
SECTION 2.2

ENVIRONMENTAL VERIFICATION
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2.2 APPLICABILITY

Sections 2.3 through 2.8 give the basic environmental verification program for verifying
payloads, subsystems, and components as follows:

2.3 Electrical Function & Performance
2.4 Structural and Mechanical
2.5 EMC
2.6 Thermal
2.7 Contamination Control
2.8 End-to-End Testing (payloads/spacecraft)

The verification program applies to payloads that will fly in the STS cargo bay and to
spacecraft that will be launched by expendable launch vehicles (ELVs).  Provisions that are
specific to STS or ELV payloads are noted in the text and tables.  For the purposes of this
document, a spacecraft is considered a payload, and an instrument is considered to be a
subsystem when determining the environmental verification requirements.

The basic provisions are written assuming protoflight hardware.  They are, in general, also
applicable to prototype hardware.  Acceptance requirements are also given for the flight
acceptance of previously qualified hardware.  This applies to follow-on hardware (multiple
copies of the same item) developed for the program, or hardware (from another program)
qualified by similarity.

2.2.1 Test Sequence and Level of Assembly

The verification activities herein are grouped by discipline; they are not in a recommended
sequence of performance.  No specific environmental test sequence is required, but the test
program should be arranged in a way to best disclose problems and failures associated with
the characteristics of the hardware and the mission objectives.

In cases where the magnetic properties of the hardware need to be controlled, the dc
magnetics testing should be performed after vibration testing.  This provides an opportunity
to correct for any magnetization of the flight hardware caused by fields associated with the
vibration test equipment.

Table 2.2-1 provides a hierarchy of levels of assembly for the flight hardware, with
examples.  These level designators are based on those used in the Space Systems
Engineering Database developed by The Aerospace Corporation for the Air Force, and
agreed to by NASA Headquarters, GSFC, and JPL..  The GEVS environmental test
requirements generally start at the “unit” level and end at the “system segment” level.
However, screening and life-tests often occur at lower levels, and overall system verification
continues beyond the “system segment” level.

2.2.2 Verification Program Tailoring

The environmental test requirements are written assuming a low-risk program.  The
environmental program should be tailored to reflect the hardware classification, mission
objectives, hardware characteristics  such as physical size and complexity, and the level of



ENVIRONMENTAL VERIFICATION                                                    ENVIRONMENTAL VERIFICATION

2.2-2

risk accepted by the project.  For example, the "trouble-free-performance" requirement may
be varied from the baseline to reflect mission duration and risk acceptance.  This document
also assumes that the payload/spacecraft is of modular design and can be tested at the
unit/component, subsystem/instrument, and system/spacecraft levels of assembly.  Often
this is not the case.  The project must develop a verification program that satisfies the intent
of the required verification program while taking into consideration the specific
characteristics of the mission and the hardware.  For example:

A spacecraft subsystem, or instrument, may be a functional subdivision of the
spacecraft, but it may be distributed throughout the spacecraft rather than being a
physical entity.  In this case, the environmental tests, and associated functional tests,
must be performed at physical levels of assembly (component, section, module,
system or instrument [refer to Appendix A - hardware level of assembly]) that are
appropriate for the specific hardware.  Performance tests and calibrations may still be
performed on the functional subsystem or instrument.

The physical size of the system may necessitate testing at other levels of assembly.
Facility limitations may not allow certain environmental tests to be performed at the
system level.  In this case, testing should be performed at the highest practicable
level.  Also, for very large systems or subsystems/instruments, tests at additional
levels of assembly may be added in order to adequately verify the hardware design,
workmanship and/or performance.

For small payloads, the subsystem level environmental tests may be skipped in favor
of testing at the component and system/spacecraft levels.  Similarly, for very small
instruments the GSFC project may elect to not test all components in favor of testing
at the instrument level.  These decisions must be made carefully, especially
regarding bypassing lower level testing for instruments, because of the increased risk
to the program (schedule, cost, etc.) of finding problems late in the planned schedule.

In some cases, because of the hardware configuration it may be reasonable to test
more than one component at a time.  The components may be stacked in their flight
configuration, and may therefore be tested as a "section".  Part of the decision
process must consider the physical size and mass of the hardware.  The test
configuration must allow for adequate dynamic or thermal stress inputs to the
hardware to uncover design errors and workmanship flaws.

Some test requirements stated as subsystem/instrument requirements may be
satisfied at a higher level of assembly if approved by the GSFC project.  For
example, externally induced mechanical shock test requirements may be satisfied at
the system level by firing the environment-producing pyro.  A simulation of this
environment is difficult, especially for large subsystems or instruments.

Aspects of the design and/or mission may negate certain test conditions to be
imposed.  For example, if the on-orbit temperature variations are small, less than
5°C, then consideration should be given to waiving the thermal-vacuum cycling at the
system, or instrument, level of assembly in favor of increasing the hot and cold dwell
times.

The same process must be applied when developing the test plan for an instrument.  While
guideline testing is required at the instrument component and all-up instrument levels of
assembly, additional test levels may be called for because of hardware complexity or
physical size.
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Table 2.2-1
Flight System Hardware

Levels of Assembly
.

2.2.3 Test Factors/Durations

Test factors/durations for prototype, protoflight, and acceptance are given in Table 2.2-2.
While the acceptance test margin is provided, the test may or may not be required for a
specific mission.
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Table 2.2-2
Test Factors/Durations

Test Prototype
(Qual.)

Protoflight
(Qual.)

Acceptance

Structural Loads1

  Test Level
  Analysis
  (show positive margins for
   all ultimate failure modes)

1.25 x Limit Load
1.4 x Limit Load

1.25 x Limit Load
1.4 x Limit Load

1.0x Limit Load
1.4 x Limit Load

Acoustics
  Level2

  Duration
Limit Level + 3dB

2 minutes
Limit Level + 3dB

1 minute
Limit Level
1 minute

Random Vibration
  Level2

  Duration
Limit Level + 3dB

2 minutes/axis
Limit Level + 3dB

1 minute/axis
Limit Level

1 minute/axis

Sine Vibration3

  Level
  Sweep Rate

1.25 x Limit Level
2 oct/min

1.25 x Limit Level
4 oct/min

Limit Level
4 oct/min

Acceleration (Centrifuge)
  Level
  Duration

1.25 x Limit Level
1 minute

1.25 x Limit Level
30 seconds

Limit Level
30 seconds

Mechanical Shock
  Actual Device
  Simulated

2 actuations
1.4 x Limit Level

2 x Each Axis

2 actuations
1.4 x Limit Level

1 x Each Axis

1 actuations
Limit Level

1 x Each Axis

Thermal-Vacuum Max./min. predict.
 ± 10°C

Max./min. predict.
 ± 10°C

Max./min. predict.

Thermal Cycling4 Max./min. predict.
 ± 15°C

Max./min. predict.
 ± 15°C

Max./min. predict.
±  5°C

EMC & Magnetics As Specified for
Mission

Same Same

1 - If qualified by analysis only, positive margins must be shown for load factors of 2.0 on yield and
2.6 on ultimate.  Composite materials cannot be qualified by analysis alone.

Note: Test and Analysis levels for beryllium structure are 1.4 x Limit Level for both qualification
and acceptance testing, and 1.6 x Limit Level for analysis on ultimate.  Also composite structure,
including metal matrix, requires acceptance testing to 1.25 x Limit Level.

2 - As a minimum, the test level shall be equal to or greater than the workmanship level.

3 - The sweep direction should be evaluated and chosen to minimize the risk of damage to the
hardware.  If a sine sweep is  used to satisfy the loads or other requirements, rather than to
simulate an oscillatory mission environment, a faster sweep rate may be considered, e.g., 6-8
oct/min to reduce the potential for over stress.

4 - It is recommended that the number of thermal cycles be increased by 50% for thermal cycle (ambient
pressure) testing.


