasing test for
and incorporate into plan and schedule. of analyses and all sensor-to-actuator
verification plan. 3. Identify test plans testing for verifying combinations.

3. Review and and facilities that end-to-end flight 4. Develop & test
update verification need to be in place performance. contingency flight
plan and schedule. for end-to-end 4. Quantify the ops procedures for
4. Identify facilities testing. fidelity of each fixing phasing
required for end-to- verification step. problems.

end testing.

Verification: 1. Verify all elements | 1. Verify at MDR. 1. Verify at SDR or 1. Verify at CDR. 1. Verify at PSR and | N/A N/A
of the operating SRR, PDR. LRR.
observatory and
ground system at
MCR.

Revision Status: Owner: Reference:

Rev. F Mission Systems Engineering Branch (599) GEVS 2.8

15
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Systems Engineering

1.09 Test as You Fly
Rule: All GSFC missions shall follow a, "Test as You Fly (TYF) - Fly as You Test" approach, throughout all applicable lifecycles. Note: a waiver or exception
to this rule will be based only on the specific elements that appear and are approved in the request and is not a global approval to follow TYF for all
elements.
Rationale: Testing of all critical mission-operation elements as they will be flown greatly reduces the risk of encountering negative impacts upon Mission success,
from partial to full loss of mission capability.
Phase: <A A B C D E F
Activities: 1. Develop the 1. Develop final test 1. Develop test 1. Perform testing N/A N/A
preliminary test plan plan, employing a procedures per plan /
employinga TYF TYF philosophy. employing a TYF procedures.
philosophy. philosophy.
Verification: 1. Verify at MDR. 1. Verify at PDR. 1. Verify at CDR. 1. Verify at PER. N/A N/A
Reference:

Revision Status:
Rev. F

Owner:

Mission Engineering and System Analysis Division (590)

16
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1.11 Qualification of Heritage Flight Hardware Systems Engineering
Rule: All heritage flight hardware shall be fully qualified and verified for use in its new application. This qualification shall take into consideration necessary
design modifications, changes to expected environments, and differences in operational use.
Rationale: All hardware, whether heritage or not, needs to be qualified for its expected environment and operational uses.
Phase: <A A B C D E
Activities: 1. Identify/list 1. Update hardware 1. Refine/finalize 1. Qualify heritage 1. Develop, test, and N/A N/A
heritage hardware to list and identify the heritage hardware list | hardware as part of integrate the flight
be used and make a qualification and the required overall qualification articles.
cursory assessment requirements. qualification of mission hardware.
of "use as is" or 2. Assess through requirements.
delta-qual. the peer review
process the ultimate
applicability of
previously
flown/heritage
hardware designs.
Verification: 1. Review summary 1. Review summary 1. Review summary 1. Review summary 1. Review summary N/A N/A
documentation at documentation at documentation at documentation at documentation at
MCR. MDR. PDR. CDR. PER and PSR.
Revision Status: Owner: Reference:

Rev. F

Mission Systems Engineering Branch (599)
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1.14 Mission Critical Telemetry and Command Capability Systems Engineering
Rule: Continuous telemetry coverage shall be maintained during all mission-critical events. Mission-critical events shall be defined to include separation from
the launch vehicle; power-up of major components or subsystems; deployment of mechanisms and/or mission-critical appendages; and all planned
propulsive maneuvers required to establish mission orbit and/or achieve safe attitude. After separation from the launch vehicle, continuous command
coverage shall be maintained during all following mission-critical events.
Rationale: With continuous telemetry and command capability, operators can prevent anomalous events from propagating to mission loss. Also, flight data will be
available for anomaly investigations.
Phase: <A A B C D E F
Activities: 1. Identify and 1. Update concept of | 1. Address and 1. In Operation Plan, 1. Update Operations | 1. Perform critical N/A
document potential operations. document coverage identify telemetry and | Plan. events with telemetry
mission-critical 2. Identify of mission critical command coverage 2. Address telemetry | and command
events in concept of requirements for events in draft of for all mission-critical | and command capability.
operations. critical event Mission Operations events. coverage of critical
2. Identify and coverage in ground Concept. events in Operations
document in concept | system design. 2. Address critical Procedures.
of operations all event coverage in
potential needs for requirements for
communications ground system
coverage, such as design.
TDRSS or backup
ground stations.
Verification: 1. Verify or present 1. Verify or present 1. Verify or present 1. Verify or present 1. Verify or present 1. Verify telemetry N/A
exceptions at MCR. exceptions at MDR. exceptions at PDR. exceptions at CDR. exceptions at ORR. capability for events
not excepted in
Phase D during
mission operations.
Revision Status: Owner: Reference:

Rev. F

Mission Systems Engineering Branch(599)
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1.17 Safe Hold Mode Systems Engineering
Rule: All spacecraft shall have a power-positive control mode (Safe Hold) to be entered in spacecraft emergencies. Safe Hold Mode shall have the following
characteristics: (1) its safety shall not be compromised by the same credible fault that led to Safe Hold activation; (2) it shall be as simple as practical,
employing the minimum hardware set required to maintain a safe attitude; and (3) it shall require minimal ground intervention for safe operation.
Rationale: Safe Hold Mode should behave very predictably while minimizing its demands on the rest of the spacecraft. This facilitates the survival, diagnosis, and
recovery of the larger system. Complexity typically reduces the robustness of Safe Hold, since it increases the risk of failure due to existing spacecraft
faults or unpredictable controller behavior.
Phase: <A A B C D E F
Activities: 1. Ensure that 1. Ensure that 1. Identify hardware 1. Establish detailed 1. Implement Safe N/A N/A
requirements requirements & software Safe Hold design Hold Mode.
document and document and configuration for Safe | including entry/exit 2. Verify proper
operations concept operations concept Hold Mode. criteria and FDAC mode transitions,
include Safe Hold include Safe Hold 2. In preliminary requirements for redundancy, and
Mode. Mode. FMEA, demonstrate flight software. phasing in ground
that no single 2. In final FMEA, testing.
credible fault can demonstrate that no 3. Execute recovery
both trigger Safe single credible fault procedures during
Hold entry and cause | can both trigger Safe | mission simulations.
Safe Hold failure. Hold entry and cause | 4. Perform on-orbit
3. Analyze Safe Hold failure. testing if applicable.
performance of 3. Analyze
preliminary Safe Hold | performance of Safe
algorithms. Hold algorithms.
4. Via a rigorous risk
assessment, decide
whether or not to test
Safe Hold on-orbit.
Verification: 1. Verify through 1. Verify through 1. Verify through 1. Verify through 1. Verify at PER and N/A N/A
peer review and at peer review and at peer review and at peer review and at FOR.
MCR. MDR. PDR. CDR.
Revision Status: Owner: Reference:

Rev. F

Attitude Control Systems Engineering Branch (591)
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1.19 Initial Thruster Firing Limitations Systems Engineering
Rule: All initial thruster firings shall occur with real-time telemetry and command capability. If alternate actuators (e.g. reaction wheels) are present, the
momentum induced by initial firings shall be within the alternate actuators' capability to execute safe recovery of the spacecraft.
Rationale: Polarity issues and thruster underperformance typically occur early in the mission. Both conditions can result in a spacecraft emergency due to
excessive spacecraft spin rates.
Phase: <A A B C D E F
Activities: 1. The Attitude 1. The Attitude 1. Hardware 1. Establish detailed 1. Test failed thruster | 1. Ground contact 1. Maintain activity
Control System Control System shall (processors, power recovery procedures. | conditions with the shall be maintained per Phase E.
(ACS) Concept shall design the thruster interfaces, data Finalize design and greatest possible during thruster 2. Document any
ensure that thrusters | electronics, size and interfaces, etc.) and operations concept fidelity. Verify firings. lessons learned.
will not be required place the thrusters, software shall ensure | consistent with the transitions and
during launch vehicle | and size other that anomalous activities established polarity.
separation for a 3- actuators (e.g. thruster firings will be | in Pre-Phase-A. 2. Ensure that
sigma distribution of reaction wheels) shut down quickly recovery procedures
cases. The concept such that a failed enough to allow have been simulated
for operations shall thruster can be shut recovery of the with the flight
ensure that, exceptin | down and the spacecraft to a operations team.
case of emergency, momentum absorbed | power-safe and 3. During on-orbit
all thrusters can be before power or thermal-safe testing, thrusters
test-fired on-orbit thermal constraints condition. shall be test fired to
prior to the first delta- | are violated. The 2. Develop design verify polarity and
vV maneuver. activities specified in and operations performance prior to
Pre-Phase A shall be | concept consistent being used in a
maintained. with the activities closed loop control.
established in Pre-
Phase-A.
Verification: 1. GN&C and system | 1. GN&C and system | 1. GN&C and system | 1. GN&C and system | 1. GN&C and system | 1. Documentlessons | 1. GN&C and system

engineering
organizations shall
verify at MCR.

engineering
organizations shall
verify at MDR.

engineering
organizations shall
verify at PDR.

engineering
organizations shall
verify at CDR.

engineering
organizations shall
verify at SAR.

2. Follow-up at
Operational
Readiness Review
(ORR).

learned.

engineering
organizations shall
verify at DR.

2. GN&C and system
engineering
organizations
document lessons
learned.

Revision Status:

Rev. F

Owner:
Attitude Control Systems Engineering Branch (591)

Reference:

ACS handbook

20



http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf

Downloaded from http://www.everyspec.com

1.20 Manifold Joints of Hazardous Propellants Systems Engineering

Rule: All joints in the propellant manifold between the propellant supply tank and the first isolation valve shall be NDE-verified welds.

Rationale: Failure of manifold joint poses critical or catastrophic threat to personnel and/or facility.

Phase: <A A B C D E

Activities: N/A N/A 1. Confirm system 1. Present weld & 1. Certify integrity of N/A N/A
requirements for technician welds by NDE.
welded manifold certification plans
joints. and NDE plans.

Verification: N/A N/A 1. Verify at PDR. 1. Verify at CDR. 1. Verify at PER. N/A N/A

Owner: Reference:

Revision Status:

Rev. E

Propulsion Branch (597)

Propulsion Handbook
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1.21 Overpressurization Protection in Liquid Propulsion Systems Systems Engineering
Rule: The propulsion system design and operations shall preclude damage due to pressure surges ("water hammer"). (Note: See also rule 1.28 "Unintended
Propellant Vapor Ignition.")
Rationale: Pressure surges could result in damage to components or manifolds, leading to failure of the propulsion system, damage to facilities, and/or safety risk
to personnel.
Phase: <A A B C D E
Activities: N/A N/A 1. Perform pressure 1. Demonstrate by N/A N/A N/A
surge analysis, test that maximum
based on worst-case | surge pressure is
operating conditions, | less than system
to determine proof pressure.
maximum surge 2. Demonstrate by
pressure. test that surge-
2. If maximum surge suppression features
pressure is greater (if applicable) do not
than system proof lead to violation of
pressure, incorporate | flowrate/pressure
design features to drop requirements.
reduce surge 3. Demonstrate by
pressure below proof | analysis that flight
pressure. SW and/or on-orbit
procedures will
prevent operation of
propulsion system
beyond conditions
assumed in pressure
surge analyses and
tests.
N/A N/A 1. Verify at PDR. 1. Verify at CDR. N/A N/A N/A
Verification:
Revision Status: Owner: Reference:

Rev. E

Propulsion Branch (597)

Propulsion Handbook
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1.22 Purging of Residual Test Fluids Systems Engineering
Rule: Propulsion system design and the assembly & test plans shall preclude entrapment of test fluids that are reactive&ith wetted material or propellant.
Rationale: Residual test fluids can be reactive with the propellant or corrosive to materials in the system leading to @s‘a'f or catastrophic failure.
; \/’

Phase: <A A B C o E F
Activities: N/A N/A 1. If test fluids are 1. Demonstrate that 1. {&fy dryness of N/A N/A

used in the the method for drying system by

assembled system, the wetted system <>Ee .

present plans for has been validated N

purging & drying of by test on an

system @ent or SI

<§‘</
2 i
Verification: N/A N/A QO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify at PSR. N/A N/A
Revision Status: Owner: Reference:
Rev. E \> Propulsion Branch (597) Propulsion Handbook
O
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1.23 Spacecraft 'OFF' Command Systems Engineering

Rule: In a redundant Spacecraft with no hardware failures, no single command shall result in Spacecraft "OFF." In a single string Spacecraft, or a redundant
Spacecraft with a failure, no single command shall result in Spacecraft "OFF." &

Rationale: While redundancy can greatly enhance system reliability and confidence, it also incorporates added con@aﬁ/ to the overall design. Design
considerations must take into account the complexity that is added by redundant components, in orc@Q itigate potential negative effects upon the
overall system reliability. (/

; \/’

Phase: <A A B C R E F

Activities: 1. Complete 1. Reassess and 1. Reassess 1. Reassess 1. ess N/A N/A
applicability update applicability. compliance. compliance. liance.
assessment. 2. Complete initial 2. Ensure flow-down | 2. Ensure row-down< erform

compliance traceability to traceability to Osvenﬁcahon activity.
assessment, based appropriate sub- appropriate sub
upon applicability. system in draft sys n techn@

technical @n

requirements and j %

Design-To specifi

specifications. aseﬁ?gs.

3. Define verific @ 3&2& ate verification

approach. &) oach.

Verification: Verify at MCR. Verify at SRR, M@\ Verify at PDR and Verify at CDR and Verify at ORR, N/A N/A

and PNAR. Q NAR. SIR. SMSR, and FRR.

Revision Status: Owner: Reference:

Rev. F

Mission Systems Engineering Branch (599)

Fault Management PG

\A
SV
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1.24 Propulsion System Safety Electrical Disconnect Systems Engineering
Rule: An electrical disconnect "plug" and/or set of restrictive commands shall be provided to preclude inadvertent operation of propulsion system
components.
Rationale: Unplanned operation of propulsion system components (e.g. 'dry' cycling of valve; heating of catalyst begidNair; firing of thrusters after loading
propellant) can result in injury to personnel or damage to components. A
; \/’

Phase: <A A B C R E F
Activities: N/A N/A 1. Present design 1. Present detailed 1. nstrate the N/A N/A

and/or operational design of electrical iveness of the

plan that preclude disconnect and/or set )_f onnect and/or set

unplanned operation of restrictive 0\0 restrictive

of propulsion system | commands to commands by test.

components. preclede unplan

0 no
Isi m
NcImporfents’
Qg‘o X
QD
QQ/ %\}
Verification: N/A N/A QO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify at PER. N/A N/A
Revision Status: )| Owner: Reference:
Rev. E \> Propulsion Branch (597) Propulsion Handbook
O
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1.25 Redundant Systems Systems Engineering
Rule: When redundant systems or functions are implemented for risk mitigation, the redundant components, or functiona] command paths, shall be
independent, such that the failure of one component or command path does not affect the other component or cofgnand path. Critical single point
failures due to electrical, thermal, mechanical and functional dependencies should be documented. < é
| 2O
Rationale: While redundancy can greatly enhance system reliability and confidence, it also incorporates added ¢ xity to the overall design. Design
considerations must take into account the complexity that is added by redundant components, in or; 0 mitigate potential negative effects upon the
rall tem reliability.
overall system reliability A
Phase: <A A B C AD E F
Activities: 1. Complete 1. Reassess and 1. Reassess 1. Reassess gIssess N/A N/A
applicability update applicability. compliance. compliance. pliance.
assessment. 2. Complete initial 2. Ensure flow-down | 2. Ensure flow-dow < " Perform
compliance traceability to traceability to 0 verification activity.
assessment, based appropriate sub- appropriate sub@
upon applicability. system in draft Sy, @in tegimic
technical r@k m d
requirements and < o]
Design-To %e pgﬁon
specifications. b. 9\1 es.
3. Define verifi S{Qp ate verification
approach. i%proach.
SN
I\Q‘ r
Verification: 1. Verify at MCR. 1. Verify at SRRN\_J | 1. Verify atPDRand | 1. Verify at CDORand | 1. Verify at ORR, N/A N/A
MDR, and PNAR. NAR. SIR. SMSR, and FRR.
Revision Status: NVY| Owner: Reference:
Rev. F \?\/ Mission Systems Engineering Branch (599) Fault Management PG
~
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1.26 Safety Inhibits & Fault Tolerance Systems Engineering
Rule: The external leakage of hazardous propellant is a Catastrophic Hazard, and requires three independent inhibits to prevent it. Dynamic seals (e.g.
solenoid valves) shall be independently verified as close to propellant loading as possible. Static seals (i.e. crusréskets, o-rings, etc) are recognized
as non-verifiable at the system level. The integrity of these seals shall be controlled by process or procedure sistent with industry standards.
Components where fault tolerance is not credible or practical (e.g., tanks, lines, etc.) shall use design for mi m risk instead.
Rationale: Adequate control of safety hazards is necessary in order to develop safe hardware and operations. Veriff 2¥on of independence of inhibits is necessary
to preclude propagation of failure in safety inhibits that can result in critical or catastrophic threats to p T\ nel, facility, and hardware.
The internal volume between redundant inhibits (seals) shall be limited to the minimal practical vo@nd designed to limit the external leakage in the
event of failures. O~
Phase: <A A B C (OD E F
Activities: N/A N/A 1. Identify proposed 1. Demonstrate by ) onstrate by N/A N/A
design inhibits that analysis or < lysis or
preclude hazardous component test thgt \\Mcomponent test that
condition and A) failure in sel@) A) failure in selected
document in inhipftwyill not ca inhibit will not cause
preliminary hazard fat f t er failure of the other
analysis. 4&;ﬂs, atno | inhibits, or B) that no
2. Present ingle or single event or
compliance with Q/so@scommand software command
range safety % 9% en multiple can open multiple
requirement Q‘ ‘§1 its. inhibits.
including f; . Provide 2. Provide hazard
» implementation control verification
details of the fault details addressing
tolerance fault tolerance of
requirements of propulsion system.
propulsion system. Document in
Document in subsystem design
subsystem design and Final MSPSP.
and Intermediate
A MSPSP.
Verification: N/A N/A \C'1. Verify at PDR and 1. Verify at CDR and 1. Verify in Final N/A N/A
O in Preliminary in Intermediate MSPSP Safety Data
Q MSPSP/Safety Data MSPSP/Safety Data Package.
O\ Package. Package.
Revision Status: \V/| Owner: Reference:
Rev. F \vy System Safety Branch (321) & Propulsion Branch (597) Fault Management PG
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1.27 Propulsion System Overtemp Fuse Systems Engineering

Rule: Flight fuses for wetted propulsion system components shall be selected such that overheating of propellant will not occur at the maximum current limit
rating of the flight fuse. (Note: See also rule 2.06 "System Fusing Architecture.")

Rationale: Propulsion components such as pressure transducers normally draw very low current, and therefore the@s‘e’s are usually oversized. In such cases it
may be possible for a malfunctioning component to overheat significantly without exceeding the rati% e fuse. Exceeding temperature limits of
propellant can result in mission failure or critical/catastrophic hazard to personnel and facility. (/

. \/’

Phase: <A A B C o E F

Activities: N/A N/A 1. Present fusing 1. Demonstrate by 1. Y&y by N/A N/A

plan for wetted analysis that wetted i tion of QA

propulsion system components will not <>§c rds that the

components. exceed maximum Oscorrect flight fuse has

allowable been installed.
Verification: N/A N/A O\ .1. Verify at PDR. 1. Verify at CDR. 1. Verify at PER or N/A N/A
Q PSR.
Revision Status: Owner: Reference:
Rev. E \> Propulsion Branch (597) Propulsion Handbook
V‘ EEE-INST-002
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1.28 Unintended Propellant Vapor Ignition Systems Engineering
Rule: Propulsion system design and operations shall preclude ignition of propellants in the feed system. Q
Rationale: Ignition of propellant vapor can occur due to a variety of conditions including (1) mixing of fuel and oxidi R pressurant manifolds via diffusion and
condensation; (2) pyrotechnic valve initiator products entering propellant manifolds; (3) adiabatic conﬂ\ on of gas due to pressure surges, i.e.
"water hammer" effects. These conditions can cause hardware damage and/or mission failure.
yo)
Phase: <A A B C AD E F
Activities: N/A N/A 1. Present design 1. Demonstrate by I@’ N/A N/A
analysis, including analysis or test that 25
pyrovalve firing pyrovalve firing <\
sequence and/or sequence and/or
propellant line initial prop: Iantllnel
pressurization, at|
supporting mitigation
of conditions for 4@ % ignition
ignition of propellantQ %{: nt vapor.
vapors. ropellant
2. For bipropel@.% Ft&n
systems, q%monstrate by test
demonst \ hat selected
analysijs th pressurant system
desj i components exhibit
adeq vapor diffusion
agamst n and resistance per the
cond a Phase B analysis.
a vapors in
Q n manifolds.
Verification: N/A N/A QU 1. Verify at PDR. 1. Verify at CDR. N/A N/A
Revision Status: \ Owner: Reference:

Rev. E

Propulsion Branch (597) Propulsion Handbook
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1.30 Controller Stability Margins Systems Engineering
Rule: The Attitude Control System (ACS) shall have stability margins of at least 6db for rigid body stability with 30 degrees phase margin, and 12db of gain
margin for flexible modes. %
N Oé
Rationale: Proper gain and phase margins are required to maintain stability for reasonable unforeseen changes a@'értainty in spacecraft configuration.
o
. N4
Phase: <A A B C _ @. E F
Activities: 1. Identify in the 1. Update the ACS 1. Design all control 1. Stability analyses 1. {&fiy that the N/A N/A
Attitude Control concept and identify modes so that the should include all ity analyses
System (ACS) if the gain and phase | rigid body stability flexible mode effects,< ented at CDR
Concept if the gain margin requirements | margins are at least sample data and \ encompass the “as
and phase margin will be difficult to 6 dB of gain margin delay effects (a built” mass properties
requirements will be meet due to the and 30 degrees of othe onllnearb and flexible body
difficult to meet due spacecraft phase margin. @ uel models.
to the spacecraft configuration. 2. Ensure that % ted 2. Update CDR
configuration. flexible modes have analyses if necessary
atleast 12 dB of g Q of mode to verify that stability
margin. damping and margin requirements
& are met.
Verification: 1. GN&C and system | 1. GN&C and sy 1. GN&C and system | 1. GN&C and system | 1. GN&C and system | N/A N/A
engineering engineering engineering engineering engineering
organizations verify organizatio ify organizations verify organizations verify organizations verify
at MCR. at MDR. | at PDR. at CDR. at PSR.
Revision Status: N T Owner: Reference:

Rev. F

\‘Vy

Attitude Control Systems Engineering Branch (591)

ACS Handbook
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131 Actuator Sizing Margins Systems Engineering
Rule: The Attitude Control System (ACS) actuator sizing shall reflect specified allowances for mass properties growth.
Rationale: Knowledge of spacecraft mass and inertia can be very uncertain at early design stages, so actuator sizi@ﬁb’uld be done with the appropriate amount
of margin to ensure a viable design. A\
. \/’
Phase: <A A B C o E F
Activities: N/A 1. ACS actuators 1. ACS actuators 1. ACS actuators NA D N/A N/A
(including propulsion) | (including propulsion) | (including propulsion)
shall be sized for the | shall be sized for the | shall be sized for the <>§
current best estimate | current best estimate | current best estim%\
of spacecraft mass of spacecraft mass of spacecraft ma
properties with 100% | properties with 50% prop es W|th
design margin. design margin. ar@
4
\
Q‘oz%\\
Verification: N/A 1. GN&C and sy@\ 1. GN&C and system | 1. GN&C and system | N/A N/A N/A
engineering engineering engineering
organizatio organizations shall organizations shall
verify at verify at PDR. verify at CDR.
Owner: Reference:

Revision Status:

Rev. F

R\ad

Attitude Control Systems Engineering Branch (591)

ACS handbook
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1.32 Thruster and Venting Impingement Systems Engineering
Rule: Thruster or external venting plume impingement shall be analyzed and demonstrated to meet mission requiremerz
Rationale: Impingement is likely to contaminate critical surfaces and degrade material properties. It can also creat xerse and unpredictable S/C torques and
unacceptable localized heating. A\
; \/’
Phase: <A A B C o E F
Activities: N/A N/A 1. Develop analytical 1. Refine analysis 1. R&ffpk analysis N/A N/A
mass transport based on updated on updated
model. designs. <>7 igns.
2. Update as design 0\ . Measure venting
evolves. rates during T/V tests
Q Q and verify analysis.
Q@ ’«\?‘
QQ/ %\~
108
Verification: N/A N/A QO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify at PSR. N/A N/A
Revision Status: Owner: Reference:

Rev. F

Mission Engineering and Systems Analysis Division (590)

JPL D-17868 rev. 2: 2.4.2.2.6
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1.33 Polarity Checks of Critical Components Systems Engineering
Rule: All hardware shall be verified by test or inspection for the proper polarity, orientation, and position of all components (sensors, switches, and
mechanisms) for which these parameters affects performance. é
N O%
Rationale: Each spacecraft and instrument contains many components that can be reversed easily during installati ~\Unless close inspections are performed,
and proper installations are verified by test, on-orbit failures can occur when these components are a d.
&,
Phase: <A A B C _ %.v E F
Activities: N/A 1. Identify all polarity- | 1. Identify all polarity- | 1. Identify all polarity- | 1. ExeGlite polarity N/A N/A
dependent dependent dependent t subsystem
components in the components in the components in the <L end-to-end
spacecraft design spacecraft spacecraft detailed N\ Mission system
concept. preliminary design. design. levels.
2. Ensure that design | 2. Ensure that 2. Epsyre that
concept provides preliminary design d @ de@
capability for testing provides capability j es@ lity
functionality of for testing for testt
polarity-dependent functionality of Q, unc y of
components at end- poIarity-depen% quq -dependent
to-end mission components oM ponents at end-
system level, in to-end mis, @ \‘\ end mission
addition to system , M system level, in
subsystem level. additi @ addition to
sub lgwrel. subsystem level.
3. Dev€lo mlan 3. Develop test
for polari@ procedures for
dep polarity-dependent
c@nts. components.
L
Verification: N/A 1. Verify through™\M | 1. Verify through 1. Verify through 1. Verify through N/A N/A
peer review aQQ peer review and at peer review and at peer review, at PER,
MDR. A~ PDR. CDR. and at PSR.
Revision Status: Reference:

Rev. E

\ Owner:
«\\/ Mission Systems Engineering Branch (599)

3

4
v
Oé
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1.34 Closeout Photo Documentation of Key Assemblies Systems Engineering
Rule: Projects shall produce closeout photographic documentation of all assemblies during the manufacturing process and of the final integrated
configuration "as flown."
Rationale: Closeout photographic documentation provides an essential record in the event of mishaps or anomalie%\v
; \/’
Phase: <A A B C _ @. E
Activities: N/A 1. Identify plan to 1. Update plan to 1. Implement plan to 1. e closeout N/A N/A
capture closeout capture closeout capture closeout graphic
photographic photographic photographic <L umentation of key
documentation of key | documentation of key | documentation of kel \ assemblies.
assemblies. assemblies. assemblies. Q
%0) /&\V
ST
70
Verification: N/A 1. Verify at MDRO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify at PSR. N/A N/A
Owner: Reference:

Revision Status:

Rev. F

\> Mission Systems Engineering Branch (599)
O
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1.35 Maturity of New Technologies Systems Engineering
Rule: All technologies shall achieve a TRL 6 by PDR. Not applicable to technology demonstration opportunities. Q
Rationale: The use of new and unproven technologies requires a thorough qualification program in order to reduce@ﬁ' an acceptable level.
: v‘
Phase: <A A B C _ @. E
Activities: 1. Identify relevant 1. Develop 1. Implement N/A N/ U N/A N/A
technologies, qualification plan for qualification plan and
readiness levels, specific technologies, | demonstrate that <>§
develop overall risk including risk TRL 6 has been 0\
mitigation plan mitigation. Peer achieved. Peer
(including fall back to | review plan. review qualification Q
existing results. Q Q
technologies), and @ @
conduct peer ) &
review(s). % " \?\
\\52‘0 S
108
Verification: 1. Review summary 1. Review summ#@P\M | 1. Review summary N/A N/A N/A N/A
documentation at documentatio documentation at
MCR. MDR. A~ PDR.
Revision Status: Owner: Reference:

Rev. E

W

4

Applied Engineering and Technology Directorate (500)
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1.37 Stowage Configuration Systems Engineering
Rule: When a spacecraft is in its stowed (launch) configuration, it shall not obscure visibility of any attitude sensors required for acquisition, and it shall not
block any antennas required for command and telemetry. é
Rationale: Establishment of spacecraft communications and acquisition of safe attitude are the two highest-priority t-separation activities, and should not be
dependent on completion of deployments. A\
Phase: @)/
<A A B C , E

Activities: N/A 1. Demonstrate by 1. Demonstrate by 1. Demonstrate by 1. @e during I&T N/A N/A

inspection that field-of-view analysis | field-of-view analysis echanical

mechanical that mechanical that mechanical <>E' system detailed

subsystem concept subsystem subsystem detailed \\\ design allows for full

allows for full visibility | preliminary design design allows fo visibility of sensors

of sensors and allows for full visibility | visibjkty of sens and telemetry &

telemetry & of sensors and a mel@ command antennas.

command antennas. telemetry & an@ nas.

command antennas. ‘0 &
ST
L&
& S

Verification: N/A 1. Verify at MDRO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify at PER. N/A N/A
Revision Status: Owner: Reference:

Rev. E

O

Mission Systems Engineering Branch (599)
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1.39 Propellant Sampling in Liquid Propulsion Systems Systems Engineering

Rule: Liquid propellant quality shall be verified by sampling at point of use prior to loading spacecraft propulsion system.

Rationale: Contaminated propellant could result in damage to components or manifolds, leading to failure of the pr: system with a potential impact on
mission success. If detected prior to launch, purging and cleansing the propulsion system of contami @would incur significant cost and result in
launch delay.

Phase: <A A B C E F

Activities: N/A 1. Ensure propellant 1. Include propellant 1. Incorporate propellant | 1. AralyXe a N/A N/A

sampling is included sampling sampling in iNrfm of three
in project cost and requirements in the development of fuel %ples to
schedule. propulsion system loading procedures. Q:d monstrate the
design process 2. Incorporate 0 propellant meets
including the design propellant sampli quality standards
of the GSE. consi tlons m@el 2. Ensure adequate
2. Include loagh propellant flow
discussions of through the
propellant sampllng clu Iant propellant loading
requirements in I d analysis system to detect
Ground Operatlog@ & nts in GOWG | contamination
Working Gro sources within the
(GOWG). \ propellant loading
system.
0 @ 3. Samples draw at
% "point of use" after
the propellant flows
5@ through loading
equipment and within
reasonable proximity
Q‘ to the spacecraft.
Q 4. Include propellant
Q sampling and
O analysis
requirements for
Q purity and particulate
O count in launch
processing timelines
prior to introduction
A?N to on-board flight
hardware
Verification: N/A “k Review summary 1. Review summary 1. Review summary 1. Review summary N/A N/A
\/documentation at documentation at documentation at peer documentation at
é MDR. peer reviews and reviews and CDR. PSR.
O PDR.
Revision Status: Owner: Reference:

Rev. F

Propulsion Branch (597)

Propulsion Handbook
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1.40 Maintaining Command Authority of a Passive Spacecraft Systems Engineering
Rule: All spacecraft shall include measures to minimize the likelihood of loss of command authority, including an inde e%ent clear-channel backup to
command encryption. é
O
Rationale: There is no situation where it would be preferable to lose control of a passive NASA spacecraft, eve@aﬁer‘t the risk of takeover by an outside entity
with ill-meaning intent. Q/
LON
Phase: <A A B C OD E F
Activities: N/A 1. Ensure that 1. Incorporate 1. Test scheme against validate primary N/A N/A
vehicle commanding | features, likely command link IosQ}nd backup
scheme design is commensurate with scenarios. 0 command link, as
robust against mission class that applicable.
failures that will facilitates restoration Q
result in loss of of command link in @Q Q
control. the case of loss. Q/
2. Ensure that in the <’/Q &
case of an encrypted N ?\
primary command % /Q
link, there is a Q‘
backup that is @ ‘\%
implemented either Q %
through clear 0 &
channel or protected % C)
on independent
hardware and/or 5@
software as O
applicable. Q~
&
Verification: N/A 1. Review sum%@" 1. Review summary | 1. Review summary 1. Review summary N/A N/A
documentajieq a documentation at documentation at peer documentation at
MDR. @ peer reviews and reviews and CDR. PSR.
\ L PDR.
Revision Status: ?“' Owner: Reference:
Rev. F A\ A Mission Systems Engineering Branch (599)
N
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2.01 Flight Electronic Hardware Operating Time Electrical
Rule: One thousand (1000) hours of operating/power-on time shall be accumulated on all flight electronic hardware (inclyding all redundant hardware) prior
to launch The last 350 hours of operating/power-on time shall be failure-free, of which at least 200 hours shall be%\/acuum.
Rationale: Accumulated power-on time that demonstrates trouble-free parts performance helps reduce the risk of f@e‘s’aﬂer launch.
; \/’
Phase: <A A B C o E F
Activities: N/A 1. Draft test plan. 1. Approve test plan. 1. Update test plan. 1. ct 1000 N/A N/A
of testing of all
<L t hardware and
O\Spares. The last 350
hours shall be
Q trouble-free. At least
Q Q 200 shall be in
@&@ vacuum.
<
Q@ ’«\?‘
QD
QQ/ %\\
Verification: N/A 1. Verify at MDRO\ .1. Verify at PDR. 1. Verify at CDR. 1. Verify at PSR that N/A N/A

testing has been
conducted.
Q 2. Verify at PER that
\ the test plan is

required hours.

?\/ sufficient for
A completion of
\
\

Revision Status: Owner: Reference:
Rev. F é\/ Applied Engineering and Technology Directorate (500) and Electrical Engineering Division GEVS 2.34
O (560)
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2.02 EEE Parts Program for Flight Missions Electrical
Rule: A EEE parts program shall be planned for and implemented for all flight missions for the purpose of part selection, de-rating, screening, and overall
qualifications.
Rationale: Lack of comprehensive parts program may lead to parts shortages or design impacts due to unexpectec@ETead times or qualification status of the
parts. A\
Phase: v
ase <A A B C - @' E F
Activities: 1. Address parts 1. Define preliminary | 1. Identify parts 1. Prepare a detailed | 1. @critical parts | N/A N/A
program and parts plan. acquisition plan for list of critical part(s) repare specific
acquisition strategy long lead parts. (including spares) <>L[ mitigation
for critical long lead and qualification O\p an(s).
parts in concept plan(s).
study. Q Q
Q.% &
QQ/ %\~
Verification: 1. Verify at MCR. 1. Verify at MDRO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify at MRR. N/A N/A
Revision Status: <) Owner: Reference:
Rev. E \> Parts, Packaging, and Assembly Technologies Office (562) EEE-INST-002
O
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Electrical

2.03 Radiation Hardness Assurance Program
Rule: A Radiation Hardness Assurance (RHA) Program shall be planned for and implemented for all flight missions to verify component- and system-level
radiation hardness by CDR. é
Rationale: Projects that ignore or underfund this discipline often discover too late that instruments/spacecraft are s@p‘ﬁble to radiation effects.
; \/’
Phase: <A A B C _ Q~ E
Activities: 1. Include a 1. Update RHA 1. Complete radiation | 1. Implement 1. ent N/A N/A
preliminary RHA assessment and environment analysis | radiation hardness ftigation plans.
assessment in the include resources for | and assess radiation requirements for part< \Complete radiation
concept study. RHA program sensitivity of parts selection. \ test reports.
support in proposal. through test 2. Identify mitigagi
databases or by r non-
testing. nce
p S
4 ﬂ
Q ?@ tion.
% GQ plete parts
Q~ qualification.
\.
& S
Verification: 1. Verify at MCR. 1. Verify at MDRO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify through N/A N/A
Q peer review prior to
start of
< ) manufacturing and at
\\ PER.
Owner: Reference:

Revision Status:

Rev. E

Flight Data Systems and Radiation Effects Branch (561)
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2.05 System Grounding Architecture Electrical
Rule: A system grounding design shall be developed and documented for all missions. Q
Rationale: Poor system grounding design will lead to grounding incompatibility between different systems during thegsit€gration phase, with potential degradation
of end-to-end functional performance, especially for magnetic sensitive missions. A\
. \/’
Phase: <A A B C _ Q- E
Activities: 1. Identify a 1. Complete a 1. State grounding 1. Prepare a detailed | 1. gee N/A N/A
preliminary preliminary requirements in all System Grounding i entation of the
grounding concept. grounding design Electrical ICDs for Document. <>7 ign.
and communicate it the users. 2. Implement the 0\ . Demonstrate
to all hardware design. safety, compatibility,
developers. and system
Q Q/Q performance.
Qg‘o X
& S
Verification: 1. Verify at MCR. 1. Verify at MDRO\ 1. Verify through 1. Verify through 1. Verify through N/A N/A
peer review and at peer review and at peer review prior to
PDR. CDR. TRR and at PER.

Revision Status:

Rev. F

4

Avionics and Electrical Systems Branch (565)

Reference:

Electrical System Design Guidelines

A\

0 Owner:
)
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2.06 System Fusing Architecture Electrical

Rule: A system fusing architecture shall be developed and documented for all missions, including the payloads.

<
S

Rationale: Lack of a system fusing design may lead to fuse incompatibilities between the power source and the pa@ﬂ%’, which could lead to the power source
fuse being blown prior to the payloads. The system fusing design should maximize the reliability of tIQN em.

&,

. N
Phase: <A A B C _ Q- E F
Activities: N/A 1. Identify a 1. Develop system 1. Prepare a detailed | 1. gee correct N/A N/A
preliminary system fusing requirements System Fusing i entation of
fusing architecture for the mission and Document. <L ign by all users.
for the mission and state requirements in 0\
communicate with all | all Electrical ICDs for
hardware the users, including
developers. transient Q

requirements. @QQ
QN
\4&

N\

&
%
s

Verification: N/A 1. Verify through™\M | 1. Verify all system 1. Verify user 1. Verify that design N/A N/A

peer review aQQ fusing requirements implementation at verification includes

MDR. (including the electrical systems fusing design prior to

\O payloads) through peer preview and at TRR
peer review and at CDR.
X \5\’ PDR.

Revision Status: Q‘ Owner: Reference:
Rev. E ~\ Parts, Packaging, and Assembly Technologies Office (562) EEE-INST-002

Oé\/
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2.07 End-to-End Test of Release Mechanism for Flight Deployables Electrical

Rule: A release mechanism test for the flight deployable components shall be performed as an end-to-end system-level {est under worst-case conditions and
a realistic timeline.

Rationale: Often when EGSE is used for mechanism release during I&T, potential system design problems with th ease mechanisms are not detected until
after the completion of the environmental program. Redesigning late in the program has many techni&' lications and significant cost/schedule
impact. (/

; \/’
Phase: <A A B C _ Q- E F
Activities: N/A 1. Develop 1. Develop final 1. Develop test 1. nt detailed N/A N/A
preliminary environmental test procedures for the nfiguration at
environmental test plan including the end-to-end system < .
plan (with reference end-to-end system level test and pres%\
to end-to-end aspect level test and present | at Peer Review.
of the test program). at Peer Review. Q
4 %/&
& R \2
QO
& S
Verification: | N/A 1. Verify at MDRO\ 1. Verify through 1. Verify at CDR. 1. Verify at PER that | N/A N/A
peer review and at spacecraft circuits
SDR and PDR. will be used during
\0 tests.
Revision Status: \/' Owner: Reference:
Rev. F ?\ Mechanical Systems Division (540) and Mission Engineering and Systems Analysis GEVS 2.6.2.4.b
\\ Division (590)

44



http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf

Downloaded from http://www.everyspec.com

2.12 Printed Circuit Board Coupon Analysis Electrical
Rule: All flight printed circuit boards (PCBs) shall be verified by coupon testing prior to assembly of components onto the boards.
Rationale: Verifying the integrity of printed circuit boards reduces the risk of an on-orbit board failure, and saves th ed cost of replacing flight-qualified
components and reassembly if board failure occurs during qualification testing. A\
; \/’
Phase: <A A B C _ Q~ E F
Activities: 1. Provide within the 1. Update electronic 1. Update coupon 1. Finalize required 1. it coupons N/A N/A
conceptual study the | requirements. evaluation PCBs. alysis.
electronic 2. Include coupon requirements. <
requirements that will | verification of flight 0\
drive mission cost, boards in mission
schedule, and cost and schedule Q
design. estimates. @Q Q
4 /&
Q@ ’«\?‘
«
QQ/ %\}
Verification: 1. Verify at MCR. 1. Verify at MDRO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify results of all | N/A N/A
coupon testing at
PER.
Revision Status: Owner: Reference:

Rev. E

4

Electrical Engineering Division (560) and Materials Engineering Branch (541)

300-PG-7120.2.2B

45
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2.13 Electrical Connector Mating Electrical
Rule: Mating of all flight connectors which cannot be verified via ground tests, shall be clearly labeled and keyed uniquely, and mating of them shall be
verified visually to prevent incorrect mating. <
Rationale: Error in mating of interchangeable connectors can result in mission degradation or failure. %v
; \/’
Phase: <A A B C _ Q~ E F
Activities: N/A N/A 1. Identify operations | 1. Present plans to 1. Y&y by N/A N/A
that cannot be tested | prevent error in i tion & photo
on the ground. mating of electrical <>_[ umentation that
connectors. O\e ectrical connectors
are mated correctly.
4 /&
) /&\V
ST
S
Verification: N/A N/A QO\ 1. Verify at PDR. 1. Verify at CDR. 1. Verify at PER. N/A N/A
Revision Status: &) Owner: Reference:
Rev. F \> Avionics and Electrical Systems Branch (565) Electrical Systems Design Guidelines
O
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2.14 Protection of Avionics Enclosures External Connectors Against ESD Electrical
Rule: All avionics enclosures shall be protected from ESD. All external connectors must be fitted with shorting plus or appropriate caps during transportation
between locations. Additionally, all test points and plugs must be capped or protected from discharge for flight.
O
Rationale: Capping open connectors provides protection from electrostatic discharge resulting from space chargim\.%\v
o
Phase: QQ’
<A A B C , F
Activities: N/A N/A 1. Develop electrical 1. Develop electrical 1. by N/A N/A
systems ICD stating i ction of build
requirements. requirement for <L rds (WOAs,
2. Identify the need capping open O\traveler, etc.) that
for capping all open connectors. provisions for
connectors and 2. Dg&elop harn capping open
grounding the caps d s. Q connectors have
to chassis. Q @ been completed.
‘O & 2. Verify final blanket
” ?\ closeout procedure
% ,&\ includes check to
Q~ A verify connectors are
Q@ \1\ capped.
108
Verification: N/A N/A O\ 1. Verify through 1. Verify harness 1. Inspect during pre- | N/A N/A
Q peer review and at drawings include fairing, post fairing
PDR. connector caps for installation and final
O 2. Ensure parts and any open connectors | blanket closeouts.
\> materials list include and their grounding
N connector caps. provisions.
\

Revision Status:
Rev. F

R

Owner:
Avionics and Electrical Systems Branch (565)

Reference:

Electrical Systems Design Guidelines

>
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2.15 Flight and Ground Electrical Hardware Electrical

Rule: The use of pure tin, cadmium, and zinc plating in flight and ground electrical hardware shall be prohibited.

Rationale: High purity tin, zinc and cadmium finishes are prone to formation of metallic whiskers, which may produce an trical shorting or contamination
hazard. The current worldwide initiative to reduce the use of potentially hazardous materials such as lead ( driving the electronics industry to
consider alternatives to the widely used tin-lead alloys used for plating. Pure tin, cadmium and zinc finis ew the concern over the threat of
system failures due to metallic whiskers. W\

Phase: <A A B C D@ ¥ E F

Activities: N/A N/A 1. Define 1. Evaluate 1. Parts{ste"should N/A N/A

procurement specs Application Specific be rated for
for EEE parts and Risks to assess the potential
mechanical hardware | risk of whisker application
to preclude the use induced failures. <}4§ ues, and to ensure
of pure tin, zinc and These factors incl%\monitoring of
cadmium finishes (to | circuit geometri GIDEP/Manufacturer
include both external | tha suﬁiciem process change
and internal finishes | pre the notices to be aware
as well as the use of d a sker of lead free changes
these finishes and ort, N at specified
under plates). L Critic§iy, mission manufacturers.
% 'rgﬂ n, collateral 2. Parts lists should
Q‘ ‘§ of rework, be kept current,
@ \\\schedule and cost. uploaded into the
Q % M 2. Manufacturers parts database, and
0 & should provide reviewed for risk
% C) material and assessment.
chemical information | 3. Conduct EEE
5@ on packages, solder parts materials
O and lead finishes of evaluation of each of
the parts parts list to verify that
Q‘ manufactured for the chemical
Q their project to composition of the
Q-. document/certify packages, lead
O zinc, cadmium tin frames, connectors
Q alloy. and/or solder does
not contain prohibited
\0 materials.
Verification: | N/A N/A \/\' 1. Verify at PDR. 1. Verify at CDR. 1. Verify using the N/A N/A
?\ Parts List Evaluation
A Report prior to
_k Launch (PER and
N PSR).
Revision Status: é\/ Owner: Reference:
Rev. F O Parts, Packaging and Assembly Technologies (562); Materials Engineering Branch | EEE-INST-002

(541)

NASA-STD-6016 (4.2.2.11,4.2.2.6, 4.2.2.7)
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2.18 Implementation of Redundancy Electrical

Rule: The implementation of redundant functions shall be accomplished in such a way that any single point failure anywhere in the system shall not result in
unacceptable degradation of the redundant side. When cross-strapping, the design shall avoid routing of redund&pt signals through a single connector,
relay or integrated circuit.

Rationale: While redundancy can greatly enhance system reliability and confidence, it also incorporates added con@?ﬁ/ to the overall design. Design
considerations must take into account the complexity that is added by redundant components, in or\&q itigate potential negative effects upon the
overall system reliability. Analysis of cross-strapping networks, using FMECA or other technlques sential for these types of systems.

Phase: <A A B C (,,‘f)’ E F

Activities: 1. Complete 1. Reassess and 1. Reassess 1. Reassess SIsess N/A N/A
applicability update applicability. compliance. compliance. BQ pliance.
assessment. 2. Complete initial 2. Ensure flow-down | 2. Ensure flow-dow <\ > Perform

compliance traceability to traceability to verification activity.
assessment, based appropriate sub- apprqpriate su
upon applicability. system in draft Sy, in teghwic
technical i m% d
requirements and < (s}
Design-To Q%e '%&on
specifications. /b es.
3. Define verifi N\Jpuate verification
approach. % q%proach.
‘2 o)
re) 2
Verification: 1. Verify at MCR. 1. Verify at SRR, N\ Verify at PDRand | 1. Verify at CDR and | 1. Verify at ORR, N/A N/A
MDR, and PNAR. Q"NAR. SIR. SMSR, and FRR.
Revision Status: Wner: Reference:
Rev. F O lectrical Engineering Division (560) Electrical Systems Design Guidelines
\ Fault Management PG
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2.22 Corona Region Testing of High Voltage Equipment Electrical
Rule: Assemblies containing a High Voltage supply that is not tested through the Corona region shall undergo venting / gutgassing analysis to determine
when it is safe to turn on and operate after launch.
Rationale: Each High Voltage supply is different in its design and the voltage where coronal discharge may occur vﬁaﬁ‘r'y by the construction and materials
used. It will also be dependent on how clean the supply is and how well the outgassing products are&q d to space.
: v‘
Phase: <A A B C _© E F
Activities: 1. Complete 1. Reassess and 1. Reassess 1. Reassess 1. ess N/A N/A
applicability update applicability. compliance. compliance. liance.
assessment. 2. Complete initial 2. Ensure flow-down | 2. Ensure row-down< erform
compliance traceability to traceability to Osvenﬁcahon activity.
assessment, based appropriate sub- appropriate sub
upon applicability. system in draft sys n techn@
technical @n
requirements and
Design-To S| eC|f
specifications. aseﬁ?gs.
3. Define verific @ 3&2& ate verification
approach. &) oach.
Verification: 1. Verify at MCR. 1. Verify at SRR, O\ 1. Verify at PDR and 1. Verify at CDR and 1. Verify at ORR, N/A N/A
MDR, and P NAR. SIR. SMSR, and FRR.

Revision Status:

Rev. F

\\) owner: Reference:
\/ Power Systems Branch (563), Instrument Systems and Technology Division (550), and NASA/TP-2006-21413
N Instrument Management and Systems Office(505)
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2.23 RF Component Testing for Multipaction and Corona Electrical
Rule: Components of RF communications subsystems shall not exhibit Corona or Multipaction. Q
Rationale: Unless significant design margin is demonstrated, small unit-to-unit variations make it impossible to pret@v‘h'ether an RF component is susceptible to
Multipaction or Corona. A\
; \/’
Phase: <A A B C R E F
Activities: N/A 1. When formulating 1. Plan schedule to 1. Baseline system 1. lete RF N/A N/A
cost estimates, include milestones design using RF nent
include cost of for activities system components <L ipaction / corona
testing and analyses necessary to verify that are good \ analyses and testing
needed to verify that | absence of candidates (low i prior to I&T. Monitor
components do not Multipaction and bas n wheth for Corona and
exhibit Multipaction Corona effects. l e b@ Multipaction during
or Corona effects. i ed%f observatory testing in
) iCi gin to TV.
inirv'e ossibility
% M{ ipaction or
& na effects.
K> Analyses (to
Q \\\determine extent of
0 @ design margin) and
% testing of RF Flight
@C) Components.
Verification: N/A 1. Verify at MDRO\ 1. Verify at PDR 1. Verify at CDR. 1. Verify at ORR, N/A N/A
Revision Status: Owner: Reference:

Rev. F

4

Microwave and Communication Systems Branch (567)

O
‘\>

R
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2.24 Solar Arrays Electrical
Rule: Solar Arrays shall be designed and tested to withstand the environment to which they will be exposed.
AQ
Rationale: At the time this is written, solar arrays are the least reliable component on a spacecraft. O\
N\
\\\%
Phase: <A A B C RQ/ E F
Activities: 1. Design the 1. Designthearray | 1. Revise the 1. Revise the 1. Si the 1. Monitor array N/A
array in accor- in accordance design of the design of the emyironment as output on an
dance with with mission array in array in é urately as hourly basis for
mission require- requirements accordance with accordance with \ possible. 48 hours
ments and and established mission mission <>& Test g-panel(s) subsequent to
established procedures. requirements requirements N and flight array launch and on
procedures. and established and establi under a weekly basis
procedures. ced S. illumination thereafter.
rit% aD. (including 2. Check output
40 calibrated IV versus
& curves) at predictions and
% y ,&\?* highest predicted reconcile.
operating
Q ,A temperature.
@ \~\ 3. Qualify the solar
Q % cells to latest
0 & revision of AIAA
% O S-111-2005.
@ Qualify the solar
5 panels to latest
O revision of AIAA
Q_ $-112-2005 as
Q tailored for the
mission.
Q“ Fabricate the
O flight solar array
Q in accordance
with approved
\O procedures.
~N\/~2
Verification: N/A I\QY“' 1. Verify at PDR. 1. Peer review the 1. Verify at N/A N/A
array design, PER.
-& applicable ICDs and
‘A\' test program.
Revision Status: O\ Owner: Reference:

Rev. F

Mechanical Systems Division (540) and Power Systems Branch (563)
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2.25 Electrical Interface Verification Electrical
Rule: Electrical Interface (i.e., copper-path) Verification Test (IVT) shall be performed on all flight connectors following final flight mating. This may be
performed via powered testing and/or physical (e.g., resistance) measurements. For safety-critical interfaces, ve%ation shall always be performed.
For those interfaces for which the risk of failure is considered acceptable, verification shall be done wherever ticable. For those flight interfaces for
which functional testing is not possible (e.g., pyrotechnic devices), a parallel test connector shall be incorpo into the circuit to allow verification of
final flight connection. ~
Rationale: Final verification of flight interfaces is required to ensure proper electrical integrity and function, therebywhidimizing the probability of system failure and
maximizing probability of mission success.
&
Phase: <A A B C AD E F
Activities: 1. Identify electrical 1. Review/update list | 1. Draft final Wrm IVT. N/A N/A
interfaces required of interfaces and verification plan and X Ssess
for safety or mission tests identified in IVT. <2?cceptabi|ity of
success, and define Phase A. 2. Sign off on pla 0 interface verification.
means by which 2. Review/update and [T, and pl.é 3. Close verification
interfaces will be verification plan and u M coricol. plan and tracking log
verified. schedule. ® for interface.
2. Review/update the | 3. Identify test plans, 40 ,&
identified list of facilities, and Q
interfaces and tests. resources that 5@ / \?\
3. Define success to be in place . &
criteria for verification @ QA
and incorporate into Q \;\
verification plan. Q %
4. Review/update % &
verification plan and C)
schedule. @
5. Identify facilities 5
and other resources O
(e.g., GSE) required. QQ~
I\Q‘ r
Verification: 1. Verify all elements | 1. Verify at MDRN\_J | 1. Verify at SDR or 1. Verify at CDR. 1. Verify at PSR and N/A N/A
of the spaceflight IQ SRR, PDR. LRR.
system at MCR. e
Revision Status: NV Owner: Reference:
Rev. F ?\/ Electrical Engineering Division (560) and Mission Engineering and Systems Analysis
-~ Division (590)
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3.01 Verification and Validation Program for Mission Software Systems Software
Rule: A thorough verification and validation process shall be applied to all mission software systems. This process shall trace customer/mission operations
concepts and science requirements to implementation requirements and system design, and shall include requireénts based testing of all mission
elements, and end-to-end system operations scenario testing.
Rationale: Mission software, especially flight software, must be tested thoroughly to ensure a successful mission/p &L)The activities described below provide
guidance on recommended software verification and validation activities at each lifecycle phase to sup{ént the requirements found in NPR 7150.2.
Phase: <A A B C [20 E F
Activities: 1. Develop first 1. Update Operations | 1. Draft Software 1. Complete 1. Devegdxtailed N/A N/A
version of Operations | Concept. Test Plan. Software Test Plan. test gegnavrios/cases.
Concept with 2. Identify test tools 2. Draft SW 2. |dentify verification | 2. lete
customer. to be used for bi-directional and validation frectional
2. Document SW software testing (i.e., | traceability matrix program risks. < ceability of
functionality at high fidelity, quality, etc.). showing SW 3. Update SW O\requirements to
level. 3. Update verification | requirements traced bi-directional SW design and SW
3. Document SW and validation to parent tracgaility mah@ test program.
verification and approach and requirements and to 4 p test 3. Set up ground SW
validation approach. associated cost and SW components and won . test environment.
4. Document cost schedule based on tests. ExelyteMSW 4. Modify FSW test
estimate for overall updated 3. Plan SW test Q es] sv environment as
SW design. requirements. environment. \ necessary to
Q‘ increase fidelity.
@ \ 5. Execute ground
AL SW tests.
Verification: 1. Verify by 1. Review by 1.V 1. Verify by analysis 1. Verify by analysis N/A N/A
inspection through analysis the dev men est at software CDR. through peer review
peer reviews and at verification and program ysis and at Test
MCR. validation approach and thro eer Readiness Review.
for the mission revie@
through peer review that budget
and at MDR. q;chedule
commodate
Q-.regressmns and
O end-to-end mission
Q testing at SDR and
software PDR.

Revision Status:

Rev. E

%
BV

Owner:
Software Systems Engineering Branch (581)

Reference:

NPR 7150.2

Q\

4
v
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3.02 Elimination of Unnecessary and Unreachable Software Software
Rule: An analysis of unnecessary and/or unreachable code, as defined per Table 3.02-1, shall be performed on the intended flight load for launch. The analysis shall identify all
instances (areas) of unnecessary/unreachable flight code, the general functionality associated with the code, the reason each iiptended to be left within the flight load,
and the justification (e.g. mitigating action) that explains why the included code does not provide a risk to the mission. The fooys 1 on technical risk to the long-term
mission, not cost. é
Rationale: There are significant benefits to re-using software from past missions but each mission has different requirements and \lslng heritage software often carries forward
software not required by the current mission. Unnecessary and unreachable software can also occur within a m|33|@cycle as system and software requirements
change during the software development process. Unnecessary and unreachable software is typically not verified Idated as part of the current mission test
programs, as a mission is only required to verify its mission requirements. This creates the potential for negatl -effects costs, and risks during the current mission’s
on-orbit life. Table 3.02-2 provides sample types of unnecessary or unreachable code.
Phase: <A A B C r,,‘ﬁ’ E F
Activities: N/A 1. Document that a 1. Document the 1. Analyze the ate and N/A N/A
FSW Reuse Plan FSW Reuse potential risk of lyze the
and risk assessment | Approach and the leaving the code in < cumentation of
of unnecessary plan for managing the flight product unnecessary and
and/or unreachable unnecessary and/or rather than rem unreachable code
code will be unreachable code in from heritage and
developed. the FSW Q newly developed flight
Management/Devel- 4@ products.
opment Plan(s). regchable software 2. Remove
Identify and tes risk. unnecessary and
document con~ @date software unreachable software
capabilities/. q&ri ication plans if that creates risk.
i at e\; justified to reduce 3. Update software
risk. verification plans if
4. Present analysis justified to reduce risk.
and risk mitigations 4. Present analysis at
at FSW reviews. FSW reviews.
prod 5. Update the
3. @n initial risk | documentation of
id€phiication, unnecessary and
%s essment & unreachable code
ticipated mitigation | associated with the
Q"technique for each intended flight
O known type of products.
Q unnecessary/
O unreachable code.
\ 4. Present analysis
o~ at FSW reviews.
Verification: N/A \Q at MDR. 1. Verify at FSW 1. Verify at CDR. 1. Verify at FSW N/A N/A
SRR and FSW PDR. | 2. Verify at FSW Acceptance Test
~\ 2. Verify at SDRand | CDR. Review.
\/ PDR. 2. Verify at PSR
and FRR.
Revision Status: O‘ Owner: Reference:

Rev. E

Software Systems Engineering Branch (581)
Flight Software Systems Branch (582)
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Table 3.02-1 Unnecessary and Unreachable Software Definitions

&
Term Definition A
Source Code Code produced by software engineers and by code generation tools (e.g. Matlab, RationgNRose).
Unnecessary Source code that is not linkable to any mission software requirements. Classic exam clude: 1) functions in a
Software mathematic library not applicable for the mission; and, 2) source code that interfac #n hardware that is not present in
the current mission design. Z

Unreachable
Software

Va
Source code that should never be executed within normal software execution ¢Astassic example would be source code
that is guarded by a control statement or statements that should never be tpag; hence, the software is unreachable.

Note

Well known Commercial Off-the-Shelf (COTS) and Open Source products\vith flight heritage and unnecessary and
unreachable features are to be included in the analysis and will likely pdxequire extensive mitigation actions.

0‘(‘

Table 3.02-2 Sample Types of Unneces&§ary @ nreachable Software
&

Sample Types

N 4 N
N/ ADffinition

Parameter Checking

A section of software that can never be t ?ecause pre-conditions should never be met. For example, a
properly developed function will vali eters to ensure the function doesn’t perform any illegal actions
based upon the input parameters ev is possible to write the software system such that it never calls the
function with invalid input para@rs. k%u h a case, the error condition checks within the function should never
execute. P

o~

-
bt

Unused Design Capability | Application Program Interfacee’( ﬂ)_are developed to promote software reuse. For example, an Operating System

(OS) API will have interface call dealing with semaphores (e.g. create, give, take, etc). If a new mission does
not require the use of semaplfones, then these OS API functions will never be executed.

Unused Reuse
Capabilities

A reused software compo ibrary or set of reused software components/libraries will typically contain capabilities
and features not require@®y'a mission.

Debug/Test Features

Debug and test featu which are not a required part of the operational system, are often required to test the
software system. I@ xample, debug software is often used in conjunction with testing Error Detecting And
Correcting (EDASY memory. It is extremely difficult to inject correctable and uncorrectable errors into EDAC
memory, wh a test command can easily inject these erroneous conditions to verify that the application software
handles ang r&ports the EDAC errors correctly.

56
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3.03 High Fidelity Interface Simulation Capabilities Software
Rule: A high fidelity software simulation capability for each external interface to FSW shall be provided in the FSW develppment/maintenance environments.
Both nominal and anomalous data inputs to FSW shall be configurable in real-time using the procedure Ianguageéthe FSW test workstation.
Rationale: When adequate simulation capabilities aren't planned, there is severe impact to FSW development/mai\r@eﬁce productivity and funds.
o
. N
Phase: <A A B C _ Q~ E
Activities: N/A 1. Describe 1. Update description | 1. Update 1. YRiffain FSW N/A N/A
functional and of required simulation | requirements to al interface test
performance capabilities to reflect reflect any changes <>L S.
capabilities for each any changes in since previous 0\
flight processor requirements since phase
external interface in previous phase. er FSW
technical proposal. 2. Document nt e est
2. Include cost acquisition strategy
estimate. for acquiring
simulation Q
capabilities, incl ?\
responsible é‘:@ '&\
organizatig \
s
Verification: N/A 1. Verify by 1. Verify (O 1. Verify by 1. Verify by N/A N/A
observation at MDR. obs@m éﬂ( observation at observation at MOR.
SR t software CDR.
2. Verify,
simul jo pability
defj O
aécdmmodate test
afl FSW data I/0,
W modes, nominal
Q"and anomalous
O conditions, and
Q load/stress tests for
O each flight CPU.
A\ 3. Verify simulator
\/ development and
A?‘ FSW schedules are
¢ consistent.
Revision Status: < Owner: Reference:

Rev. E

Qv

Flight Software Systems Branch (582)
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3.04 Independent Software Testing Software
Rule: Software functional/requirements and comprehensive performance verification/validation testing shall be performed by qualified testers that are
independent of the software designers and developers. NOTE: For small projects, members of the same develop%ent team can perform independent
testing as long as the assigned testers have not been involved in any part of the design and development of t oftware components being tested.
O
Rationale: Ideally, an independent team should develop the software test plan and verification/validation test proce S, and execute the tests. Frequently the
software development team will be used to perform these functions as a means to reduce cost and sc e. Having authored the code, they already
know how it should function and can quickly perform the testing activities. The independent test t pproach is non-biased, with an end-user
perspective, and specialized test teams frequently have greater expertise on various test tools hnologies; thus, providing a more thorough and
comprehensive test program. An independent test team ensures adequate time for testing becalise there is a clear demarcation between development
and testing. However, if utilizing an independent test team is not feasible, at a minimum, t of independent testers who were not involved with the
software design and development process allows alternate interpretations of requirementse®d multiple approaches to testing.
. A
Phase: <A A B c & D E F
Activities: N/A 1. Project provides 1. Software Test Plan | 1. Software Test,~N\J| 1. Test procedures 1. Independent N/A
WBS for Test Team is updated as Teapagtaffed. drafted, reviewed, verification/validation
Lead. Test Team needed. @me s are | and executed. testing completed.
Lead is given 2. Requirements to i en m
signature authority Test Procedures Ndgvel team.
on the Mission Flight | Matrix is drafted. Q/ . Cq&vigUe to update
Software Require- % %ents to Test
ments document. Q~ rdcedures Matrix
2. Test Team Lead % \‘\ d begin drafting
reviews requirements Q M test procedures.
for testability, plus 0 ,@
compatibility with the % C)
Operations Concept.
3. Software Test Plan 5@
is written and O
approved.
Verification: N/A Verify at SRR. &at PDR. Verify at CDR. Verify at TRR. N/A N/A
Revision Status: r: Reference:
Rev. E Z are Engineering Division (580)

58

P
\af
-
>




Downloaded from http://www.everyspec.com

3.05 Flight / Ground System Test Capabilities Software
Rule: Access to flight system interface and functional capabilities, provided either by the spacecraft or by spacecraft simulators, shall be negotiated with all
stakeholders, including the ground system and operations teams. Schedules and agreements should address th%pacecraft and spacecraft simulators
at all levels of fidelity. é
Rationale: The ground system must be compatible with the S/C it is being designed to support, and this must be prgyaw prior to launch via tests. Similarly, the
operations team must be able to develop and validate a variety of operations products, such as proce bg , databases, display pages, and launch
scripts. The operations team must also have opportunities to learn about operating the S/C and p, his knowledge has been acquired prior to
launch. o)
Phase: <A A B C cAD E F
Activities: 1. Develop plans for 1. Develop 1. Generate 1. Complete Ide simulator N/A N/A
providing the flight preliminary preliminary simulator | simulator S/C hardware
system interfaces for | simulation concepts. requirements and requirements, <\ cess for both
use by the ground identify long lead design, and deliv ground system
system and flight procurement items. plan/ chedules@ verification and
operations teams. 2. Establish . validation, and for
preliminary operations teams to
agreements on < mﬁ?é prepare for launch.
simulator usage to
between all u%%ft access
stakeholders <E_
Identify A nsure all ground
ground S \system and
pera o operations readiness
test test details, including
esti test durations and
and equ equipment
depende dependencies, are
incQrork incorporated into the
n I&T detailed I&T plans
hedule and schedules.
A ~
Verification: 1. Verify at MCR. 1. Verify at MIQU 1. Verify at PDR. 1. Verify at CDR. 1. Verify at MOR. N/A N/A
A
Revision Status: N\V| Owner: Reference:
Rev. E \Vy Software Systems Engineering Branch (581)
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3.06 Dedicated Engineering Test Unit for Flight Software Testing Software
Rule: An ETU flight data system testbed shall be dedicated to FSW teams specifically for FSW development and test. Such ETUs are supplemented by
external interface simulators as specified in Rule 3.03 (High Fidelity Interface Simulation Capabilities). Hardware%d I&T teams shall not plan to use
the FSW ETUs for their critical path schedule. The number of flight data system testbed units shall be sufficielgs pport the FSW development
schedule and the overall mission schedule.
Rationale: Early investment in dedicated FSW testbed hardware fidelity saves costs and avoids significant schedul S to FSW and 1&T teams. Anything less
than a dedicated ETU will add to mission risk and threaten cost/schedule. A\
&,
Phase: Q‘V
<A A B C B E
Activities: N/A 1. Define high-level 1. Update ETU 1. Review ETU 1. Q\@team verifies | 1. FSW team reviews | N/A
ETU requirements for | requirements from design. %bility of ETUs and provides inputs
FSW with clear and Phase A. 2. Review ETU <>tﬂ' eet FSW on ETU maintenance
detailed rationale. 2. FSW team delivery schedule. N\ development and test | plan.
ensures that ETU 0 schedules.
development and Q 2. FSW team lead
delivery schedule is Q Q accepts ETU
consistent with FSW % @ deliveries and
development team ‘O & verifies functionality.
need dates. / ?\
3. FSW team ,Q
develops E% A
acceptanc \
for ETU = \
Verification: N/A 1. Verify by 1. Verify by 1. Verify by 1. Verify by N/A
observation at MDR obse tio observation at SW observation at SW observation at FOR
that ETU-quality and SW PDR that: CDR that: that:
FSW testbeds are a) FS A a) delivery plans for a) ETU-quality FSW a) FSW ETU
clearly represented in | tes -ﬁo represent ETU-quality FSW testbed(s) have been | testbeds have been
the technical g flight testbed(s) are delivered to FSW moved to their long-
proposal, and that chitecture; consistent with FSW team; and, term environment for
costs for dedicated minimum 1 development needs; b) ETU FSW testbed | FSW maintenance &
FSW testbed ET Q"testbed with full ETU | and, b) I&T plans is confirmed to be operations support;
are included in rb fidelity is costed and require minimal use adequate by FSW and, b) system
electronics COQ delivery schedule is of a shared ETU, or staff for on-orbit administration,
proposal. O consistent with 1&T has their own maintenance and facility, and hardware
FSW needs; and, dedicated ETU. operations support. support are in place.
c) I&T plans minimize
A?‘ sharing ETU, or
dedicated ETU is
provided.

Revision Status:
Rev. E

C/b(,

Owner:
Flight Software Systems Branch (582)

Reference:
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3.07 Flight Software Margins Software
Rule: Flight software resource margins shall be maintained in accordance with Table 3.07-1 and presented at Key Deci%)n Point (KDP) milestone reviews.
N (Xé
Rationale: Early and repeated attention by flight software teams to resource utilization will improve resource margi\r@?future phases of the mission.
o
Phase: <A A B C _ qu E F
Activities: N/A 1. Establish clear 1. Update software 1. Design FSW within | 1. @ N/A N/A
rationale for FSW margins based on defined design %@pment to
resource estimates updated margins. <L ign margins. If
using the proposed requirements. 2. Continue O\margins are below
hardware. 2. Coordinate with coordination wit guidelines at CDR,
S/C and instrument S/C instrum@ provide rationale as
procurement and h @e Q to how meeting
hardware p t¥ams. mission requirements
development teams ,\3 fm% are are not at risk.
to ensure margins elo idelines at
can be maintain @ B%To\ rovide
% nale as to how
@ \‘ ssion requirements
Q M can still be met and
0 @ necessary mitigation
% and/or corrective
@C) actions needed.
Verification: N/A 1. Verify by \N | 1. Verify by 1. Verify by 1. Verify by N/A N/A
observation a observation at SDR observation at observation at FSW
and FSW SRR. mission CDR and CDR and PER.
\0 FSW PDR.
Revision Status: \/\' Owner: Reference:
Rev. E \?\ Software Systems Engineering Branch (581) Table on next page
b
~
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Resource Margins for Flight Software Development

The numbers provided in the table below are margins for different mission phases and

not represent hard limits, but levels where the software development team should start to g
are not required unless the resource starvation means the system can’t meet one of its re

Table 3.07-1. Flight Software Margins

®Q~

r|ty levels. These do

&cerned Project waivers

ments

Mission Phase FSW SRR | FSW PDR FSWQN Ship/Flight
Method Estimate Analysis An@%is/ Measured
—~ lﬂe)asured
Average CPU Usage 50% 50%) ) 40% 30%
CPU Deadlines 50% % VY 40% 30%
PROM 50% [, M0% N[ 20% 0%
EEPROM 50% _ChY G0% 40% 30%
RAM 50% 1 N\oB% 40% 30%
PCl Bus 7 N\ 70% 60% 50%
1553 Bus OPe D 25% 20% 10%
Spacewire (1355) 0% S 25% 20% 10%
UART/Serial I/F - 3 o 50% 40% 30%

Margin is calculated using the formula: (availab@@source — estimated usage of resource) / available resource.

Note: Selecting which column to use

measured code sizes for most mod
resource elements can be at diffege
used when the code is fully |nt&

at icular time is not always obvious. Generally, one should pay more attention
to the “Method” row rather than the “Mi Phase” row. For example, if there is a lot of re-use and you have actual

,'your PROM could be 80% full at PDR without causing concern. Different
aturity levels at any given point in a project. The right-most column should only be
d and tested. Those are the margins we want to save for in-flight maintenance.

Deadlines: This is the fin -s"&le companion to the row above. This row usually represents the interrupt timing

requirements of the sy\ﬁ%y
is asserted? If you ha

62

For example: How quickly does the processor need to re-fill that FIFO after the HW interrupt
a 50 ms deadline for an ISR and you estimate the processor can meet it in 20ms, your usage
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(margin) is 40% (150%). If that same ISR occurs twice per second, it would only add 4% to the CPU usage calculation.
All deadlines in the system should be considered, and compared individually to the recommended margin.

Also, consider which deadlines can occur S|multaneously to calculate the worst-case timing. Quteon Should there
be different recommended numbers for the worst case timing?) O

N
N

PROM is non-volatile memory that cannot be modified in flight. Q
EEPROM is non-volatile memory that can be modified in flight. Qg/

RAM is volatile memory where the executing code and data are stored. This s&bry is always on the processor’s local
bus. Note: Bulk memory used for storage of housekeeping and science dat been removed from this table. The
amount of bulk memory is driven more by mission parameters ( data ratesﬁ;}nber of ground contacts, etc) than software

design. So, systems engineers should track the bulk memo ever, some systems have the “bulk” memory
on the processor card, indistinguishable from regular RAM vthe software team should track margins on this

combined RAM/bulk memory space.

1553 Bus: Usage calculations should include 1 retry fq&‘ sactlon unless mission requirements specify otherwise.
If the scheduling of bus traffic is segmented into slo @\ﬁels the usage should be calculated based on the number
of slots used (rather than actual bus time).

Spacewire: Margin provided in this release (rev. F BQ/

Other Data Busses: For busses and interfac%‘( listed, try to select the one that is closest in behavior among the listed
busses. If none are even close, work withQ)_u systems engineer to define acceptable margins for that unique bus. Then,
we can add that new bus to the table. <<O

>
v
>

63
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3.10 Flight Operations Preparations and Team Development Software
Rule: Experienced operations personnel shall participate as early as possible during mission development, preferably duying the mission operations concept
phase and the development of specifications for the spacecraft and/or instruments which impact operations. To ;épare and train the FOT, they shall
participate in flight operations readiness tests that are specified in Table 3.10. Note that these serve as guide@ nd are not intended to be
prescriptive. e
Rationale: Involving experienced operations personnel early in the mission helps ensure that the mission design wi Sednsiderate of operational requirements
and practicalities. It will allow the operations team to become intimately familiar with the mission desi n§ luding design rationale, spacecraft
limitations, and operating constraints. Involving FOT members during mission operations readines, *it gives them a great deal of hands-on
experience with the observatory prior to launch thereby enhancing their training; and, the FOT wj ble to assume their responsibility with a
reasonable degree of skill and knowledge for conducting on-orbit spacecraft operations. _ é‘
Phase: <A A B C D E F
Activities: 1. Assess the flight 1. Flight operations 1. Identify roles and 1. Involve FOT in test \{Ensure all FOT N/A N/A
operations team's and software experts | responsibilities for plan development. <2‘members gain
role throughout the support the FOT members. 2. Support the 0 knowledge and
mission lifecycle. development of more | 2. Review and completion of | experience on
Flight operations detailed operations update operations op, ns epfs. ground systems
experts develop concepts, and concepts and identify ‘Q during 1&T.
preliminary flight/ground details on approach 40 ,& 2. Conduct tests
operations concepts. architecture. to operations team (see Table 3.10).
2. Update mission support. % 4 \?“ 3. Complete flight
design estimates. 3. Conduct peQ~ & operations plan.
review of % QA
flight/gro A\
archit§§ %
g N
planSgee Tgbl
3.10. &,
Verification: 1. Verify at MCR: 1. Verify at MDR: 1. Veyi QYDR: 1. Verify at CDR: 1. Verify at MOR and | N/A N/A
a) Ensure flight a) Flight operations a) I@operations a) Flight operations FOR:
development experts | concepts are sound. ré-ere defined and | experts have been a) MRT items
were consulted %r onnel identified. consulted on the completed by MRR.
during mission Flight and ground overall ground
formulation. Q"system interfaces to system design.
b) Ensure that O all mission support b) The project has
operations concept Q elements are well completed full
covers flight O defined and mission lifecycle
operations team's \ documented. design to include
role during entire \/ extended mission
mission lifecycle. A?” and mission
¢ termination phases.
Revision Status: <\ Owner: Reference:
Rev. E

\/ Flight Systems Integration and Test Branch (568)
é Software Systems Engineering Branch (581)

Mission Validation & Operations Branch (584)
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Table 3.10 Simulation Types and Minimum Number of Successful Simulations/
Test Hours versus Mission Class

Simulation Type Class A Class B Class C O Class D
End-to-end 5 tests 4 tests 3testsaD 3 tests
Day-in-the-life 3 tests 2 tests 1t N 1 test
(focused on instrument)

Day-in-the-life 3 tests 2 tests N’st 1 test
(focused on spacecraft) \O

Launch & early-orbit 4 tests 3 tests \V‘ 2 test 2 test
phase Q‘

Critical operations

each planned critical
operation included in at least
2 simulations, 1 of which is in
LE&O phase

each planned critical

operation inclu in a
least 2 simul
which is in,

\ A g
>\.)each planned critical

operation included in at
least 1 simulation

each planned critical
operation included in at
least 1 simulation

Contingency operations each contingency/critical each co ‘hcal each contingency/critical each contingency/critical
operation included in at least per. in at operation included in at operation included in at
2 simulations, one of which is Iea% s, one of least 1 simulation least 1 simulation
in LE&O phase |§.Jn &O phase

Flight system operation
with spacecraft

400 hours

\] 30D hours
%\\) (f

250 hours

200 hours

Note: Simulations and tests may be performed in parallel op )%/mbination, if appropriate, to satisfy above goals. End-to-end test implies

spacecraft-to-Control Center interface and include
Ground Readiness Tests (GRTSs)

65
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upporting elements, i.e., Science Data Center, communications network, etc.
are not includQ this table.
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3.11 Long Duration And Failure Free System Level Test of Flight and Software
Ground System Software

Rule: Ground test of the fully integrated FSW and ground system shall include demonstration of error free operations- I| cenarios over an extended time
period. The minimum duration of uninterrupted FSW system-level test (on the highest fidelity FSW testbed) a und system operations is 72 hours
for Class A and B missions; 48 hours for Class C missions; and, 36 hours for Class D missions, respectwel&

Rationale: Frequent restart of FSW and the ground system during ground tests may mask problems which will o %@:ur following extended execution of these
systems. Also, ground system stress testing is needed to ensure reliable operation. The number s specified is based on discussion with senior-
level engineers, and reflect best practices accumulated over a period of 15 years. ?

Phase: <A A B C AD E F

Activities: N/A N/A 1. Complete Draft 1. Complete Final %rn"plete and N/A N/A

FSW and Ground FSW and Ground Ex ute test plans, to
System Test Plans. System Test Plans. <\| clude long duration
0 FSW and ground
system testing.
a O« ’
Verification: | N/A N/A N/A &o(y SQR that | 1. Verify at MOR: N/A N/A
4 a%rzund a) The longest
st st Plans duration,
% Y ar, %@Iined and uninterrupted FSW
Q Qtét ;hey include system-level test (on
q& -duration testing. | the highest fidelity
Q/ AN FSW testbed), and
QQ % ground system
& testing have been
% C) completed.
Q/ b) Verify at FOR that
5 realistic post-launch
O science operations
Q, and safehold
Q operations were
represented by the
AQ" long duration test(s).
Revision Status: L, Quher: Reference:
Rev. E Noftware Systems Engineering Branch (581)
{\\/ light Software Systems Branch (582)
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3.13 Maintenance of Mission Critical Components Software
Rule: The updating of mission critical components during the mission operations phase (including any combination of hardware platforms, hardware devices,
and software code) shall not compromise the capability of the system to meet mission requirements. Missions sh%prowde sufficient quantities of flight
and ground resources to allow development, test, and operations activities to be conducted without comproml ission availability requirements.
Rationale: Missions should provide sufficient resources to allow updates to mission critical/high availability comp such as flight software and ground
system components directly supporting space-ground communications, to be developed and tested w compromising operations. Missions should
also ensure against inadvertent updates or deliberate concurrent updates of mission critical/high aé;;:lllty components. For example, under no
circumstances should prime and redundant components, such as prime and backup flight softw de images, be modified/updated concurrently,
before the operational performance of the change is properly verified in a single unit.
Phase: <A A B C D E F
Activities: N/A N/A 1. Ensure 1. Ensure flightand _JyNEnsure flight and | N/A N/A
preliminary flight and | ground system level <z§'found system
ground system design does not 0 maintenance plans
design contains @ define approach for
adequate strings or n development and test
quantities of ﬁ of changes to
equipment to satisfy 9 ments mission critical
both maintenance Q final flight functions before
and mission % ound system committing to
availability contains operations.
requiremen equate strings or
Phase E. Q \N\uantities of
0 equipment to satisfy
% both continuing
maintenance and
@ mission availability
5 requirements during
Phase E.
Verification: N/A N/A éﬁd‘y'at PDR. 1. Verify at CDR. Verify at MOR. N/A N/A
o)
Revision Status: r: Reference:

Rev. F

Y/

are Systems Engineering Branch (581) and Mission
nalysis Division (590)

Engineering and Systems

67
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3.14 Command Procedure Changes Software
Rule: Command procedures and/or scripts, and mission databases (onboard and ground) shall be controlled (treated with the same rigor as changes to flight
critical software). This includes formal configuration management, peer review by knowledgeable technical persofgel, and full verification with up-to-
date simulations wherever possible. (Routine command loads to perform nominal operations may require Iess@ gor based on experience of senior
engineers.)
Rationale Changes in command procedures and critical database areas that are not tracked, controlled, and fully can cause loss of science and/or the
mission. A\
Phase: <A A B C R |3 E F
Activities: N/A N/A 1. Ensure draft CM 1. Ensure that the lement CM 1. Implement CM N/A
plans address items final CM and test < \n s. Make plans. Make
defined in this rule. plans address the N changes to changes as
items defined in i procedures and necessary based on
rule databases as changing mission
2 et necessary based on needs/requirements
tio changing mission (i.e., aging S/C, etc.).
Ns)stai needs/requirements.
%Q/engQ ing plans
s the items
P %&ned in this rule.
Verification: N/A N/A 1. Verify g N \~\ . Verify at CDR. N/A N/A N/A
— O ,(%
Revision Status: owner: N
Rev. E

Flight Software s Branch (582)
Mission ValidgTi Operations Branch (584)
A\ 4

6 Reference:
Software Sys% ering Branch (581)
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4.01 Contamination Control, Planning, and Execution Mechanical
Rule: Specific contamination control requirements and processes (such as analytical modeling, laboratory investigations, and contamination protection and
avoidance plans) that support mission objectives shall be identified. Q
N O%
Rationale: Contamination sensitive components are often critical elements that directly affect system performance.@,\‘e'ssential that critical component
performance be preserved and not allowed to degrade due to contamination exposure & accumulationg
&,
. N
Phase: <A A B C _ Q~ E F
Activities: 1. Provide within the 1. Update 1. Update CCP as 1. Finalize CCP. 1. ent all 1. Monitor system N/A
conceptual study the | requirements and mission and design 2. Implement nts of the CCP. | performance for
preliminary develop control details evolve. appropriate eIements<L evidence of
contamination control | methodologies. of CCP in fabricatio™\\ contamination related
requirements that will | 2. Write draft b degradation and
drive mission cost, Contamination prepare mitigation
schedule, and Control Plan (CCP) Q Q plans if necessary.
design. to document cost, % @
schedule, and design ‘O &
requirements. Q, ?\
O A\
Verification: 1. Verify above at 1. Verify through 1. Verify thro g§~ . Werify that CCP is 1. Verify through 1. Verify mitigation N/A
MCR. peer review, proposal | peer revie t \‘\ der formal peer review. plan at ORR.
team, and at MRR. MDR. % ™ configuration control.
0 & 2. Verify through
% C) peer review and at
/., PDR and CDR.
Revision Status: Oowner: \4 Reference:
Rev F Mechanical 's Division (540) GEVS 2.7
ya)
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4.03 Factors of Safety for Structural Analysis and Design, and Mechanical
Mechanical Test Factors & Durations
Rule: Structural analysis and design factors of safety shall apply to all systems in accordance with GEVS Section 2.2.5Q
The project shall employ the mechanical test factors and durations in accordance with GEVS Section 2.2.4. s
O
Rationale: This will provide confidence that the hardware will not experience failure or detrimental permanent def; ion under test, ground handling, launch, or
operational conditions.
Using minimum recommended test durations and factors developed over years of development tence will increase confidence in test adequacy
and verification status. <
Phase: <A A B C D E F
Activities: N/A 1. Employ design 1. Employ design 1. Employ design \\cmploy design N/A N/A
factors of safety in factors of safety in factors of safety in <>~Fs tors of safety in
accordance with accordance with accordance with 0 accordance with
GEVS 2.2.5. GEVS 2.2.5. GEVS 2.2.5. Q GEVS 2.2.5.
2. ulateAqst 2. Write Test plans
SYOr @ctural and execute tests.
< e
Q Wicorporating the
% /:i&%ﬁents
chibed in the rule.
&S
Verification: N/A 1. Verify that factors | 1. Verify %‘f«ftor NM. Verify these 1. Verify these N/A N/A
of safety are defined of safet defj factors of safety, test | factors of safety, test
at MDR. at$S P, factors, and test factors, and test
durations at CDR. durations at EPR,
RO PER, and PSR.
Revision Status: Owner: \4 Reference:
Rev. E Mechanica ms Analysis and Simulation Branch (542) and Mechanical Engineering GEVS 224 & 225
Branch (54
A3

A%
QOQ
Q
N/
4?‘
O
S
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4.06 Validation of Thermal Coatings Properties Mechanical
Rule: All thermal analysis shall employ thermal coatings properties validated to be accurate for materials and mission ﬂzt parameters over the lifecycle of
the mission.

S

Rationale: Thermal coatings properties directly affect Mission success through S/C or instrument thermal design. \%v
I
. N
Phase: <A A B C _ Q- E F
Activities: N/A N/A 1. Determine 1. Update thermal 1. e thermal N/A N/A
appropriate BOL and | coatings properties %wgs properties
EOL coatings as coatings selection <L oatings selection
properties to be used | matures. \ matures.
in the thermal 0 2. Measure coatings
analysis. Q properties when
@Q Q appropriate.
AN
AT 4\
Verification: N/A N/A 1. Verify thro % &\(erify at CDR. 1. Verify at PER. N/A N/A
peer revieé% t \‘\
PDR. ¢ Ca
Revision Status: Owner: Reference:

Rev. E

o

N v
Contaminatit@?oa@as ngineering Branch (546)

NASA/TP-2005-212792
Spacecraft Thermal Control Coatings References;
Lonny Kauder
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4.07 Solder Joint Intermetallics Mitigation Mechanical
Rule: All materials at a solder joint shall be selected to avoid the formation of potentially destructive intermetallic compo&ds.
N (Xé
Rationale: Solder joints can be significantly weakened by excessive intermetallic formations. Particularly destructivgjS\¥he formation of gold-tin intermetallics,
which are brittle and change the conductivity of the joints. Substrates to be joined using a soldering p s should be selected to mitigate the
formation of these compounds. (/
Phase: <A A B C _ qu E F
Activities: N/A N/A 1. Substrates and 1. Test 1. ces to 1. Monitor system N/A
processes shall be representative itgate the performance for
selected to avoid the samples of joint <>+. rmetallic evidence of potential
formation of materials to assure \\\ formations in solder solder joint-related
excessive compatibility. 0 joints shall be failures. Use these
intermetallics. Use of considered if data to refine solder
gold-coated Q Q incompatible joint substrate
substrates shall be % @ substrates can't be requirements for
carefully monitored t ‘O & avoided. future missions.
keep gold Q ” ?\
concentration)w \
below 5% by AN
Verification: N/A N/A 1. Verify a N NN\ Verify at CDR. 1. Verify at PER. 1. Document lessons | N/A
N learned.
D AL %
Revision Status: Owner: Y ~ N\ Reference:
Rev. E Materials Eng ee&nch (541) NASA-STD-8739.3
X/
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4.08 Space Environment Effects on Material Selection Mechanical
Rule: Thorough evaluation of the environmental effects of the trajectory paths/orbits shall be assessed for the impact oné\aterials selection and design.
N (3%
Rationale: Understanding the trajectory and orbital environmental effects (e.g., ESD, radiation, Atomic Oxygen, et vthe spacecraft will eliminate costly
redesign and fixes, as well as minimize the on-orbit failures due to environmental interaction with spa materials.
&,
. N
Phase: <A A B C _ Q~ E F
Activities: 1. Orbit and life 1. Refine materials 1. Review preliminary | 1. Review updated 1. updated N/A N/A
requirement compatibility M&P list for M&P list for list for
information shall be analysis. environmental environmental <L ironmental
used by MAE to compatibility. Effects | compatibility. N\ compatibility.
assure compatibility to be considered Continue materi 0 Continue material
of material should include but testipg\as testing as
selections. not be limited to a @Iateo appropriate.
ESD, thermal effects, % @
radiation, atomic ‘O &
oxygen, and orbit Q, ?\
debris. As % ,&\
appropriate, Q~ A
environmen% , \‘\
simulati %S shell ™
be conduyfed t %
cha ze prateérial
comp=tibility
Verification: 1. Verify at MCR. 1. Verify at MDR. 1. Verif R 1. Verify at CDR. 1. Verify at PER. N/A N/A
-0

Revision Status:

Rev. E

Owner,

Materia@ngineering Branch (541)
O

Reference:
NASA-STD-6016 (4.2.3.7)
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4.10 Minimum Workmanship Mechanical
Rule: All electrical, electronic, and electro-mechanical components shall be subjected to minimum workmanship test levels as specified in GEVS Section
24.25.
Rationale: The workmanship levels defined in GEVS Section 2.4.2.5 have been found to be the minimum input Iev@cessary to adequately screen aerospace
electronic hardware for workmanship flaws. A
; \/’
Phase: <A A B C _ Q~ E F
Activities: N/A N/A 1. Envelop minimum | 1. Envelop minimum Rv&lop minimum | N/A N/A
workmanship levels workmanship levels anship levels
when deriving when deriving <ﬁh n deriving
component random component random \component random
vibration test levels. vibration test lev, 6 vibration test levels.
o§<’ \s
AT 4\
Verification: N/A N/A 1. Verify that (<~ _Verify that 1. Verify that N/A N/A
componen @, \‘ mponent test components have
levels e Q}p ‘ levels envelop been adequately
minimn@ minimum screened for
wor| hip=~ workmanship. workmanship.
Revision Status: A Reference:

Rev. E

GEVS Section 2.4.2.5

owner: <
Mechanical Syst nalysis and Simulation Branch (542) and
Electrical En fhg Division (560)

A4
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4.11 Testing in Flight Configuration Mechanical
Rule: Mechanical environmental testing (sine, random, & acoustic, shock, etc.) of flight hardware shall be performed with the test article in the flight like
configuration. Mechanisms are configured for flight, and the flight or flight like blankets and harness shall be pre for test.
Rationale: Testing in-flight configuration ensures that hardware which is difficult to analyze (i.e. blankets, harnesse@?e‘éhanisms) will be adequately screened by
environmental testing for design or workmanship flaws. A\
. \/’
Phase: <A A B C _ Q- E F
Activities: N/A N/A N/A 1. Develop plans 1. m testing in N/A N/A
necessary to allow onfiguration.
testing of hardware in<
flight configurationO\
NP
OV A
S X
AT 4\
Verification: N/A N/A N/A (<~ _Verify that 1. Verify that testing | N/A N/A
< f .
@ NN propriate planning has been performed
Q % > has been performed with the test article in
0 & to conduct test in flight configuration.
01 . flight configuration.
Revision Status: Owner: Reference:

Rev. E

I\ Y
Mechanical Syst
Electrical En fhg Division (Code 560)

nalysis and Simulation Branch (542) and

GEVS Sections 2.4
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4.12 Structural Proof Testing Mechanical
Rule: Primary and secondary structures fabricated from nonmetallic composites, beryllium, or containing bonded joints or bonded inserts shall be proof
tested in accordance with GEVS-SE Section 2.4.1.4.1. é
Rationale: The mechanical strength of the above items is dependent on workmanship and processing and can onI@Térified by proof testing.
; \/’
Phase: <A A B C _ Q~ E F
Activities: N/A N/A 1. Identify structure 1. Develop test 1. m proof N/A N/A
requiring proof methods and plans to verify
testing. for performing proof < hanical strength.
testing. N
K%
AT 4\
Verification: N/A N/A 1. Verify that . ¥erify that 1. Verify that proof N/A N/A
structural S \‘\ proach for proof testing has been
requirin 0 % M testing appropriate performed.
testin b& structural elements
ide Y ad has been defined.
Revision Status: Owner: NJ Reference:
Rev. E Mechanical Syst nalysis and Simulation Branch (542) GEVS 2.4.1.41
O
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414 Structural and Mechanical Test Verification Mechanical
Rule: Structural and Mechanical Test Verification program shall comply with GEVS-Table 2.4-1, Structural and Mechanical Verification Test Requirements.
N (3%
Rationale: Demonstration of structural requirements is a key risk reduction activity during mission development. \%\v
o
. N
Phase: <A A B C _ Q- E F
Activities: 1. Develop outline of 1. Update structural 1. Develop draft 1. Finalize structural 1. nstrate that N/A N/A
structural qualification structural qualification plan. ardware
qualification methodology and qualification 2. Implement plan. <L ports expected
methodology. develop preliminary methodology and N\ mission
strength qualification plan. 0 environments and
plan Q complies with
Q Q specified verification
‘O%/& requirements.
<</ \e
A Pa\
Verification: 1. Verify at MCR. 1. Verify at MDR. 1. Verify that ﬁ?s _g«enfy through 1. Verify at PER, N/A N/A
under confj R, and Engineering Peer
control. ‘ Engineering Peer Review, and PSR.
2. Ver@ Review and at CDR.
ng
ReV|e apd,
Revision Status: Owner: ; Reference:
Rev. E Mechanical ring Branch (543), Mechanical Systems Analysis and Simulation GEVS Sections 2.4.1
Branch (542)
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4.15 Torque Margin Mechanical
Rule: The Torque Margin (TM) requirement defined in GEVS section 2.4.5.3 shall apply to all mechanical functions, those driven by motors as well as
springs, etc. at beginning of life (BOL). End of Life (EOL) mechanism performance shall be determined by life teség, and/or by analysis; however, all
torque increases due to life test results and/or analysis shall be included in the final TM calculation and verific@. Margins shall include all flight drive
electronics effects and limitations.
Rationale: This torque margin requirement relates to the verification phase of the hardware in question. Conservati ecisions should be made during the design
phase to ensure adequate margins are realized. However, it is recognized that under some unique cirt ances these specified Factors of Safety
(FOS) might be detrimental (excessive) to the design of a system. For specific cases that require @/al of a waiver, appropriate FOS shall be
determined based on design complexity, engineering test data, confidence level, and other pertiggiihformation.
Phase: <A A B C cAD E F
Activities: N/A 1. Identify and create | 1. The Torque 1. The Torque Q& Torque 1. Monitor system N/A
a plan for Margin (TM) shall be Margin (TM) shall be gin (TM) shall be | performance for
determination and calculated per the calculated per the <2\§alculated per the evidence of
implementation for guidelines in GEVS guidelines in GEV. gundellnes in GEVS mechanism
Torque Margin Section 2.4.5.3 using Secti n2453 Section 2.4.5.3 using | degradation. Use this
verification. PDR Factors of ctor; Post Acceptance / data to improve
Safety. Identify basis asis | Qualification Factors | future design
for input to analysis. @ p d@ﬂalyss of Safety. approaches.
Prg all 2. Prepare mitigation
% %3 engineering plan to extend the life
Q~ &ata used for of the mission if
% i%se analyses. degradation
P \;\ becomes evident.
Verification: N/A 1. The Torque 1. Prege VM ) | 1. Present T™M 1. Present final test N/A
Margin Plan shall be ana analysis at CDR. verified TM analysis
presented at MDR as { : at PSR. Identify basis
part of the analysis @ for input to analysis.
and verification 5 Present all available
process. hardware verification
Q~ test data used for
O these analyses.
Revision Status: (0] Reference:
Rev. E r@mcal Engineering Branch (543) GEVS 24.5.3
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4.18 Deployment and Articulation Verification Mechanical
Rule: All flight deployables, movable appendages, and mechanisms shall demonstrate full range of motion and articulation under worst-case conditions prior
to flight. %
N (3%
Rationale: Environmental factors such as temperature, gravity, acceleration fields, wire bundle stiffness, and other@%‘a’dversely affect successful deployment.
Verification of these systems under worst-case conditions will improve on-orbit success. A\
&,
. N
Phase: <A A B C _ Q~ E F
Activities: N/A N/A 1. Include articulation | 1. Analyze design k@e worst case | N/A N/A
in the verification and use environment is and test
plan and verification to determine worst < S.
matrix. case deployment N 2. Write test
conditions. 0 procedure(s).
2.D onstrate@ 3. Conduct tests.
a yab@xs em
an e
Q‘ vis& verify
epl?‘g,e t under
ase
,O? &ions.
Verification: N/A N/A 1. Verify a N NN\ Verify worst case 1. Verify test N/A N/A
M condition analysis procedures and test
0 ,@ and test results through
% C) plans/procedures engineering peer
through engineering reviews, and at PER
5@ peer review and at and PSR.
~\ CDR.
Owner: A~A\J Reference:

Revision Status:
Rev. E

Mechary ngineering Branch

(543)
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4.20 Fastener Locking Mechanical
Rule: All threaded fasteners shall employ a locking feature. Q
Rationale: If not locked in the torqued, preloaded position, threaded fasteners subjected to vibration and thermal c;@g‘roads will tend to relieve their preload and
potentially jeopardize the mission. A
; \/’
Phase: <A A B C _ Q~ E F
Activities: N/A N/A N/A 1. Review all design 1. t all N/A NA
drawings and ed fastener
specifications to < rdlated assemblies to
assure all fastener%sverify that the
employ an specified locking
appreRrriate Ioc feature has been
% properly applied.
K ‘</
__ KAPN: _
Verification: N/A N/A N/A 6 ‘& rify at CDR. I13.8\/Rer|fy atPERand | N/A N/A
Q 3 |
Revision Status: owner: S L Reference:
Rev. F Electromech%a Systems Branch (544) and Mechanical Engineering Branch (543)
/
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4.21 Brush-type Motor Use Avoidance Mechanical
Rule: Designs shall avoid brush-type motors for critical applications with very low relative humidity or vacuum operations, Intentionally excluded from this
rule are contacting sensory and signal power transfer devices such as potentiometers and electrical contact ring éemblies (slip rings, roll rings), etc.
O
Rationale: The operating life of the brush-type motors can be significantly decreased in extremely dry or vacuum ¢ wons. Critical components relying on brush-
type motors could be rendered inoperable due to excessively worn brushes or brush particulate contagtgetion.
&,
Phase: <A A B C & E F
Activities: N/A 1. Identify all motor 1. Mechanisms and 1. Finalize motor and | 1. ing Motor N/A NA
applications and Controls shall be control design. mance during
motor types. designed to avoid the < gration and Test
use of brush-type \ activities.
motors. If Brush-type 0
motor is used, it shall Q
be carefully Q Q
scrutinized, and an % @
alternative motor ‘O &
design and selecti
trade study shal /&\?\
seriously congt .
Verification: N/A 1. Verify at EPR & 1. Verify wﬁnd ANNE Verify at EPR and 1. Verify at EPR, N/A N/A
MDR. PDR. M CDR. Conducted Life | PER and PSR.
0 ,@ Test consistent with
% C) Gold Rule 4-23, Life
/., Test Verification.
Revision Status: Reference:

Rev. E

Owner: <
Electromech ystems Branch (544)
Pl
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4.22 Precision Component Assembly Mechanical
Rule: When precise location of a component is required, the design shall use a stable, positive location system (not relying on friction) as the primary means
of attachment.
Rationale: When in the domain of arc-sec to sub-arc-sec location requirements, the use of pinning or similar non-fr@i'?eliant method will help ensure alignment
is maintained through all expected stresses. A\
: v‘
Phase: <A A B C _ Q- E F
Activities: 1. Begin to identify 1. Refine 1. Identify 1. Design and 1. t N/A N/A
potential high identification of high methodology for document blies to assure
precision interfaces. precision interfaces. precise location attachment methods. <L cified attachment
attachment. O\techniques are
Q properly applied.
K%
AT 4\
Verification: N/A N/A 1. Verify thro g§~ . ¥erify through 1. Verify through N/A N/A
peer revie t \‘ er review and at peer review and at
PDR. | . MCDR. PER.
Revision Status: Owner: < Reference:

Rev. E

Bra

nch (544)
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4.23 Life Test Mechanical
Rule: A life test shall be conducted, within representative operational environments, to at least 2x expected life for all repetitive motion devices with a goal of
completing 1x expected life by CDR. é
Rationale: Reliability of electro-mechanical systems can have serious Mission success implications. Documented lifg2sting must be performed which
demonstrate performance requirements for mission life. Life tests must consider the flight drive electrogli¢s“effects and limitations.
; \/’
Phase: <A A B C _ Q~ E F
Activities: N/A 1. Develop a life test 1. Develop draft life 1. Finalize plan and 1. nt life test N/A N/A
outline for all test plan. implement. sions and
repetitive motion pare to mission

devices. Szﬁaﬁormance

Q requirements.
O
<&
SN

N
Verification: N/A 1. Verify at MDR. 1. Verify that - . ¥erify plan and 1. Verify life test N/A N/A
has been g at \‘\ y existing life test results at PER and
PDR. ' ~_ Mdata. PSR.
Revision Status: Owner: \?‘ < Reference:
Rev. E Electromech@a S@n Branch (544) GEVS 2.4.51
%
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4.24 Mechanical Clearance Verification Mechanical
Rule: Verification of mechanical clearances and margins (e.g. potential reduced clearances after blanket expansion) shzbe performed on the final as-built
hardware.

e

Rationale: Proper mechanical clearances are often critical to successful on-orbit performance (e.g. free-movement@a¥, thruster impingement, FOV, etc.).
Verification through analysis and drawing checking alone is not sufficient to properly demonstrate ade clearance.
. \/’
Phase: <A A B C _ Q~ E F
Activities: N/A N/A N/A 1. Demonstrate that 1. nstrate that N/A N/A
mechanical nical
integration plans <>L gration plans

clearances at

cleagagqces at
a @Iateo appropriate

include provisions foN\ include provisions for
verifying mechapi verifying mechanical

ati integration
Nmlest \ milestones.
Q, .C 2. Conduct
% %zg ions and inspections and
,O~ \eaesurements. measurements.
Verification: N/A N/A N/A (O‘ A\ Verify at CDR. 1. Verify at PER and N/A N/A
Q S PSR.
\ AL %
Revision Status: Owner: Nt Reference:
Rev. E Electromecha ca@ﬁ}ns Branch (544)
X/

84



http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf

Downloaded from http://www.everyspec.com

4.25 Thermal Design Margins Mechanical
Rule: Thermal design shall provide adequate margin between stacked worst-case flight predictions and component allowable flight temperature limits per
GEVS 2.6 and 545-PG-8700.2.1A.
Note: This applies to normal operations and planned contingency modes. This does not apply to cryogenic sy@s.
Rationale: Positive temperature margins are required to account for uncertainties in power dissipations, environmg\a‘ﬁd thermal system parameters.
o
. N
Phase: <A A B C _ Q~ E F
Activities: 1. Thermal design 1. Thermal design 1. Thermal design 1. Thermal design 1. thermal 1. Thermal analysis 1. Thermal analysis
concept produces concept produces concept produces concept produces e test with flight-correlated with flight-correlated
minimum 5C minimum 5C minimum 5C minimum 5C < uces test- model shows model shows
margins, except for margins, except for margins, except for margins, except fogscorrelated model. minimum 5C margins | minimum 5C margins
heater controlled heater controlled heater controlled heater controlle Test and worst-case for mission trade for mission disposal
elements which have | elements which have | elements which have | ele ts which@e flight thermal studies, except for options, except for
a maximum 70% a maximum 70% a maximum 70% a I@\u analysis with test- heater controlled heater controlled
heater duty cycle, heater duty cycle, heater duty cycle, %er d e, correlated model elements which have | elements which have
and two-phase flow and two-phase flow and two-phase flow ,Napd t e flow demonstrate a maximum 70% a maximum 70%
systems which have systems which have systems which ha Q yst hich have minimum 5C heater duty cycle, heater duty cycle,
a minimum 30% heat | a minimum 30% heat | a minimum 30% um 30% heat | margins, except for and two-phase flow and two-phase flow
transport margin. For | transport margin. For | transport mar; port margin. heater controlled systems which have systems which have
Pre-A, larger margins | Phase A, larger \‘\ elements which a minimum 30% heat | a minimum 30% heat
advisable. margins advisable. Q > demonstrate a transport margin. transport margin.
0 ,@ maximum 70%
% heater duty cycle,
C) and two-phase flow
5@ systems which
O demonstrate a
minimum 30% heat
A transport margin.

Verification: 1. Verify at MCR. 1. Verify worst-case " Verify worst-case 1. Verify worst-case 1. Verify through 1. Verify thermal 1. Verify thermal
thermal analysis of ¢ XL thermal analysis of thermal analysis of peer review and at analysis of flight analysis of flight
concept through design through peer detailed design PER and PSR. system using flight- system using flight-
review and at review and at PDR. through peer review correlated thermal correlated thermal
and MDR. and at CDR. model through peer model through peer

\0 review. review.
v

Revision Status:
Rev. E

Owner:
Thermal Engineering Branch (545)

Reference:
GEVS 2.6
545-PG-8700.2.1A
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4.27 Test Temperature Margins Mechanical
Rule: Components and systems shall be tested beyond allowable flight temperature limits, to proto-flight or acceptance test levels as appropriate as specified
in GEVS section 2.6.2.4a, which specifies margins for passively and actively controlled hardware. Note that at Ieés of assembly above component,
full specified margins may not always be achievable for all components due to test setup limitations; in these s, the expected test levels shall be
approved by the GSFC Project, and shall be presented at the earliest possible formal review, no later than
Rationale: The test program shall ensure that the flight hardware functions properly (meets performance requirem \at temperatures more severe than
expected during the mission to demonstrate robustness to meet its mission lifetime requirements. (NogdPhis rule does not apply to cryogenic
systems.) (/
. V
Phase: <A A B C _ Q~ E F
Activities: N/A N/A 1. Component proto- 1. Component, 1. onents and
Revalidate flight thermal vacuum | subsystem, and ﬁms shall
test temperatures system proto-flight < ergo proto-flight
shall be specified thermal vacuum test\\\ thermal vacuum
with the required temperatures sh 0 testing with the
margin as stated in be specified wit required margin as
the Reference r @ m as stated in the
(GEVS 2.6.2.4a). in Reference (GEVS
) erefCe VGEVS 2.6.2.4a). Yellow and
Q, 6&{) Red limits for flight
% ,Q temperature
Q~ A telemetry database
% \‘\ shall be consistent
Q > with actual proto-
0 @ flight system thermal
% vacuum (TV) test
/‘C) temperatures.
Verification: N/A N/A 1. Verify%@R. 1. Verify at CDR. 1. Verify results of
O component and
subsystem thermal
Q‘ vacuum (TV) tests,
and present plans for
Q.. system TV test at
O PER.
Q 2. Verify results of
system thermal
O vacuum test at PSR.
\> 3. Verify flight
database limits at
\\?\ MRR and/or FRR.
Revision Status: 4 I Owner: Reference:
Rev. E \/ Thermal Engineering Branch (545) and Electrical Engineering Division (Code 560) GEVS 2.6.2.4a
AN
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4.28 Thermal Design Verification Mechanical

Rule: All subsystems/systems having a thermal design with identifiable thermal design margins shall be subject to a Thegmal Balance Test at the appropriate

assembly level per GEVS Section 2.6.3.
Rationale: This test shall provide an empirical verification of the subsystem/system's thermal design margin. In addiiy steady state temperature data from this

test shall be used to validate subsystem/system thermal math models (TMMs). A\

; \/’

Phase: <A A B C _ Q~ E
Activities: 1. Identify thermal 1. Include thermal 1. Identify preliminary | 1. Identify specific 1. ent test. N/A N/A

balance test balance test in thermal balance test thermal balance test

concepts. environmental test architecture and architecture and <>§

plan. scope. cases. 0\
K%
AT 4\
Verification: 1. Verify at MCR. 1. Verify at MDR. 1. Verify at S &\erify at CDR. 1. Verify at PER. N/A N/A
PDR. A\
LY >
Revision Status: Oowner: S L Reference:
Rev. E Thermal En rlnge‘jn h (545) GEVS 2.6.3
/

&
N/
4?‘
O
S
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4.29 Thermal-Vacuum Cycling Mechanical

Rule: All systems flying in unpressurized areas shall have been subjected to a minimum of eight (8) thermal-vacuum test cycles prior to installation on a

spacecraft. For an instrument, a minimum of four (4) of these eight (8) Thermal Vacuum cycles shall be perform t the instrument level of assembly.
Rationale: This provides workmanship and performance verifications at lower levels of assembly where required e idaments can be achieved and reduces the

risk to cost during spacecraft Integration and Test (I&T). For units where there is an institutional or &q tional delivery to an interim level of

assembly, pre-delivery testing should include a minimum of 4 cycles. (/
Phase: <A A B C _ Q~ E F
Activities: 1. Identify 1. Develop 1. Update 1. Update plan. 1. ent test N/A N/A

environmental test preliminary environmental test .

concept. environmental test plan and put under <L

plan. configuration control. 0\
%) x\E
Verification: 1. Verify at MCR. 1. Verify at MDR. 1. Verify at S &\erlfy at CDR. 1. Verify that all N/A N/A
PDR. ‘ components have
Q % ‘ seen required testing
0 & prior to spacecraft
1&T at PER.
Revision Status: Owner: " Reference:
Rev. F Mission Systems eering Branch(599) GEVS 2.6.2.4.b
O\
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5.04 Instrument Testing for Multipaction Instruments
Rule: Active RF components, such as radars, shall be designed and tested for immunity to multipaction. Q
Rationale: Multipaction on RF components that carry large amounts of RF power can degrade overall performan \Lcause damage. Unless significant design
margin is demonstrated, small unit-to-unit variations make it impossible to predict whether an RF co B%wt is susceptible to multipaction.
Phase: <A A B C _ Q- E F
Activities: 1. Determine the 1. Further refine 1. Down select 1. Build engineering Q@ﬂight models | 1. Monitor instrument | N/A
likely maximum power requirements vendor and finalize models of all erform performance to
power levels that and for components component components that L ipaction testing determine if
components are that are likely to have | performance and could experience N\ on all flight component damage
going to see and multipaction issues. power requirements. multipaction an 0 components before or degradation is
determine if 2. Begin vendor 2. Develop perf testlng and after occurring due to
multipaction could be | research to multipaction ts environmental multipaction.
an issue. determine the extent immunity verification testing.
of the issues. plan. ‘@wm
O)Q esti
Verification: 1. Gather data from 1. Verify desi d %}erlfy results of 1. Verify results of 1. Track long-term N/A
multiple vendors to verificatio \‘ testing at CDR. testing at PSR. performance of
have several points PDR. instrument for trends
of comparison. 0 ,@ in overall
% performance and
compare to
\Q/ expectations.
Revision Status: Owner: Qm Reference:
Rev. E Microwav ent Technology Branch (555)
Pa)

\OQ
&

4

Oé\/
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5.05 Fluid Systems GSE

Instruments

Rule: Fluid systems GSE used to pressurize flight systems shall be compliant with the fault tolerance requirements of R&e 1.26.

e

P

Rationale: Fluid systems GSE is usually at a pressure significantly above the flight systems final pressure and ther

system.

(/A\

2

@s‘ﬁoses a risk of over-pressurizing the flight

. N

Phase: <A A B C _ Q~ E F
Activities: 1. Recognize the 1. Determine if 1. Secure agreement | 1. Recertify existing 1. SE to test N/A N/A

need for this candidate GSE exists | for existing GSE. GSE before use. ﬁsystem (and

specialized GSE. and availability 2. Design new GSE 2. Assemble and <L ponents if

(versus a new build). | and procure certify GSE. O\necessary).
components.
I %
AN
AT 4\

Verification: 1. Verify inclusion in | 1. Present GSE 1. Verify thro g§~ . Rresent 1. Verify that N/A N/A

proposal write-up assessment at MDR. peer revit&% t \‘\ rtification at CDR. procedures for GSE

and cost estimate. PDR. N are approved by

\\) ,(% PER.
Revision Status: Owner: g > Reference:
Rev. E Cryogenics an F@anch (552) Fault Management PG
AN NPR 8715.3
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5.06 Flight Instrument Characterization Standard Instruments
Rule: Flight instruments and their components shall be characterized for performance over their expected operating tem&erature range.
N (3%
Rationale: Detector performance falls off rapidly as a function of temperature for both increasing and decreasing te@\r‘.&ﬂure. Additionally, structural-thermal and
optical performance models need to be correlated against tests. A\
&,
. N
Phase: <A A B C _ Q- E F
Activities: 1. Test mission- 1. Test critical parts 1. Test flight-like 1. Test flight-like 1. ight system N/A N/A
enabling parts and and components subsystem and systems and perating
components at room over the flight components over the | components <>t‘[ perature range,
temperature operation flight operation operating O\p us margin beyond
(extrapolate temperature range, temperature range, temperature ran intended operating
performance at other | plus margin (no plus margin beyond plus /argin bey range.
than room extrapolations) intended operating i @1 (o] ing
temperature). beyond intended range. .
operating range. ) &
Koy
AT 4\
Verification: 1. Test result 1. Test result 1. Review su %\eview summary 1. Verify through N/A N/A
reviewed by principal | reviewed by principal | of results . \‘\ results at CDR. peer review and at
investigator. investigator and % > PER.
science working 0 &
group. S .
Revision Status: Owner: < /Z\J Reference:
Rev. E Detector System ch (553)
O\

91

&
OQ‘
\
QQ
\g
o
Oé



http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf
http://gsfcrules.gsfc.nasa.gov/rules/glossary.pdf

Downloaded from http://www.everyspec.com

5.08 Laser Development Contamination Control Instruments
Rule: All flight laser development shall include an approved laser-specific Contamination Control Plan (CCP). Q
Rationale: Component and/or system contamination has been identified as the contributing cause in most laser fail%%.‘tﬁ-date. There are unique requirements of
a laser CCP that differ significantly from those of a general CCP (as required by 4.01). A\
; \/’
Phase: <A A B C _ Q- E F
Activities: N/A N/A 1. Review 'Laser 1. Implement CCP at | 1. ue 1. Continue any post- | N/A
Contamination the component level. i entation of the | launch aspects of the
Control Plan Outline' <L through launch. | CCP.
and prepare a 0\
program specific
) A
<&
%) A
Verification: N/A N/A 1. Review (<~ &\erify at CDR. 1. Verify at PER and | 1. Verify post-launch | N/A
document; \‘\ PSR. summary of
PDR. B activities.
Revision Status: Owner: < Reference:

Rev. F

Z

D
Laser and EIC@D-O% anch (554)
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5.09 Cryogenic Pressure Relief Instruments
Rule: Stored cryogen systems (and related GSE) shall be compliant with the fault tolerance requirements of Rule 1.26.
N (3%
Rationale: Unintended conditions can lead to potential system over-pressurization. \%v
o
. N
Phase: <A A B C _ Q- E
Activities: 1. Identify personnel 1. Identify underlying 1. Refine analysis 1. Finalize analysis 1. {Kllgde the N/A N/A
or organization to assumptions and and identify and include relief s in the
conduct the conduct preliminary candidate relief devices in design. L ware build-up
appropriate analyses | emergency venting devices. Procure devices and\\\ and test function
during subsequent analysis. test them at the 6 during build-up as
phases. compapent leve appropriate.
6 Q 2. Review flight
% @ hardware and GSE
‘O & configurations prior
Q, ?\ to testing to ensure
% \ that relief paths are
,O~ N not circumvented.
Verification: 1. Grass-root cost 1. Ensure venting 1. Review @R NN\ Review at CDR. 1. Review at PER. N/A N/A
estimate to include analysis included in Q N
cryogenic larger cryogenic 0 ,@
engineering. system analysis % C)
report/summary that
is reviewed by the 5@
system engineer O
and/or review team. Pa)
Revision Status: Reference:

Rev. F

Cryoge

PN

Ownergz\(~

s and Fluids Branch (552)

Fault Management PG

NPR 8715.3

Y%
&

4

Oé\/
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Anomaly

Assembly

ACS

API

BOL
Breadboard

Catastrophic Hazard

CCP
CDR

CM

Component

COTS
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GLOSSARY AND ACRONYM GUIDE

An unexpected event that is outside of certified design/performanc @ecification limits. NOTE:
Certified design limits are those identified in approved design-levs@)cuments

A functional subdivision of a component consisting of parts bassemblies that perform
functions necessary for the operation of a component as ole (Ref: GEVS 1-6)

Attitude Control System \éco
Application Program Interfaces Q
Beginning of Life Q/&Q/

A model used to test hardwaé@Qme or 5 (See TRL levels.)

A hazard, condition or e uId result in a mishap causing fatal injury to personnel
and/or loss of spacec Ia vehlcle or ground facility

Contamination ControICS§(

Critical Design R

Configuratl @anagement A management discipline applied over the product's life cycle to
provide vi ity and to control performance and functional and physical characteristics (Ref:
NPR 71 b)

A fDAX:)naI subdivision of a subsystem and generally a self-contained combination of items
p'érformlng a function necessary for the subsystem’s operation (Ref: GEVS 1-6)

O Commercial Off-The-Shelf



CPU

Critical Hazard

Debug Features

DR
EDAC
EEE
EEPROM
EGSE
Element

End-to-end test

ETU
EOL
FDAC

FIFO
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Central Processing Unit

A condition that may cause severe injury or occupational iliness, or maf(r property damage to
facilities, systems, or flight hardware O

With the best of intentions of helping to debug software and/or@ ware problems, there exists
a feature that is not needed by the operation software, but accidentally or intentionally left
in the code for debug purposes. (May be advertised or u ertised; May be documented or
undocumented; May be tested or untested)

O
&
N
& QQ
Electrical, Electronic, and Elect Qch@gé

.
DY AN

Electrically Erasable Progréﬁa ead-Only Memory
[pfent

o

A portion of a hardwarégéoftware unit that is logically discrete

Decommissioning Review

Error Detecting and Correcting

Electrical Ground Su

A test performed @Q%;e integrated ground and flight system, including all elements of the
payload, its corQa.l, stimulation, communications, and data processing (Ref: GEVS 1-4)

Engineeri Q’est Unit
A\
EndAWe
%ilure Detection and Correction

First-In / First-Out



FOR

FOS

FOV

FRR

FSW

GEVS

GN&C

GPR

GRT

Heritage hardware

High fidelity

HW
ICD
I/F
1/0

ISR
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Flight Operations Review
Factors of Safety Y
Field of Vision

Flight Readiness Review
Flight Software 0
General Environmental Verification Specificationon
Guidance, Navigation, and Control
Goddard Policy Requirement Q/Q &

%) «\?”
Ground Readiness Test Q‘ \é

Hardware from a pre\@s§%}' , program, or mission

Addresses form, fit, anq§O ction. Equipment that can simulate and validate all system
specifications within<?~ oratory setting (Ref: Defense Acquisition University)

Hardware Q.Q
Interface 6) trol Document
N
Inte&@’
I'rpput / Output
\/

Interrupt Service Routine



ITU
1&T

KDP

LE&O
LRR
(O]
Margin
MAE
MDR
MCR

Mission-critical

Mission Success

MOR
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Integrated Test Unit
Integration and Testing <<

Key Decision Point. The event at which the Decision Authority d ines the readiness of a
program/project to progress to the next phase of the life cycIeA@o the next KDP)

Launch and Early Orbit Qg/
Launch Readiness Review Q§
Operating System QO

The amount by which hardware c%eeds requirements (Ref: GEVS 1-7)

Materials Assurance Englneeé~%
Mission Definition Rewgz %é

Mission Concept Rev%/@

Item or function thag{ﬁ&t retain its operational capability to assure no mission failure (See
Mission success) Q MSFC SMA Directorate)

Those acti &@%;rformed in line and under the control of the program or project that are
necessa provide assurance that the program or project will achieve its objectives. The
m|SS|on \ cess activities will typically include risk assessments, system safety engineering,
reliapiity’analysis, quality assurance, electronic and mechanical parts control, software
validation, failure reporting/resolution, and other activities that are normally part of a program
cioroject work structure (Ref: NPR 7120.5b)

O Mission Operations Review
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MRR Mission Readiness Review
MRT Mission Readiness Test é<<
ms milliseconds \O
N
M&P Materials and Processes Q/A
NPR NASA Procedural Requirements ®Q~
ORR Operational Readiness Review 0Q~
Payload An integrated assemblage of module b g’ns etc., designed to perform a specified

mission in space (Ref: GEVS 1-
PCI Peripheral Component Intercafy&;&\?~
PDR Preliminary Design Re@ %
PER Pre-Environmental R&e%o

Performance Verification Determination by te@aly&s or a combination of the two that the payload element can
operate as mtendqg a particular mission (Ref: GEVS 1-7)

PLD Programma&l@%};lc Device

PROM Program@ue Read-Only Memory
Prototype hardware mﬁf&x\re of a new design. It is subject to a design qualification test program; it is not intended
flight (Ref: GEVS 1-5)

PSR O Pre-Shlp Review

98



RAM
RF
RHA

Safe Hold Mode

Safety

SAR
S/C
SDR
SEMP

Simulation

SORR

Spare part

SRR
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Random Access Memory

Radio Frequency é<<
Radiation Hardness Assurance %\O
A control mode designed to provide a spacecraft with a mo@& preserve its health and safety

while recovery efforts are undertaken Q.

O

Freedom from those conditions that can cause dea Jury, occupational illness, damage to or
loss of equipment or property, or damage to thes #onment (Ref: NPR 7120.5b)

Q
2O
Spacecraft Q/QQ/&Q/

Oy
System Design Review Q/ \é

Systems Engineering%&é&nt Plan

A synthetic representa;’oﬁ@f the characteristics of real world system or situation, typically by

System Acceptance Review

interfacing controls isplays (operational or simulated) and positions of the system with a
computer (Ref: I\/IQ BK-220B)

Science Op&l@ﬁﬁs Readiness Review

A replac@ent part (reparable or expendable supplies) purchased for use in the maintenance

of s s such as aircraft, launch vehicles, spacecraft, satellites, ground communication

S s, ground support equipment, and associated test equipment. It can include line-
laceable units, orbit-replaceable units, shop-replaceable units, or piece parts used to repair

@sﬁbassembnes (Ref: NPR 5900.1)

System Readiness Review



Subsystem

System

SW
TBD

Test Features

TYF
™

TRL
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A functional subdivision of a payload consisting of two or more components (Ref: GEVS 1-6)

The combination of elements that function together to produce the bility required
to meet a need. The elements include all hardware, software, e ent, facilities,
personnel, processes, and procedures needed for this purpos f: NPR 7120.5,
NASA Program and Project Management Processes and irements)

Q.

Software éco
To Be Determined 0@
With the best of intentions of helping t@est alidate the software, there exists a feature

that is not needed by the operatio f\% , but is desirable to have for testing purposes.
(May be advertised or unadverti documented or undocumented; May be tested or
untested) Q‘% «\

A
NP
Torque Margin % Q/C)

N

Technology Readinﬁgevel - A systematic metric/measurement system that supports
assessments of t aturity of a particular technology and the consistent comparison of
maturity betwe@.dl erent types of technology. NASA recognizes nine technological readiness

levels: <<O

TRL 9\);@ual system “flight proven” through successful mission operations

Test As You Fly

'gg@?\Actual system completed and “flight qualified” through test and demonstration (ground
light)

O TRL 7 System prototype demonstration in a space environment



Traceability Matrix
UART

Validation

Verification
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TRL 6 System/subsystem model or prototype demonstration in a relevant environment
(ground or space)

TRL 5 Component and/or breadboard validation in relevant enviro@ent
TRL 4 Component and/or breadboard validation in IaboratorA@/\lronment

TRL 3 Analytical and experimental critical function and/a@g(aracteristic proof-of-concept

TRL 2 Technology concept and/or application fornégd

TRL 1 Basic principles observed and reporte%o

(Ref: Space Science Enterprise M&e Handbook, Appendix E 11)
A matrix demonstrating the row-Qc} %ﬁequirements to successively lower levels

N
Universal Asynchronous R@e@ansmitter

Proof that Operatlons%g{ﬂeqwrements and Architecture and Design will meet Mission

Objectives, that they a istent, and that the “right system” has been designed. May be
determined by a combj n of test or analysis. Generally accomplished through trade
studies and performqé analysis by Phase B and through tests in Phase D (Ref: GPG
7120.5) Q

Proof of co&(?%ze with requirements and that the system has been “designed and built right.”
May be d% ined by a combination of test, analysis, and inspection (Ref: GPG 7120.5)

Oé\/
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DOCUMENT HISTORY LOG

Vi

Revision Effective
Date

N

Description

- 10-Dec-04

Baseline %\\J

A 30-May-05

[P. 10] User's Guide: removed text examples, replac Th bullets explaining what general
information goes into each rule section.

Addition of Change History page (against 12/10-baseline rulebook).

[P. 7] Revised Front Matter Graphics (architesdusédl diagram - Figure 2).

[Rule 1.17, Glossary] 1. Added "credible" inciple, Phase B, and Phase C; 2. Added
"credible" definition to Glossary. A\

[Rule 1.22] Phase C revision - Replaes-£xisting language with: "Demonstrate that the
method for drying the wet 8 s been validated by test on an equivalent or similar
system."

[Rule 1.14] Rewsgr@e P ‘Sbﬁle and Rationale.

Revised Principle; overage shall be acquired during all mission-critical events.
Continuous tel?~ mand capability shall be maintained during launch and until
the spacecraflh stablished on-orbit in a stable, power-positive mode."

[Rule 1.06KRd¥eg+abe 1.06-1 to website rule set.

[Rule 3 ddéd #dble 3.07-1 to website rule set.

[Rules™2201 @7‘, 2.11,4.01,4.03, 4.09,4.10, 4.11,4.12, 4.13, 4.14, 4.15, 4.23, 4.25,
4.27,4.2 @9]
1. Corr GSFC-STD-7000 (GEVS) references in GSFC-STD-1000.
. reference PDFs.
3. &)ded reference links.

@ﬂb 3.09] Added web links to source material (NPR 7150.2, GPG 8700.5).
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[P. 6] Updated Introduction.

[P. 9] Revised Figure 3 Lifecycle Chart - Removed “from S[@

[P. 10] Updated User’s Guide.

New Systems Engineering Rule: 1.04 — System Modeg\\

New Systems Engineering Rule: 1.08 — End to End<Fsting.

[Rule 1.14] Revised Principle, Rationale, Activitie8¢Phase E), and Verification (Phases pre-
A A, C>E).
Revised Principle: Continuous telemetryéﬁmmand coverage shall be maintained

during all mission-critical events. Missio ical events shall be defined to include
separation from the launch vehicle; p up of major components or subsystems;
deployment of mechanismgand/or lon-critical appendages; and all planned propulsive
maneuvers required to @ish@smn orbit and/or achieve safe attitude.

Revised Rationale:
prevent anomalo
available for

cQitiuous telemetry and command capability, operators can
e)sl;s Oom propagating to mission loss. Also, flight data will be
y RVestigations

B.1

29-Sept-06

Formattingqﬂéu‘ges ules 1.17, 2.02, 2.17, 3.03, 3.06, 3.07, 3.09, 3.10, 3.14, 3.15, 4.07,
4.15,4.2 28 e 2, Table 307-1 and Glossary “Space Part”

Typo cgkelxors corrected on Rule 1.28, 3.10, 4.08, 4.18, 4.23, 4.26

Replac&d Paye’2 and 3 of Table 3.07-1

30-Oct-06

Rule 1.14\Wevised Language in “Principle” Statement

Rule 126 = Major Revision

NewN&ystems Engineering Rule: 1.29 Leakage of Hazardous Propellant

_Gl¥%sary — Added definitions for critical and catastrophic hazards

N le of Contents — Updated to Reflect Changes for Rules 1.26, 1.29

C.1

12-DG\C/§3

o
4‘4

UNew Systems Engineering Rule: 1.09 Test Like You Fly

New Software Rule: 3.02 Elimination of Dead Software Code

Table of Contents — Updated to Reflect Changes/Insertion for Rules 1.09, 3.02

Glossary — Added Definitions for Dead Software/Code & Acronym for “Test Like You Fly”

Table of Contents — Typographical error in Rule 1.08 title corrected

[Rule 1.14] Revised Verification for Phases pre-A 2> E.

C.2

X\QZ-Dec-OG

Introduction — Corrected language for GPR 8070.4

Table 1.06-1 — Deleted “RF Link” Margin

Q,
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01-March-08

Downloaded from http://www.everyspec.com

Table of Contents — Revised to Reflect Rev D Changes

Rule 1.03 — Revised “Principle” Statement

Rule 1.11 — Revised “Principle” Statement @)

Rule 1.16 — Revised “Principle” Statement N

Rule 3.07 — Revised “Title” and “Principle” Statement\\\"

Rule 5.05 — Revised “Principle” Statement KN
Rule 5.09 — Revised “Principle” Statement -~

New Systems Engineering Rule: 1.18 Physicp(l?{:?)-Located Redundant Elements

New Systems Engineering Rule: 1.23 Spageeaft “OFF” Command

New Systems Engineering Rule: 1.25 Re@uhdant Systems

New Electrical Engineering Rule: 2.08.S%tondary Circuit Failures

New Electrical Engineering-Rule: 2. {8)Redundant Functions

New Electrical Engineegind\Rule{2)19 Multiple Circuit Power Bus Loss

New Electrical Englnqenﬁg' Ruflef.Z.20 Single Control Line Dependency

New Electrical Engile@fingRMe: 2.21 Gross Failure of Integrated Circuits

New Electrical nGes Rule: 2.22 Corona Region Testing of High Voltage Equipment

Table 3.07-1,~Revised\fist paragraph
O

07-July-09

Major Rex@% @v te

03-Aug-09

Adm| "Tlvﬁhanges Only - Rule 1.06 (pages 12 thru 16) and associated tables, modified
throughou arity, regarding system margin.

21-Feb-12

Ad tlve Changes Only — Rule 1.06 (pages 12 - 13); reverts to previous version, in its
entiy®y, for immediate near-term efficiency of mission application.

Idssary and Acronym Guide — changed definition of Catastrophic Hazard (ref. Rule 1.26), for
~Sonsistency with NASA-STD 8719.24.

(<\-1New Rules 1.39, 2.23, 2.24, 2.25; Added Rule 4.01

g
R

Introduction and elsewhere as needed: Removed Rev. E delineation between Rules and
Principles to identify all rules; rule = requirement

Updated all GEVS references to align with latest version (TBD) of GEVS

Updated owner organization throughout.

Glossary — corrected definitions of anomaly and EEE
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