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PREFERRED
RELIABILITY
PRACTICES

ENVIRONMENTAL TEST
METHODS FOR
GROUND SUPPORT EQUIPMENT

Practice
Defines test methods for determining the capability of ground support equipment (GSE) and other
facility hardware to function when exposed to the natural and induced environments peculiar to
the prelaunch and launch conditions at Kennedy Space Center (KSC). Provides guidelines for the
preparation of detailed test procedures and for the preparation of the environmental test portions
of design specifications.
Benefits:
The test methods described herein specify conditions obtainable in the laboratory that will give
test results similar to actual service conditions.
Programs Which Certify Use:
Kennedy Space Center LC39 GSE
Center to Contact for More Information:
Kennedy Space Center
Implementation Method:
1. Design and Testing Considerations.

<

The basic purpose of this practice is to provide a guide to uniform testing of GSE and
other facility components to assess the ability of the hardware to withstand the
environmental stresses it will encounter during its life cycle and to ensure that plans and
test results are adequately documented.

C

Tests should be conducted to the maximum extent practicable to ensure operational
suitability of the item for the anticipated environmental conditions to be encountered
during its required usage. Consideration should be given to natural and induced
environments and to combinations and sequences of stresses.

C

The environmental conditions to which GSE is exposed in the KSC area vary considerably
by virtue of its location on the center. The environmental conditions of computer
equipment installed in an air-conditioned, sound-absorbent room on vibration-isolated
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floors is negligible compared to the severe conditions a holddown system experiences; i.e.,
the daily natural environments and the blast of the launch vehicle during lift-off. Designing
or testing all equipment to the most severe of these conditions is impractical and
expensive.

C

Design and testing should be accomplished with both the actual environmental and
reliability requirements in mind. KSC-STD-164 may be used as a guide to define test
conditions.

2. Testing Procedures.

C

Test Requirements. - The anticipated environmental conditions should be carefully
considered before determining which tests are to be conducted. Generally, only those
conditions that reflect launch and prelaunch usage of the test item should be considered.
Where possible, data should be obtained on actual operating and field environments to
which the GSE will be exposed to aid in the test selection process.
When considering the applicable environmental conditions, combined environmental
testing should also be considered as a means for more closely simulating service
conditions, and in fact, may be the only method of attaining valid test results.

C

Test Sequence. - Those tests that require the successful operation of the test item during
exposure to the environment should normally be conducted first, and those tests where the
test item remains static throughout the environment should be conducted last. In either
case, the test should be conducted in the order of the likely severity on the item; the least
severe being conducted first. Unless otherwise stated in the test requirements, the
following sequence is recommended;
Electromagnetic interference
Low temperature
High temperature
Temperature shock
Acoustics
Vibration
Shock
Humidity
Rain
Icing
Solar radiation
Fungus
Salt fog
Sand and dust
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-

Explosion
Lift-off blast

C

Receiving Inspection. - Prior to conducting any tests, the test item should be subjected to
a receiving inspection. This inspection should be made to determine conformance with
applicable drawings and specifications to the extent possible without disassembly of the
test item. When quality acceptance tests are specified, they should be conducted as part of
the receiving inspection.

C

Functional Test. - The functional test is the means by which it can be determined whether
or not the environmental tests are adversely affecting the performance capabilities of the
test item. Because the functional test is required to monitor the very "pulse" of the test
item, it is obvious that it must be comprehensive enough to include all possible aspects
which could affect the operation of the item.
The determination of what checks to make as part of the functional test requires a good
understanding of the operation and application of the test item and its possible failure
modes. Prior to conducting a functional test, the functional parameters to be monitored
should be specified and should include allowable limits on permissible degradation.

C

Installation in Environment Facilities. - The test item should be installed in the test facility
at ambient conditions in a manner that will simulate service usage. Install instrumentation
in, on, or around the item as required by the test. Plugs, covers, and inspection plates used
in service should remain in place. When mechanical or electrical connections are not used,
the connections normally protected in service should be adequately covered in the same
manner as service usage. The test item should then be functionally tested to determine that
no malfunction or damage was caused due to faulty installation or handling. The
requirement to conduct a functional test following installation is applicable only when a
functional test is required during exposure to the specified environments.

C

Frequency. - Functional tests should be conducted at least three times before and after
each test environment.If the functional test performed after an environmental test is
satisfactory, the test item should be qualified for the succeeding environment without
further testing, provided (1) the succeeding test is started within 72 hours after the
previous functional test and (2) installation changes are not required. When a test
environment simulates conditions under which the test item would be required to operate
during service, the item should be functionally tested at least three times during the test
environment.

C

Characteristic Tests. - Tests to establish the basic design characteristic of the item are also
required. These tests should not be confused with the functional-type test which is
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repeated throughout the test program. Characteristic tests are conducted once, generally
prior to the environmental tests, unless they are destructive in nature. Examples of
characteristic tests for pneumatic components may include proof test, flow test, surge test,
and the burst test which is destructive. For electrical components, characteristic tests may
include voltage drop test, ampere test, resistance test, and repeatability test.

C

Life Cycle Reliability Testing. - Testing is conducted to provide statistical data for
determining the reliability of the test item with a reasonable degree of confidence. Failures
that would occur "once-in-a-thousand" are looked for in the life-cycle test. After exposure
to all the environments the item would normally be exposed to during use with no
deterioration of operation found, the life-cycle test can provide a valid method for
determining reliability. Failures that occur due to wearing out of parts beyond service life
expectancy must not be considered a design failure, but may be considered for
establishing maintenance time periods. The number of life cycles to be conducted should
be established by the testing agency.

C

Documentation. - The environmental tests required for a particular hardware item should
be documented in a test plan or test requirements document. Inspections, data
requirements, test tolerances, functional tests, and installation requirements should be
indicated along with any deviations from the standard tests established herein. KSC-DF107 may be used as a guide in preparing the plan. The testing agency should develop a
detailed test procedure based upon the test requirements specified in the test plan. Test
results should be documented, approved, and published in accordance with KSC-STD128.

3. Test Methods.

C

Electromagnetic Interference. - The electromagnetic interference test is performed to
determine if the electronic or electrical equipment under test will exhibit malfunction or
degradation in performance when subjected to undesired external signals. Electrical and
electronic equipment includes components that are susceptible to malfunction from
external electromagnetic interference. Such interference can change the calculations of a
computer, alter the sequence of planned commands of computer programs, and cause
recorders to erroneously indicate that a function occured, failed, or even altered the time
of the recording function. Components, such as solenoid valves, power contacts, and
signal relays that are not susceptible to malfunction from external electrical interference,
generate transient pulses when deenergized. These impulses may exceed the normal
operating voltage ratings of much associated connecting circuitry as well as transmit
electromagnetic interference to external electronic circuits.

C

Low Temperature. - The low temperature test is performed to determine the operational
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performance of the item at low temperatures which might be encountered during its life
cycle. The test item should be functionally tested during exposure to ascertain whether or
not the environment causes degradation of performance. Some of the difficulties which
may result from low temperature exposure are binding due to differential contraction of
parts, loss of resiliency of gaskets, and congealing of lubricants. Testing to this
environment is applicable to components not installed in a temperature controlled
environment.

C

High Temperature. - The high temperature test is performed to determine the operational
performance of the item at high temperatures that might be encountered during its life
cycle. The test item should be functionally tested during exposure to ascertain whether or
not the environment causes degradation of performance. High temperature conditions may
cause permanent setting of packings and gaskets, binding of parts due to differential
expansion, and cracking or bulging of rubber and plastic. This test is applicable to
components that are not installed in a temperature controlled environment.

C

Temperature Shock. - The temperature shock test is performed to determine the effect of
an anticipated sudden change in temperature on the operational performance of an item.
Cracking or rupturing of materials (particularly valve seats) due to changes in material
characteristics and dimensions is the principal difficulty to be anticipated. A thermal shock
is experienced when (1) gases expand upstream or immediately downstream of a
pneumatic component, (2) hydraulic fluid is forced through restrictions at high flow, and
(3) when cryogenic fluids are used in items that are not gradually chilled down.

C

Acoustics. - The acoustic test is performed to determine the effects on performance that
acoustics will have on GSE and other facility hardware located at or near the launch pad at
the time of launch vehicle holddown and lift-off. In an acoustic noise field, pressure
fluctuations impinge directly on the equipment providing a distributed type of dynamic
load. Broadband spectra of these loads contain resonance frequencies of most, if not all,
structural components of equipment. The resulting resonant vibration is generally
different from that which occurs when excitation is applied only at discrete points. Further,
components that are effectively isolated from a mechanical transmission of vibration from
the supporting structure will be excited directly. Electronic chatter at friction-held
contacts, chafing of wires, cracking and collisions of printed circuit boards, and
malfunction/failure of waveguides and Klystron tubes are examples of acoustically induced
problems. Acoustic test specifications provide guidance for the performance of acoustic
tests on GSE or other facility hardware. Acoustic tests are subject to restraints imposed by
the capabilities of existing test facilities.

C

Vibration. - Vibration test specifications provide guidance for the performance of
vibration tests on GSE or other facility hardware used to support the launch of a space

PRACTICE NO. GSE-3006
PAGE 6 OF 8
APRIL 1996

Environmental Test Methods For Ground Support Equipment
vehicle. These specifications apply to a vibration environment occurring during a launch
for the purpose of providing criteria for acceptance and qualification of GSE. The extent
of concern is limited to equipment located on and in the proximity of the launch pad,
generally within a 300-meter (1000-foot) radius of the launch pad.

C

Shock. - The launch of a space vehicle generates pressure acoustic environments that do
not contain shocks. A pressure pulse generated by some engines at the time of ignition
does not induce as a response a distinct vibration shock, rather it results in a transient
vibration with peak amplitudes that are substantially lower than the peak vibration during a
lift-off period. True vibration shocks occurring during a launch are true anomalies caused
by collisions between structural elements and by bottoming of vibration isolators. High
shocks can be generated by a hard bottoming of vibration isolators that do not have
snubbers and that involve metal-on-metal impacts.
Whenever possible, the cause of shocks should be corrected rather than trying to qualify
equipment for an operation in the shock environment by testing. Exceptional shock
occurrences covered by these specifications are those that cannot be corrected by a
structure/isolator redesign or by moving equipment to another location free from shocks.
Because there are exceptions, test specifications, testing procedures, and tolerances should
be handled on a case-by-case basis.

C

Humidity. - The humidity test is performed to determine the resistance of equipment to the
effects of exposure to a warm, highly humid atmosphere such as that encountered in the
KSC area. This is an accelerated environmental test, accomplished by the continuous
exposure of the equipment to high relative humidity at an elevated temperature. These
conditions create a vapor pressure, which is the force behind moisture migration and
penetration. Corrosion is one of the principal effects of humidity. Hygroscopic materials
are sensitive to moisture and deteriorate rapidly under humid conditions. Many materials
lose their functional utility and physical strength and change their important mechanical
properties. Insulating materials that absorb moisture may lose their insulating properties.

C

Rain. - The rain test determines the resistance of GSE to the effects of exposure to
rainfall rates that are encountered in the KSC area. The rain test determines the capability
of equipment or component seals to resist water intrusion and determines the efficiency of
protective covers or cases designed to shield the item from rain.

C

Icing. - The icing test is conducted on GSE that is susceptible to the formation of ice on
its external surface. This formation can occur during the normal operation of cryogenic
systems and during the normal operation of pneumatic systems that require high flow rates
and large pressure drops across individual components. Ice will also form on component
surfaces that are physically located within the thermal gradient of these systems. For this
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reason, when selecting components for this test, the moisture and temperature conditions
must be considered in relation to the proximity of the component to the system. Each
component subjected to this test must be selected judiciously and its physical location
must be adequately defined. Damage that can be expected from the accumulation of ice is
mechanical binding or sticking, short circuiting of the electrical wiring, and sealing of the
vent ports.

C

Solar Radiation (Sunshine). - The solar radiation test is performed to determine the effect
of solar radiant energy on equipment. Solar radiant energy causes heating of equipment,
photo degradation (such as fading of fabric colors), and cracking of paints, natural rubber,
and plastics. The solar radiation test is applicable to any item of equipment that may be
exposed to solar radiation during service and that is constructed of materials that may be
adversely affected by this environment.

C

Fungus. - The fungus test is performed to determine the susceptibility of GSE to fungus
attack and to ascertain the detrimental effects that are incurred when such equipment is
subjected to the test environmental condition. During the normal growth of fungi, there is
an enzymatic secretion that accelerates a chemical transformation of organic substances.
Once attacked, most organic materials will be destroyed by the fungi. Many minerals are
also destroyed by these spores. Fungi affect insulation, Wood and wood derivatives
(paper), some types of seals, lens coatings, as well as many other types of materials. This
is an accelerated environmental test; therefore, the temperature and moisture conditions
are specified to support rapid growth of fungi and accelerated deterioration of materials.

C

Salt Fog. - The salt fog test is performed to determine the resistance of equipment to the
effects of a salt atmosphere. The expected damage from exposure to salt fog is primarily
corrosion of metals, although in some instances salt deposits may result in clogging or
binding of moving parts. This is an accelerated environmental test; therefore the specified
concentration of moisture and salt is greater than that found in normal service.

C

Sand and Dust. - The sand and dust test is performed to determine the resistance of
equipment to blowing fine sand and dust particles. Because of their abrasive character,
sand and dust can affect items into which sand may enter. Sand and dust can also cause
parts to bind and can interfere with electrical contacts. Due to the high sand
concentrations of the soils at KSC, dust will not be part of this test. The sand and dust test
is applicable to those items that are exposed to wind-blown sand conditions common in
the KSC area. This is an accelerated environmental test; therefore, the test conditions are
more severe than those found in normal service.

C

Explosion. - The explosion test is conducted to determine the explosion-producing or
explosion-containment characteristics of hardware when operated in a hazardous location.
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Explosions may be initiated by mechanical or electrical sparking, flashes, temperature, or
chemical reactions. Hardware can be placed into one of two categories: (1) intrinsically
safe or (2) explosionproof. GSE and other facility hardware located near propellant
storage or fueling areas may be considered in a hazardous location due to the possible
exposure to high- atmospheric concentrations of hydrogen and hypergol propellants. Dust
ignition requirements are not considered to be applicable to GSE or other facility
hardware; therefore, dust ignition will not be part of explosion testing.

C

Lift-Off Blast. - The lift-off blast test is performed to determine the effects of rocket
engine exhaust on GSE and other facility hardware at the time of launch vehicle holddown
and lift-off. The detrimental effects of a blast are due to extremely high temperatures and
pressure and the erosion characteristics of the rocket engine exhaust plume. The extent of
damage depends on the exposure time, velocity of exhaust gases, type of propellants, and
most importantly, the location of the item in relation to the rocket engine exhaust. Blast
conditions may cause erosion of hardware surfaces, loss of protective coatings, permanent
set or binding of parts, cracking or bulging of rubber and plastic due to high temperatures,
and bent or deformed material due to the pressure load. The lift-off blast test should only
be performed on those hardware items that cannot be shielded or protected from the liftoff environment.

Technical Rationale:
The environmental conditions to which equipment is exposed varies considerably by virtue of its
location. Designing or testing all equipment to the most severe of these conditions is impractical
and expensive. To ensure that reliability goals are met, design and testing must be accomplished
with both the actual environmental and reliability requirements in mind.
Impact of Nonpractice:
The difficulty of designing equipment to meet the design specification is greatly compounded
when the specification includes requirements excessive to the actual service environment.
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