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FOREWORD

1. This Miliiary Standard is approved for use by all Departments and Agencies of the
Department of Defense.

2.

3.

4.

‘ 5.

Beneficial comments (recommendations, additions, or deletions) and any pertinent
data which may be of use in improving this document should be provided by using
the se)f-addressed Standardization Document Improvwnant Proposa} IDD Form
1426), appearing at the end of this document, or by letter addressed to:

Space and Missile Systems Center, SMCISDFP
160 Skynet Street, Suite 2315
Los Angeles AFB, CA 90245-4683

A successful on-orbit system means that all flight vehicles (launch, upper-stage,
space), computer software, ground equipment, facilities, procedures, and people
operate properly and in a timely way, Extensive testing at every level of assembly
has been cost effective in assuring successful hardware and software designs and
operations. As a cornerstone of this activity, this Standard establishes the
environmental and structural ground testing requirements of flight vehicles, a~ of
their associated subsystems and units. in addition, this Standard establishes a
uniform set of definitions of related terms.

To supplement these requirements, other areas of the testing baseline required for
mission success are addressed in other documents. Typical test tequirernents for
pans, materials, and processes are in their detailed specifications. Typical test
requirements for the applicable ground equipment and associated computer
software are outlined in MK.STO-.I 833. These tests include integrated system
tests {Step 3 tests), and operational tests (Step 4 and Step 5 tests). Computer
software test requirements are also addressed in CXXI-STD-2167.

As described in this Standard, the formal compliance tests for f~iffht vehicJe
equipment start at the unit level of assembly and progress at each higher level of
assembly until the entire launch system and the on-orbit system cart be tested in
their operational configurations. In addition. there may be development tests and
evaluations at various Ievefs of assembly, and in-process inspections and trists to
avoid assembling a defective system. The formal compliance tests addressed in
this document are qualification and acceptance at the unit, subsystem, and
vehic{e level as welf as some of the integrated system pre{aunch validation tests.
The integrated system prelaunch validation test requirements addressed are
intended to be combined with or incorporated with the MIL-STO- 1833 Step 3, 4,
and 5 tests that include the applicable ground equipment and associated computer
soft ware.
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SECTION 1

SCOPE

.

1.1 p~

This Standard establishes the environmental and structural ground testing
requirements for launch vehicles, upper-stage vehicles, space vehicles, and for
their subsystems and units. In addition, a uniform set of definitions of related
terms is established.

1.2 ~

This Standard is intended for reference in applicable progtam specifications, or
in other documents, to establish general test requirements (10.1). The test
requirements focus on design validation and the elimination of iatent defects to
ensure mission success. The application of these test requirements to a particular
program is intended to result in a high confidence for achieving successful space
missions.

h is intended that these test requirements be tailored to each specific program

e after considering the design complexity, design margins, vuinerabiiities, technology
state of the art, in-process controls, mission ciiticaiity, life cycle cost, number of
vehicles involved, prior usage, and acceptable risk [4. 1, 10.2). I

1*3 ~ .

The tests are categorized as fotiows:

a.

b.

c.

d.

e,

4!9

~nt te!t~. Engineering characterization tests and tests to
vaiidate qualification and acceptance procedures (Section 5).

. Vehicie, subsystem, and unit ieveis (Section 6).

~nce W. Vehicle, subsystem, and unit levels (Section 7).

Oof ~af ifica~. Vehicle, subsystem, and unit
h3Vf3iS(section 81. .

~. Intetyated system tests, initial operational tests and
evaluations, and operational tests {Section 9).

1
.

..— ..- -
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SECTION 2

APPLICABLE DOCUMENTS

2.1 GOVERN MEfUT !30CU MENTS.

The following standards and specifications form a part of this document to the
extent specified herein. Unless otherwise specified, the issues of these documents
are those listed in the issue of the Department of Defense Index of Specifications
and Standards (DC)DISS) and supplement thereto, cited in the solicitation.

JVIill@rv S$fjnda dar

MI L-STD-810

MIL-STD- 1522

fdliL-sTD-1541

MIL-STD-1833

(USAF)

(USAF)

[USAF)

Environmental Test Methods and
Engineering Guidelines.

Standard Genera! Requirements for Safe Design and
Operation of Pressurized Missile and
Space Systems.

Electromagnetic Compatibility Requirements for
Space Systems.

Test Requirements for Ground Equipment and
Associated Computer Software Supporting
Space Vehicles.

(Unless otherwise indicated, copies of federal and military specifications,
standards, and handbooks are available from the Standardization Document Order
Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 191 11-5094.)

2.2 QRDFR OF PRE~

In the event of conflict between the text of this document and the references
cited herein, the text of this document takes precedence. Nothing in this
document, however, supersedes applicable laws and re@dations unless a specific
exemption has been obtained.

.0
2
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3.1 ~

The categories

3.1.1 ~, A

SECTION 3

DEFINITIONS
. I.

of items in hierarchical order are defined in this section.

part is a sin~le piece, or two or more joined pieces, which we
not normally subject to disassembly without destruction or impairment of the
design use. Exampies: resistor, integrated circuit, rei8y, roiier bearing.

3.1.2 ~. A subassembly is a unit containing two or more parts
which is capabie of disassembly or part repiacernent. Exampies: printed circuit
board with parts instaiied, gear train.

3.1.3 u. A unit is a functional item that is viewed as a compiete 8nd
separate entity for purposes of manufacturing, maintenance, or record keeping.
Ex8rnples: hydraulic acwa~or, vslve, battery, dectrid harness, transmitter.

.

3.1.4 ~. A subsystem is an assembiy of functionally reiated units.
it consists of two or more units and may inciude interconnection items such 8s
cables or tubing, and the $uppotin$ structure to which they are mounted.
Examples: electrical power, attitude control, telemet~, thermal control, and
propulsion subsystems.

3.1.5 w. Any vehicle defined in this section may be termed expendable I
or recoverable, as appropriate.

3.1.5.1 ~. A iaunch vehicie is one or more of the iower stages
of a fllght vehicle capable of launching upper-stage vehicles and space vehicles,
usuaily into a suborbital trajectory. A fairing to protect the space vehicle, and
possibly the upper-stage vehicle, during the boost phase is typicaiiy considered to
be pati of the 18WWh vehicie.

3.1.5.2 ~ lle~ ● An upper+tage vehicie is one or more stages of
a fright vehicle capable of injecting a space vehicie or vehicles into orbit ftom the .
suborbital trejecto~ that resulted ftom operation of a launch vehicie. .

3.9.5*3 ~. A space experiment is usuaily pan of the space
vehicle p8yioBd end is therefore considered to be a lower level assembiy of 8 sp8ce
vehich. However, a space experiment may ba an integral part of a space vehicle,
a payload that performs its mission while attached to a sp8ce vehicle, or even e
payload that is carried by a host vehicle but performs some of its mission as a

e

free-fryer. Whether complex space equipment is calied a space experiment, a

3
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space instrument, or a space vehicle is discretiona~ and the nomenclature used
should not affect the classification of the equipment or the requirements.

3.1.5.4 - Ve~
.

. A space vehicle is an integrated set of subsystems
and units capable of supporting an operational role in space. A space vehicle may
be an orbiting vehicle, a major portion of an orbiting vehicle, or a payload which
performs its mission while attached to a launch or upper-stage vehicle. The
airborne support equipment (3.2. 1), which is peculiar to programs utilizing a
recoverable launch or upper-stage vehicle, is considered to be a part of the space
Vdljckh

3.1.5.5 ~t V@hicl~. A flight vehicle
launch system that is flown; i.e., the launch
and the space vehicle(s) to be sent to orbit.

is the combination of elements of the
vehicle(s), the upper-stage vehicle(s),

3.1.6 svstem. A system is a composite of equipment, skiils, and techniques
capable of performing or supporting an operational ro[e. A system includes ali
operational equipment, related facilities, rnatefid, software, services, and personnel
required for its operation. A system is typically defined by the System Program
Office or tlw procurement tigency responsible for its acquisition.

3.1.7 ~ombined Svst ems. Combined systems are interconnected systems
that are required for program level operations or operational tests. The combined
systems of interest are typically the launch system and the on-orbit system.

3.~.7-l ~. A launch system is the composite of equipment,
skills, and techniques capable of launching and boosting one or more space
vehicles into orbit. The launch system includes the flight vehicle and related
facilities, ground equipment, material, software, procedures, services, and
personnel required for their operation.

3.1.7.2 ~. An on-orbit system is the composite of equipment,
skills, and techniques permitting on-orbit operation of the space vehicles). The
on-orbit system includes the space vehicle, the command and control network,
and related facilities, ground equipment, material, sonwaret procedures servicest
and personnel required for their operation.

3.2 ~

3.2.’1 no Surmort _ent (ASHi . Airborne support equipment is the
equipment instalied in a flight vehicle to provide suPPort functions and interfaces
for the space or upper-stage vehicle during launch and orbital operations of the
flight VdliC18. This inclwhs the hardware and software that provides the
structural, electrical, electronic, and mechanical interfaces with the flight vehicle.

I

a

●
4
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3.2.2 M@lJ4dL A critical unit is one
operation sufficiently to cause the loss of the
loss of the mission, or is a unit whose proper
safety standpoint.

whose failure can affect the system
stated vehicle objectives, a partial
performance is essential from a ran~s

.

3.2.3 ~st Arm
●

. A development test article is a
representative vehicl~, subsystem, or unit dedicated w provide design and test
information. The information may be used to check the validity of analytic
techniques and assumed design parameters, to uncover unexpected response
characteristics, to evaluate design changes, to determine interface compatibility, to
prove qualification and acceptance test procedures end techniques, or to determina
if the equipment meets Its performance specifications. Development test articles
include engineering test modeJs, thermal models, and structural static and dynamic
models.”

3.2.4 ~. An explosive-ordnance device is a device
that contains or is operated by explosives. A cartrid~e-actuated devica, one type
of explosive-ordnance device, is a mechanism that employs the energy produced
by tm explosive charge to perform or initiate a mechanical action.

3.2.5 ~= A movin9 “echanical asse”bly
is a mechanical or ejectrornechanical device that controls the movement of one

e

mechanical part of a vehicle relative to another pan. Examples: gimbals, actuators,
despin and separation mechanisms, valves, pumps, motors, latches, clutches,
springs, dampers, bearings.

43

3.2.6 ~. A reusable item is a unit, subsystem, or vehicle that is
to be used for multiple missions. The service life (3.5.6) of reusable hardware
includes all planned reuses, refurbishment, and retesting.

.

The complex fright environment involves a combination of conditions that are
usually resolved into individual test environments. Each test envifo~ment s~ou~~
be based on 8ctual flight data, scajed if necessary for dMferences in parameters, or
if more rEdiabhh by analytical prediction or a combination of analysis and flight
data. The flight data rney be from the current fllght system, or from other fiioht
systems if configuration variations 8re accounted for and properly scaled. The
individual environments, which may be involved in qualification and acceptance
are de8cribed in this section.

3.3*1 ~* The “=imum and
minimum expected temperatures are the highest end iowest temperatures that an
item can experience during Its service life (3.5.6), including ali operational modes.
These ternparatures ere established from arwlyticaliy determined extreme
temperatures by adding 8 thermal uncertainty margin, discussed below. The

5
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anal~ically determined extreme temperatures are predicted from thermal models
using applicable effects of worst-case combinations of equipment operation,
internal heating, vehic)e orientation, solar radiation, eclipse conditions, ascent
heating, descent heating, and degradation of thermal surfaces during the service
life.

For space and upper-stage vehicles, the analytical model is validated using
results from a vehicle thermal balance test involving operational modes which
include the worst-case hot and cold conditions. The thermal uncertainty margin is
applied to the analytically determined extreme temperatures, even after validation
by a thermal balance test. The thermal uncertainty margin accounts for
uncertainties in parameters such as complicated view factors, surface properties,
radiation environment, joint conduction and unrealktic aspects of ground lest
simulation. The margins vary depending on whether passive or active thermal
control techniques are used. Examples of each type, for purposes of uncertainty
margin to be applied, appear in Table 1. The margins to be applied are eddressed in
the following subparagraphs.

d

3.3.1.1 J1/larains for Pass vei Thermal Control S~slems . For units that have
no thermal control or have on~y passive thermal control, the recommended
minimum thermal uncertainty margin is 17°C prior to achieving a validated
analytical model. For space and upper-stage vehicles, the uncertainty margin may
be reduced to 11 ‘C after the analytical model is validated using results from a ~
vehicle thermal balance test. To avoid significant weight and power increases of
the power subsystem due to additional hardware or increased heater size, the
uncertainty margin of 17°C may be reduced to 11 “C.

For units that have IarSe uncetiainties in operational or environmental
conditions or that do not require thermal balance testing, the thermal uncertainty
margin may be greater than those stated above. Examples of these units for a
launch vehicIe are a vehicle heat shield, external insulation, and units within the aft .
skirt.

I

For passive cryogenic subsystems operating betow minus 70°C, the thermal
uncertainty margin m8y be reduced as presented in Table Il. In addition, the
following thermal-uncertain~ heat-load margins are recommended: 50 percent in
the conceptual phase, 45 percent for preliminary design, 35 percent for critical
design review, and 30 percent for qualification.

3.3.1.2 ~o For ther”at designs ~
in which temperatures are activeiy controlled, a h8at-!Oad margin of 25 percent
may be used in lieu of the thermal margins specified in 3.3.1.1. This margin is
applicable at the condition that Imposes the maximum and minimum expected
temperatures. For example, for heaters regulated by 8 mechanical thermostat or
electronic controller, a 25-percent heater capacity margin may be used in lieu of
the thermal margins at the minimum expected temperature and at minimum bus

o
6
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TABLE 1. Categorization of Passive and Active Thermal Control Subsystems.

Passive Active

Constant-conductance or diode heat pipes. Va;iable-concfuctance heat pipes.

Hardwired heaters (fixed or veriable- t-lest pumps and refrigerators.
resistance, such as auto-trace or positive-
temperature-coeticient thermistors). Stored-coolant subsystems.

Thermal storage devices (phase-change or Resistance heater with
sensible heat). commendable or mechanical or

electronic controller,
Thermal insulation(rnulli-layer insulation,
foams. or discrete shields). Capillary-pumped loops.

Radiators (fixed, articulated, or deployable) Pumped fiuid loops.
with louvers or pinwheels.

Thermoelectric cooler,
Wfface finishes [coatings, paints,
treatments, second-surface mirrors).

TABLE {L Thermal Uncertainty M8rQhM For Phssive Cqogenic Subsystems.

~

Thermal Uncertainty Margin
Predicted Temperature (*C)

(“c) Pre-v81idation Post-validation

Above -70 17 11

-70 to -87 16 10

-88 to -105 15 9

-106 to -123 14 8

-124 tO -141 13 7

-142 tO -159 11 6

-160 to-177 9 5

-178 to-195 8 4

-196 to-213 6 3

-214 to -232 4 2

6elow -232 2 1

7
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voltage, which translates into a duty cycje of no more than 80 percent under these
cold condhions. Where an 11 ‘C addition in the analytically determined extreme
temperatures would cause the temperature of 8ny part of the actively-controlled
unit to exceed an acceptable temperature Jknit, a control-authority margin in excess
of 25 percent should be demonstrated.

For designs in which the temperatures are actively controlled to below minus
70°C by expendable coolants or refrigerators, the thermai unce~ainty heat-load
margin of 25 percent should be increased in the early phases of the development.
For these cases, the following thermal-uncertainty heat-load margins are
recommended: 50 percent in the conceptual phase, 45 percent for preliminary
design, 35 percent for the criticai design review, and 30 percent for qualification.

3.3.2 ~tes Of Vibr@n. ACQLI.SIC. ~nv r~n-i i
Qualification and acceptance tests for vibration, acoustic, and shock environments

.

are based upon statistically expected spectmi Ieveis. The Ievei of the extreme
expected environment, used for qualification testing, is that not exceeded on at
least 99 percent of flights, estimated with 90-percent confidence {P99/90 Ievei).
The ievei of the maximum expected environment, used for 8cceptance testing, is
that not exceeded on at least 95 percent of flights, estimated with 50-percent
confidence {P95/50 level). These statistical estimates me made assuming a
Iognorrnal flight-to-flight variability having a standard deviation of 3 dB, unless a
different assumption can be justified. As a result, the P95/50 ievel estimate is 5
dB above the estimated mean (namely, the average of the logarithmic values of the
spectr81 levels of data from all avaiiable flights). When data from N flights are used
for the estimate, the P99/90 estimate in dE3is 2.O + 3.9/N’12 above the P95/50
estimate. When data from oniy one flight are available, those data are assumed
represent the mean and so the P95/50 is 5 dB higher and the P99/90 Ievei is 11
dB higher.

When ground testing produces the reaiistic flight environment (for exampie,
erwine operation or activation of explosive ordnance), the statistical distribution

to

can be determined usinQ the test data, providing data from a sufficient number of
tests are available, The P99/90 and P95/50 levels are then determined from the
derived distribution.

Extreme and maximum expected spectra should be specified for zones of the
launch, upper-stage, and space vehicles to aiiow for repositioning of units within
their zones without changing the expected environment. Pafticuiar spectra can be
developed for specific units.

3.3.3 ~ale t Duratn ion. For a time-varying fright acoustic or
vibration environment, the fatigue equivalent duration is the time duration, at the
maximum environment achieved during that fright, that would produce the same
fatigue damage potentiai. For a given flight trajectory, the equivalent duration can
be assumed to be independent of the maximum environment achieved durin~ any

.
8

.
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‘particular flight. The fatigue damage potential is taken to be proportional to the
fourth power of amplitude, unless another basis can be justified.

3.3.4 -6 ~
.

● The acoustic
environment for an exterior or interior zone of 8 vehicle results from propulsive and
aerodynamic excitations. The acoustic environment is expressed by a
1/3-octave-band pressure spectrum in dB (reference 20 micropascal} for center
frequencies spannin~ a range of at least 31 to 10,000 Hz. For a tirne-va~ing
environment, the acoustic spectrum used for test purposes is the envelope of the
spectra for each of a series of 1-second time se~ments overlapped by at least 50
percent. Longer time segments may be used only if it is shown that significant
smoothing of the time-dependent characteristics of the spectra (that is, large bias
error) does not occur. The extreme and maximum expected acoustic environments
(p99/908fd p95/50 acoustic spectra, respectively, per 3.3.2) are the bases for
qualification and acceptance test spectra, respectively, subject to
workmanship-based minimum spectra. The associated duration is the fatigue
equivalent duration in flight [3.3.3).

3.3.5 fml . The
random vibration environment induced at the structural attachments of units is due
to the direct or indirect action of the acoustic and aerodynamic excitations, to
roughness in combustion or burning processes, and to machinery induced random
disturbances. The random vibration environment is expressed as an acceleration
spectral density in g2/Hz (commonly termed power spectral density or simply PSD)
over the frequency range of at least 20 to 2000 Hz. For a time-varying
environment, the PSD used for test purposes is the envelope of the spectra for
each of a series of 1-second time segments overlapped by at least 50 percent.
Lon$8r time segments may be used only if it is $hown that significant smoothing of
the time-dependent characteristics of the spectra {that is, large bias error) does not
occur. Also, the resolution bandwidth is to be no greater than 1/6 octave, but
need not be less than 5 Hz. The extreme and maximum expected vibration
environments [P99/90 and P95/50 PSDS, respectively, per 3.3.2) are the bases for
the qualification and acceptance test spectra, respectively, subject to
workmanship-based minimum spectra. The associated duration is lhe fatigue

. equivalent duration in flight {3.3.3).

3.3.6 ~tlon ~ . The
sinusoid8i vibration induced at the structural attachments of units may be due to .

periodic exchations from rotating machine~ and from instability involving pogo
(interaction of structural 8nd propulsion dynamics], flutter [interaction of structural -
dynamics and aerodynamics), or combustion. Periodic excitations may also occur
during ground transportation. The sinusoidef vibration environment is expressed as
an acceleration amplitude in g over the frequency range for which amplitudes are
significant. Namely, those whose acceleration amp!itude exceeds 0.016 times the
frequency in Hz. This is based on a response velocity amplitude of 1.27 meters
per second (50 inches per second) when the vibration is appiied to a single-degre~

9
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of-freedom system having a Q of 50. The resolution bandwidth should be no
greater than 10 perctmt of the lowest frequency sinusoidal component present.
The extreme and maximum expected sinusoidal vibration environments (P99/90 ●
and P95/50 amplitude spectra, respectively, per 3.3.2) are the basis for
qualification end acceptance spectra, respectively. The associated duration is the
fatigue equivalent duration (3.3.3), including flight and transportation.

When combined sinusoidal and random vibration during service life (3.5.6) can
be more severe than sinusoidal and random vibration considered separately, the
combined environment is applicable.

3.3.7 . Shock transients
result from the sudden application or release of loads associated with deployment,
separation, impact, and release events. Such events often employ explosive-
ordnance devices resulting in generation of a pyroshock environment, characterized
by 8 hi~h-frequency acceleration transient which decays typicaliy within 5 to 15
milliseconds. The shock environment is expressecf as the derived shock response
spectrum in g, based upon the maximum absolute acceleration or the equivalent
static acceleration induced in an ideal, viscously damped, single-degree-of-freedom
system. Its natural frequency should span the range from at least 100 Hz to
10,000 Hz for pyroshock or comparable shock disturbances, at intervals of no
greater than 1/6 octave, and for a resonant amplification (Q} of 10. The extreme
and maximum expected shock environments (P99/90 and P95/5U shock response
spectra, respectively, per 3.3.2) are the bases for qualification and acceptance test
spectra, respectively. a

3.4 ~

3.4.1 &KS&GUZ. The burst factor is a rnultipiying factor applied to the
maximum expected operating pressure to obtain the design burst pressure. Burst
factor is synonymous with ukimate pressure factor.

3.4.2 ~. The design burst pressure is a test pressure
that pressurized components must withstand without rupture in the applicable
operating environments. It is equal to the product of the maximum expected
operating pressure and a burst factor.

3.4.3 = Factor of Saf~. The design factor of safety is a mu~tipiying .
factor used in the design analysis to account for uncertainties such as material
properties, design procedures, and manufacturing procedures. The design factor of
safety is often calied the design safety factor, factor of safew, or, simplyl the
safety factor. In general, two types of design factors of safety are specified:
design yield factor of safety and design ultimate factor of safety.

I
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3.4.4 ~ . The design ultimate load is a load, or
combinations of loads, that the structure must withstand without rupwre or
collapse in the applicable operating environments. k is equal to the product of the
limit load and the design uhimate factor of safety. .

3.4.5 _ Yiew. The design yield load is a load, or combinations of
loads, that a structure must withstand without experiencing detrimental
deformation in the applicable operating environments. It is equal to the product of
the limit load and the design yield factor of safety.

3.4.6 ~. A limit load is the highest load, or combinations of loads,
that may be applied to a structure during its service life (3.5.6), and actin~ in
association with the applicable operating environments produces a design or
extreme loadin~ condition for that structure. When a statistical estimate is .
applicable, the limit load is that Ioad not expected to be exceeded on at least 99
percent of fliphts, estimated with 90percent confidence.

3.4.7 m Exoead O~erat no Pr~i . The MEOP is the
hi@est gage pressure that an item in a pressurized subsystem is required to
experience during its service life !3. 5.6) and retain iw functionality, in association
with its applicable operatinQ environments. The MEOP is synonymous with limit
pressure or maximum operating pressure (MOP) or maximum working pressure
(MWP). Inciuded are the effects of maximum ullaoe pressure, fluid head due to .
vehicle quasi-steady and dynamic accderations, waterhammer, slosh, pressure
transients and oscillations, temperature, and operating variability of regulators or
relief valves.

3.4.8 ~ Pre_ Ac~
.

The maximum predicted acceleration
(its extreme value), defined for structural loads analysis and test purposes, is the
highest acceleration determined from the combined effects of quasi-steady
acceleration, the vibroacoustic environment, and the dynamic response to such
significant transient fjight events as liftoff; engine ignitions and shutdowns;
Iransonic and maximum dynamic pressure traversaj; gust; and vehicle separation.
The frequency range of concern is usually limited to below 50 Hz for structural
toads resulting from the noted transient events, and to below 300 Hz for
seconda~ structural loads resulting from the vibration and acoustic environments.
Maximum accelerations are predicted for each of three mutually perpendicular axes
in both positive and negative directions. When a statistical estimate is applicable,
the maximum predicted acceteretion is at least that acceleration not expected to be
exceeded on 99 percent of flights, estimated with 90-percent confidence (P99/90).

I

I

3.4.9 ~. Operational deflections are the deflections
imposed on a structure during operation (for example, by engine thrust-vector
gimballing, thermal differentials, flight accelerations, and mechanical vibration).
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3.4-1~ ~. A pressure component is a unit in a pressurized
subsystem, other than a pressure vessel, that is structurally designed largely by the e
acting pressure, Examples are lines, tubes, fittings, valves, bellows, hoses,
regulators, pumps, and accumulators. .

3.4.11 ~ure Ves~. A pressure vessel is a structural component whose
primary purpose is to store pressurized fluids and one or more of the following
apply:

a. Contains stored energy of 19,310 joules {14,240 foot-pounds) or I

greater based on adiabatic expansion of a perfect gas.

b. Contains a gas or liquid that would endanger personnel or equipment
or create a mishap (accident) if released. ,

c. May experience a design limit pressure greater than 690 kilopascals
{100 psi},

3.4.12 Pres~~d St uctu
. r ra. A pressurized structure is a structure designed

to sustain both internal pressure and vehicle structural loads. A main propellant
tank of a launch vehicle is a typical example.

3.4.13 Pressurized Subsystem . A pressurized subsystem consists of pressure
vessels (3.4. 11) or pressurized structures (3.4.12), or both, and pressure
components (3.4. 10). Excluded are electrical or other control units required for
subsystem operation.

● 1
3.4.14 -f Faw . The proof factor is a multiplying factor applied, to the

limit load, or maximum expected operating pressure, to obtain the proof load or
proof pressure for use in a proof test. .

3.4.15 -f Test. A proof test is an acceptance test used to prove the
structural integrity of a unit or assembly, or to establish maximum possible flaw
sizes for safe-life determination. The proof test gives evidence of satisfactory
workmanship and material quality by requiring the absence of failure or detrimental
deformation. The proof test load and pressure compensate for the difference in
material properties between test and design temperature, if applicable.

3.4.16 ~. A mechanical unit k considered to be a
structural component if its primary function is to sustain ioad or maintain
alignment.

12
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3.5.1 ~~. The ambient environment for a ground test is
defined as normal room conditions with temperature of 23 a 10“C (73 k 18“F),
atmospheric pressure of 101 + 2/-23 kilopascals (29.9 +0.6/- 6.8 in. Fig), and
relative humidity of 50 A 30 percent.

3.5.2 Contetn nati ion Tofemnco Lav~. The contamination tolerance level is
the value of contaminant particle size, or level of contarninalion, at which a
specified performance, reliability, or life expectancy of the item is adversely
affected.

.

3.5.3 ~. The operational modes for a unit, assembly,
subsystem, or system include all combinations of operation! configurations or
conditions that can occur during its sewice life [3.5.6). Examples: power
condi~ion, command mode, readout mode, attitude control mode, redundancy
management mode, safe mode, and spinning or despun condition.

3.5.4 -r Test. An “other- test is 8 test that may be required subject to an
evaluation of its benefit on a Case-by-case b8SiS. Special requirements of usa~e
and peculiarities of the particular test item should be taken into account. If the
evaluation shows that an ‘other- test is effective, it becomes a ‘required- test for
that case {1O.2. 1.31. In general, “other” tests are unique tests and therefore have
a low probability of bein~ required.

3.5.5 Q@fica~ . An environmental qualification margin is the
increase in an environmental condition, over that expected during service life
(3.5961, including acceptance test@?, to demonstrate thal adequate ruggedness
exists in the design and in its implementation. A margin may include an increase in
Ievet or range, en increase in duration or cycles of exposure, as welJ as any other
appropriate increase in severity. Environmental qualification margins are intended
to demonstrate the ability to satisfy all of the foliowinff on a single qualification
item:

a. Be tokwant of differences in ruggedness and functionality of flight
Items relative to the qualification item, due to reasonable variations in
pans, material properties, dimensions, processes, and manufacturing.

b. Be immune to excessive degradation (such as fatigue, wear, loss of
material properties or functionaihy) after enduring a specified
maximum of acceptance testing prior to operational use of a flight
item.

.

.

c. Meet requirements under extreme conditions of flight, which when
expressed statistically are the P99/90 estimates (3.3.2, 3.4.8).

13
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3.5.6 service~. The service life of an item starts at the completion of
fabrication and continues through all acceptance testing, handling, storage,
transpotiatlon, prelaunch testin~, all phases of launch, orbital operations, disposal,
reentry or recovery from orbit, refurbishment, retesting, aod reuse that may be
required or specified.

3.5.7 ~eratu e S@r ilizetion. For ttwrmai cycle and thermal vacuum
testing, temperature stabilization for a unit is achieved when the unit basepiate is
within the allowed test toJerance on the specified test temperature [4.6), and the
rate of change of temperature has been less than 3°C per hour for 30 minutes. For
steady-state thermal balance testing, temperature stabilization is achieved when
the unil having the largest thermai time constant is within 3°C of its steady state
value, as determined by numerical extrapolation of test temperatures, and the rate
of change is less than 1‘C per hour.

3.5.8 ~ QQ4n~v● r . A test discrepancy is a functional or structural
anomaly that occurs during testing, which may reveal itself as a deviation from
specification requirements for the test item. A test discrepancy may be a
momentary, unrepeatable anomaly; or it may be a permanent failure TOrespond in
Ihe predicted manner to a specified combination of test environment and functional
test stimuli. Test discrepancies include those associated with functional
performance, premature operation, failure to operate or cease operation at the
prescribed time, and others that are unique to the item.

A test discrepancy may be due to a failure of the test item, or may be due to
some unintended cause such as from the test setup, test instrumentation, suppiied
power, test procedures, or computer software used.

3.5.9 Test ttern Fa~. A failure of a test item is defined as a test
discrepancy that is due to a design, workmanship, or quality deficiency in the item
being tested. Any test discrepancy is considered to be a faiiure of the test item
unless it can be determined to have been due 10 some unintended cause (3.5.8).

3.5.10 Jherm~S08k DUI ratioq. The thermal soak duration of a unit at the hot
or cold extreme of a thermal cycle is the time th8t the unit is operating and its
baseplate is continuously maintained within the aiiowed tolerance of the specified
test temperature.

14
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SECTION 4

GENERAL flEOUlREMEN7S

This section addresses genera[ requirements applicable to all test categories.
Included we tallo~ino of requiwwws, testing philosophy, propulsion equipment I
tests, firmware tests, inspections, test condition tolerances, test plans and
procedures, retest, end documentation.

This Standard establishes 8 b8Selin8 of requirements which should be tailored
up or down to meet the needs of a particular program (10.2). The programmatic
implications of imposing each requirement should be evaluated. This includes not
only the direct costs versus the benefits, but also the risks and potential costs of
not imposhg requirements. If extensive tailoring of the testing requirements is
appropriate for a particular program, the procuring agency may provide a summary
of the applicability of the various paragraphs. TabIes in 10.2.2 provide
Requirements Applicability Matrices, in general and detailed forms, to be used by
the procurina agency for stating changes to the stringency or applicability of the
requirements appearing in the various sections and for the various tests of this
Standard. If the applicable requirements in this Standard are not tailored by the
contract, they stand as written.

The complete test program for launch vehicles, upper-stage vehicles, and
space vehicles encompasses development, qualification, acceptance, prelaunch
validation, and follow-on operational tests and evaluations. Test methods,
environments, and measured fiarameters shafl be selected to permit the collection
of empirical desi9n parameters and the correlation of data throughout the complete
test program. A satisfactory test program requires the completion of specific test
objectives prior to the accomplishment of others. The test program encomfwsses
the testing of progressively more complex assemblies of hardware and computer
sottwam. Design suitabllky should be demonstrated in the ewlier development
tests prior to testing the next more complex assemblies or combinations in the
ptogresskm and prior to the start of fmnal qualification testin~. AIJ qualification .
testing for an item should be completed, and consequential design improvements
incorporated, prior to the initiation of flight hardware acceptance testinfj for that
item. In general, hardware items subjected ;O qualification tests are themselves
not el)gible for flight, s)nce there has been no demonstration of remaining life from
fatigue end wear standpoints. Section 8 describes higher risk, alternative
strategies which may be used to tailor a qualification test program. The integrated

I
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system prelaunch validation tests, described in Section 9, are intended to be
combined with or incorporated with the MI L-STD- 1833 Step 3 integrated system
tests, and the Step 4 and 5 operational tests that include the applicable ground
equipment and associated computer software. .

Environments other than those specified in this Standard can be sufficiently
stressful as to warrant additional qualification and possibly acceptance testing.
These include environments such as nuclear and electromagnetic radiation, as well
as climatic conditions not specified such as lightning.

The environmental tests specified are intended to be imposed sequentially,
rather than in combination. Nevertheless, features of the hardware design or of
the service environments may warrant the imposition of combined environments in
some tests. Examples: combined temperature, acceleration, and vibration when
testing units employing elastomeric isolators in their design; and combined shock,
vibration, and pressure when testing pressurized components, In formulating the
test requirements in these situations, a logical combination of environmental .
factors should be imposed to enhance test effectiveness.

4.3 PROPULSION EQUIP MENT TESTS

In general, tests of solid rocket motors and tests of liquid rocket engines are
not addressed in this Standard. However, units which comprise a vehicle
propulsion subsystem, including units which are integral to or mounted on a motor
or engine, are covered by this Standard in that they shalt be qualified and
acceptance tested to the appticab!e unit requirements specified herein. Testing of
a unit on an engine during the engine acceptance test firing may be substituted for
part of the unit level acceptance test if it can be established that the environments
and duration meet the intent of the individual acceptance test criteria, or if such
units are not amenable to testing individually. Environmental testing of thrusters
(such as staging rockets, retro-motors, and attitude control thrusters} shall meet
the applicable unit requirements of this Standard.

4.3.1 . An engine
LRU is an tmgln~ unit which may be removed from an engine and replaced by a
new unit without requiring re-acceptance test firing of the engine with the new
unit. If the unit being replaced was included in an engine acceptance test firing as
pan of its acceptance test, then the replacement unit shall either be subjected to
such a test on m engine, or shall undergo equivalent unit level acceptance testing.
Equivalent testing shall consider all appropriate environment such as temperature,
vibration, pressure, vacuum, and chemical. Testing shall demonstrate functionality
of the unit under conditions similar to those achieved in the engine acceptance test
firing and flight.

16
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4;3.2 Me I neJUm/ locenb10 Unit Wua Iificetion Tes@. All en~ine
lRUS shall be qualified at a unit ~eveJto the requirements of this Standard.

Firmware is the combination of a hardware device and computer instructions
or computer data that reside as read-only sottware on the hardware device. The
software cannot be readily modified under program control. Firmware that falls
under the intent and purpose of a Commercial Off the Shelf item (COTS) should be
tested as COTS. Firmware that is not COTS should be tested as a development
item subject to the test requirements of this document. The softwafe element of
firmware should be tested as software, and the hardware element of firmware
should be tested as hardware.

All units and higher levels of assembly should be inspected to identify
discrepancies before and after testing, including tests performed @ the launch site.
The irispsctions of flight hardware shall not entail the remova! of unit covers nor
any disassembly, unless specifically called out in the test procedures. Inc[uded
should be applicable checks of finish, identification markings, and cleanliness.

o

Weight, dimensions, fastener tightness torques and breakaway forces and torques
should be measured, as applicable, to determine compliance with specifications.

Unless stated otherwise, the specified test parameters shouid be assumed to
~ include the maximum ellowable test tolerances listed in Table Ill. For conditions

outside the ranges specified, the tolerances should be appropriate for the purpose
of the test.

4.7 IESTPLANSAND PROCED~

The test plans and procedures shall be documented in sufficient detail to
provide the framework for identifying and interrelating all of the individual tests and
test procedures needed.

4.7.1 IaSWIWM. The test plans should provide a general description of each”
test planned and the conditions of the tests. Th8 test plans should be based upon
& function-by-function mission analysis and any specified testing requirernentst To
the degree practicable, tests should be planned and executed to fulfill test
objecti~es irom development through operations.
planned to veri~ compliance with the design and

17
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TABLE Ill. Maximum Allowable Test Tolerances.

Test Parameters Test Tolerance

Temperature
-54°C to + 1Oo”c * 3°C

Relative HUrnidi~ + 5 percent

Acceleration + 10/-0 percent

Static Load and Pressure + 5/-0 percent

Atmospheric pressure
Above 133 pascats {> 1 Torr) *10 percent
133 to 0.133 pascals ( 1 Torr to 0.001 Torr) &25 percent
Mow 0.133 pascal {c 0.001 Torr) *80 percent

rem Time Duration + 10/-0 percent

tibration Frequency * 2 percent

Wwsoidat Vibration Ampfitude . * 10 percent

?andomVIbradon Power Spectral Density
=ncY Ram Maximum Control Bandwidth

20 to 100 Hz 10 Hz A 1.5dB
100 to 1000 Hz 10 percent of midband frequency * 1.5dB

1000 to 2000 Hz 100 Hz
Overall

* 3.0 dB
* l.OdB

Note: Control bandwidths may be combined for tolerance evaluation purposes.
The statistical degrees of freedom shail be at least 100.

iourxf Pressure LavaJs
idband Fr~

40 Hz & 5.0 dB
50 to 2000 Hz * 3.0 dB

2500 to 10000 Hz * 5.0 dB
Overall & 1.5dB

Note: The statist”maldegrees of freedom shall be at least 100.

;hock Response Spectrum (Peak Absolute Acceleration, Q = 10)
~ 116 octave Jntwv. *

At or below 3000 Hz t 6.0 dB
Above 3000 Hz + 9-O/-6 .O.d8

Note: At least 50 percent of the spectrum values shall be greater
than the nominal test specification.

18
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e
items involved, including interfaces. The test plans
reference, or directly document, the following:

should incorporate by

a.

b.

c.

cf.

e.

f.

Q*

h.

i.

L

A brief background of the applicable project and descriptions of the
test items covered (such as the systems, vehictes, and subtier
equipment).

The overall test philosophy, testing approach, and test objective for
each item, including any special tailoring or interpretation of design
and testing requhements.

The allocation of requirements to appropriate testable levels of
assembly. Lkua!ly this is a refQrf3nce to a requirements traceabil”~
matrix I/sting all design requirements and indica~ing a cross reference
to a verification method and to the applicable assembly level.

The identification of separate environmental test zones (such as the
engine, fairing, or payload).

The identification of separate states or modes where the configuration
or environmental tevels may be different {such as during testing,
launch, upper-stage transfer, on-orbit, eclipse, or reentry),

The environmental specifications or life-cycle environmental profiles
for each of the environmental test zones.

Required special test equipment, facilities, interfaces, and downtime
requirements.

Required test tools and test beds including the qualification testing
planned for the test tools and test beds to demonstrate that they
represent an operational system environment and verify that simulated
interfaces are correct.

Standards to be used for the recording of test data on computer
compatible electronic media, such as disks or magnetic tape, to
facilitate automated accumulation and sortinQ of data.

The review and approval process to be fotlowed for test plans and
procedures, and for making changes to approved test plans and
procedures.

.

.

@
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a,

b.

c.

d.

e.

f,

Q*

h.

i.

j“

k.

k. Overall schedule oftests showing conformance with the
program schedules including the scheduled availability of test articles,
test facilities, special test equipment, and procedures.

4.7.2 ~~. Tests shali be conducted using documented test
procedures, prepared for performing ali of the required tests in accordance with the
test objectives in the approved test plans. The test objectives, testing criteria, and
pass-fail criteria shall be stated clearly in the test procedures. The test procedures
shall cover all operations in enough detail so that there is no doubt as to the
execution of any step. Test objectives and criteria should be stated clearly to
relate to design or operations specifications. Where appropriate, minimum
requirements for valid data and pass-fail criteria should be provided at the
procedure step level. Traceability should be provided from the specifications or
requirements to the test procedures. Where practicable, the individual procedure
step that satisfies the requirement shodd” be ider@ied. The test procedure for
each item shall include, as a minimum, descriptions of the following:

Criteria, objectives, assumptions, and constraints. ,

Test setup.

Initialization requirements.

Input data.

Test instrumentation,

Expected intermediate test results.

Requkements for recording output data.

Expected output data.

Minimum requirements for valid data to consider the test successful.

Pass-faii criteria for evaluating results.

Safety cortsiderations and hazardous conditions.

4.s ~

Whenever the design of hardware is changed, the hardware involved should be
retested, as necessary, and all documentation pertinent to the changes shall be
revised. When retesting a redesigned item, limited testing may be satisfactory as
long as it is adequate to verify the redesign, to confirm that the redesign did not
negate prior testing, and to show that no new problems have been introduced.
However, care must be exercised with this limited retesting concept since even
small changes can potentially affect the item in unexpected ways.

20
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Retestin~ may also be necessary if a test discrepancy {3.5.8) occurs while
performing any of the required testing steps. In that case, conducting aproper
failure &malysis plays an important part in determining the type and degree of
retesting. The failure analysis should include the determination of whether a failure
occurred, tht? c8use of the failure, ~he symptoms of the failure, and kO)81iO~ of the ,
failure to the smallest replaceable item.

4,8.1 St Du -Iir“ fi- or Acc~ . If a test discrepancy occurs
during qualification or acceptance testing, the test m8y be continued w.thout
corrective action if the discrepant hem or software coding does not affect the
validity of last data obtained by t~e continuation of testing. Otherwise the test
shall be interrupted and the discrepancy verified. To the extent practicttble, the
test configuration should not be modified until the cause of the discrepancy has
been isolated and verified. If the discrepancy is caused by the test setup, test
software, or a failure in the test equipment, the test being conducted at the time of
the discrepancy may be continued after the cause is removed and repairs are
completed, as long as the discrepancy did not overstress the item under test. If
the discrepancy is caused by a failure of the item under test, the preliminary failure
analysis and appropriate corrective action should norrnaily be completed and
properly documented before testing is resumed. ‘Retesting may be required to
establish a basis for determining compliance of a test item to a specification or
requirement, and may be required to assess the readiness of test items for
integtatecf system testing.

4.8.2 t l)u~h Ya ri. If 8 discrepancy occurs during
prelaunch validation testing (inte~rated system testing), it shall be documented for
later evaluation. The test director is responsible for assessing the effect of the
discrepancy to determine whether the discrepancy has jeopardized the probable
success of the remainder of the test. The test director may decide to continue or
halt the test. If continued, the test starts at the test procedure step designated by
the test director. The integrated system testing should be continued, where
practicable, to consewe time-critical operational resources. When the discrepancy
has been corrected or explained, retesting may be required.

4.8.3 st f3ur~n8t TOs~ i. if a discrepancy
occurs during operational tests and evaluations, it sh81i be documented for later
evacuation. The operating agenc~ is responsible for assessing the effect of the
discrepancy to determine whether the discrepancy has jeopardized the probable “
success of the remainder of the test. The operating agency is aiso responsible for
determining the degree of retesting required.
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See Subsection 10.5 for additional information,
.

4*9*1~. The test plans and procedures [4. 7),
including a list of test equipment, calibration dates and accuracy, computer
software, test data, test log, test results and conclusions, problems or deficiencies,
petiinent analyses, and resolutions shall be documented and maintained. The test
documentation files shall be maintained by the applicable contractors for the
duration of their contracts.

4.9.2 ~. Pertinent test data shall be maintained in a quantitative form
to permit the evaluation of performance under the various specified test conditions;
pass or fail statements alone may be insufficient. The test data should also be
compared across major test sequences for trends or evidence of anomalous
behavior. To the extent practicable, all relevant test measurements and the
environmental conditions imposed on the units should be recorded on computer
compatible electronic media, such as disks, magnetic tape, or by other suitable
means to facilitate automated accumulation and sorting of data for the critical test
parameters. These records are intended to be an accumulation of trend data and
critical test parameters that should be examined for out of tolerance values and for
characteristic signatures during transient and mode switching, For development
and qualification tests, a summary of the test results should be documented in test
reports. The test report should detail the degree of success in meeting the test
objectives of the approved test pians and should document the test results,
deficiencies, problems encountered, and problem resolutions.

4.9.3 ~. Formal test conduct shall be documented in a test log. The
test log shall identify the personnel involved and be time-tagged to permit a
reconstruction of test events such as start time, stop time, anomalies, and any . .
periods of interruption.

22
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SECTION 5

DEVELOPMENT TESTS

.

Development tests, or engineering tests, shall be conducted as required to:

a. Validate new design concepts or the application of proven concepts
and techniques to a new configuration.

b. Assist in the evolution of designs from the conceptual phase to the
operational phase.

c. Reduce the risk involved in committing designs to the fabrication off
qualification and flight hardware.

d. Validate qualification and acceptance test procedures.

e. Investigate problems or concerns that arise after successful
qualification. .

@ Requirements for development testing therefore depend upon the maturity of
the subsystems and units used 8nd upon the operational requirements of the
specific program. An objective of development testing is to identify problems early
in their design evolution so that any required corrective actions can be taken prior
to statiing formal qualification testing. Development tests should be used to
confirm structural and performance margins, manuf~cturability, testability,
maintainability, reliability, life expectancy, and compatibility with system safety..
Where practicable, development tests shou!d be conducted over a range of
operating conditions that exceeds the design limits to identify marginal capabilities -
and marginal design features. Comprehensive development testing is an especially
important ingredient to mission success in programs that plan to use qualification
items for fright, including those that 8110w e reduction in the qualification test
levels and durations. Development tests may be conducted on breadboard
equipment, prototype hardware, or the development test vehicle equipment.

Development tests may be conducted at in-p!ant test facilities, which may
include subcontractor’s facilities, at a government approved test bed, or at any
other appropriate test facility. However, when pedormed at a government facility,
that facility may require approval of the test plans and procedures. Internal
contractor documentation of development test p18ns, test procedures, and test

@

results are normally used unless stated otherwise by contract.

I
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The development test requirements are necessarily unique to each new launch
vehicle, upper-stage vehicle, and space vehicle. The fo!iowing provide guidelines
for conducting appropriate development tests when their need has been

●
established. . .

5.2 ~ART. M ATERIAL, AND PROCESS DEVELOPMENT T ESTS
#3NK)FVALU ATIONS

Part, material, and process development tests and evacuations are conducted
to demonstrate the feasibility of using certain items or processes in the
implementation of a design. These development tests and evaluations may be
conducted to as=ss design aiternatives~ manufacturing afternatives~ and to
evaluate tradeoffs to best achieve the development objectives. Development tests
and evacuations are required for new types of Pam, maleriais, and processes: 10
assure proper application of parts, materials, and processes in The design; and to
deveiop acceptance criteria for these items to avoid assembling defective units.

Material characterization testing under simulated environmental conditions is
norma[ly conducted for composite laminate, insulations, seals, fluid lines, and item
not well characterized for their intended use.

5.3 ~UBAS$&MBLY ~=o PMENT TES TS, IN-PROCESS TESTS

Subassemblies are subjected to development tests and evaluations as required
to minimize design risk, to demonstrate manufacturing feasibility, and to assess the
design and manufacturing alternatives and trade-offs required to best achieve the
development objectives. Tests are conducted as required to develop in-process
manufacturing tests, inspections, and acceptance criteria for the items to avoid
assembling defective hardware iterns.

Units are subjected to development tests and evaluations as may be required
to minimize design risk, to demonstrate manufacturing feasibility, to establish
packaging designs, to demonstrate electrical and mechanical performance, and to
demonstrate the capability to withstand environmental stress including storage,
transponation, extreme combined environments, and launch base operations.
Temperature cycling and randcsm vibration testin~ at Imrels beyond the qualification -
requirements should be conducted to further increase confidence in the design and
identify the weakest elements. New designs should be characterized across
worst-case voltage, frequency, and temperature variations at the breadboard level.
Functional tests of prototype units in thermal and vibration environments are
normally conducted. Development tests of deployable, of thrust vector controls,

24
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4!9

and of the attitude contro~ subsystem are normally conducted. Life tests of critical
items that may have a wearout failure mode, such as moving mechanical
assemblies, should also be conducted. Vibration resonance searches of a unit
should be conducted to correlate with a mathematical model and to support design
margin or failure evaluations. Development tests and evaluations of vibration and
shock test fixtures should be conducted prior to first use to prevent inadvertent
overtesting or undertesting, including avoidance of excessive cross-axis responses.
These development tests of fixtures should result in the design of shock and.
vibration test futures that can be used during unit qualification and acceptance
tests. When it is not practicable to use fixtures of the same design for unit
qualification 8nd acceptance tests, evaluation surveys shou~d be performed on 1
each fixture design to assure that the unit responses are within allowable margins.

I

5.4.1 ~. Development tests shalJ be
conducted on structural components male of advanced composites or bonded
materials, such as pa@oad adapters, payload fairings, motor cases, and composite-
overwrapped pressure vessels.

If appropriate, testing should include:

a. “Static load or burst testing to validate the ultimate structural
capabiiit]es.

b. Damage tolerance testing to define acceptance criteria.

c. Acoustic transmission loss test for composile fairings.

5.4.2 . For critical electrical and electronic units
designed to ope~ate in a vacuum environment tess than 0.133 pascal (0.001 Torrl, “
thermal mapping for known boundary conditions should be performed in the
vacuum environment to verify the internaf unit thermal analysis, and to provide.
data for thermal mathematical model correlation. Once correlated, the thermal
model is used to demonstrate that critical part temperature limits, consistent with
reliability requirements and performance, are not exceeded. When electrical and
electronic packaging is not accomplished in accordance with known and accepted
Techniques refative to the invwconnect subsystem, parts mounting, board sizes and
thickness, number of layers, thermal coefficients of expansiom Or installation
method, development tests should be performed, The tests should estabfish
confidence in the design and manufacturin~ processes used. Heat transport
capacity tests may be required for constant and variable conductance heat Pipes at .
the tmit level to demonstrate compliance with 3.3.1. ThermaJ conductance tests
may be performed to verify conductivity across items such as vibration isolators,
thermal isolators, cabling, and any other potentiality significant heat conduction
path.
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5.4.3 ~ and Vibration lsol~or Deve[ooment T- . When a unit is to be
mounted on shock or vibration isolators whose performance is not well known,
developnwnt testing should be conducted to verify their suitability. The isolators
should be exposed to the various induced environments (for example, temperature
and chemical environments) to verify retention of isolator performance (especially
resonant frequencies and amplifications) and to veri~ that the isolators have
adequate service life (3.5.6). The unit or a rigid simulator with proper mass
properties (mass, center of gravity, mass moments of inertia), should be tested on
its isolators in each of three orthogonal axes, and, if necessary, in each of three
rotational axes. Responswj .at all corners of the unit should be determined to
evaluate isolator effectiveness and, when applicable, to establish the criteria for
unit acceptance testing without isolators (7.4.4). When multiple units are
supported by a vibration isolated panel, responses at all units should be measured
to account for the contribution of panel vibration modes.

5.5 VEHICl& AND SUBSYSTEM DEVELOPMENT TESTS

Vehicles and subsystems are subjected to development tests and evaluations
using structural and thermal development models as may be required to confirm
dynamic and thermal environmental criteria for desiwn of subsystems, to verify
mechanical interfaces, and to assess functional performance of deployment
mechanisms and thermal control subsystems. Vehicle level development testing
also provides an opportunity to develop handling and operatin~ procedures as well
8s to characterize interfaces and interactions.

5.5.1 il’~. For launch, upper-stage, and space
vehicles, a mechanical fit, assembly, and operational interface test with the
facilities at the launch or test site is recommended. Flight-weight hardware should
be used if practicable; however, a facsimile or portions thereof may be used to
conduct the development tests at an early point in the schedule in order to reduce
the impact of hardware design changes that may be necessary,

5*5*2 ~. In mhmnce of the qualification mode
survey test (6.2. 10), a development mode survey test {or modal survey) should be
conducted at the vehicle or subsystem level when uncertainty in analytically
predicted structural dynamic characteristics is judged to be excessive for purposes
of structural or control subsystem design, and an early identification of problem
areas is desired. The ?est article may be full-scale or subscale; for a large vehicle,
such as a launch vehicle, a subscale model is often used. Such a development test
does not replace a modal survey required for vehicle qualification, unless the test
also meets the requirements in 6.2.10.

~.~.~ ~. For structures having redundant load
paths, structural tests may be required to verify the stiffness properties and to

m
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measure member loads, stress distributions, and deflections. The stiffness data
are of pwtlcular interest where nonlinear structural behavior exists that is not fully
exercised in a mode suwey test (5.5.2, 6.2.10). This may in~lude ncmlinoar
bearings, elastic buckling of panels, gapping at preloaded interfaces, and slipping at
friction joints. The member load and stress distribution data may be used to
experimentally verify the loads transformation metrix. Deflection data may be 81s0
used to experimentally verify the appropriate deflection transformation matrix.
rn0S8 rnmrlces may be used, in conjunction with the dynamic model, to calculate
loads such as axial forces, bending moments, sh88rs, and torsional moments, and
various stresses ttnd deflections, wWIch c8n be converted into design load md
clearance merginti for the vehicle. This devdopmant test does not repdace the
structural static load test that is required for subsystem qualification (6.3.1);
however, the two tests may be incorporated into 8 single test sequence that
encompasses the requirements of both tests, provided that the test 8rticle is
flight-like, the manufacturing log is up-to-date, and the test plan is prepared
according to the qualification requhernents.

5.5.4 ~ Shock ~tlV~ TOS~ . Since high-frequency vibration
and shock responses are difficult to predict by analytical techniques, acoustic and
shock development testing of the launch, upper-st8ge, and space v8hiC19s maY be
necessary to verify the 8dequ8cy of the dynamic desion criteria for units. Vehicle
units that are not installed at the time of the test should be dynamically simulated

o
with respect to mass, center of gmvhy, moments of inertia, interface stiffness, and
geometric characteristics. For the acoustic test, the vehicle is normally exposed to
the qualification acoustic levels in an acoustic chamber. For the shock test, all
explosive-ordnance devices and other mechanisms capable of imparting a
significant shock to the vehicle should be operated. Where practicable, the shock
test should involve physical separation of elements being deployed or released.
When a significant shock Is expected from subsystems not on board the vehicle
under test (such as when a fairing separation causes shock responses on an upper
stage under test), the adaptor subsystem or suitable simulation shall be attached
8nd appropriate 0Xp}OSiv8-OrdntInce devices or other means used to simulate the
shock Imposed. The pyroshock environment may very si@icantly between
ordnancs UWvations. Therefore, the !m!Mstlcal basis given in 3.3.2 shall be used
for estimating maximum expected and extreme spectra. Multiple activations of
ordnance devices may be used to provide data for better-substantiated estimates.

5*5.5 ~. A thermal balance development
test may be necessary to verify the analytical modeling of launch, upper-stage, or
space vehicles, and to verify the unit therrnd desijp criteria. For vehicles in which
thermally induced structwa} distortions are critkat to mission success, the thermtd
balance test 81s0 ewduam tdlgnrnem concerns. The test vehicle should consist of
a thermally equivalent structure with addition of equipment panels, thermal control
insulation, finishes, and thermally equivalent models of electrical, electronic,
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pneumatic, and mechanical units. Testing should be conducted in a space
simulation test chamber capable of simulating the ascent, transfer orbit, and orbital ●
thermal-vacuum conditions as may be appropriate.

5.5.6 d Handhna DQ.y@ommmt T-
.

. The handling and
transport of launch, upper-stage, and space vehicles, or their subtier elements, is
normally conducted so as to result in dynamic environments well below those
expected for launch and flight. However, since these environments are difficuh to
predict, it is often necessary to conduct a development test of potentially
significant handling and transportation configurations to determine worst-case
dynamic inputs, Such a test shoukl use a development model of the item or a
simulator which has at least the proper mass propetiies, instrumented to measure
responses of the item. In particular, a drop test representative of a maximum
credible operational occurrence should be conducted to demonstrate protection of
the item in the handling apparatus and shippin~ container. The data should be
sufficient to determine whether the environments are benign relative to the design
requirements, or to provide a basis for an analysis to demonstrate lack of damage,
or to augment qualification and acceptance testing, if necessary.

5,5.7 JWnd-tunnel Deve loDrnent Tes~. Flight vehicle aerodynamic and
aerothermai data are needed to establish that the vehicles survive flight, and
function properly under the imposed toads. For flight vehictes with a new or —
significantly
conducted:

a.

b.

changed aerodynamic design, the foilowing wind-tunnel tests sba!i be
e

FWCQ a dM~~ent ~mssn . These tests provide the resultant
aerodynamic forces and moments acting on the vehicle during the
high-dynamic-pressure region of flight, Oata from these tests art?
used in both structural and control subsystem design and in trajectory
analysis. . .

dv-SQ3.te PrOsSure ~ . These tests determine the spatial
distribution of the ste8dy-st8te component of the pressures imposed
on the vehicle’s external surfaces during the high-dynamic-pressure
re@on of flight, These data are used to obtain the axial airload
distributions which are used to evaluate the static-elastic
characteristics of the vehicle. These data are also used in
compartment venting an81yses to determine burst and collapse
pressures imposed on the vehicle structure. The design and testing of
the payload fairing structure are particularly dependent upon
high-quality definition of these pressures.
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~c H~
. .

. These tests determine the heating
effects due to fin and fuselage junctures, drag (friction), ang!e of
ettack, flow transition, shock wave impingement, proximity effects for
muttibody vehicles, and surface discontinuities.

d.

e.

f.

S0 ~OB~ T6sR
.

. these tests determine the heating effects due to
thermal radiation, multiplume recirculation convection, plume-induced
flow separation on the vehicle body, and the base flow field.

tar Plume ~
●. . These tests determine

the heatin~ effects due to impinfpwmmt of the thruster pkmm.

.

These tests define the spatial distribution of the unsteady or
fluctuating component of the pressures imposed on the vehicle
external surfaces during the high-dynamic-pressure region of flight.
These data are used to obtain the dynamic airioads acting to excite
the various structural modes of the vehicle and we used in aeroelastic,
flutter, and vibroaeoustie analyses.

ind ~ced C)~ TesU-1 ●. . These tests define the
resultant forces and moments acting on the vehicle prior to launch .
when it is exposed to the ground-wind environment. flexible modek
or elastically-mounted rigid models are used to simulate at least the
first cantilever bending mode of the vehicle. Nearby structures or
terrain, which may influence the flow around the vehicle, shall also be
simulated.

.

.
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SECTION 6

QUALIFICATION TESTS

Qualification tests shall be conducted to demonstrate that the design,
rn%ufacturing process, and acceptance program produce mission items that meet
specification requirements. in addition, the qualification tests shall v81idate the
planned acceptance program including test techniques, procedures, ec?u@fnem,
instrumentation, and software. The qualification test baseline shall be tailored for
each program. Each type of flight item that is to be acceptance tested shall
undergo a corresponding qualification test, except for certain structural items as
identified herein,

In general, 8 single qualification test specimen of a given design shail b@
exposed to all applicable environmental tests. The use of multiple qualification test
specimens may be required for one-time-use devices (such as explosive ordnance
or solid-propellant rocket motors). Aside from such cases, multiple qualification
specimens of a given design may be used to enhance confidence in the
qualification process, but are not required by this Standard.

6.1.1 ~. The hardware subjected to qualification testing e
shall be produced from the same drawings, using the same materials, tooling,
manufacturing process, and level of personnel competency as used for flight
hardware. !deally, s qualification item would be randomly selected from a group of
production items. A vehicie or subsystem qualification test article should be
fabricated using qualification units to the maximum extent practicable.
Modifications are permitted if required to accommodate benign changes that may
be necessary to conduct the test. These changes include adding instrumentation
to record functional parameters, test control limits, or design parameters for
engineering evaluation. When structural items are rebuitt or reinforced to meet
specific strength or rigidity requirements, all modifications shall be structurally
identical to the changes incorporated in flight atiicles. The only testing required
prior to the start of qualification testing of an item is the wear-in (7.4.10) to
achieve a smooth, consistent, and controlled operation of the item {such as for
moving mechanical assemblies, valves, and thrusters).

.

6.1.2 Qua Iification Test Levels and Du ratic?n~. To demonstrate margin, the
qualification environmental conditions shall stress the qualification hardware to
more severe conditions than the maximum conditions that might occur during
service life {3.5.6), including not only f~ight~ but also a maximum time or number of
cycles that can be accumulated in acceptance testing and retesting. (qualification

●
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testing, however, should notcreate conditions that exceed applicable design safeW
margins or cause unrealistic modes of failure. If the equipment is to be used by
more than one program, or in different vehicle locations, the qualification test
conditions should envelope those of the various programs or vehicle locations
involved. Typical qualification margins on the flight and acceptance test Jevels and
durations are summarized in Table IV.

TABLE IV. Typical Qualification Test Level Margins and Duretions.

Test Units Vehicle

Shock 6 dB above-maximum expected 1 activation of all shock-
environment, 3 times in both producing events; 2 addition8!
directions of 3 axes activations of controlling

events (6.2.3.3}

Acoustic ● 6 d8 above acceptance for 3 6 di3 above acceptance for 2
minutes minutes

Vibration * 6 dB above acceptance for 3 6 dB above acceptance for 2
minutes, each of 3 axes minutes, each of 3 axes

Thermal Vacuum 108C beyond acceptance 10*C beyond acceptance
(Tables V, VII temperatures for 6 cycles temperamres for 13 cycles

Combined 10*C beyond acceptance 10“C beyond acceptance
Thermal Vacuum temperatures for 25 thermai temperatures for 3 thermal

end vacuum cycles and 53% vacuum cycles and 10
Thermal CycJe thermai cyc~es thermal cycles
(Tables V, VII

Static Load 1.25 times the limit load for Same as for unit, but only
unmanned fli~ht or 1.4 times tested at subsystem level
the limit load for manned flight,
for a duration close to actual
flight loading times

● Accelerated testing per 6.1 .4.2 is assumed, Also, durations generally are longer for
environments dominated by liquid engine or solid motor operation.

6.1.3 ~1 Cv~ lgs~ . The required number of ●

qualification thermal cycles is intended to demonstrate a capability for 4 times the
thermal fatigue potentially expended in service life (3.5.6). The requirements
stated assume that such fatigue is dominated by acceptance testing, and that the
fright and other aspects (such as transpoflation) do not
additional fatigue. It is further assumed that units, due

impose significant
to acceptance retesting,

I

I
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may be subjected to as many as 2 times the number of thermal cycles specified for
a basic test. If a different limit on number of cycles is used, the required number
of qualification cycles shali be changed per note 5 of Table V1. No allowance is
made for acceptance retest of vehicles. For both thermel.cycle and thermal
vacuum tests, the temperature ranges in Table V are the basis for the number of
cycles in Table VI for qualification and acceptance testing.

In instances where these baseline requirements” are not appropriate due to the
temperature range, acceptance retest aiiowance, Ior si~nificance of the mission or
other service, the qualification number of cycles shall be modified per note 5 of
Table VI, Also, the maximum allowable number of acceptance thermal cycles can
be extended atier the original qualification by performing the required additional
testing on the qualification test itern necessary to meet the requirement in note 5
of Table V1. “

Electrical and electronic units, or units containing electrical and electronic
elements, are subjected to multiple thermal vacuum cycles and thermal cycles for
the purpose of uncovering workmanship deficiencies by a process known as
“environmental stress screenin~. ” Such screening is intended to kiemify defects
that may result in early failures. Therefore the number of cycles imposed is
general~y unre18ted to mission thermal cycles. For units not containing electrical or
electronic elements, only thermal vacuum testing is required and the number of
thermal cycles rim considerably reduced {Table W, 6.4.3.4, and 7.4.3.3).

6,1.4
.~ion ~ For the acoustic and vibration

environments, the qualification tests are designed to demonstrate the abi!ity of the
test item to endure both of the foliowing:

a.

b.

The acceptance test spectrum (7.1.2 or 7.1.3) for 4 times the maximum
atiowable duration of acceptance testing of flight items, including any
retesting.

The extreme expected spectrum (6 dB higher than acceptance, uniess a
lesser rr&rgin can be justified per 3.3.2) for a duration of 4 times the
fatigue equivalent duration in fright (3.3.3), but for not less than 1 minute.

The maximum allowable duration of acceptance testing can be extended after the
original qualification by performing additional testing on the qualification test item.
If one or more electrical or electronic units are involved, this additional acoustic or
vibration testing shaii be followed by at least 1,5 thermal cycles or 1.5 thermai
vacuum Cycies.

Either the approach described in
conduct of the qualification testing.

6.1.4.1 or 6.1.4.2 may be selected for
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TABLE V. Temperature flanges for Thermal Cycle (TC)
and ThwmaI Vacuum (W Tests.

Required Unit . Vehicle
Testin~

TC&W TC N

Acceptance {A~A) lo5°cf z 5o”c note 3

Qualification {ATO) 125”C2 z 70”C2 note 4

Notes: 1 Recommended, but reduced if impracticable or incre8sed if necessary to
encompass otwratiomd temperatures {7. I. 1).

2 Al. ~ ATA + 20”C.
3 Governed by the unit that first reaches its hot or cold acceptance

temperature limit.
4 Like note 3, but for qualification temperature limit.

Symbols: ATA = Acceptance temperature r8nge.
ATO = Qualification temperature range.

TABLE V1. IUumbers of Cyclesl for Thermal Cycle (TC)
and Thermal Vacuum (W) Tests.

Unit Vehicle

Acceptance Qualification Acceptance
Required

Qualification
(Tab~e XIII]

Testing ‘N~
(Table Xl (Table X11) (Table Vlll}

A Nw’$ NQ5 NA fqo5,6

$oth: TC2 8.5 17 53*5 4 10

TV 4 8 25 1 3

Only TV 1 2 6 4 13

Only TC 12.5 25 78.5 *

f$Jott?s:1 Numbers of cycles correspond to temperature ranges in Table V.
2 Tasts may be conducted in vacuum to be integrated with TV.

‘.4 for TC only and3 For tailoring: N. = 10( 125/ATA)
for the sum of TC and TV when bath conducted.

4 N- = 2N& but Cun be changed to 8i!OWfOf more or k!9Sretesting.
5 NQ = 4N~(ATA/ATg) ‘ “4, assum.mgtemperature cycling during mission

or other service is insignificant; if significant, additional cycfirq shall be
required using the same fatigue equivalence basis.

6 N~ = N.. assuming that vehicle-level acceptance retesting will not be
conduct~d.

SYmbofs: NA = Required number of acceptance cycles.
!v- = Maximum allowable number of acceptance CYCW including

retesting.
No = Required number of qua~ificationcycles.

. . .

.
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6.1:4.1 J -wo condition Testi~. The two-condition approach to acoustic or
vibration qualification testing applies the acceptance test condition first (6. 1.4a).
For example, if the maximum allowable duration of acceptance vibration testing per
axis is 6 minutes for any flight item, then 24 minutes of acceptance level vibration
per axis would be required to satisfy the acceptance condition part of qualification,
This would be followed by a test at the extreme expected spectrum, typically 6 d9
higher for 1 minute per axis (6.1 .4b)

6.1.4.2 ~lerated Test ing. All or any portion of the testing at the
acceptance level may be accelerated by replacing it with a reduced duration of
testing at the qualification level. Table Vli shows time reduction factors, rounded
to the nearest integer, for selected combinations of margin and maximum test
tolerance on the spectrum at any frequency. For example, when the qualification
margin M is 6 dE?and the test tolerance on the spectrum T is as high as 3 dB at
some frequency, the time reduction factor is 12. Then 24 minutes of acceptance
level testing could be accelerated to 2 minutes of testing at the qualification level.
With a typical 1 minute test dur8tion required for flight, the qualification test for
this example would apply the extreme expected level for a total of 3 minutes per
axis.

TABLE Vll, T~me Reduction Factors, Acoustic and Random Vibration Tests.

Margin M {d6) Maximum Test Tolerance Time Reduction Factor
on Spectrum, T MB)

6.0 *1.5 15
6.0 *3.O 12 .
4.5 *1.5 7
4.5 *3.O 4
3.0 *1.5 3
3.0 *3.O 1

Note: In general, the time reduction factor ii 10Mfi 11 + (4/3} sinh2(T/M)l”l,
where T is sum of the absolute value of the negative tolerance for the
qualification test and the positive to~erance for the acceptance test.

—
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@

6.2 ~

The vehicJe-level qualification tsst baseline shall include all the required tests
specified in Table Vlll. The “other” tests (3.5.4) deemed applicable, and additional
special tests that are conducted as acceptance tests for the vehicle e!emant {such
as alignments, instrument calibrations, antenna patterns, and mass properties),
shall also be conducted as part of qualification testing. Vehicle elements controlled
by on-board data processing shall have the flight version of the computer sotiare
resident in the on-board computer. Verification of the operational requirements
shall be demonstrated to the maximum extent practicable.

TABLE VIII. Vehicle Qualification Test Baseline.
.

Test I Referenca
IParagraph

kwpectionl

Functionall
Pressure/leakage
EMC
Shock
Acoustic z

or
Wibration }
~ermal Cycle3

~hermat 13alanc.e4
rherm81 Vacuum
Modal Survey

4.4

6.2.1
6.2.6
6.2.2
6.2.3
6.2.4

6.;.5 }
6.2.7

6.2.8
6.2.9
6.2.10

1

2“
3,7,11

4
5

6

8.

9
10

any

R
R
R
R
R

o

0

0
R

R
R
R
R
R

R

o
R
R
R

R
R
R
R
R

R

o
R
R
R

AJI vehicle qualification requirements to be specified by the procuring
agency (4.1 ]. Symbols {10.2.1.3) indicate the following:
R = baseline requirement (high probability of being required)

o= “other” (low probability of being required; 3.5.4)
= not required (negligible probability of being required).

Notes: 1 Required before and after each test as appropriate. inciude
special tests as ~pplicable (6.2).

2 Vibration conducted in place of acoustic test for a compact
vehicle typically with rn8ss less than 180 kg (400 ib).

3 Requfred If thermal cycling acceptance test (7.2.7) conducted.
4 May be combined with thermal vacuum test.

I
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6.2.1 ~al Test. Vehicle ~ Iificatioq

●
6.2.1.1 ~. The functional test verifies that the mechanical and

electrical performance of the vehicle meet the specification requirements, including
compatibility with ground suppofl equipment, and validates all test techniques and
software algorithms used in computer-assisted commanding and data processing.
Proper operation of all redundant units m mechanisms should be demortstra?ed to
the maximum extent practicable.

6.2.1.2 ~cha nical t%nctiona I Test. Mechanical devices, va)ves, depioyables,
and separation subsystems shall be functionally tested at the vehicle fevei in the
launch, orbital, or recovery configuration appropriate to the function. Alignment
checks shall be made where appr@ate. Fit checks shall be made of the vehicle
“physical interfaces using master gages or interface assemblies. The test should
validate that the vehicle performs within maximum and minimum limits under
worst-case conditions including environments, time, and other applicable
requirements. Tests shall demonstrate positive margins of strength, torque, and
related kinematics and clearances. Where operation in eanh gravity or in an
operational temperature environment cannot be performed, a suitable ground test
fixture may be used to permit operation and performance evaluation. The pass-fail
criteria shall be adjusted as appropriate to account for worst-case maximum and
minimum limits tha~ have been modified to adjust for ground test conditions.

6.2.1.3 ~d f$ber ornlc ~~tuma
. . . . .- I Test. The vehicle should 9

be in its flight configuration with all units and subsystems connected, except
explosive-ordnance elements. The test shall verify the integrity of electrica! and
fiber-optic circuits, including functions, redundancies, end-to-end paths, and at
least nominal performance, including radio-frequency and other sensor inputs.
End-to-end sensor testing may be accomplished with a self-test or coupled inputs. .

The test shall be designed to operate all units, primary and redundant, and to
exercise all commands and operational modes to the extent practicable. The
operation of all thermally controlled units, such as heaters and thermostats, shall
be verified by test. Where control of such units is implemented by sensors,
electrical or electronic devices, coded algorithms, or a computer, end-to-end
performance testing should be conducted. The test shall demonstrate that all
commands havin~ precondition requirements (such as enable, disable, a specific
equipment confi~uration, and a specific command sequence), cannot be executed .‘
unless the preconditions are satisfied. Whenever practicable, equipment “
performance parameters that might affect end-to-end performance (such as power,
votta9e, gain, frequency, command and data rates) shall be varied over
specification ranges to demonstrate ~he performance. Autonomous functions shall
be verified to occur when the conditions exist for which they are designed.
Continuous monitoring of several perceptive parameters, including input and output

●
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parameters, and the vehicle main bus by a power transient monitoring device, shall
be provided to detect intermittent failures.

.

For at least one functional test in the qualification sequence, the vehicle shall
be operated through a mission profile with aIJ events occurring in actual flight
sequence to the extent practicable. This sequence shall include the final
countdown, launch, ascent, separation, upper-stage operation, orbital operation,
and return from orbit as appropriate. All explosive-ordnance firing circuits shall be
energized and monitored during these events to verify that the proper eneroy
density is delivered to each device and in the proper sequence. All measurements
that are telemetered shall also be monitored during appropriate portions of these
events to veriw proper operations.

6.2.1.4 ~tmv Re~
.

, Functional tests shall be conducted
before and after each of the vehicle tests to detect equipment anomalies and to
assure that performance meets specificatioti requirements. These tests do not
require the mission profile sequence. Sufficient data shall be analyzed to verity the
adequacy of the testing and the validity of the data before any change is made to
an environmental test configuration, so that any required retestin~ can be readily
accomplished. During these tests, the maximum use of telemetry shall be
employed for data acquisition, problem identification, and problem isolation.
Functional tests required during individual vehicle tests are specified in connection
with each test.

6.2.2.1 ~. The electromagnetic compatibility test demonstrates
electromagnetic compatibility of the vehicle and ensures that adequate margins
exist in e simulated launch, orbital, disposal, and return-from-orbit electromagnetic
environment.

6.2.2.2 ~. The operation of the vehicle and selection of
instrumentation shall be suitable for determining the margin against malfunctions
and unacceptable or undesired responses due to electromagnetic incompatibilities.
The test shatl demonstrate satisfacto~ electrical and electronic equipment
operation in conjunction with the expected electromagnetic radiation from other
subsystems or equipment, such as from other vehicle elements and ground support
equipment. The vehicle sh81\ be subjected to the required tests while in the
launch, orbital, 8nd return-from-orbit conflourations and in all possible operational “
modes, as applicable. Special attention shall be given to areas indicated to be
marginal by analysis. Potential electromagnetic interference from the test vehicle
to other subsystems shall be measured. The tests shall be conducted according to
the requirements of MlL-STD-l 541. The tests shall include but not be limited to

three main segments:

.
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~ a. Radiated emissions susceptibility.

b. lnlersystem radiated susceptibility,

c. External radio frequency interference susceptibility. .

Explosive-ordnance devices having b~idge wires, but otherwise inert, shall be
installed in the vehicle and monitored during all tests.

“ 6.2.3 - Test. VOhlcle QURlificllt ion

6.2.3.1 ~. The shock test demonstrates the capability of the vehicle to
withstand or, if appropriate. to operate in the induced shock environments. The
shock test also yi~lds the data to validate the extreme and maximum expected unit
shock requirement [3.3. 7). .

6.2.3.2 ~
,

, The vehicle shall be supported and configured to
allow fli@t-Jike dynamic response of the vehicle with respect to amplitude,
frequency content, and paths of transmission. Support of the vehicie may vary
during the course of a series of shock tests in order to reflect the configuration at
the time of each shock event. Test setups shall avoid undue influence of test
fixtures, and prevent recontact of separated portions.

In the shock test or series of shock tests, the vehicle shall be subjected to
shock transients that simuJate the extreme expected shock environment {3.3.71 to
the extent practicable. Shock events to be considered include separations and
deployments initiated by explosive ordnance or other devices, as well as impacts
and suddenly appiied or released loads that may be significant for unk dynamic
response [such as due to an engine transient, parachute deployment, and vehicle
IandingJ. All devices on the vehicle capable of irnpafiing significant shock
excitation to vehicle units shall be activated, Those potentially significant shock
sources not on the vehicle under test, such as on an adjoining payload fairing or a
nearby staging joint, shall also be actuated or simulated and applied through
appropriate interfacin~ structures. Dynamic instrumentation shall be installed to
measure shock responses in 3 orthogonal directions at attachments of selected
units.

6.2.3.3 ~
,

. All explosive-ordnance devices and other potentially
significant shock-producing devices or events, including those from sources not
installed on the vehicle under test, shall be activated at least one time or simulated
as appropriate. Significant shock sources are those that induce a shock response
spectrum (3.3.7) at any unit location that ‘is within 6 dB of the envelope of the
shock respcmse spectra from all shock sources. The si~nificant sources shall be
activated 2 additional times to provide for variability in the vehicle test and to
provide data for prediction of maximum and extreme expected shock environments
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for units (3.3.2). Activation of both primary md redundant devices sha~l be carried
out in the same sequence as they are intended to operate in service.

6.2.3.4 ~ntsm ~
. . Electrical and electronic units shall be

operating and monitored to the maximum extent practicable. Continuous
monitoring of several perceptive parameters, including input and output
parameters, and the vehicle main bus by a power transient monitoring device, shall
be provided to detect intermittent failures.

6.2.4 ~

6.2.4.1 ~. The acoustic test demonstrates the ability of the vehicle to
endure acoustic acceptance testing and meet requirements during and after
exposure to the extreme expected acoustic environment in flight (3.3.4). Except
for items whose environment is dominated by structure-borne vibration, the
acoustic test also verifies the adequacy of unit vibration qualification levels and
serves as a qua!ifiiation test for items not tested at a lower level of 8s!3embly.

6.2.4.2 ~
. . . The vehicle in its ascent configuration shall b@

installed in an acoustic test facility capable of generating sound fields or fluctuating
surface pressures that induce vehicle vibration environments sufficient for vehicle
qualification. The vehicle shall be mounted on a flight-type suppofi swucture or
reasonable simulation thereof. Significant fluid and pressure conditions shall be
replicated to the extent practicable, Appropriate dynamic instrumentation shall be
installed to measure vibration responses at attachment points of critical and
representative units. Control microphones shall be placed at a minimum of 4
well-separated locations, preferably at one half the distance from the test article to
the nearest chamber wall, but no closer than 0.5 meter (20 inches) to both the test
anicle surface and the chamber wall. When test atiicle size exceeds f8ciiity
capabili~, the vehicle may be appropriately subdivided and acoustically tested as
one or more subsystems or 8ssemblies.

6.2.4.3 ~
.

The test shall be conducted per 6.1.4. The
typical version of the test involves ac~elerated acceptance-level testing per 6.1.4.2
and applies the qualification-~evel spectrum for a totat of 2 minutes. This is based
on a qualification margin of 6 dB, a maximum of 3 minutes of accumulated
acceptance testing on a flight vehicle, and a fatigue equivalent duration of not

I

greater than 15 seconds. Operating time should be divided approximately equally -
between redundant functions. Where insufficient test time is available to test
redundant units, functions, and modes that are operating during the launch,
ascent, or reent~ phase, extended testing shall be performed at a level no lower
than 6 dB below the qualification level.
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692.4.4 ~. During the test, alt electrical and
electronic units, even if not operating during launch, shall be electrically energized
and sequenced through operational modes to the maximum extent practicab~e,
with the exception of units that may sustain damage if ener~ized. Continuous
monitoring of several perceptive parameters, including input and output
parameters, 8nd the vehicfe main bus by a power transient monitoring device, shall
be provided to detect intermittent failures,

6.2.5 -n T@ VeMcle ~ i. The vibration test may be
conducted instead of an acoustic test (6.2.4) for Brndl, compact vehicles which
can be excited more effectively via interface vibration than by an acoustic field.
Such vehicles typically have a mass under 180 kilograms (400 pounds).

6.2.5.1 ~. The vibration test demonstrates the abiii~y of the vehicle to
endure vibration acceptance testing and meet requirements during and after
exposure to the extreme expected environment in flight (3.3.5). Except for items
whose response is dominated by acoustic excitation, the vibration test ah verifies
the adequacy of unit vibration qualification levels and serves as a qualification test
for items that have not been tested at a lower level of assembly.

6.2.5.2 ~ i. The vehicle and a flight-type adapter, in the ttscent
configuration, shall be vibrated using one or more shakers through appropriate
vibrstion fixtures. Vhstion shall be applied in each of 3 orthogonal axes, one
direction being parallel to the vehicle thrust axis. Instrumentation shall be installed
10 measure, in those same 3 axes, ihe vibration inputs and the vibration responses
at attachment points of critical and representative units. o

0

6.2.5.3 .vet9 ~ . The test shall be conducted per 6.1.4 to
produce the required spectrum at the input to the vehicie or at attachment points
of critical or representative units, as specified. When necesswy to prevent .
unrealistic input forces or unit responses, the spectrum at the vehicle input may be
limited or notched, but not below the minimum spectrum for a vehicle (7.1.3}. The
Npical version of the test for each axis involves accelerated acceptance-level
testing per 6.1.4.2 and applies the Qualification spiwtrum for 2 minutes {same
basis as in 6.2.4.3). Opert?tinetime should be divided approximate~yequally
between redundant functions. Where insufficient test time is available to test
redundant urdts, functions, and modes that are operating during the launch,
ascent, or reent~ phase, extended testing shall be performed at a ~@v@lno lower
than 6 d5 below the qualification level.

6-2.5.4 ~. SWTWas 6.2.4.4c exc@ptthat the
structural response shail also be monitored to ensure that no unrealistic test
conditions occur.
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e 6-2=6~

6.2.6.1 ~. These tests dernonstrata the capability of pressurized
subsystems to mest the specified flow, pressure, end leakage rate requirements.

6.2.6.2 IaWWaWw The vehicle shaiJ be placed in a faciiity that
provides the services and safety conditions quiroci m protect personrmi and
equipment during the testing of high-pressure subsystems and in the handiing of
dangerous fiuids. Preliminary tests shal! be performed, as necessm~, to ver~
compatibility with the test setup and to ensure proper control of the equipment and
test functions. Th8 requirements of the subsystem including flow, ieakage, and
regulation shaii be measured while operating applicable valves, pumps, and motors.
The flow checks shall verify that the piumbing configurations are adequate.
Checks for subsystem cleanliness, moisture Ievois, and PH ieveis shali aiso be
made. Where pressurized subsystems are assembled with other than brazed or
weided connections, the specified torque values for these connections shaii be
verified prior to the initial qualification leak check.

In addition to the high-pressure test, propellant tanks and thruster valves stuali
be tested for ieakage under propellant servicing conditions. The subsystem shail
be evacuated to the internai pressure normaiiy used for propeli8nt ioadin~ end the
pressure monitored for decay as an indication of leakage. .

6.2.6.3 ~.

a.

b.

6.2.6.4

!% launch and upper-stage vehicles which contain pressurized
structures, the pressurized subsystem shall be pressurized to a proof
pressure which is 1.1 times the maximum expected operating
pressure (MEOP) and heid constant for a short dweli time, sufficient
to assure that the proper pressure was achieved within the allowed
test tolarance. The test pressure shail then be reduced to the ME(3P
for ieakege inspection.

For space vehicles, unless specified otherwise, the pressurized
subsystems shali be pressurized to a proof pressure which is 1.25

times the MEOP and heid for 5 minutes and then the pressure slmii be
reduced to the MEOP. This sequence shali be conducted 3 times,
followed by inspection for h38k8ge at the MEOP. The duration of the
evacuated propulsion subsystem ieakage test shall not exceed the
time that this condition is normelfy experienced during propellant
ioaciing.

~. App[lcable safety standards shall be

49
followed in conducting ail tests. Tests for detecting externai ieafcage shaii be
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performed at such locations as joints, fittings, P@s, and lines. The acceptable
leakage rate to meet mission requirements sha~i be based upon an appropriate
analysis, In addition, the measurement technique sha!! account for leakage rate

●
variations with pressure and temperature “and have the required threshold,
resolution, and accuracy to detect any leakage equal to or greater than fhe
acceptable leak rate. If appropriate, the !eakage rate measurement shall be
performed at the MEOP and at operational temperature, with the representative I
fluid commodity, to account for dimensional and viscosity changes. Times to
achieve thermal and pressure equiiibriurn, test duration, and temperature sensitivity I

shall be determined by an appropriate combination of analysis and development
test, and the results documented. Leakage detection and measurement procedures
may require vacuum chambers, bagging of the entire vehicle or localized areas, or
other special techniques to achieve the required accuracies.

6.2.7 ~t. Ve~hficailsm
.

6.2.7.1 ~. The thermal cycle test demonstrates the abi!ity of the
vehicle to withstand the stressing associated with flight vehicle thermal cycle
acceptance testing, with a qualification margin on temperature range and maximum
number of cycles. The thermal cycle test, in combination with a reduced-cycle
thermai vacuum test, can be selected as an alternate to the thermal vacuum test
(6.2.9 and Table VI}.

6.2.7.2 Test D~
. . . The vehicle shall be placed in a thermal chamber at o

ambient pressure, and a functional test shall be performed to assure readiness for
the test. The vehicle shall be operated and monitored during the entire test,
except that vehicle power may be turned off if necessa~ to reach stabilization at
the cold temperature, Vehicle operation shall be asynchronous with the
temperature cycling, and redundant units shall be operated for approximately equal
times.

When the relative humidity of the inside spaces of the vehicle is below the ,
value at which the ccdd test temperature would cause condensation, the

~tempemture cyclin8 shall begin. One complete thermal cycle is a period beginning
at ambient temperature, then cycling to one temperature extreme and stabilizing
{3.5.7), then to the other temperature extreme and stabilizing, and then returning
to ambient temperature. Strategically placed temperature monitors installed on
units shall assure attainment end stabilization of the expected temperature
extremes for several units. Auxiliary heating and cooling may be employed for
selected temperature-sensitive units (e.g., bafieries). Of~t is necessary in order to
achieve the required temperature rate of change, parts of the vehicle such as solar
afrays and passive thermal equipmefit may be removed for the test. The last
thermal cycle shall contain cold and hot soaks during which the vehicle shall
undergo a functional test, inckding testing of redundant units.
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6.2.7.3 ~
●

. The minimum vehicle temperature range
shall be 70”C from the hot to the colt! condition (Tab!e V). With the 70°C
qualification temperature range, the required number of cycles shall be 10. For
other ranges, see Table V1. The average rate of change of temperature shall be as
rapid as practicable. .

6.2.7.4 ~ Fte~
.

. Continuous monitoring of several
perceptive parameters, includina input and output parameters and the vehicle main.
bus by a power transient monitoring deviC8, shall be provided to detect intermittent
failures. Moisture condensation inside of electrical and electronic units shall be
prevented. Combinations of temperature and humidity which allow moisture
deposition either on the exterior surfaces of the vehicle or inside spaces where the
humidity is slow to diffuse (for example, multileyer insulation) shall be avoided.

6.2.8.1 ~. The thermal balance test provides the data necessa~ to
verifi the analytical thermal model and demonstrates the ability of the vehicle
thermal control subsystem to maintain the specified operational temperature limits
of the units and throughout the entire vehicle. The thermal bafance test also
verifies the adequacy of unit thermal design criteria. The thermal balance test can
be combined with the thermal vacuum test (6.2.9).

@ 6.2.8.2DsUuzMm. The qualification vehicle shall be tested to simulate
the thermal environment experienced by the vehicle during its mission. Tests shall
be capable of validating the thermal model over the full mission range of seasons,
equipment duty cycles, ascent conditions, solar angles, maximum and minimum
unit thermal dissipations including effects of bus voltage variations, and ec[ipse
combinations so as to include the worst-case hat and cold temperatures for alt
vehicle units. As a minimum, two test conditions shall be imposed: a worst hot
case and a worst cold case. If practicable, 2 additional cases should be imposed:
a transient for correlation with the model and a case chosen to check the validity
of the correlated model. Special emphesis slwll be plaCed on defining the test
conditions expected to produce the maximum and minimum temperatures of
sensitive units such as batteries. Sufficient measurements shall be made on the
vehicle internal and externel units to verify the vehicle thermal design and
analyses. The power requirements of all thermostatically or electronically
controlled heaters and coolers shail be verified during the test, and appropriate

.

control authori~ demonstrated. .

The test chamber, with the test kern installed, shall provide a pressure of no
higher than 13.3 miilipascal (1 (Y4 Torr) for space and upper-stage vehicles, or a
pressure commensurate with service eltitude for launch vehicles. Where
appropriate, provisions should be made to prevent the test item from “viewing”

@
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warm chamber walls, by using black-coated cryogenic shrouds of sufficient area
and shape that 8re capable of approximating liquid nitrogen temperatures. The ●
vehicle thermal environment rney he supplied by one of the following methods:

a.

b.

c.

d.

.

~orbd FIux. The absorbed solar, albedo, and plarwta~ irradiation
is simulated using heater panels or infrared (IR) lamps with their
spectrum adjusted for the external thermal coating properties, or using
electrical resistance heaters attached to vehicle surfaces.

~, The intensity, spectral content, and angular distribution
of the incident solar, albedo, and planet8ry Irradiation are simulated.

nt Fhd l~ion Sfnk Ternn er~. The equivalent radiation sink
temperature is simulated using infrared lamps and calorimeters with
optical properties identical to those of the vehicle surface.

mln~tfon. The thermal environment is supplied by a combination
of the above methods.

The selection of the method and fidelity of the simulation depends upon details
of the vehicie thermal design such as vehicle geomet~, the size of internally .
produced heat loads compared with those supplied by the external environment,
and the thermal characteristics of the external surfaces. Instrumentation shall be
incorporated down to the unit level to evahwte total vehicle performance within a

operational limits as well 8s to identify unit problems. The vehicle shall be
oper8ted and monitored throughout the test. Dynamic flight simulation of the
vehicle thermal environment should be provided unless the external vehicle
temperature does not v8ry significantly with time, {SW 10.3 regarding formation
of a Test Evacuation Team.)

6.2.8.3 ~. Test conditions and durations for the
thermal balance test are dependent upon the vehicle configuration, design, and
mission details. Normally, boundary conditions for evaluating thermal design shall
include both of the following:

a. Maximum external absorbed flux plus maximum internal power
dissipation.

b. Minimum external absorbed flux plus minimum internal power
dissipation.

The thermal time constant of the subsystems and mission profile both influence
the time required for the vehicle to achieve thermel equilibrium and hence the test
duration.

.
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@

6=2*8*4~. Success criteria depend not only on
suwival and operation of each item within Sp8Cifi0d temperature limits, but also on
correlation of the test deta with theoretical thermal models. As a goal, correlation
of test results to the thermal model predictions should be within * 3°C. Lack of
correlation with the theoretical models m8y indicate either a deficiency in the
model, test setup, or vehicle hardwere. The correlated the{mal math model shall “
be used to make the final temperature predictions for the various mission phases
(such as prelaunch, ascent, on-orbit, 8nd dispos8f orbit).

6.2.9 ~.

6.2.9.1 ~. The thermal vacuum test demonstrates the ability of the
vehicle to meet qualification requirements under vacuum conditions and
temperature extremes which simulate those predicted for flight plus a design
maroin, and to withstand the thermal stressing environment of the vehicle thermal
vacuum acceptance test plus a quaMication margin on temperature range and
number of cycles..

6.2.9.2 Jest D~
. . The vehicle shall be placed in a thermal vacuum

chamber and a functional test performed to assure readiness for chamber closure.
The vehicle shall be divided into separate equipment zones, based on the Jimits of

@

the temperature-sensitive units and similm unit qualification temperatures within
e8ch zone. Unhs that operate during ascent shall be opera~ing and monitored for
corone and nwltipacting, as appl”kab!e, as the pressure is reduced to the lowest
specified level. The rate of chamber pressure reduction shall be no greater than
during ascent, and may have to be slower to aliow sufficient time to monitor for
corona and multipacting. Equipment that does not operate during launch shall
have electrical power applied after the lowest specified pressure /evei hes been
reached. A thermal cycle begins with the vehicla at ambient temperature. The
temperature is raised to the specified high level and stabilized [3.5.7). Following
the high-temperature soak, the temperature shall be reduced to the lowest
specified level and stabilized. Following the low-temperature soak, the vehicle
sbalJ be returned to ambient temperature to comp~ete one therma~ cycle.
Functiord tests shall be conducted during the first and last thermal cycle at both
the high- and low-temperature limits with functional operation and monitoring of
perceptive parameters during all other cycles. If simulation of the escent
environment is desirable at the beginnin~ of the test, the first cycle may begin with
a transition to cold thermal environment, rather than a hot thermal environment. .

In addition to the thermal cycles for an upper-stage or space vehicle, the
chamber may bia programmed to simulate various orbital fright operations.
Execution of operatlomd sequences shall be coordinated with expected
environmental conditions, and a complete cyclin~ of all equipment shall be
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performed including the operating and monitoring of redundant units and paths.
Vehicle electrical equipment shall be operating and monitored throughout the test.
Temperature monitors shall assws attainment of temperature limits. Strategically
placed witness plates, quartz crystal microbalances, or other instrumentation shall
be installed in the test chamber to measure the outgassing from the vehicle and
test equipment.

6.2.9.3 ~DwU
.

.“ Temperatures in various equipment areas
shall be controlled by th~ external test environment and internal heating resulting
from equipment operation. During the hot and cold half cycles, the temperature
limit is reached 8s soon as one unit in each equipment area is at the hot or cold
temperature reached during its qualification thermal testing. Unit temperatures
shall not be allowed to go outside their qualification range at any time during the
test. The “pressure shall be maintained at no higher than 13.3 rniliipascal (1@
Tort) for space and upper-stage vehicjes and, for launch vehicles, at no hi$her than
the pressure commensurate with the hi~hest possible service altitude. When the
alternate thermal cycie test {6.2.7) is not performed, the thermal vacuum
qualification test shail include at ieast 13 compiete hot-cold cycles (Table Vi).
When thermai cycling is performed, the thermal vacuum qualification test shaii
inciude at ieast 3 compiete hot-cold cycles (Tabie W).

The rate of temperature change shali equal or exceed the maximum predicted
mission rate of change. The temperature soak (3.5.10) shall be at least S hours at
each temperature extreme during the first end last cycies. For intermediam cycles,
the soak duration shal! be at Iaast 4 hours. Operating time shouid be divided
approximately equaliy between redundant units.

I

I 6.2.9.4 -I wnentarv R~rome n~. Continuous monitoring of several
perceptive parameters, includin~ input and output parameters, and the vehicle main
bus by a power transient monitoring device, shail be provided to detect intermittent
failures. It may be necessary to achieve temperature limits al cemin locations byI
altering thermai bounda~ conditions locaiiy or by altering the operational sequence
to provide additional heating or cooling. Adjacent equipments may be turned on or
off; however, any speckl condit~oning within the vehicle shaii generail y be avoided.
External baffling, shadowing, or heating shail be utiiized to the extent feasible.
The vehicle shall be operated over the qualification temperature range, although -
performance within specification is not required outside
maximum and minimum expected temperatures.

6.2.10 we Surwtv Test. V~
.

.

6.2.10.1 ~. The mode survey
experimentally derive a structural dyn~mic
for test-vedfication of an analytical model.

of 10*C beyond the

test (or modal survey) is conducted to
modei of a vehicie or to provide a basis
After upgrading zmalyticaily to the fright
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I
configuration {such as different propellant loading and mhor differences between
flight and test unit mass pfopenies), this mode~ is used in analytical simulations of
flight lo8ding events to define the verification-cycle structural loads environment.
These loads am used to determine structural maroins and adequacy of the
structural static test loading conditions /6. 3.1 ). They are therefore critical for
verification of vehicle structural integrity and qualification of the structural
subsystem as flight-ready. Where practicable, a modal survey is also performed to
define or verify models used in the final preflight evaluation of structural dynamic
effects on control subsystem precision and stability.

6.2.~o.2 lhMhwMM. The test article shall consist of fright-quafity
structure with assembled units, payloads, 8nd other major subsystems, and shall
contain actual or simulated liquids at specified fill-levels. For Jarge vehicles,
complexity and testin~ practicability may dictate that tests be performed on
separate sections of the vehic!e. For large launch vehicles in particular, practicality
may also dictate use of an integrated program of ground and flight tests, invoking
substantial flight data acquisition and analysis, to acquire the necessary data for
model verification. Wire harnesses may be installed for the mode survey tes~ but

I

are not required. Mass simulators may be used to represent a flight item when its
attachment-fixed resonances have been demonstrated by test to occur above the
frequency ranga of interest established for the modal survey. Dynamic simulators
may ba used for items that have resonances within the f~eQuency range of interest
if they are 8ccwate dynamic representations of the flight item. Alternatively, mass
simulators may be used if flight-quality items me subjected separately to a modal
survey meeting qualification requirements. All mass simulators are to include
realistic simulation of interface attach structure and artificial stiffening of the test
structure shall be avoided. I

The d8ta obtained in the modal survey shall be adequate to define the resonant
frequencies and associated mode shapes and damping values, for al~ modes that
occur in the frequency range of interest, generalty up to at least 50 Hz. In
addition, the primary mode shall be acquired in each coordinate direction, even if
its frequency lies outside the specified lest range. The test modes are considered
to have acceptable quality when they are ortho~onal, with respect to the analytical
mass matdx, to within 10 percent. {See 10.3 resarding formation of a Test
Evacuation Team to facilkate deviations from these requirements.)

6.2.10.3 ~. The test is generally conducted at response 18v81sthat
are low compared to the expected flight levels. Lirnhed testing shall be conducted
to evaluate nonlhear beh8vi0r, with a minimum of 3 levels used when significant
nonlinearity is identified.
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6.2.10.4 Iernentwv Re~ rementsi .

6.z.~0.4.l ~ When the modal sumey dat8 are used 9

to test-vedfi an analytical dynamic model for the verification-cycle lq8dS analyses,
rather than to define the model directly, adequate modekto-lest correlation shall be
demonstrated quantitatively as follows:

a. Using 8 cross-orthogonality matrix formed from the analytical mass
matrix and the analytical and test modes, corresponding modes are to
exhibit at least 95-percent correlation and dissimilar modes are to be
ortho~orml to within 10 percent.

b. Analytical model frequencies are to be within 3 percent of test
frequencies.

With adequate justification, limited exceptions to this standard of correlation we
acceptable for problem modes; also, alternative quantitative techniques can be
used if their criteria for acceptability are comparable’

6.2.10.4.2 Because of their criticality to achieving a.
successful test, appropriate pretest analyses and experimentation shall be
performed to:

a. Establish adequacy of the test instrumentation.

b. Evaluate the test stand and fixtwing to preclude any boundary
condition uncertainties that could compromise test objectives.

c. Verify that mass simulators have no resonances within the frequency
range of interest. . -

6.3 ~

Subsystem qualification tests shall be conducted on subsystems for any of the
following purposes: .

a. To verifi their design.

b. TO qualify those subsystems that are subjected to environmental
acceptance tests. “ .

c. When this level of testing provides a more realistic or more practical
test simulation than testing at another level of assembly..

For purpose c, included are tests such as the required structural static load test,
and environmental tests where the entire flight item is too large for existing
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facilities. Also, the qualification of certain units such as interconnect tubing or
wirin~ may be more readily completed at the subsystem level rather than at the
unit level. in this case, the appropriate unit tests may be conducted at the
subsystem level to complete required unit qualification tests. Types of subsystems
that are not specifically identified herein may be tested in accordance with the
vehicle level test requirements. Subsystem qualification test requirements are
listed in Table IX.

6.3.1
.

ruc~ad Tes~ Subsvstem (luehflca
.

ti~,

6.3.1.1 ~. The structural static load test demonstrates the adequacy I
of the subsystem structures to meet requirements of streng~h and stiffness, with
the desired qualification margin, when subjected to simulated critical environments
(such as temperature, humidity. pressure, and loads) predicted to occur during its
service life (3.5.6). \

.

6.3.1.2 WU2sW@m. The support and load application fixture sha!l
consist of an adequate replication of the adjacent structural section to provide
bourtda~ to determine the proper sequencing or simultaneity for application of
thermal stresses. When prior loading histories affect the structural adequacy of
the test article, these shall be included in the test requirements. If more than one
design ultimate load condition is to be applied to the same test specimen, a
method of sequential load application shall be developed by which each condition
may, in turn, be tested to progressively higher had levels. The final test may be
taken to failure to substantiate the capability to accommodate internal load
redistribution, and to provide data for any conditions which simulate those existing
in the flight article. Static ~oads representing the design yield load (3.4.5) and the
design ultimate load (3.4.4) shall be applied to the structure, and measurements of -
the strain and deformation shall be recorded. Strain and deformation shall be
measured before loading, after removal of the yield loads, and at several
intermediate levels up to yield load for post-test diagnostic purposes. The test
conditions shall encompass the extreme predicted combined effects of
acceleration, vibration, pressure, preloads, and temperature. These effects can be
simulated in the test conditions as lon~ as the failure modes are covered and the
design margins are enveloped by the test. For example, temperature effects, such
as materia~ strength degradation and additive thermal stresses, can often be
8ccounted for by increasing mechanical loads. Analysis of fright profiles shail be
used In subsequent design modification effo~, and to provide data for use in any
weight reduction programs. Failure at design yield load means material gross .
yielding or deflections which degrade mission performance. Failure at design
ultimate toad means rupture or collapse. (See 10.3 regerding formation of a Test
Evaluation Team.)

I
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TABLE IX. Subsystem Qualification Test Baseline.

Launch
TEST

Reference
Structure

Space Payload
Paragraph Experiment ~u’e;;;:m Faking

Static Load 6.3.1

0’ } “:::} ;’ ; ‘“ ‘5

Vibration

Acoustic

Thermal
Vacuum 6.3.4 0 R3 ~2 o

Separation 6.3.5 R R

Mechanical
Functional 6.2.1.2 0 0 ~4 R

All vehicle qualification requirements to be specified by the procuring
agency (4. 1). Symbols (10.2. 1.3) indicate the following:

R = baseline requirement (high probability of ~i~g required)
o= ‘other” (10w probability of being required; 3.5.4)

= not required (negligible probability of being required).

Notes: .1 Vibration conducted in place of acoustic test for a compact
subsystem.

2 Required for subsystems containing critical equipment
(for example, guidance equipment). Not required if performed
at the vehicle level.

3 Discretionary if performed at the vehicle level.
4 Required if not performed at another ~bvel of assembly.
5 Acoustic test required.

6.3.1.3 ~

a. ~. Unless otherwise specified, the design ultimate load
test shall be conducted at 1.4 times the limit load for manned flight,
and 1.25 times the limit load for unmanned flight. The design yield
toad test shall be conducted at 1.0 times limit load for both manned
8nd unmanned flight.

b, neratu rQ. Critical
be simulated or taken

flight temperature and load combinations shall
into account.
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. Loads shall be applied as closely as practicable
to actual flight loading times, with a dwell time not longer than
necessary to record test data such as stress, strain, deformation, and
temperature.

.
.

~. Protest analysis shall be conducted to
identify the locations of minimum design margins and associated failure modes that
correspond to the selected critical test load conditions. This analysis shall be used
to locate instrumentation, to determin8 the sequence of loading conditions, and to
provide earty indications of anomalous occurrences during the test. This analysis
shall e!so form the basis for judging the adequacy of the test loads. In cases
where a toad or other environment hm a relieving, stabilizing, or other beneficial

. effect on, the structural capability, the minimum, rather than the maximum,
expected value shall be used in defining limit-level test conditions. In very complex
structures where simulation of the actual flight loads is extremely difficult, or not
feasible, multiple load cases may be used to exercise all structural zones to design
yield and design u!timate loads.

6.3.2

6.3.2.1

6.3.2.2

6.3.2.3

6.3.2.4

6.3.3

6.3.3.1

6.3.3.2

6.3.3.3

6.3.3.4

6.3.4

6.3.4.1

6.3.4.2

YibraJlon T- Su~
.

i

hm2QM. Same as 6.2.5.1.

Test ~e~cr f-. Same as 6.2.5.2.

~. Same as 6.2.5,3.

~. Same as 6.2.5.4.

Tes~

~. same as 6.2.4.1.

~. Same as 6.2.4.2.

~. Sam as 6.2.4.3.

~ ~. Same as 6.2.4.4, as applicable.

1 Vacwm Test. SUIMYWEI (h@figat mI i

ELUJIQM. Same as 6.2.9.1..

IwRJwWW. Sam aS 6.2.9.2.
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Leve s and DuratI ion. Same as 6.2.9.3.

~. Same aS 6.2,9.4.
.

=Ion Test. ~em Qua -I
. .

~“ The separation test de~nstrates the adequacy of the
separation subsystem to meet its performance requirements on such parameters
as: separation velocity, acceleration, and angular motion; time to clear and
clearances between separating hardware; flexible-body distortion and loads;
amount of debris; and explos~ve-ordnance shock Imds. For a payload fairing usin~
a high-energy separation subsystem, the test also demonstrates the structural
integrity of the fairing and its generic attachments under the separation shock
loads environment. The data from the separation test are also used to validate the
analytical method and basic assumptions used in the separation analysis. The
validated method is then used to verify that requirements are met under worst-case
flight conditions.

6.3.5.2 Test Dssu iotioq. The test fixtures shall replicate the interfacing
structural sections to simulate the separation subsystem boundary conditions
existing in the flight atiicle. The remaining bounda~ conditions for the separating

bodies shall simulate the conditions in flight at separation, unless the use of other
boundary conditions will permit an unambiguous demonstration that subsystem
requirements can be met. The test article shall include all attached flight hardware
that could pose 8 debris threat if detached. When ambient atmospheric pressure
may adversely affect the test results, such as for 18rge fairings, the lest shall be
conducted in a vacuum chamber duplicating the altitude condition encountered in
flight at the time of separation. Critical conditions of temperature, pressure, or
loading due to acceleration shall be simulated or taken into account. As a
minimum, instrumentation shall include high-speed cameras to record the motion of
special)y marked target locations, accelerometers to measure the structural
response, and strain gages to verify load levels in structurally critical attachmems.
(See 10.3 regarding formation of a Test Evaluation Team.J

~*3.5.3 UMUUUww A separation test shall be conducted 10
demonstrate that requirements on separation performance parameters are met
under nominal conditions. When critical off-nominal conditions cannot be modeled
with confidence, at least one additiomd separation test shall be conducted to
determine the effect on the separation process. When force or torque margin
requirements are appropriate, a separate test shall be conducted to demonstrate
that the margin is at least 100 percent; for separation subsystems involving
fricture of structural elements,
50 percent. In addition, debris

however, the margin demonstrated shall be at least
risk shall be evaluated by conducting a test
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encompassing the most severe conditions that can occur in flight, or by including
loads scaled from those measured in tests under nominal conditions.

6.3.5.4 . A post:test inspection for debris shall
be conducted on the test article and in the test chamber.

The unit qualification test baseline shall Include all the required tests spec~fmd
in Tab~8 X. The ‘other- tests (3.5.4) deemed applicable, and additional special
tests that we conducted as acceptance tests on the unit, shall also be conducted
as part of qualification testing. Unit qualification tests shall normally be
accompfislwd entirely at the unit 18veL However, in cetiain circumstances, the
required unit qualification tests may be conducted partially or entirely at the
subsystem or vehicle leveJs of assembly. Tests of unhs such as interconnect
tubing, radio-frequency circuits, and wiring harnesses are examples where at least
some of the tests can usually be accomplished at higher levels of assembly. If
moving mechanical assemblies or other units have static or dynamic fluid interfaces
or are pressurlzod during opermion, rhose conditions should be replicated durin9
unit qua~ification testing. Unit performance shall meet the applicable mission
requirements over the entire qualification environmental test range, to the
maximum extent practicable. At the end of all required qualification tests, the .
qualification unit shoukf be disassembled and inspected (4.5).

Where units fall into two or more categories of Table X, the required tests
specified for each category shall ba applied. For example, a star sensor may be
considered to fit both “Electrical and Electronicm and “Optical” categories. A
thruster with integrated valves would be considered to fit both “Thruster” and
‘Valve” categories.

6.4.1.1 ~. The functional test verifies that the electrical, optical, and
mechanical performance of the unit meets the specified operational requirements of
the unit.

6.4.1.2 ~. Electrical tests shall Include application of expected
voltages, Impedance, frequencies, pukes,” and waveforms m the eJmtricaJ
interfaces of the unit, including all redundant chcuits. These parameters shall be
varied throughout their specification ranges and the sequences expected in flight
operation. me unit output shall be measured to veri~ that the uni[ performs to
specification requirements. Functional performance shall also include electrical
continuity, stability, response time, alignment, pfessure, leakage, or other special
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tests that relate to a particular unit configuration. Moving mechanical assemblies
shall be tested in the configuration corresponding to the environment being

simulated and shall be passive or operating corresponding to their state during the
corresponding environmental exposure. Torque versus angle and time versus
angle, or equivalent linear measurements for linear devices, shall be made.
Functional tests should include stiffness, damping, friction and breakaway
characteristics, where appropriate. Moving mechanical assemblies that contain
redundancy in their design shall demonstrate required petforrnance in each
redundant mode of operation during the test.

6.4.1.3 ~. Functional or monitoring tests shall be
conducted before, during, end 8fter each of lhe unit tests to detect equipment
anomalies and to assure that perfornmnce meets specification requirements.

6.4.2 Thermal Cycle Test. Electrical an~tronlc U
.

nit (2u8 lificati~

6.4.2.1 j%troos~. The thermal cycle test demonstrates the ability of electrical
and electronic units to operate over the qualification temperature range and to
endure the thermal cycle testing imposed during acceptance testing..

6.4.2.2 rest Desc ~~ri ion. With the unit operating (power on] and while
perceptive parameters are being monitored, the test shall follow the temperature
profile in Figure 1. The test control temperature shall be measured at a
representative location on the unit, such as at the mounting point on the
baseplate. Each time the control temperature has stabilized [3. 5.71 at the hot
temperature, the unit shall be turned off and then hot staned. Then, With the unti
operating, the control temperature shall be reduced to the cold temperature and the . I
unit turned off. To aid in reaching the cold temperature, the unit may be powered
off when the temperature of the unit is at le8st 10°C colder than its minimum
expected temperature (3.3. J1. After the unit has stabilized at the COJd
temperature, the unit shall be cold started. Temperature change from ambient to
hot, to cold, and return to ambient constitutes one thermal cycle.

6.4.2.3

0.

Le els ond OuraNv i

e 8nd Hum kfi$y. Ambient pressure is normally used; however,
the thermal cycle test may be conducted at reduced pressure,
including vacuum conditions. When unsealed units are being tested,
provisions shall be taken to preclude condensation on and within the “
unit at low temperature. For example, the chamber may be flooded
with dry air or nitroge~, Also, the last half cycle shall be hot
(Figure 1].
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b.

c.

6.4.2.4
test may be

maw. The unit temperature shall reach the qualification hot
temperature, 10°C above the acceptance hot temperature (7.1.1),
during the hot half cycle; the qualification cold temperature, 10“C
below the acceptance cold temperature, during the cold half cycle
(Table V). For units exposed to cryogenic temperatures in service,
qualification margins shall be prescribed on an individual basis. The
transitions between hot and cold should be at an average rate of 3 to
5°C per minute, and shall not be slower than l°C per minute.

~. TabJe VI shows the number of qualification thermal cycles
required for various situations. The last 4 thermal cycles shall be
failure free. Thermal soak durations (3.5. 10) shall be a minimum of 6
hours at the hot and 6 hours at the cold tentpe~ature during the first
and last cycle (Figure 1). Intermediate cycles shall have at least 1-hour
soaks at the hot and cold temperatures. During thermal soaks, the
unit shall be turned off until the temperature stabilizes (3.5.7) and
then turned on, remaininfi on until the next soak period off-on
sequence. Measurement of thermal soak durations shall begin at the
time of unit turn-on [Figure 1).

Re~
.

. The requirements of the thermal cycle
satisfied by extending the thermal vacuum test of 6.4.3, to achieve

49 the number of cycles required to meet the requirements of Table W. Selection of
such an alternative requires that the applicable acceptance test be carried out in
the same fashion. Functional tests shall be conducted after the unit temperatures
have stabilized at the hot and cold temperatures during the first and last thermal
cycle, and after return to ambient. During the remainder of the test, electrical and
electronic units, including all redundant circuits and paths, shall be cycled through
various operational modes. Perceptive parameters shall be monitored for failures
and intermittent to the maximum extent practicable. Units shall meet their
performance requirements within specification over the maximum expected
temperature range (3.3. 1) extended at both temperature extremes by 10“C. For
digital units, such as computers, the final thermal cycle should employ a
sufficiently slow temperature transition to permit a comp!ete functional check to be

repeated at essentially all temperatures.

Moisture condensation inside of electrical or electronic units shall be
prevented. Condensation is also minimized by requiring the first and last half cycle -
to be hot {Figure 11. .

6.4.3 ~t- lJ~
.

6.4.3.1 ~. The thermal vacuum test demonstrates the abiiity of the

@

unit to perform in the qualification thermal vacuum environment and to endure the

.
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thermal vacuum testing imposed on flight units during acceptance testing. It also
serves to verify the unit thermal design. o

6.4.3.2 IfMhMdm The unit shall be mounted In a vacuum chamber on

a thermally controlled heat sink or in a manner similar to its actual installation in

the vehicle. The unit surface finishes, which affect radiative heat transfer or
contact conductance, shall be thermally equivalent to those on the flight units. For
units designed to reject their waste heat through the baseplate, a control
temperature sensor shall be attached either to the unit baseplate or the heat sink.
The location shall be chosen to correspond as closely as possible to the
temperature limits used in the vehicle thermal design 8nalysis or applicable
unit-to-veh~cle interface criteria. For components cooled primarily by radiation, a
representative location on the unit case shall similarly be chosen. The unit heat
transfer to the thermally controlled heat sink and the radiation heat transfer to the
environment shall be controlled to the same proportions as calculated for the flight
environment. During testing of radio-frequency (rf) equipment with a possibility of
muttipaction, a space nuclear radiation environment shall be simulated by a
gamma-ray or x-ray source at 4 rads per hour.

The chamber pressure shall be reduced to the required vacuum conditions.
Units that are required to operate during ascent shail be operating and monitored
for arcing and corona during the reduction of pressure to the specified lowest
Ievek and during the early phase of vacuum operation. At vacuum pressures

below 133 millipascals (10-3 Torr), units shatl be monitored as appropriate to also

assure that muhipacting does not occur. Units that do not operate during launch
shall have electrical power appiied afier the test pressure ievel has been reached.

A thermai cycie begins with the conductive or radiant sources and sinks at
ambient temperature. With the unit operating and whiie perceptive parameters are
bein~ monitored, the unit temperature is raised to the specified hot temperature”
and maintained. All electrical and electronic units that operate in orbit shaii be
turned off, then hot started after a duration sufficient to ensure the unit internai
temperature has stabilized {3.5. 7), and then functionally tested. With the unit
operating, the component temperature shali be reduced to the specified cold
temperature. TCI aid in reaching the cdd temperature, the unit may be powered off
when the temperature of the unit is at ieast 10°C colder than its minimum
8xpected temperature (3.3.1). After the unit temperature has reached the
specified coid temperature, the unit shaii be turned off (if not previously turned off
during the transition) until the internai temperature stabilizes (3.5.7) and then cold
started and functionally tested, conthuing to maintain the unit at the specified
temperature until the end of the soak. The temperature of the sinks shail then be
raised to ambient conditions. This constitutes one cornpiete thermal cycie.
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6.4.3.3

a. ~. For units required to operate during ascent, the time for
reduction of chamber pressure from ambient to 20 pasca!s (O. 15 Torr)
shall be at least 10 minutes to allow sufficient time in the region of
critical pressure. The pressure shall be funher reduced from 20
pascals for operating equipment, or from atmospheric for eQUipMW’U
which does not operate during ascent, to 13.3 millipascals {104 Torr)
at a rate that simulates the ascent profile to the extent practicable.
For launch vehicle units, the vacuum pressure shall be modified to
reflect an altitude consistent with the’ maximum service altitude.

b. ~. The unit hot and cold temperatures shall be the same
as those specified in 6.4.2.3b. An exception is made for a propulsion
unit in contact with propellant for which the cold temperature shall be
Jimited to 3°C above the propellant freezing temperature. The
transitions between hot and cold should be at an average rate greater
than 1‘C per minute.

C. Pur8tio~. The number of thermzd cycles shal! be as given in Table V1.
Thermal soak durations (3. 5.101 sh8[l be a minimum of 6 hours at the
hot and 6 hours at the cold temperature during the first and last cycle.
Intermediate cycles shall have at least 1-hour soaks at the hot and
cold temperatures with power turned on. Measurement of thermal
soak durations shall begin at the time of unit turn-on (Figure 1).

6.4.3.4 ~Rwv RQ~. “The 25=cycle test is applicable to units
containing electrical or electronic eiernents where environmental stress screenin9 is
imposed for acceptance testing. For nonelectrical and nonelectronic units, the S
cycle test applies (TabJe VI}.

Functional tests shall be conducted after unit temperatures have stabilized at
the hot and cold temperatures during the first and last cycle, and aher return of
the unit to ambient temperature in vacuum. During the remainder of the test,
ek?ctricd and electronic units, including ail redundant circuits and paths, shall be
cycled through various operation! modes. Perceptive parameters shall be
monitored for failures and intermktents to the maximum extent practic=bJe. Units
shall meet their performance requirements within specifications over the maximum
expected temperature range extended by 10°C at the hot and cold limits.

I

For moving mechanical tmsernbJles, performance parameters (such as current
draw, resistance torque or force, actuation time, velocity or acceleration) shall be
monitored. Where practicable, force or torque mar~ins shall be determined on

@

moving mechanical assembles 8t the temperature extremes. Where this is not
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practicable, minimum acceptable force or torque margin sha~! be demonstrated.
Compatibiihy with operational fluids shall be verified at test temperature extremes
for valves, propulsion units, andother wnits as appropriate.

6.4.4 Vibration Test. Unit Qua Iificatioq

6.4.4.1 ~. Thevibration test demonstrates theability of the unit to
endure a maximum duration of corresponding acceptance testing and then meet
requirements during and after exposure to the extreme expected dynamic
environment in fright (3.3.51.

6.4.4.2 ~
.

. The unit shall be mounted to a fixture through the
normal mounting points of the unit. The same test fixture should be used in the
qualification and acceptance vibration tests. Attached wiring harnesses and
hydraulic 8nd pneumatic iines up to the first attachment poin?, instrumentation,
and other connecting items should be included as in the fright configuration. Such
a configuration shaii be required when units that employ shock or vibration
isolators are tested on their isolators. The suitability of the fixture and test control
means shall have been established prior to the qualification testing (6.4.4.5). The
unit shali be tested in each of 3 orthogonal axes. Units required to operate under
pressure durin~ ascent shali be. pressurized to simuiate flight conditions, from
structural and leakage standpoints, and monitored for pressure decay. Units “
designed for operation during ascent, and whose maximum or minimum expected
temperatures fall outside the normal temperature range {7. 1.1 ), are candidates for
combined vibration and temperature testing. When such testing is employed, units
shail be conditioned to be as ciose to the worst-case flight temperature as is
practicable and monitored for temperature during vibration exposure.

Units mounted on shock or vibration isolators shali typicaily require vibration
testing at qualification Ieveis in two configurations. A first configuration is with
the unit hard-mounted to qualify for the acceptance-level testing if, as is typicai,
the acceptance testing. is performed without the isolators present. The second
configuration is with the unit mounted on “the isolators to qualify for the flight
environment. The unit shall b8 mounted on isoiators of the same lot as those used
in service, if practicable. Units mounted on isolators shaii be controlled at the
locations where the isofators are attached to the structure- Hard-mounted units
shaii be controlled at the unit mounting attachments.

6.4.4.3 . The test shall be conducted per 6.1.4, For
hard-mounted units, a typicai version of the test involves accelerated
acceptance-ievef testirm per 6.1 .4.2 and appiies the qualification l@vei sP@ctrum for
3“minutes
6 minutes
equivalent

per axis. ?h~s-is based on”a qualification margin of 6 dB, a maximum of
of accumulated acceptance testing on a flight unitt and a fat@e
duration in flight (3.3.3) of not greater than 15 seconds. Operating time

.
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e should be divided approximately equally between redundant functions. When
insufficient test lime is available at the full test level to test redundant circuits,
functions, and modes, extended testing using a spectrum no lower than 6 dB

below the qualification spectrum shall be conducted 8s necessary to complete
functional testing.

6.4.4.4 ~. Ouring the tes~, all efectrica! 8nd
electronic units shall be electrically enet~ized and functionally sequenced throu~h
various operation! modes to the maximum extent practicable. This includes all
redundant circuits, and 811circuits that do not operate durin~ launch. Several
perceptive parameters shall b~ monitored for failures or interrnittents during the
test, Continuous monitoring of the unit, includlng the main bus by a power
transient monitoring device, sh8!J be provided to detect intermittent failures. When
necessary to prevent unrealistic input forces or unit responses for units whose
mass exceeds 23 kilograms {50 pounds), the spmxrum may be limited or notched,
but not below the minimum test spectrum for a unit (7.1.3). The vibration test
does not epply to a unit having 8 IarQe surface causing its vibration response to be
due predominantly to direct acoustic excitation (6.4.5).

6.4.4.5 ~tura EvaJua~i. The vibration fixture shall be verified by test to
uniformly impafi motion to the unit under test and to limit the energy transfer from
the test axis to the other two oflhogonal axes (crossta!kl. The crosstalk levels
should be lower than the input for the respective axis. In 1/6-octave bands above
1000 Hz, exceed8nces of up to 3 dB are allowed provided that the sum of their
bandwidths does not exceed 300 Hz in a cross axis. The dynamic test
configuration (fixture and unit) shall be ev8iuated for crosstalk before testing to
qualification levels.

6.4.4.6 ~ for Str~tur81 U@Ir . Vibration acceptance
tests of structural units are normally not conducted because the process controls,
inspections, and proof testing that are implemented are sufficient to assure
performance and quality. However, to demonstrate structural integrity of
structural units having critical fatigue-type modes of failure, with a low fatigue
margin, a vibration qualification test shall be conducted. The test duration shall be
4 times the fatigue equlvahmt duration in flight at the extreme expected Imml
(303 .5). When a structural unit iS not subjeaed to a static streng~ qua~lfication
test, 8 brief rtmdom vibration qualification test sh8\J be conducted with an
exposure to 3 dB 8bOve the extreme expected kml. The duration shall be that
necessaw to echieve a steady-state response, but not less than 10 seconds, to
demonstrate that ultimate strength requirements are satisfied.

. . . .

I

I

I
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6.4.5 -c Test. Ui nit ChIaIifica @

6.4.5.1 J%r~~. The acoustic test demonstrates the ability of a unit having o

Iarge surfaces, whose vibration response is due predomirumtly todirectacuustic
excitations, to endure a maximum duration of acoustic acceptance testing and then
meet requirements during and after exposure to the extreme expected dynamic
environment in flight (3.3.4). For such units, the acoustic test shall be conducted
anrd the vibration test (6.4.4) is discretionary.

6.4.5.2 IMQWHMW The unit in its ascent configuration shall be
installed in an acoustic test facility capable of generating sound fields or fluctuating
surface pressures that induce unit vibration environments sufficient for unit
qualification. The unit should be mounted on a flight-type suppofl structure or
reasonable simulation thereof. Significant fluid and pressure conditions shall be
replicated to the extent practicable. Appropriate dynamic instrumentation shall be
installed to measure vibration responses. Control microphones shall be placed at a
minimum of 4 well-separated locations at one half the distance from the test article
to the nearest chamber wall, but no closer than 0.5 meter (20 inches) to both the
test article surface and the chamber wall.

I

I 6.4.5.3 ~t Level and Durati~. Same as 6.2.4.3 except the qualification
test duration shall be 3 minutes based on a maximum of 6 minutes of accumulated

I

I

acceptance testing on a flight unit.

6.4.5.4 ~0 Same as 6.2’4.4.

6.4.6 mock Test. Umt -c~t on
. . . i

6.4.6.1 Purnw. The shock test demonstrates the capability of the unit to
meet requirements during and after exposure to the extreme expected shock
environment in flight (3.3.7).

6.4.6.2 lh~
. . . The unit shall be mounted to a fixwre through the

normal mounting points of the unit. The same test fixture should be used in the
qualification and acceptance shock tests. If shock iso!ators are to be used in
service, they sh811be installed. The selected test melhod shall be capable of
meeting the required shock spectrum with a transient that has a duration
comparable to the duration of the expected shock in flight. A mounting of the unit
on actual or dynamically similar structure provides a more realistic test than does a
mounting on a rigid structure such as a shaker armature or slip table. Sufficient
prior development of the test mechanism shall have been carried out to validate the
proposed test method before testing qualification hardware. The test environment
shall comply with the following conditions:
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A transient having the prescribed shock spectrum can be generated
within specified tolerances.

The 8pp!ied shock transient provides tvsirnuttaneous app!iCatiOrI Of the
frequency components as opposed to a serial application. Toward this

end, it shall be 8 WM fof the duration of the shock transient to
approximate the dwatiori of the service shock event. In general, the
duration of the shock employed for the shock spectrum analysis shall
not exceed 20 milliseconds.

6.4.693 ~* The shock spectrum in each direction along
each of the 3 orthogonal axes shall be at least the qualification level for that
direction. For vibration or shock isolated units, the lower frequency limit of the
response spectrum shall be below 0.7 thnes the natural frequency of the isolated
unit. A sufficient number of shocks shall be imposed to meet the amplitude criteria
in both directions of each of the 3 orthogonal axes et least 3 times the number of
significant events “at that unit location. A significant event for the unit being
qualified is one that produces a maximum expected shock spectrum within 6 d6 of
the envelope of maximum expected spectra [3.3.7) from all events.

6.4.6.4 ~ Re~ . Electrical and elecvonic units,
including redundant circuits, shall be energized and monitored lo the maximum
extent practicable, including those that are not normally operating during the
service shock. A functional test shall be performed before and efier al{ shock
tests, and several perceptive parameters monitored during the shocks to evahmte
performance and to detect any failures. Relays shall not transfer and shall not
chatter in excess of specification limits during the shock test.

A shock qualification test is not required along any axis for which both the
following are satisfied:

a. The qualification random vibration test spectrum when converted to
an equivalent shock response spectrum (3-sigma response for
Q= 101 exceeds the qualification shock spectrum requirement at all
frequencies below 2000 Hz.

b. The rnwdmum expected shock spectrum above 2000 Hz does not
exceed g values equa) to 0,8 times the frequency in Hz at all
frequencies above 2000 Hz, corresponding to a velocity of 1.27
meters/second (50 inches/second).

---
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6.4.7 Tes~ Unit ma Iificatlon

6.4.7.1 ~. Theleakaoe test demonstrates
components and hermetically sealed units to meet the
requirements.

the capability of pressurized
specified design !eakage rate

6.4,7.2 ~~tm~
o

. An acceptable leak rate to meet mission
requirements is based upon development tests and appropriate analyses. An
acceptable measurement technique is one that accounts for leak rate variations
with differential pressure and hot and cold temperatures and has the required
threshold, resolution, and accuracy to detect any leaka$e equal to or greater than
the maximum acceptable leak rate. Consideration should be given to testing units
at differential pressures greater or less th8n the maximum or minimum operating
differential pressure to provide some assurance of a qualification margin for
leakage. If appropriate, the leak rate test shall be made at qualification hot and
cold temperatures with the representative fluid to account for geometry alterations
and viscosity changes.

6.4.7.3 t Lewd @ LWratk?Q. Unless otherwise specified, the leakage
tests shall be performed with the unit pressurized at the maximum differential
operating pressure, as well as at the minimum differential operating pressure if the
ssals are dependent upon pressure for proper sealing. The test duration shall be
sufficimt to detect any significant !eakage.

6.4.8 ~ Test. Unit Qua lif-

6.4.8.1 ~. The pressure test demonstrates adequate margin, so that
structural failure does not occur before the design burst pressure is reached, or
excessive deformation does not occur at the maximum expected operating
pressure (MEOP). . .

6.4.8.2 C)e-t on
.

i

a. ~o T~. For items such as pressurized structures and
pressure components, a proof test with a minimum of 1 cycle of proof
pressure shall be conducted. Evidence of either leakage, a permanent
set or distortion that exceeds a drawing tolerance, or failure of any
kind shall constitute failure to pass the test.

b, ~ Cy~e TesI. For pressurized structures and pressure vessels,
a pressure cycle test shall be conducted. Requirements for application
of external loads in combination with internal pressures during testing
shall be evaluated based on the relative magnitude and on the
destabilizing effect of stresses due to the external load. If limit
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combined ~ensile stresses are enveloped by the test pressure stress,
the application of external load is not reQuired.

c. ~. The pressure shall be increased to the design burst
pressure, while simultaneously applying the ultimate external load(s),
if appropriate. The internal pressure shall be applied at a sufficiently
slow rate that dynamic stresses are negligible, For pressure vessels,
after demonstrating no burst at the desi~n burst presswe, the
pressure shall be increased to actu81 burst of the vessel, and the
actual burst pressure shall be recorded.

6.4.8.3 Iest Le elsv and WdtmL

8. VO PtW8 Dr nd ~ ii. The test temperature and humidity
conditions shall be consistent with the critical-use temperature and
humidity. As an alternative, tests may be conducted at ambient
conditions If the test pressures 8re suitably adjusted to account for
ternper8ture and humidity effects on material strength and fracture
toughness.

b. ~ Pre-. Unless otherwise specified, the minimum proof

pressure for pressurized structures shall be 1.1 times the MEOP. For

pressure vessels, and other pressure components such as lines and
fittings, the minimum proof pressure shall comply with the
requirements specified in MIL-STD- 1522. The pressure shall be

. maintained for a time just sufficient to assure that the proper pressure
was achieved. Except that for pressure vessels, the hold time shall be
a minimum of 5 minutes unless otherwise specified.

c. -e C@B. Unless otherwise specified, the peak pressure for
pressurized structures shall equal the MEOP during each cycle, and
the number of cycles shall be 4 times the predicted number of
operating cycles or 50 cycles, whichever is gremer. For pressure
vessels, the test shall compiy with the requirements specified in
MIL-STD-1522.

d. ~st Pr~. Unless otherwise specified, the minimum design burst
pressure for pressurized structures shall be 1.25 times the MECIP. For
pressure vessels and pressure components, the minimum design burst
pressure shall comply with MlL-STD-l 522. The design burst pressure
6hall be maintained for 8 period of time just sufficient to assure that
the proper pressure was achieved.
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6.4.8.4 tile rnenta~rnen~ r . Applicable safety standards shall be
followed inconducting alltests. Unless otherwise specified, the qualification

a
testin~of pressure vessels shall include ademonstration ofa leak-before-burst
(LBB) failure mode using pre-flawed specimens 8S specified in MlL-STD-? 522. The
LBB pressure test may be omitted if available material data are directly applicable
to be used for an analytical demonstration of the leak-before-burst failure mode.

6.4.9 ~ Test. LJr)lt~
.

6.4.9.1 ~. The acceleration test demonstrates the capability of the
unit to withstand or, if appropriate, to operate in the qualification level acceleration
environment.

6.4.9.2 ~st llescrm~
.

. The unit shall be attached, as it is during flight, to a
test fixture and subjected to acceleration in appropriate directions. The specified
accelerations apply to the center of gravity of the test item. If a centrifuge is
used, the arm [measured to the geometric center of the test item) should be at
least 5 times the dimension of the test item measured alonQ the arm. The
acceleration gradient across the test i?em should rmt resu)t in acce~erations that fall
below the qualification level on any critical member of the test item. In addition,
any over-test conditicm should be minimized to prevent unnecessary risk to the test
article. Inertial units such as gyros and platforms may require counter-rotating”
fixtures on the centrifuge arm.

6.4.9.3 Test Levels and Durati~

a. -ration M . The test acceleration level shall be at least 1.25
times the maximum predicted acceleration (3.4.8) for each direction ~
of lest, The factor shall be 1.4 for manned flight.

b. ~. Unless otherwise specified, the test duration shall be at
least 5 minutes for each direction of test. -

6.4.9.4 ~gntarv R~uirem~ot~. If the unit is to be mounted on shock
or vibration isolators in the vehicle, the unit shou!d be moumed on these isolators
during the qualification test.

I 6.4.10 Life Test. Unit ~ i

6.4.10.1 -. The life test applies to units that may have a wearout,
drift, or fatigue-type failure mode, or. a performance degradation, such as batteries.
The test demonstrates that the units have the capability to perform within
specification limits for the maximum duration or cycles of operation during
repeated ground testing and in flight.
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6.4.10.2 ~OStD~
.

. One or more units shall be operated under
conditions that simulate their service conditions. These conditions shall be
selected for consistency with end-use requirements and the significant life
characteristics of the particular unit. Typical envir~nments are ambient, thermal,
and thermal vacuum to evaluate wearout and drift failure modes; and pressure.
thermal, and vibration to evaluate fatigue.type failure modes. The test shall be
designed to demonstrate the ability of the unit to withstand the maximum
operating time and the maximum number of ~perational cycles predicted during its
service life (3.5. 6) with a suitable margin.

6.4.10.3

a.

b.

c.

d.

~. For pressurized structures and pressure vessels, the
pressure leveJ shall ba that specified in 6.4.8.3c. For other units,
ambient pressure shall be used except where degradation due to a
vacuum environment may be anticipated, such as for some unsealed
units. In those cases, a pressure of 13.3 millipasca!s (104 Totr) or

less shall be used.

~ironrne ml Levels. The extreme expecred environmental levels
shall be used. Higher levels may be used to accelerate the fife testing,
provided that the resuhing increase in the rate of degradation is well
established and that unrealistic failure modes are not introduced.

~. For pressurized structures and pressure vessels, the
duration shall be that specified in 6.4.8.3c. For other units, the total
opereting time or number of operational cycles shall be at least 2
times that predicted during the service life (3.5.6), including ground
testing, in order to demonstrate an adequate margin. For a structural
component having a fatigue-type failure mode that has not been
subjected to a vibration qualification test, the test dur8tion shall be at
least 4 times the specified service life.

. Complete functional tests shall be conducted
before the test begins and after completion of the test. During the life
test, functional tests shall be conducted in sufficient detail, and m
sufficiently short intervals, so 8s to establish trends.

~*497~*4 ~~ For statist~ca~)y-based Me tests, the “
duration is dependent upon the number of samples, confidence, and reliability to be
demonstrated.. The mechanisms in each unit that are subjected to wearout should
be separately tested. For these mechanisms, the duration of the life test should
assure with high confidence that the mechanisms will not wear out durin~ their

o

service life. At the end of the life test, mechanisms and moving mechanical

I
.

67
. .



..—--— ...-... —.“------- .- ..- -- . . . . . . . . . ..-- .. —-— .-. ---- . . . . . . . . .- . . . . . . . . . . . . . . . . . . . - . . -. . . . . . -- - . . . . . . . . . . . . .—7=. -------- --- .. . . . .....- . .. - - . . . .. . .

MiL-STO-l 540C

assemblies shall be disassembled and inspected for anomalous conditions. The
hardware may be disassembled and inspected earlier if warranted. The critical ●
areas of pans that may be subject to fatigue failure shall be inspected to determine
their integrity. .

6.4.11 ~ectromaqnetlc ~D atibillty (ENIC) Test, Unit ClUallfic8tion

6.4.11.1 ~. The electromagnetic compatibility test shall demonstrate
that the electromagnetic interference characteristics (emission and susceptibility) of
the unit, under normal operating conditions, do not result in malfunction of the
unit. It also demonstrates that the unit does not emit, radiate, or conduct
interference which could result in malfunction of other units.

6.4.11.2 t Dmcr i-. The lest shall be conducted in accordance with
the requirements of MlL-STD-l 541. An evaluation shall be made of each unit to
determine which tests shall be performed as the baseline requirements.

6.4.12 -tic Tests. Un t Quai Iificat ion

6.4.12.1 MDOSQ. These tests demonstrate that the unit is capable of
surviving exposure to various climatic conditions without excessive degradation, or
operating during exposure, as applicable. Exposure conditions include those
imposed upon the unit during fabrication, test, shipment, storage, preparation for
launch, launch itself, and reentry if applicable. These can include such conditions-

●
as humidity, sand and dust, rain, salt fog, and explosive atmosphere. Degradation
due to fungus, ozone, and sunshine shall be verified by design and material
selection.

It is the intent that environmental design of flight hardware not be
unnecessarily driven by terrestrial natural environments. To the greatest extent
feasible, the flight hardware shall be protected from the potentially degrading
effects of extreme terrestrial natural environments by procedural controls and
special suppo~ equipment. Only those environments that cannot be controlled
need be considered in the design and testing.

6.4.12.2 ~dim Test. U h @8n iificatioQ

6.4.12.2.1 ~. The humidity test demonstrates that the unit is capable
of surviving or operating in, if applicable, warm humid environments. in the cases
where exposure is controlled throughout the life cycle to conditions with less than
55-percent reiative humidity, and the temperature changes do not create conditions
where condensation occurs on the hardware, then verification by test is not
required.
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6.4.12.2.2 Jest D~ and Leve f~. For units exposed to unprotected
ambient conditions, the humidity test shall conform to the method given in lvlIL-
STO-8 10. For units located in protected, but uncontrolled environments, the unit
shall be installed in a humidity chamber and subject~d to the Mowing conditions
{time line iJJustrated in Figure 2):

.

0. co Q$itio~, Charnlmr temperature shaH be at room ambient.
conditions with uncontrolled humidity.

b“ -“ ~e temperature shall be increased 10 + 35°C over a I-hour
period; then the humidity shall be increased to not less than 95
percent over a 1-hour period with the temperature maintained at
+ 35*C. ~ese conditions shall be maintained for 2 hours. The
temperature shall then be reduced to + 2°C over a 2-hour period with

. the relative humidity stabilized at not less than 95 percent. These
conditions shall be maintained for 2 hours.

.

.

FIGURE 2. Humidity ?ast The Me.
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c. w. Cycle 1 shall be repeated except that the temperature shall
be increased from + Z°C to + 35°C over a 2-hour period; moisture is
not added to the chamber until + 35°C is reached.

d. -. The chamber temperature shall be increased to + 35°C over
a Z-hour period without adding any moisture to the chamber, The
test unit shall then be dried with air at room temperature and 50-
percent maximum relative humidity by blowing air through the
chamber for 6 hours. The voiume of air used per minute shall be

- equal to 1 to 3 times the test chamber volume. A suitable container
may be used in place of the test chamber for drying the test unit.

e. w. If it had been removed, the unit shall be placed back in the
test chamber and the temperature increased to + 35°C and the
relative humidity increased to 90 percent over a 1-hour period; and
these conditions shall be maintained for at least 1 hour. The
temperature shall then be reduced to + 2°C over a 1-hour period with
the relative humidity stabilized at 90 percent; and these conditions
shall be maintained for at least 1 hour. A drying cycle should follow
{see Cycle 3).

6.4.12.2.3 Iementa r~ Reau irement~ . The unit shall be functionally
tested prior to the test and at the end of Cycle 3 (within 2 hours after the drying)
and visually inspected for deterioration or damage. The unit shall be functionally a
tested during the Cycle 4 periods of stability, after the 1-hour period to reach
+ 35°C and 90-percent relative humidity, and again after the 1-hour period to
reach the + 2*C and 90-percent relative humidity.

6.4.12.3 sand and Dust Test. Unit Qua Iificatioq

6.4.12.3.1 ~. The sand and dust test is conducted to determine the
resistance of units to blowing fine sand and dust particles. This test shall not be
required for units protected from sand and dust by contamination control,
protective shipping and storage containers, or covers. However, in those cases,
rain testing demonstrating the adequacy of the protective shelters, shipping and
storage containers, or covers, as applicable, may be required instead of a test of
the unit itself.

6.4.12.3.2 Jest QWZQ@lli The test requirements for the sand and dust
test shall conform to the method “given in MlL-STD-s 10.
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6.4.12.4 ~
● .

6.4.12.4.1 m. The rain test shall be conducted to determine the
resistance of units to rain. Ufiits protected from rain by protective shelters,
shipping and storage containers, or covers, shafl not require verification by test.

6.4.12.4.2 ~. Buildup of the unit, shelter, container, or tht?
cover being tested shall be representative of the 8ctwd fielded configuration
without any duct tape or temporary sealants. The initial temperature difference
between the tesl item and the spray water sh811be a minimum of 10*C. For

I

temperature=ontro~)ed cont81ners, the temperature difference between the test
item and the spray waler shall at least be that between the maximum control
temperature and the coldest rain condition in the field, Nozzies used shaii produce
a square spray pattern or other overlapping pattern (for maximum surface
coverage) and droplet size predominantly in the 2 to 4.5 millimeter range at
approximately 375 kilopascais gage pressure (40 psig). At ieast one nozzie 8h8i!
be used for each approximately 0.5 square meter [6 ft2) of surface area and each

I

nozzle shalt be positioned at 0.5 metet (20 inches) from the test surface. Ali
exposed faces sha!i be sprayed for at least 40 minutes. The inrerior shaiJ be
inspected for water penetration at the end of each 40-minute exposure. Evidence
of water penetration shali constitute a faifure.

6.4.12.5
. ..

BL ~
I

6.4. t 2.5.1 ~, The salt fog tesl is used to demonstrate the resistance
of the unit to the effects of a salt spray atmosphere. The salt fog test is not
required if the flight hardware k protected against the salt fog environment by
suitable presemation means and protective shipping and storage containers.

6.4.~2== MLQUWQQ. The requirements for the sait fog test shall
conform to the method given in MIL-STD-8 10.

6.4.12.6

6.4.12.6.1 a. The explosive atmosphere test is conducted to
demonstrate unit operability in 8n ignitabie fuel-air mixture without igniting the
mixture.

6-4.12.6=2 IQWWUWU* The test requirements for the explosive
atmosphere test shall conform to the method given in MIL-STD-8 10.
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SECTION 7

ACCEPTANCE TESTS
.

7.1 ERAL AWPTANCE TEST REQUlREMENT~

Acceptance tests shall be conducted as required to demonstrate the
acceptability of each deliverable item. The tests shatl demonstrate conformance to
specification requirements and provide quality-control assurance against
workmanship or material deficiencies. Acceptance testin~ is intended to stress
screen items to precipitate incipient failures due to latent defects in parts,
materials, 8nd workmanship. However, the testing shall not create conditions that
exceed appropriate design safety margins or cause unrealistic modes of feilwe. If
the equipment is to be used by more than one program or in different vehicle
locations, the acceptance test conditions should envelope those of the various
programs or vehicle locations involved. Typical acceptance test levels and
durations are summarized in Table Xl, and 8re detailed in subsequent paragraphs.

The test b8se/ine shalt be tailored for each program, giving consideration to
both the required and other tests (3. 5.4). For special items, such as some tape
recorders and certain batteries, the specified acceptance test environments would
result in physical deterioration of materials or other damage. In those cases, less
severe acceptance test environments that still satisfy the system operational
requirements shall be used.

7.1.1 TemDerattnre R8nae and Number of The m~ Cycles.r Acceota nce Testi
Two requirements on the unit acceptance temperature range (Figure 31 are:

.

a, The range shall encompbss toe maximum 8nd minimum expected
temperatures (3.3.1 ).

b. The ran~e should be as large es practicable to meet environmental
stress screening purposes. A range of 105°C is recommended, and is
the basis used in Tables V and V1.

For units, the range from -44 to +61 ‘C is recommended if requirement “a” is
satisfied. The number of cycles shall be in compliance with Table VI. If this
105°C temperature range, plus the 10“C hot and cold extension for qualification,
gives rise to unrealistic failure modes or unrealistic design requirements, the ran~e
may be shifted or reduced to the extent necessary. To compensate for a reduced
range, the number of thermal cycles for acceptance tests shall then be increased
per note 3 of Table V1. For units exposed to c~ogenic temperatures, acceptance
temperature limits shall encompass the highest and lowest
appropriate uncertainty margins {Table 1!). For units which
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or electronic elements, the minimum acceptance test shall be 1 therma~ vacuum
cycle in accordance with 7.4.3.

For vehicle thermal vacuum tests, at least one unit shall reach its acceptance
hot temperature during hot soaks. During cold soaks at least one unit shatl reach
its acceptance cold temperature. \f the ambient pressure thermal cycje alternative
test is sejected, the minimum temperature range shalt be 50°C. The number ~f
thermal vacuum and therrnd cycles are specified in Table W. .

TABLE X\. Typical Acceptance Test Levels and Duretfons.

T&!s? Vah:-lae. --- -. ...” vGo*Jlo?Ga

Shock Maximum expected spectrum 1 activation of significant
{3.3.7), achieved once in both shock-producing events
directions of 3 axes. “ (7.2.3.3).
Discretionary if spectrum is low
(7.4.6.4).

Acoustic Same as for vehicles. Enve@e of maximum
expected spectrum (3.3.4)
and minimum spectrum.
(Figure 4), 1 minute.

Vibration Envelope of maximum expected Same as for units, except
spectrum (3.3.5) and minimum minimum spectrum in
spectrum (Figure 5), 1 minute in Figure 6.
each of 3 axes.

Thermal Vacuum” ~ C)?CkL -44 tO +61°C (7.1.1). 4 cycles, -44 to +61 ‘C
Vacuum at 13.3 millipascals (1@ [7.2.8). Same pressure as
Torr). for units.

Thermaj Cycle ● 12.5 cycles, -44 to + 61°C. See 7.2.7.

Combined 8.5 thermaj cycles and 4 thermel See 7.2.7.
Thermal Vacuum vacuum cycles, -44 to +61 ‘C.

and Cycle’

Proof Load For bonded structures and Same as for units, but only
structures made of composite tested at subsystem leveL
m8terial, or having sancfwfch
cobstruction: 1.1 times limit
10ad.

Proof Pressure For pressurized structures, 1.1 s ame as for units.
times the MEOP. For pressure
vessels and other pressure
componerws, comply with MIL-
STD-1522.

.-

.

‘See Tabjes V and W.
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.
7.1.2 ~ Environment. Acceota nc@ Te~

Q

, The acceptance test
acoustic spectrum shall be the maximum expected environment (3.3.4), but not
less than the minimum free-field spectrum in F@ure 4. The minimum duration of
the acceptance acoustic test is 1 minu~e.

7.1.3 ~ . The acceptance test random
vibration spectrum shall be the maximum expected environment (3.3.5), but not
below the minimum spectrum in Fioure 5 for a unit or below the minimum.
spectrum in Figure 6 for a vehicle. The minimum spectrum for a unit whose mass
exceeds 23 kilograms (50 pounds) should be evaluated on an individual basis. The
acceptance sinusoidal vibration amplitude, if si~nificant, shall be that of the
maximum expected sinusoidal vibration environmem (3.3.6). When concurrent
random and sinusoidal vibration during service life (3.5. 6) can be more severe than
either considered separately, an appropriate combination of the two types of
vibration should be used for the test. The minimum duration of the acceptance
~8nd0m vibration test shall be 1 minute for each of 3 orthogonal axes.

7.1.4 ~~ae Tests. Vehic 6 SU~~. I . Stor8g9 test
requirements consist of appropriate ;esting after storage (such as vibration,
thermal, and static load or pressure) based on the vehicle desi~n, and the duration
and conditions of storage. Items having age-sensitive material may require periodic
retesting and those having rotating elements may require periodic operation.

The vehicle acceptance test baseline shall include all the required tests
specified in Table XII. The “other- tests (3.5.4) deemed applicable, and any
special tests for the vehicle element (such as ali~nments, instrument calibrations,

.

rmtenn8 patterns, and mass properties) shall also be conducted as part of
acceptance testing. if the vehicle is controlled by on-board data processing. the
flight version of the computer software shall be resident in the vehicle computer
for these tests. The verification of the operational requirements shall be
demonstrated in these tests to the extent practicable.

7.2.1.1 ~. The functional test verifies that the electrical and
mechanical performance of the vehicle meets the performance requirements of the
specifications and detects any anomalous condition.

7.2.1.2 f f~ Test
.

. Same as the mechanical functional test
for vehicls qualification [6.2.1.2), except tests we only necessary at nominal
operational conditions.
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~/~~TAVE BANDC&~ER F~EOUENCY,ttz

d8 reference: 20 micropascals

Curve Values

1/3-Octave-8and “ Minimum 1/3-Octave-Band Minimum
Center Frequency Sound Pressure Center Frequency Sound Pressure

[Hz] Level (dB) (Hz) Level (dB)

31 121 630 125

40 122 800 124

50 123 1000 123

63 124 “1250 122

80 125 1600 121

100 125.7 2000 120

125 126.5 2500 119

160 126.7 3150 118

200 127 4000 117

250 127 5000 “ 116

315 126.7 6300 115

400 126.5 - 8000’ 114

500 125.7 1000O 113

Overall 138

FIGURE 4. Minimum Free-field Acoustic $peclrum,
Vehicle and Unit Acceptance Tests.
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Frequency (Hz) Minimum PSD {g2/1-iz)

20 0.0053
20 to 150 + 3 dB per octave slope

150 tO 600 0.04

600 tO 2000 -6 dB per octave slope
2000 0.0036

The overall acceleration level is 6.1 grins.

Note: This spectrum applies only to units whose mass
does not exceed 23 kilograms (50 pounds).

.

FIGURE 5. Minimum Random Vibration Spectrum,
Unit Acceptance Tests.
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TABLE XII, VehicJe Acceptance ‘Test Baseline.

v
TEST REFERENCE SUGGESTED LAUNCH UPPER SPACE

PARAGRAPH SEQUENCE VEHICLE STAGE VEHICLE

Inspection’ 4.4 1 R R R

Functional’ 7.2.1 2 R R R

Pressure/Leak 7.2.6 3,7,10 R R R
EMC 7.2.2 4 0 0

Shock 7.2.3 5 c1 o 0
Acoustic 2

}

7,2.4
or or

}
6 0 R R

Uibration 7.2.5

Thermal Cycte 7.2.7 8 0 0 0

rhermal Vac3 7.2.8 9 0 R R

borage 7.1.4 any o 0 0
All vehicle qualification requirementsto be specifiedby the procuring
agency (4.1). Symbols {10.2. l.3) indicate the following:

R = baseline requirement (high probability of being required)
o= ‘other” Oow probability of being required; 3.5.4)

= not required (negligible probability of being required).

Notes: 1 Required before and following each test as appropriate. Include
special tests as applicable (7.2).

2 Vibration conducted in place of acoustic test for a compact vehicle,
typically with mass less than 180 kg (400 lb).

3 Requirements modified if thermal cycle test (7.2.7) conducted.

7,2.1.3 ~d FUzfu-ontic cir~ . Same as the
electrical functional test for vehicle qualification {6. 2.1.3), except that tests are
limited to critical functions and are only necessa~ at nominal operational
conditions. The final ambient functional test conducted prior to shipment of the
vehicle to the launch base provides the data to be used as success criteria during
launch base testing. For this reason, the functional test should be designed so that

its criti~al features cm k duplicated, as nearly as practicable, at the launch base.
The results of 8!! facto~ functional tests, and of those conducted at the launch
base, shall be used for trend analysis.

7.2.1.4 ~ntarv R~ . .

79

Same as 6.2.1.4.
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7.2.2 ~tlc Co_Mv (EMC) Test.
.

Vehicle Accents n~. Limited
EMC acceptance testing shall be accomplished on vehicles to check on marginal e
EMC compliance indicated during vehicle qualification testing and to verify that
major changes have not occurred on successive production equipment. The limited
tests shall include measurements of power bus ripple and peak transien~s, and
monitoring of selected critical circuit parameters.

7.2.3 shock Test. V~
●

7.2.3.1 JWDW. The shock test simulates the dynamic shock environment
imposed on a vehicle in flight in order to detect material and workmanship defects,

7.2.3.2 Test Oesc riotioq. same as 6.2.3.2, except that the dynamic .
instrumentation may be reduced.

7.2.3.3 Jest Act ivation~, Shock acceptance testing of vehicles should be
performed in those instances deemed advisable due to severity of the environment
or susceptibility of the design. One activation of those events causing significant
shocks to critical and shock sensitive units should be conducted, Firing of both
primary and redundant explosive-ordnance devices is required in the same
relationship as they are to be used in flight. However, when the structure is
explosively severed, as in the case of a shaped charge, such testing is
discretionary. To aid in fault detection, the shock test should be conducted with

I subsystems operating and monitored to the greatest extent practicable. o
7.2.4 -tic Test. Veh cle Ac~i

7.2.4.1 ~. The acoustic test simulates the flight or minimum
workmanship-screen acoustic environment and the induced vibration on units in
order to expose material and workmanship defects that might no~ be detected in a
static test condition. It also serves as an acceptance test for functional
subsystems, units, and interconnection items that have not been previously
acceptance tested.

I 7.2.4.2 ~
.

. Same as 6.2.4.2, except that the dynamic
instrumentation may be reduced.

7.2.4.3 ~. The acoustic environment shall be as
defined in 7.1.2. 0p8rating time for launch operating elements should be divided
approximately equally between redundant units. Where insufficient time is
available to test redundant units, functions, and modes that are operating during
the launch, ascent, or reentry phase: extended testing shall be at a level no Iower
than 6 dB below the acceptance level.

.
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7.2.4.4 R~
.

$ Same as 6.2.4.4, except only units
that are operating or pressurized during !aunch, astern, or reentry phase need be
energized tmd sequenced through operational modes.

.
7.2.5 ~ 1

7.2.5.1 ~. Same as 7.2.4.1. The vibration test may be conducted in
lieu of an acoustic test (7.2.41 for a compact vehicle which can be excited more
effectively V“Winterface vibration than by an acoustic field. Such vehicles typically
have a mass below 1SO kilograms (400 pounds).

7.2.5.2 ~. Same as 6.2.5.2, except that dynamic
instrumentation may be reduced.

,

7.2.5.3 ~. The random vibration environment shall be
as defined in 7.1.3. When necessary to prevent excessive input forces or unit
responses, the spectrum at the vehicle input may be limited or notched, but not
below the minimum spectrum in F@ure 6. Vibration shall be applied in each of the
3 orthogonal axes 8s tested for qualification. Where insufficient time is available
to test redundant circuits, functions, and modes that are operating during the
launch, ascent, or teentW phase, extended test;na shall be at a leve~ no lower than
6 dB below the acceptance level.

@ 7.2.5.4 ~. same= 6-2.5.4C eXCePt O“IY UniW
that are operating or pressurized during the launch, ascent, or reentry phase need
be ener~ized and sequenced through operational modes.

7.2.6

7.2.6.1 ~. The pressure and leakage test demonstrates the capability
of fluid subsystems to meet the specified flow, pressure, and leakage
requirements.

7.2.S.3 ~ End Our-

a. Same as 6.2.6.3a.

b. Same as 6.2.6.3b, except only

7.2.6.4 ~.

. I

1 pressure cycle. ‘

Same 8s 6.2.6.4.
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7.2.7 ~ Cv~ Test. Veh icle Ac~tancq

7.2.7.1 j%rrmq. The thermal cycle test detects material, process, and
workmanship defects by subjecting the vehicle to a thermal cycle environment.

7.2.7.2 Test De3Criotion. Same as 6.2.7.2.

7.2.7.3 ~. The minimum temperature range shall be
50”C. The average rate of chan~e of temperature from one extreme to the other
shall be as rapid as practicable. Operating time shouid be divided approximmeiy
equaliy between r8dundant circuits. The minimum number of thermal cycles shal!
be 4 (Tables V and vi).

7.2,7.4 Dlenwntarv Reau iremen~ . Same as 6.2.7.4. If the thermal cycle
test is implemented, only ma thermal cycle is required in the thermai vacuum
acceptance test specified in 7.2.8.

7.2.8 i Va- Test. Veh c~ ACCQQMIKQi

7.2.8.1 ~. The thermal vacuum test detects material, process, and
workmanship defects that would respond to vacuum and thermal stress conditions
and verifies thermal control,

7.2.8.2 Test L)esc 01ri ion. Same as 6.2.9.2. e

7.2.8.3 Test Leve Is and f)ur8tioq. Temperatures in various equipment areas
shall be controlled by the external test environment and internal heating resulting
from equipment operation so that the hot (or cold) temperature on at least one unit
in each equipment area equals the acceptance test temperature as defined in
7.1.1. For space and upper’stage vehicles, the pressure shalt be maintained at or
below 13.3 millipaseais (10 Torr). For iaunch vehicies, the pressure shail be
maintained at equal to or less than the pressure commensurate with the highest
possible service altitude.

Operating time shouid be divided approximately equaiiy between redundant
circuits. The thermal vacuum acceptance test shall include at least 4 complete
hot-cold cycles at the maximum predicted orbital rate of temperature change and
have at ieast 8n 8-hour soak at the hot and cold temperatures during the first and
last cycles. For intermediate cycies, the soak duration at each temperature
extreme shali be 4 hours minimum. The soak duration shall be extended as
necessa~ to test flight operational conditions including redundancy. If the
alternate thermal cycle test (7.2.7) is conducted, then only 1 hot-cold thermal
vacuum cycie shall be conducted with an B-hour minimum soak duration at hot and
cold temperatures (Tables V and W).
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During one cycle, thermal equilibrium shall be achieved at both hot and cold
temp8raWres to allow collection of sufficient data to verify the function of any
thermostats, louvers, heat pipes, electric hemem, and to assess the control
authority of active thermal subsystems. .

.

7.2.0.4 mentarv Re~. Same as 6.2.9.4, except that the
acceptance temperature limits apply. Performance within specification is not
required at temperatures beyond the maximum and minimum expected
temperatures.

Except for pressurized subsystems, subsystem-level acceptance tests are
considered discretionary. These tests can be effective since failures detected at
this level usualJy are much Jess costly to correct th8n are those detected at the
vehich level. Also, certain acceptance tests should be conducted at the
subsystem lewd where this level provides a more perceptive test than would be
possible 8t either the unit or vehicle level. The desirability of conducting these
subsystem acceptance tests should be evaluated considering such factors as

a. The re18tive accessibility of the subsystem and its units.

b. The retest time at the vehicle level.

c. The cost and availability of a subsystem for testing of spare units.

When subsystem level tests are performed, the test requirements are USU811Y
on vehicle-level test requirements.

7.3*J ~

7.3.1.1 ~. The proof load test thsll be required for all bonded
structures, and smuctures made of composite material or having sandwich

based

construction. It detects material, process, and workmanship defects that would
respond to tWuctural proof loading. The proof load test is not required if a proven
nondestructive evaluation method, with well established 8ccept and reject criteria,
is used,

7.3.1.2 rest D~
.

. Same as 6.3.1.2, except that every structural
element shall be sttbjacted to its proof load and not to hi~her loading.

7.3.1.3

a. ~. Unless otherwise specified, the proof load for flight
items shall be 1.1 times tha limit load {3.4.6).

.
U
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b. RuMm Loads shall M vdied as closely M practicable to actual
flight loading times, with a minimum dwdl time sufficient to record
test data.

●
.

7.3.2 ~of Pre~re Test. Pressur ~tem Acceota CQi n

7.3.2.1
defects that

7.3.2.2

7.3.2.3

~. The proof pressure test detects material and workmanship
could result in failure of the pressurized subsystem.

~. Same as 6.4.8.2a.

~ls am Du-
.

. Same as 6,4. S.3b.

1

I

The unit acceptance test baseline consists of all the required tests specified in
Table X111. Any special tests, and the ‘other’ tests (3. 5.4) deemed applicable,
shall also be conducted as part of acceptance testing.

Unit acceptance tests shall normally be accomplished entirely at the unit level. ~
Acceptance tests of certain units (such as solar arrays, interconnect tubing, radio-
frequency circuits, and wiring harnesses) may be partially accomplished at higher
levels of assembly.

.

Where units fall into two or more categories of Table X111,the required tests
specified for each category shall be applied. For example, a star sensor may be
considered to fitboth “Electrical and Electronic Equipmentm and “Optical
Equipment” categories. In this example, a thermal cycle test would be conducted
since it is required for electronic equipment, even though there is no requirement
for thermal cycling of optics. Similarly, an electric motor-driven-actuator fits both
“Electrical and Electrical Equipment” and “Moving Mechanical Assembly”
categories. The former makes thermal cycling a required test, even though this is
an “other” test (3.5.4} for the moving mechanical assembty Categoq-.

7*4*1 ~

7.4.1.1 ~. The functional test
mechanical performance of the unit meets
the unit.

verifies that the electrical and
the specified operational requirements of

7.4.1.2 ~. Same as 6.4.1.2.

~.~.~=~ ~. Same as 6.4.1.3.
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7.4.2 ma Q@.e l= EI le- 1and Electronic Unit Acce~tan cQ. If
qualification therrmd Gyc!e testing (6.4.2) was conducted in vacuum, the thermal
cycle acceptance test shall be perfofmed in vacuum md combined with the test of
7.4.3, The combined number of cycles shall meet the requirements of Table

7.4.2.1 ~. The thermal cycle test detects material and workmanship
defects prior to installation of the unit into a vehicle, by subjecting the unit to
thermal cycling.

7.4.2.2 ~ “ i n. Same as 6.4.2.2 except, to aid in reaching the cold
tempertnure, the unit may be powered off when the temperature of the unit is at or
below its minimum expected temperature (3,3.1).

7.4.2.3

a.

b.

c.

.

~a dl@mn M& Same as 6.4,2.3a.

~. The hot and cold temperatures shall be the acceptance
temperature Ihnks (7.1.1).

IMc@Qs me mi~mm nu~ber of thermal cycles shaJJbe 12.5, the
last two of which shalJ be failure free. For units subjected to the
thermal vacuum test of 7.4.3, the number of cycles is (educed by the
number’ of thermal vacuum cycles imposed fTable W. Temperature.
soak durations (3.5. 10) shall be a minimum of 6 hours at the hot and
6 hours at the cb(d temperature during the first and last cycle. For
the intermediate cycles, the soaks shall be at least 1 hour long.
Owing soak periods, the unit shall be turned off until the temperature
stabilizes (3.5.7) and then turned on. Measurement of each
temperature soak duration shall begin at the time of unit start (Figure
1). The transitions between coId and hot temperatures should be at
an average rate of 3 to 5°C per minute and shail not be slower than
10C per minute, Additional operation at the hot acceptance
temperature shall be accumulated so that the combined duration of
ther-i cycling, thermal WCUIMTI (7.4S1 and tie additional hot
operation is at least 200 hours. if desired, the added hot operation
can be accomplished by extending hot soak durations during thermal
or thermal vacuum cycling. The last 100 hours of operation shall be
fai!ure free. For Internally redundant units, the operating hours shall
consist of at least 150 hours of prima~ operation and at least 50
hours of redundant operation, The last 50 hours of each shall be
failure free.
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7.4.2.4 ~irern~ . Same as 6.4.2.4, except that units are
only required to meet their performance requirements within specification over the ●
maximum expected temperature range.

.

7.4.3 ~

7.4.3.1 ~. The thermal vacuum test detects material and workmanship
defects by subjecting the unit to a thermal vacuum environment.

7.4.3.2 IQ~t ~Q~
.

. Same as 6.4.3.2, except that the space nuclear
radiation environment need not be simulated.

7.4.3.3 t Leves a~)

a.

b.

c.

~. The pressure shall be. reduced from atmospheric to 13.3
millipascals (10A Torr) for on-orbit simulation, or to the functionally
appropriate reduced pressure, at a rate that simulates the ascent
profile, to the extent practicable. For launch vehicle units, the
vacuum pressure shall be modified to reflect an altitude consistent
with the maximum service altitude. For units that are proven to be
free of vacuum reiated failure modes, the thermal vacuum acceptance
test may be conducted at ambient pressure.

me hot and cold temperatwes shall be the acceptance o

iimits (7.1.1).

~. The basic requirement, except for electrical and electronic
units, is a single cycle with &hour hot and cold soaks (Table W). For ‘
electrical and electronic units, a minimum of 4 thermal vacuum cycles
shail be used (Tabje W). Temperature soak durations shall be at least
6 hours at the hot temperature and 6 hours at the cold temperature
during the first and last cycle. During the two intermediate cycles,
the soaks shall be 1 hour long. During each soak period, the unit shall
be turned off until the temperature has stabilized and then turned on.
Measurement of temperature soak durations (3.5.10) shall begin at
the time of unit turn-on (Figure 1).

7.4.3.4 ~. Functional tests shall be conducted at
the hot and cold temperatures during the first and last cycle, and after return of
the unit to ambient temperature in vacuum. During the remainder of the test,
electrical and eiactron”~ units, including ail redundfint circuits and peths, shall be
cycled throuQh various operational modes. Perceptive parameters shall be
monitored for faiiures and intermittent to the maximum extent practicable. Units

I shali meet their performance requirements over the maximum expected

.
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temperature range. Units shall be operated over the entire acceptance temperature
range, although performance within specification is nol required if the acceptance
test temperatures extend beyond the minimum or maximum expected
temperatures. .

For moving mechanical assemblies, perforfnanco parameters, such as current
draw, resistance torque or force, ectuation time, velocity or acceleration, shall be
monitored. Compatibility of thrusters with their operational fluids shall be verified
at ~est temperature extremes.

7.4.4 -n TfgIL Umt ACCgJZMIKQ
?

7.4.4.1 ~. The vibration test detects material and workmanship .
defects by subjecting the unit to e vibration environment.

794.4=2 ~* Same as 6.4.4.2, except that attached hydraulic
and pneumatic lines 8re not required. Units mounted cm shock or vibration
isolators shall normally be tested hard mounted to assure that the minimum
speclrurn shown in Figure S is input to th8 test item.

7.4*4.3 t I evel & D~
.

. The vibration environment shall be as
defined in 7.1.3. The minimum spectrum is shown in Figure 5. Where insufficient
tima is av8ifaMe to test all modes of operation, extended testing at a level no lower
than 6 dB below the acceptance test level shall be conducted as necessary to
complete functional testing.

~.d.~.h ~* same as 6.4*4*4 and if the dynamic
test configuration Iunit and fixture) changes from the qua~ificalion confi9urat~ont
then the fixture evaluation (6.4.4.5) shall be repeated before testing to acceptance
levels.

7*4.4*5 ~. All isolators shall be lot tested in
at least one axk, with rated suppofied mass, to verify that dynamic amplification.
and resonant frequency we whhin allowable limits. Test inputs may either be the
maximum expected random vibration level 8pPlifd for at feast 15 seconds, or be a
reference sinusoidal input having a frequeqcy sweep rate not greater than 1 octave
per

defects by subjecting the unit to an acous~ic environment.

minute.

7.4.5 ~

7.4.S. 1 ~. The acoustic test detects mmeriai and workmanship

49 7.4.5.2 ~. Same as 6.4.5.2.
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7.4.5.3 ~el and Durat ion. The unit acoustic environment shall be as
defined in 7.1 t2. Where insufficient time is available during the 1-minute to check
redundant circuits, functions, and modes that are operating during the launch,
ascent, or reentry phase, extended testing at a kvel no lower than 6 d8 below the
acceptance leve~ shall be conducted as necessary to complete functional testing.

7.4.5.4 ~lerttentwv Rem rernei n~, Same as 6.2.4.4.

7,4.6 shock Test. Un t Accemai ncO

7.4.6, ? ~. The shock test is intended to reveal material and
workmanship defects in units subject to high-jevel shock erwlronrnents in flight.

7.4.6.2 M ~09C riotion. The unit shall be attached at its no~mal points to

the same fixture or s~ructure used for its shock qualification test (6.4.6.2). The
unit shall be electrically energized and monitored. The test Iechnique employed
shall be identical to that selected for its qualification, differing ori!y in level and the
number of repetitions. A functional test of the unit shall be performed before and
after the shock test. The unit shall be electrically energized during the testing.
Circuits should be monitored for intermittent to the maximum extent practicable.

7.4.6.3 ~s~ r. The shock response spectrum in both
directions of each of 3 orthogonal axes shall be at least the maximum expected
level for that direction. A sufficient number of shocks shall be imposed to meet
the required level in each of these 6 directions at least once.

7.4.6.4 ~olem~ irernen~. A shock acceptance test becomes a
required test {3. 5.4) if the maximum expected shock response spectrum in g’s
exceeds 1.6 times the frequency in Hz [corresponding to a velocity of 2.54
meters/second or 100 inches/second). For example, if the maximum expected
shock response spectrum value at 2000 Hz exceeds 3200g, the test is required.

7.4*7 ~

7.4.7.1 ~. The proof load test shall be conducted for all structural
units made from composite material or having adhesively bonded parts. The proof
load test detects material, process, and workmanship defects that would respond
to structural proof loading. The requirement for the proof load test is waived if a
proven nondestructive evaluation method, with we([ established accept and reject
criteria, is used instead.

7.4.7.2 Oescr inti~. Same as 7.3.1.2.

7,4.7.3 ~. Same aS 7.3.1.3.

I

I

I

●
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7.4.8 l?toof Pressure Test, ~ccem arrce

7.4.8.1 ~urtms~. Theproof pressure test detects mareri81 and workmanship
defects that could result in failure of the pressure vessel or o~her unh hI usage.

2.4.8>2 Test Qesc @r“ lion. Same as described h 6.4,8.2a.

7.4.8.3 rest @.vel and Dura~, Same as6.4,8.3aandb.

7.4.8.4 ~nta rv R~iremen@, MlL-STO-l 522 and applicable safety
standards shall be followed.

7.4,9 Leak~ e Te~ Unit *eMancQ

7.4.9.1 Purpm. The leakage test demonstrates the capability of units to
meet the specified leakage requirements.

7.4.9.2 ~st Des*. The unit leak checks shall be made using the same
method as used for qualification.

7.4.9.3 Du~a@g. Same as 6.4,7.3.

7.4.10.1 J%moss. The wear-in test detects material and workmanship
defects that occur early in the unit life, and to wear-in or run-in of mechanical units
so that they perform in a smooth, consistent, and controlled manner,

7.4.10,2 ~ De@tio~. While the unit is operaxing under conditions
representative of operational loads, speed, and environments and while perceptive
parameters are being monitored, the unit shall be operated for the specified time
pwiod, For valves, thrusters, and other items where the number of cycles of
operation rather than hours of operation is a better method to ensure detecting
infant mortality faiiures, functions! cycling shall be conducted at ambient
temperature. For thrusters, a cycle is a hot firing thal inciudes a start. steady-state
operation, and shutdown. For hot firings ef thrusters utilizing hydrazine
propellants, action shall be taken to assure that the fllght valves are thoroughly
cleaned of all traces of hydrazine following the test firings. Devices that have
extremely limited Ilfe oycles, such as positive expulsion tanks, are exciuded from
wear-in test requirements,

I
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7.4.10.3 ~.

a.

b.

c.

p~. Ambient pressure should normally be used.
.

Temrmratu~. Ambient Temperature shall be used for operations if the I

test objectives can be met. Otherwise, temperatures representative of
the operational environment shall be used.

~. me number of cycles shall be either 15 or 5 percent of the
total number of expected cycles during service life (3.5.6), whichever
is greater.

7.4.10.4
.

me nta~ . Perceptive parameters shall be
monitored during the wear-in test to detect evidence of degradation.

7.4.11 C Tast. Un t Ac~i . Limited EMC acceptance testing shalJ be
accomplished on units that exhibit emission or susceptibility characteristics, which
may adversely affect vehicle performance, to verify that these characteristics have
not deteriorated from the qualification tast levels. The tests should be restricted to
only those necessary to evaluate these critical characteristics.
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SECT)ON 8

ALTERNAmVE STRATEGIES

The qualification testing in Section 6 provides a demonstration that the design,
manufacturing, and acceptance testing produces fright items that meet
specification requirements. In a minimum-risk program, the hardware items
subjected to qualification tests are themselves not eligibie for flight, since there has
been no demonstration of remaining fife from fatigue Bntf wear standpoints. Yet,
programmatic realities of limited production, ti~ht schedules, and budgeta~ limits
do not always provid~ for dedicated nonflight qualification items. In response,
strategies have evolved to minimize the risk engendered by this situation. The
three strategies or combinations thereof, described in this section, may be used at
the vehicle, subsystem, and unit levels. It should be recognized that these
strategies present e higher risk than the use of standard acceptance tested items
for flight that have margins demonstrated by testing of a dedicated qualification
item, The higher risk of these alternate strategies may be partially mitigated by
enhanced development testing and by increasing the design factors of safety.

The strategies are intended for use in space vehicle programs that have a vev
limited number of vehicles.

This strategy does not alter the qualification and acceptance test requirements
presented in Sections 6 and 7. Yet, in some cases, qualification hardware may be
used for flight if the risk is minimized. in a typical case, the qualification test
program results in a qualification test vehicle that was built using units that had
been qualification tested at the unit level. After competing the quahfjcatjon tests,
the critical units can be removed from the vehicle and the qualification vehicle can
then be refurbished, as necessary. Usually a new set of critical units would be
installed that had only been acceptance tested. This refurbished qualif~catkm
vehicle WOW then be certified for flight when it satisfactorily completes the
vehicle acceptance tests in 7.2. In vehicles where redundant units are provided,
only one of the redundant units would have been qualification tested at the unit
level, so only it would be ternoved and replaced. The qualification units that were
removed would be refurbished, as necessary, and would typically be used as flight
spares. However, qualification units that are mission or safety critical (3.2-.2)
should never be used for fii~ht.
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B*2 ~

With a fli~htproof strategy, all flight items are subjected to enhanced
acceptance testing, and there is no qualification item. The risk taken is that there
has been no formal demonstration of remaining life for the flight items. This risk is
81kwi81ed to some degree by the fact that each flight item has met requirements
under acceptance testin~ at higher ttum rmrml kwls. The test levels are mostly
less than those specified in Section 6 for qualification, but are never less than
those specified in Section 7 for eccepnmce. Tho test durations for the flightproof
test strategy am the same as those specified for acceptance. It is recommended
that devtdopment tastinff be used to gain confidamcs that adequate margin,
especially in a fatigue or wear sense, remains after the maximum allowed
accwnulated acceptance testing at the enhanced levels.

$.2.1 VOhiclfI Fliahtwoof TBSM. The vehicle flightproof tests shall t?s
conducted as in 7.2 (Table X11), with the following modifications:

a. Th@ vehicle shock test shall be conducted as in 6.2.3 for the first
flight vehicl~. For subsequent vehicles, only 1 activation of significant
events is required (7.2.3). .

b. The vehicle acoustic and random vibration tests shall be conducted as
in 7.2.4 and 7.2.5, except that the test level shall be 3 dB above the
acceptance test environment (7. 1.2 and 7.1.3). For the fhst fliffht
vehic)e, the tests shall be conducted with power on, to the extent
practicable.

c.

d.

e.

f.

9“

The vehicle
except that
acceptance

The vehicle

thermal vacuum tests shaIl be conducted as in 7.2.8,
the hot and cold temperatures shall be 5°C beyond the
temperatures for units (7. 1.1 ).

thermal balance test shall be conducted on the first flight
vehicle as in 6.2.8.

If a thermal cycle test is conducted as in 7.2.7, then the minimum
vehicle temperature range shall be 60°C.

EMC tests shall be conducted as h 6.2.2 for the first flight vehicle.
For subsequent vehicles, the EMC test of 7.2.2 shall be required. “

The modal survey shall be conducted as in 6.2.10 on the first flight
I

vehicle.
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8.2.2 ~htmoof TesM
.

. The subsystem flightproof tests shall be
conducted as in 7.3. {n addition, a proof load test shall be conducted orI all ●
structures in the structural subsystem. The proof load shall be equal to 1.1 thnes
the limit load.

8.2.3 w FI -of TesMi . The unit flightproof tests shall be conducted as
in 7.4 (Table X111],with the followin~ modifications:

a.

b.

c.

I d.

e.

For the first flight unh only, the shock test shall be conducted as in
6.4.6, except that the shock level shall be 3 dB above the acceptance
test level, achieved once in both directions of 3 axes. For subsequent
units, the shock test shall be conducted if required as described in
7.4.6, except that the shock test level shall be 3 dB above the
acceptance test level.

Vibration and acoustic tests shall be conducted as in 7.4.4 and 7.4.5,
except that the test level shall be 3 dB greater than the acceptance
test level (7.1.2 and 7.1 .3).

The unit thermal vacuum tests shalt be conducted as in 7.4.3, except .
that the hot and cold temperatures shall be 5°C beyond the
acceptance test temperatures (7. 1.1 ). For the first flight antenna and
solar array units, this thermal vacuum test shall be required.

@

The unit thermal cycle tests shall be conducted as in 7.4.2, except
that the hot and cold temperatures shall be 5°C beyond the
acceptance test temperatures (7, 1.1 ).

The unit EMC test shall be conducted on the first unit as in 6.4.11.

The unit flightproof test approach shall not be allowed for pressure vessels,
pressure components, structural components with a low fatigue margin, and
nonrechargeable batteries. These units shall follow a normal qualification and
acceptance program as specified in Sections 6 and 7.

With a protoquafification strategy, a modified qualification (protoqualification)
is conducted on a single item and that test item is considered to be available for
flight. The normal acceptance program in Section 7 is then conducted on all other
flight items.
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le~ . The protoqualification tests shall be
as in 6.2 (Table VIII], with the following modifications:

The shock test shall be conducted as in 6.2.3, except that only 2
repetitions of activated twents are required.

The acoustic or random vibration tests shali be conducted as in 6.2.4
and 6.2.5, except that the duration factors shall be 2 (instead of 4)
and the level margin for the flight environment shali be 3 dB (inste8d
of 6 dB typically) in place of the requirements in 6.1.4. If the test is
accelerated {6. 1.4. 2L the time reduction factor shall be based on the
reduced Jevel margin per Table Vii.

The thwmd vacuum test shall be conducted as in 6.2.9, except that
the hot and co!d temperatures shall be 5°C beyond the acceptance
temperatures for units (7. 1.11 and the number of cycles shall be half
of those in Table W.

If the alternate thermal cycle test is conducwd as in 6.2,7, then the
minimum vehicle temperature range shall be 60°C and the numbw of
cycles shall be half of those in Table W.

e
8.3.2 Pro~n Tew

.
. The subsystem protoqualification

tests shall be conducted as in 8.3.1, except that the structural subsystem tests
shall be conducted as in 6.3 (Table 1)() with an ultimate load test factor of 1.25.
No detrimental deformation shall be allowed during the test. In addition, the
design safety factor for ultimaie shall be 1.4 and the design safety factor for yield
shall be 1.25.

8.3.3 ~. The protoqualification unit tests shall be
conducted as in 6.4 {Table )(), with the following modifications:

8. Th@ shock test shall be conducted 8S in 6.4.6, except that only 2
repetitions and only 8 3 dB level margin for the flight environment
(instead of 6 dB typically, Table IV) shell be required.

b. The random vibration or acoustic tests shall be conducted as in 6.4.4 ‘
8nd 6.4.5, except that the duration factors shall be 2 (inst@8d of 4) .
and the Ievet margin for the flight environment shall be 3 dB (instead -
of 6 dB typicalt y). If the test is accelerated (6.1.4.2), the time
reduction factor shall be based on the reduced level mar~in per Table
V1l.
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Thetherrnal vacuum tests shall reconducted asin6.4.3, except that
thehottmd cold temperatures shall be5°C beyond the acceptance
temperatures for units (7.1 .l)ancf the number of cycles shalibe half
ofthose in Table V1. .

The thermal cycle tests shallbe conducted asin 6.4.2, except that
thehot and cold temperatures shall be 5°C beyond the acceptance
temperatures for units (7.1 .l)and the number of cycles shallbe half
of those in Table V1.

8.4 COMB NATION TEST S RATEGIES1 T

Various combinations of strategy may be considered depending cm specific
program considerations and the degree of risk deemed acceptable. For example,
the protoqualification strategy for units (8.3.3) may be combined with the
flightproof strategy for the vehicle (8.2.1). In other cases, the flightproof strategy
WOUM be applied to Same units (8.2.3) peculiar to a single mission, While the

Protoqualificatjon strat~gy may be applied to multi-mission units (8. 3.3). in such

cases, the provisions of each method would apply and the resultant risk would be
increased correspondingly.

I

I
I
I
I
I

I
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SECTION 9

PRELAUNCH VALIDATION AND OPERATIONAL TESTS
.

9.1 VALtC)ATION ~TS. ~L ~U IREMENTS

Prelaunch. validation testing is accomplished at the factory and at the launch
base, with the objective of demonstrating launch system and on-orbit system
readiness. Prekwnch validation testing is usually divided into two phases:

Phase a.

Phase b,

Integrated system tests (Step 3 tests, MlL-STO-l 833).

Initial operational tests and evaluations (Step 4 tests,
MU.-STD-I833I.

During Phase a, the test series establishes the vehicle baseline data in the
factory preshipmem acceptance tests. All factory test acceptance data shoufd
accompany delivered flight hardware. When the launch vehicle(s), upper-stage
vehicle(s), and space vehicle(s) are first delivered to the launch site, tests shall be
conducted as required to assure vehicle readiness for integration with the other
vehicles. These tests also verify that no changes have occurred in vehicle

@

parameters as a result of handling and transportation to the launch base. The “
launch vehicle(s), upper-staOe vehicle(s), and space vehicle(s) may each be
delivered as a complete vehicle or they may be deiivered as separate stages and
first assembled at the launch site as a complete launch system. The prelaunch
validation tests are unique for each program in the extent of the operations
necessary to ensure that all interfaces are properly tested. For programs that ship
a complete vehicle to the launch site, these tests primarily confirm vehicle
performance, check for transportation damage, and demonstrate interface
compatibility.

Ouring ph8se b, initial operational tests and evaluations (Step 4 tests) are
conducted followinff the integrated system tests to demonstrate successful
integr~tion of the vehicles with the launch facility, and that compatibility exists
between the vehicle h8tdware, ground equipment. computer software, and within
the entire launch system and on-orbit system. The point at which the integrated
system tests end and the initial operational tests and evaluations begin is

.

somewhat arbitrary since the tests may be scheduled to overlap in time. To the
greatest extent practicable, the initial operational tests and evaluations are to
exercise all vehicles and subsystems through every operational mode in order to
ensure that all mission requirements are satisfied. These Step 4 tests shall be
conducted in an operational environment, with ths equipment in its operational
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configuration, by the operating personnel in order to test and evaluate the
effectiveness and suitability of the hardware and software. These tests should
emphasize reliability, contingency pians, maintainability, supportability, and
logistics. These tests should assure compatibility with scheduled range -operations
including range instrumentation.

Step 4 testing (MIL-STD-1 833) of new or modified ground facilities, ground
equipment, or software should be completed prior to starting the prelaunch
validation testing of the vehicles at the launch base. The pre(aunch validation test
flow shall follow a progressive growth pattern to ensure proper operation of each
vehicle element prior to progressing to a hi@er level of assembly and test. In
general, tests should follow the launch base buiidup cycle. As successive vehicles
or subsystems are verified, assembly proceeds to the next level of assembly.
Following testing of the vehicles and their interfaces, the vehicles are electrically
and mechanically mated and integrated into the launch system. Upper-sta9e
vehicles and space vehicles employing a recoverable flight vehicle shall utilize a
flight vehicle simulator to perform mechanical and electrical interface tests prior to
integration with the flight vehicle. Following integration of the launch vehicles),
upper-stage vehicle, and space vehicle(s), functional tests of each of the
vehicles shall be conducted to ensure its proper operation following the handling
operations involved in mating. Vehicle cleanliness shall be monitored by use of
witness plates. h ~eneral, the Step 4 testing of the launch system is conducted
first, then the Step 4 testing of the on-orbit space system is conducted.

I

a

I

9.3 ~CH Validation TEST CONFIGWAW

During each test, the applicable “vehic!e{s) should be in their flight configuration .
to the maximum extent practicable, consistent with safety, control, and monitoring
requirements. For proQrams utilizing a recoverable flight vehicle, the test
configuration shall include any airborne support equipment required for the launch,
ascent, and space vehicle deployment phases. This equipment shall be
mechanically and electrically mated to the space vehicle in its launch configuration.
Whenever practicable, ground support equipment should have a floatinQ-point-
ground schema that is connected to the flight vehicle single-point ground. Isolation
resistance tests shall be run to verify the correct grounding scheme prior to
connection to tlm flight vshicle. This reduces tha possibility of ground equipment
interference with vehicle performance. All ground equipment shall be validated
prior to being connected to any flight hardware, to preclude the possibility of faulty
ground equipment causing damage to the flight hardware or inducing ambiguous or
invalid data. Test provisions shaft be made to verify integrity of circuits into which
flight jumpers, arm plugs, or enable plugs have been inserted.
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9.4 ~ VAL C)ATION TEST D~PTIONsI

@ The prelaunch validation tests shall exercise and demonstrate satisfacto~
operation of each of the vehicles through 811of theit mission phases, to the
maximum extent practic8b!e. Test data sh811be compared to corresponding data
obt8ined in facto~ Uests to identify trends in performance parameters. Each test
procedure used shall include test limits end success criteria sufficient to permit a
rapid determination as to whether or not processing and integration of the launch
system should continue. However, the final acceptance or rejection decision, in
most tests, depends upon ~he resuks of post-test data analysis.

9.4.1 ~ . Electrical functional tests shall be conducted that
duplicate, ss nearly as practicable, the factory functional tests performed for
vehicJe acceptance. Mechanical tests for leakage, valve and mechanism
operability, and fairing clearance shall be conducted.

9*4*1*1 ~. Simulation devices shall be carefully controlled and shall
be permitted only when there is no feasible alternative for conducting the test.
When it is necessary [o employ simulators in the conduct of prelaunch validation
tests, the interfaces disconnected in the subsequent replacement of the simulators
with flight hardware shall be revalidated. Simulators shall be used for the
validation of ground suppo~ equipment prior to connecting it to flight hardware.

e 9.4.1.2 ~. If not performed at an earlier point
in the factory test cycle, validation that proper ignition energy levels are present et
each electro-explosive device (EED) shall be performed prior to final connection of
the firing circuit .to the EEDs. A simulation of the EED characteristics shall be used
during these ?ests. The circuits shall be commanded through power-on, arm, and
fire cycles. The circuits are to be monitored during the tests to detect energy
densities exceeding ignition threshold during power-on and arm cycles, and to
validate that proper i~nition energy density is transmitted to the concfuctin~ pins of
the EED at the fire command. Circuit continuity and stray energy checks shall be
made prior to connection of a firing circuit to ordnance devices and this check shall
be repeated whenever that connection is opened and prior to reconnection.

9.4.1.3 ~. MonitoriW ‘or shock and
vibration should be performed at 8 minimum of the forward and aft interfaces
between tho $hipping container transporter and the article being shipped, 8nd on
the top of the article. Measurements should be on the article side of the ifiterface .
in all three axes at each location. The monitoring requires a sensing and recording
subsystem capable of providing complete time histories of [he most severe events,
8s well es condensed summaries of the events, including their time of occurrence.
A frequency response up to 300 Hz is required. tvlonitoring should cover the entire

@

shipment period and the data evaluated as part of the receiving process. Exposure

.
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to shock or vibration having a spectrum above the acceptance spectrum may
require additional testing or analysis.

9.4.2 ~ Lea a~d Fun-l TesKk . Functional tests

of the vehicle propulsion subsystem(s) shall be conducted to veri~ the proper
operation of all units, to the maximum extent practicable. Propulsion subsystem
leakage rates shall be verified to be within allowable limits.

9.4.3 ~1 Ground Su~nt ~ . Hardware associated
with ground subsystems that are flight critical and nonredundrm (such as
umbilicals) shall have been subjected to appropriate functional tests under
simulated functional and environmental conditions of launch. These tests shall
include an evaluation of radio-frequency (rfl interference between system
elements, electrical power interfaces, and the command and control subsystems.
On a new vehicle design or a significant dixi~n chan$e to the telemetry, tracking,
or receiving subsystem of an existing vehicle, a test shall be run on the first vehicle
to ensure nominal operation and that explosive-ordnance devices do not fire when
the vehicle is subjected to the worst-case electromagnetic interference
environment.

9.4.4 TesL ~rbn Svste~
.

.

9.4.4.1 e. The compatibility test validates the compatibility of the
upper-s~,age vehicle, the space vehicle, the on-orbit command and control network,
and other elements of the space system. For the purpose of establishing the
compatibility testing base!ine, it is assumed that the on-orbit command and control
network is (or operationally interfaces with) the Air Force Satellite Control Network
(AFSCN). The compatibility test demonstrates the ability of the upper-stage
vehicle and space vehicia, when in orbit, to properly respond to the AFSCN
hardware, software, and operations team as specified in the AFSCN Program
Support Plan. For programs that have a dedicated ground station, compatibility
tests shall also be performed with the dedicated ground station.

9.4.4.2 ~. Facilities to perform on-orbit system compatibility
tests exist at the Western Range (WR) and the Eastern Range (ER). At both

locations, there are facilities that can command the launch, upper-stage, and space
vehicles, process telemet~ from the vehicles, as well as perform tracking and
ranging, thus verifying the system compatibility, the command software, the
telemet~ processing software, and the te~emet~ modes. ne required tests
include the following:

a, Vedficatlon of the comp~tibility of the radio frequencies and signal
waveforms used by the flight unit’s command, telemetry, and tracking
links.
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b. verification of the ability of the flight units to accept commands from
the command and control networks).

c. Verification of the command and control network~s) capabi[i~ to
receive, process, display, and record the vehicle{s) telemetry link(s)
required to monitor the flight units during launch, ascent, and on-orbit
mission phases.

d. Verification of the ability of the flight units to support on-orbit tracking
as required for launch, ascent, and on-orbit mission phases.

9*~*~.~ ~* The compatibility test should be run as
soon as feasible a~er the vehicles arrives at the Iwnch base. The test is made
with eve~ vehicle to verify system interface compatibility. The test shall be run
usin~ the software model versions that are integrated into the operational on-orbit
software of the vehicle under test. A prefirnins~ compatibility test mey be run
prior to the arrival “of the vehic~e at the taunch base by the use of prototype
subsystems, units, or simulators as required to prove the interface. Preliminaw
compatibility tests may be run using preliminary software. Normally, a preliminwy
compatibility test is run once for each series of vehicles to check design
compatibility, and is conducted well in advance of the first launch to permit orderly
correction of hardware, software, and procedures as required. Changes in the
interface from those tested in the preliminary tes? shall be checked by the .
compatibilti tests conducted just prior to launch. Following the completion of the
compatibility test, the on-orbit command and control network configuration of
software, hardware, and procedures should be frozen un?il the space vehicle is in
orbit and initialized.

9.S. 1 ~low-rm ~ai Tests and Fva&Jjt ion$. Follow-on Operational
Tests and Evaluations shall be conducted at the launch site in an operational
environment. with the equipment in its operational ccmfiguration. The assigned
operating personnel shall identi~ operational system deficiencies. {Step 5 in MIL-
STO- 1833).

9.5.2 ~. On-orbit testing should be conducted to verify the
functional integrity of tlw space vehicle following hwneh and orbital maneuvering. “
Other on-orbit testing requirements am an impotiant consideration in the design of
8ny space vehicle. For example, there may be a need to calibrate on-line
equipment or to verify the operational status of off-line equipment wh~le in orbit.
However, on-orbil testing is dependent on the built-in design features, and if
testing provisions were not provided, the desired tests canno; be accomplished.

I

103



—- — .. ....-- .-... —..-... —--------. ..... . ... . . . .....— — -.--. —... —...-.- . . ..... . . ... .. ..... . ....... ..... .. —-------- .-.-.__ ..—.. -...---.....-._..

.- - . . . .- ... . - . ..... - .. . .. . ... . .. . . . . . . . .. . .. . . . . .. .

MIL-STD- 1540C

On-orbit tests are, therefore, soprogram peculiar that specific requirements are not
addressed in this Standard.

9.5.3 ~ts af -ble FI aht Hwdw~i . Tests of reusable flight hardware
shall be conducted as required to achieve a successful space mission. Reusable
hardware consists of the vehicles and units intended for repeated missions.
Airborne SUPPOR equipment, that performs its mission whiie attached to a
recoverable launch vehicle, is an example of a candidate for reuse. The reusable
equipment wouid be subjected to repeated exposure to test, iaunch, flight, and
recovery environments throughout its service iife, The accumulated exposure time
of equipment retained in a recoverable vehicie and of airborne support equipment is
a function of the pianned number of missions invoiving this equipment and the
retest requirements between miss~ons. The environmental exposure time of
airborne support equipment is further dependent on whether or not its use is
required during the acceptance testing of other nonrecoverable fright ,equipment.
In any case, the service iife of reusabie hardware shouid include all planned reuses
and 81!planned retesting between uses.

The testing requirements for rfwsabie space hardware after the completion of a

—.

●

mission and prior to its reuse on a subsequent mission depends heavily upon the ~
design of the reusable item and the aliowable program risk. For those reasons,
specific detaiis are not presented in this Standard. Sirniiarly, orbiting space
vehicies that have compieted their useful life spans may be retrieved by means of a
recoverable flight vehicie, refurbished, and reused. Based on present approaches, a

it is expected that the retrieved space vehicie would be returned to the
contractor’s factory for Oisassembiy, physical inspection, and refurbishment. All
originally specified acceptance tests should be conducted before reuse.
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SECTION 10

Noms
.

This Notes section is not a mandato~ part of this Standard. The contents of
section are intended for use by government acquisition personnel for guidance
information only.

I

This Standard is htended for reference in applicable program specifications or
in other documents, to establish Oenerat test requirements for launch, upper-stage,
and space vehicles; tmd for their subsystems and units (components). The
application of these test requirements to a particular program is intended to assure
a high level of confidence in achieving a successful space mission. This Standard
is not intended to be used in the acquisition of space system ground equipment
and associated computer software, whose test requirements are out~ined in
MlL-STC)- 1$33, “Test R~quiraments for Ground Equipment and Associated
Computer Sofiware Supporting Space Vehicles” and not included in this document.
DOD-STD-21 67, “Defense System Software Development- and DOD-STD-21 68,
“Defense System Software Quality Program, - also address computer software.

I!B

Test requirements for space pans and materials are in their detailed specifications-
and not in this document.

The technics! requirements in each contract should be tailored to the needs of
that panicular acquisition. Only the minimum requirements needed to provide the
basis for achieving the program requirements should be imposed. The cost of
imposing each requirement of this Standard should be evaluated against the
benefits. However, the risks and potential costs of not imposing requirements
must also be considered.

Tailoring is a continuing process throughout the acquisition that should be
implemented by the wordifio used to state the testing requirements.
MI L-HDBK-340, “Application Guidelines for Ml L-STD-l 540, ” is a companion
document to this Standard that is intended to provide helpful guidance information .
for tailoring.

lo*2.f ~. The Wmdard is organized to provide
self-tailoring of the requirements to v8rious explications when referenced in the
specifications. Yh8se features include an organization of requirements by test
categories, by hem categories, by required/other/noWequired categories, by

@

weighting factors, and by alternative test strategies. The tailoring desired should

I
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be implemented bythewording used testate thetesting requirements in the
specifications or in other applicable contractual documents,

10.2.1.1 lest -ones
.

. The major test categories in this Standard are:

a. Development tests (Section 5).

b, Qualification tests (Section 6).

c. Acceptance tests (Section 7).

d. Flightproof end protoqualification tests (Section 8).

e. Prelaunch validation tests (Section 9),

f, Operational tests (Section 9].

The general requirements stated in Section 4 8pply for alf of the test categories.

10.2.1.2 Caw r. Space systems are composed of items in various
categories including ~round equipment, computer software, procedures, personnel,
as well as flight equipment. All items are tested to some degree to assure
successful space missions. The major item categories covered by the testing
requirements in this Standard are:

a. Vehicles (launch, upper-stage and space vehicles; Tables Vlll and XII).

b. Subsystems (Tab!e IX and 6.3).

c.
aUnits {Tables X and Xlll).

d. Integrated vehicles (flight vehicle, flight system, and on-orbit system).

10,2.1.3 -cd”, “Other-. and “Not-reaulrecf” T-. “Required”, “other”,
and “not-required” tests for each vehicle category are indicated by an ‘R”, ‘O”,
and “—”, respectively, in Tables Vlll, IX, X, X11,and XIII. The following basis has
been used:

a.

b.

c.

“Required” tests are the baseline tests that are required by this
Standard because they are generally effective.

“Other” tests (3.5.4) are those that are usually ineffective and have a
low probability of being required. Such tests must be evaluated orI a
ca=by-case basis. If ~he evaluation shows than an
effective, it becomes a ‘required” test for that case.

“Not-required” tests 8re generally ineffective and are
this Standard.

“other” test is

.

not required by

Unless modified by ccmtract, the contractual compliance requirements include all of
the “required= tests plus all “other’ tests evaluated as required.
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Even forthe required tests, notallof the testing
requirements have tin equaJ importance or equal weight, To avoid overstating
testing requirements, and hence 8void excessive costs, or numerous w8ivers#
various categories of weighting factors are associated with the requirements. The
primary weighting factors that are incorporated in the Standard are:

~tw * ‘Shalr designates the most important
weighting level, the mandatory requirements. Unless modified by the
contract, the “shw’~ requirements constitute the fffrn contr8ctua!
compliance requirements. Any deviations require the approvat of the
contracting officer.

●Sh81L when? practicable” designates
requirements or pr8ctices 8t the second highest weighting level.
Alternative requirements or practices may be used for specific
spplicatlons, when the use of the alternative is substantiated by
documented technical trade studies. These trade studies should be
made available for review when requested, or provided to the
government in accordance with the contract provisions. Unless
required by other contract provisions, noncornplimce with thtl *sAM,
where practicable” requirements does not require approval of the .
contracting officer.

~r ‘c”, ‘Shouhf designates the third weighting level.
Unless required by other contract provisions, noncompliance with
these ‘shoukf requirements does not require documented technical
substantiation, and does not require ttppmvai of the contracting
officer.

‘May” designates the lowest weighting level.

a.

b.

c.

d.

Q

.

.

In some cases, these ‘may- requkements are stated as exarnpks of
acceptable practices. Unless required by other contract provisions,
noncompliance with the ‘may” requirements does not require approval
of the contracting officer 8nd does not require documented technical
substantiation.

~~.~-~.~ ~* The application’i of the eherrwtive test
strategies outlined in Section 8 should be based on life-cycle cost considerations
that include the number of units being manufactured, the potential launch delay
costs of a prelaunch failure, the potential cost of the loss of mission capability due
to a failure, and other life-cycle costs. The fact that an alternative test strategy

may have lower testing costs does not mean it provides the lowest Iife-cycte cost.
Any constraints on the use of the alternative test strategies must be stated in the
comract.

4!9 .
105



...... .. . ..... . .. . . . . .... . .. ---

MlL-STD-l 540C

10.2.2 ~ in thQ ~rn ent of Wo k (SWr .

10.2.2.1 ~mrnary . To make the requirements clear for a particular
contract, and to assist in the tailoring process, the procuring agency may provide a
summary of tailoring requirements. To accomplish this, the procuring a~ency
should complete either Table XIV or Table XV, or an adaption thereof, and include
one or the other in the contract, usually as a statement of work {SOW) task. Table
XIV can be used when primarily broad, general tailoring of the requirements is
desired, with only a few specific test or test items to be specially treated
differently. Table XV can be used when detailed tailoring of the requirements is
desired. These tables provide a recommended format for stating changes to the
stringency or applicability of the baseline requirements appearing in the Standard,
relating to the use of ‘shall” versus “should- and to “required” versus “other”
(3.5 .41. The latter pai~ appear in tables stating the applicability of various tests to
categories of vehicles, subsystems, and units. The implication of these terms is
discussed in 10.2.1.3 and 10.2.1.4. For example, the “fully applicable” degree
may be used to allow the procuring agency to impose the highest )evel of
stringency for some requirements without being constrained by the baseline

~ requirements of this Standard. A sample of a completed Table XIV and XV
appears in Tables XVI and XVII, respectively. Suggested wording for the SOW is
as foi!ows:

“XX. XXX ~rina of MIL STD-1540C. . Preliminary tailoring of MIL-STD-
1540C is provided in the attached Requirements. Applicability Matrix. The
contractor shall review these tailored requirements and provide additional
recommended tailoring and supporting rationale for approval by the
contracting officer. ”

10.2.2.2 mt Pianq. Depending on the particular acquisition phase, it may be
difficult for the procuring agency to identify which “required” and “other- tests are
most effective for a particular subsystem or test article. In these cases, the
procuring agency may request that the contractor review the “required” and
‘other” tests and propose an effective test plan, subject to approval by the
procuring agency. Suggested wordings for the Statement of Work is as follows:

“XX.XXX Rev ew of Test” Plai n~. Test plans and test procedures shall be
prepared based upon the test requirements stated in the program
specifications and the guidance provided in M{ L-STD- 1540. Technical
review meetings shall be conducted to present to the procuring agency the
recommended test plans and procedures applicable to each item category.
These presentations shall include the evaluation of the “required, other
and not-required” tests that form the basis of the test plans.

If the procurinB agency wishes to formally review the applicable test plans or
procedures prepared by contractors, requirements for their preparation shou!d be
stated in the Contract Data Requirements List (CDRL; 10.5).
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The matrix designators
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Requirements Applicability Matrix, General Form.

are as follows: .

A= Applicable as written - “Shall” defines minimum requirements.

F = Fully Applicable

.
. “Should” and “may- language denotes

guidance.
. “Other- test denotes conduct to be

evaluated.

. All ‘should= or ‘may” language replaced
with ‘shall”.

- All ‘other” tests changed to “required- “
tests.

G= Guidance only . All information provided as good practice.
.

N = “Not Applicable. Requirements are nol 8pp!iCabl@.
.

.
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TABLE XV. Requirements Applicability Matrix, Detailed Form.
(first of 5 pages)

The matrix designators are as follows:

... —. . . ... . .

A = Applicable as written - “Shall” defines minimum requirements,
“Should” and “may” language denotes
guidance.

. “Other= denotes test that may be required
subject to an eva~uation.

F = Fully Applicable - All ‘should- and ‘may- language replaced
with ‘shall”.

. All ‘othern tests changed to “required”
tests.

G= Guidance only . All information provided as good practice,

N = Not Applicable. . Requirements are not applicable.

Section

DEFINITIONS
TESTING PHILOSOPHY
PROPULSION EQUIPMENT TESTS

Eng.me LRU Acceptance Testing

Engine LRU Qualification Testino

FIRMWARE TESTS

INSPECTIONS
TEST CONDITION TOLERANCES
TEST PtJANS AND IWOCEOURES

Test plans
Test Fhcedufes

RETEST

During Qualification or Acceptance

During prelaunch Validation

During Operational Tests and Evaluations
DOCUMENTATION

To6t ~umentation files
Test Data
Test Log

sub-
Integrated

Units Vehicles Sy~tenu
*rstems

I

(table continued next page)
.
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TABLE XV. Requirements Applicability Matrix, Detailed Form (Continued).
(second of 5 pages)

.

section

sol GENERAL DEVELOPMENT TESTS

5.2 PMP DEVELOPMENT TESTS ANfI EVALUATIONS

5.3 SUBASSEMBLY DEVELOPMENT TESTS
5.3 IN-PROCESS TESTS AND INSPECTIONS

5.4 UNIT DEVELOPMENT TESTS
5.4.1 Structural Composite Development Tests
5,4.2 Thermal Development Tests

5.4.3 Shock & Vibration Isolator Development
5.5 VEHICLE AND SUBSYSTEM DEVELOPMENT TESTS

5.5.1 Mechanical Fit Development Tests

5.5.2 Mode Survey Development Tests

5.5.3 Structural Oevdoprmnt Tesu
5.5.4 AcOuStiC and Shock Dmm!opmant Tests

5.5.5 Th8~l EbWU8 08 VdOpftIOnt Tom

5.5.6 Transport & Handling Development Tests

5.5.7 Wtnd.tunnel Development Tests

Units Sub- Vehicles Jmagratad
systems systems

l=!

.

.

(table continued next page)

.
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TABLE XV. ffequirements Appl;cablli~ Matrix, Detailed Form (Continued).

lthird of 5 pages)

Section Units
Sub-

Vehictes 1;;’::
systems

6.1 GENERAL QUALIFICATION TESTS

8.1.1 Oualif~ation Hardware

6.1.2 Test Levels and Durations
h

6.1.3 Thermal Vacuum and Cycle Tests

6.1.4 Acoustic & Vibration Qualification Tests

6.2 VEHICLE OUALIFfCATION TESTS - Baseline
5.2.1 Functional Test, Vehicle (3ua!ifiiation

3.2.2 EMC, Vehicle Qualification

3.2.3 Shock Test, Vehicle Qualification
3.2.4 Acoustic Test, Vehicle Qualification

S.2.5 Vibration Test, Vehicle (qualification

;.2,6 Pressure and Leakage, Vehicle Qualification
;.2.7 Thermal Cycle Test, Vehicle Qualification
i.2.8 Thermal Balance Test, Vehicle Qualification
L2.9 Thermal Vacuum Test, Vehicle Qualification
i.2.l 1 Modo Survey Test, Vehicle Qualification
1.3 SUBSYSTEM QUALIFICATION TESTS - Baseline e

.3.1 !kuctwd Static Loed Teat
1

.3.2 . Vibration Test

.3.3 Acoustic Test

.3.4 Thermal Vacuum Test

.3.5 Separation Test

.4 UNIT UUALIFtCAT\ON TESTS - Baseline

.4.1 Functional Test

.4.2 Thermal Cycle Test

.4.3 Thermal Vacuum Test
,4.4 Vibration Test
,4.5 Acoustic Test
4.6 Shock Test
4.7 Leakage Test
4.8 Pressure Test

4.9 Acceleration Test
4.10 Life Test
4.11 EMC Test .

4.12 Cfimatic Tests
L J

(table continued next page)

●

●

●
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TABLE XV. Requirements Applicability Matrix, Detailed Form (Continued).
(fourth of 5 pa@

Section Units
Sub-

Vehicles
Integrate

systems
7.1

systems
GENERAL Acceptance TESTS I

7.1.1 Temperature Range & No. of Thermal CycJes

7,1.2 Acoustic Environment

7.1.3 Vibmiort Environment I
7.1.4 Stomge Tests
7.2 VEHICLE ACCEPTANCE TESTS o 8asa1irte

J

7.2.1 FunctionalTest
7.2.2 EMC Test
?.2.3 Shock Test

?.2.4 Acoustic Test

?.2.5 Vibration Test

~.2.6 Pressure & LeakaQe Test
“

~,4.7 Thermal Cycle Test

‘.2.8 Thermal Vacuum Test

‘.3 SU6SYSTEM ACCEPTANCE TESTS

‘.3.1 Proof Load Test

‘.3.2 Proof Pressure

.4 UNIT ACCEPTANCE TESTS - 8aseline

.4.1 Functional Test

.4.2 Thermal Cycle Test

.4.3 Thermal Vacuum Test

.4.4 vibration Test
,

.4.5 Acoustic Test

.4.6 Shock Test

.4.7 Leakago Test

.4.8 Proof Pressure Test

.4.9 Proof Load Test

.4.10 Wear=”m Test

,4.11 EMC Test
& b

----- . ....-

.

(table continued next page) “
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TABLE XV. Requirements Applicability Matrix, Detailed Form (Continued).
(last of 5 pages)

Section Units Sub- Vehicles Integrated
systems Systems

8.1 SPARES STRATEGY

8.2 FLIGHTPROOF STRATEGY

8.2.1 Vehicls Tests

82.2 Subsystem Tests
8.2.3 Unit Tests
8.3 PROTOQUALIFICATIOIU STRATEGY
8.3.1 Vehicle Tests
0.3.2 Subsystem Tests

0.3.3 Unit Tests
9.4 COMBINATION TEST STRATEGIES
9 PREIAUNCH VALIDATION TESTS
9.1 GENERAL REQUIREMENTS
3.2 TEST FLOW
1.3 TEST CONFIGURATION ‘
3.4 TEST DESCRIPTIONS
1.4.1 Functional Tests
L4,2 Propulsion Leakage & Functional Tests
1.4.3 Critical Ground Support Tests
).4.4 Compatibility Test. On-orbit System
).5 FOLLOW-ON OPERATIONAL TESTS

).5.1 Operational Tests and Evaluations
).5.2 On-orbir Testing

1.5.3 Tests of Reusable FlighI Hardware

I
1 I

I
J

I

1

I

1 [

1 I I
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TABLE XVI. Sample of Table XIV, Requirements
General Form.

The matrix designators are as follows:

-—.. ... .

Applicability

.

. .

Matrix,

A= Applicable as written - ‘Sha!l” defines minimum requirements.

F = Fu!\y Applicable
.

. ‘Should” and “may” language denotes
guidance.

. “Other- test denotes conduct to be
evaluated.

. All ‘should” or “may” language replaced
with ‘shall-.
All “other” tests changed to ‘required”
tests.

G = Guidance only All information provided as ~ood practice.

N = Not Applicable. . Requirements are not applicable.
.

.
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MlL-STO-l 540C

TABLE XVII. Sample of Table XV, Requirements
Detaiied Form. (first of 5 pages)

The matrix designators are as follows:

A= Applicable as written -
.

F = Fully Applicable

G= Guidance only

N = Not Applicable.

. ..

Applicability Matrix,

‘Shall” defines minimum requirements.

“Should” and “may” ianguage denotes

guidance.
“Other” denotes test that may be required
subject to an evacuation.

All “should- and ‘may” language repiaced
with “shall”.
All “other” tests changed to “required”
tests.

All information provided as good practice.

Requirements are not applicable.

3.
4.2

4.3

4,3.1
4.3.2
4.4

4.5
4.6

4.7

4.7.1
4.7.2

4.8
4.8.1

6.8.2

4.8.3
8.9

$.9,1

t.9.2
1.9.3

section

DEFINITIONS
TESTING PHILOSOPHY

PROF’ULSIOhJ EQUIPMENT TESTS

EnuineLRUAcceptanceTesting
Engine LRU QualificatiorI Testing

FIRMWARE TESTS

INSPECTIONS
TEST CONDITION TOLERANCES “

TEST MNS AND PROCEDURES

Teat Ptans
Taat Procedures

RETEST

_ Odf=tbfl or Acceptance
During PraIaunch Validation

During Operational Tests and Evaluations

DOCUMENTATION

Test Documentation files

Tast Data

Sub-
Integrated

Units Vehicles Systems
systems

!-
A t A I A. 1 A

A A A A

A
t A 1

F

G

A A A A

A A A A

A A A A

F F F A
F F F A

A A A A

k F F A
I

A A.
A

Test LOR

-m
(tabie continued next page)
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TABLE XVII.

MlL-STO-l 540C

Sample of Table XV, Requirements Applicability Matrix,
Detailed Form (Conthtued). (second of 5 pages)

.

Sectbrt

501 GENERAL DEVELOPMENT TESTS

5.2 PMP DEVELOPMENT TESTS AND EVALUATIONS

5.3 SUWISSEMBLYDEVELOPMENTTESTS
5.3 IN-PROCESSTESTSAND INSPECTIONS
5.4 UNIT DEVELOPMENT TESTS
5.4.1 Structural Composite Oevelopmem Tests

S.4.2 Tbrnwl Oeve@nent Tests
5.4.3 Shock & Vibration htolator Development

5.3 VEHICLE ANO SUBSYSTEM C)EVELOPMENT TESTS

5.5.1 Mechanical fit Development Tests
i.5.2 Mode Survey Development Tests

i.5.3 Smctural Development Tests .

i.5.4 Acoustic and Shock Development Tests

i.5. S Thermal 8a!artce Developmom Tests

i.5.6 Transport & Handling Development Tests
).5.7 Wmd-turmal Development Tests

LMs $tb- Vehida.s htwrew
systems Symma

f A i A I A i A

El
A

A

A

A

bri
b

G G 1
G A

1-

G F
A A
A F

G F

G A

G A
L K i

(table continued next page)

.
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TABLE XVII. Sample of Table XV, Requirements Applicability Matrix,
Detailed Form (Continued). (third of 5 pages)

Section

6.1 GENERAL QUALIFICATION TESTS

6.1.1 Ouafification Hardware

6.1.2 Test Levels ●nd Ourmions
6.1.3 Thermal Vacuum and Cycle Tests

6.1.4 Acoustic & Vibration Qualification

6.2 VEHICLE QUALIFICATION TESTS - ~SdifWl

6.2.1 Functional Test, Vehicle Qualification

6.2.2 - EMC, Vehicle Qualification
6.2.3 Shock Test, Vehicle Ouafifwation

6.2.4 Acoustic Test, Vehicle Oualifiiation

%2.5 Vibration Test, Vehicle Qualification

5,2,6 Pressure & Leakage, Vehicle Qualification

$.2.7 Thermal Cycle Test, Vehicle Qualificatia~

;.2.8 Thermal Ealance Test, Vehicle Qualification
;.2.9 Thermal Vacuum Test, Vehicle Qualification

i.2.11 Mode Sumey Test, Vehicle Qualification

;.3 SUESYSTEMQUALIFICATIONTESTS- Baseline.
i.3. 1 Structural Static Load Test
i.3.2 Viiration Test

i.3.3 Acoustic Test

1.3.4 Thermal Vacuum Test

.3.5 Separation Test

.4 UNIT QUALIFICATION TESTS - 6aseline

.4.1 Functional Test

.4.2 Thermal Cycle Test

.4.3 Thermal Vacuum Test

.4.4 Vibration Test

.4.5 Acoustic Test
}.4.6 Shock Test
1.4.7 Laakaga Test

1.4.8 Pressure Test
.4.9 Acceleration Test

.4,10 MO Test

.4.11 EMC lost

.4.12 CIimatic Tests

Units
sub- veti.e~Integrate

systems System

(table continued next page)
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A A A
A A A

A

A

1
A
A

F

A

G
Am--m

A
A

A
A

A
A
A

A
A
A

E
A
A
A

A
A

A

A
A
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TABLE XVII. Sample of Table XV, Requirements Applicability Matrix,
Detailed Form (Continued). {foutih of 5 pages)

.

section Units
sub lnt~rated

Vehicles Sygtem
svstems

7.1 GENERAL ACCEPTANCE TESTS A“ G A

7.1.1 Temperature Range & NO. of nafmal C*8 A G A

A G A

A G A

A A
,

A

A

A

7.1.2 Acoustic Environment

7.1.3 Vibration Environment

7.1.4 storageTests
7.2 VEHICLE ACCEPTANCE TESTS - Baseline

7.2.1 Functional Test

7.2.2 EMC Test

7.2.3 Shock Test

7.2.4 Acoustic Test

7.2.5 Vibration Test

7.2.6 Pressure & Leakage Test

7.4.7 Thermal Cycle lost

7.2.8 Thermal Vacuum Test

7.3 SUBSYSTEM ACCEPTANCE TESTS

7.3.1 Proof Load T~st
7.3.2 Proof Pressure
7.4 UPJK ACCEMANCE TESTS - Baseline

7.4.1 Functional Test

7.4.2 ThermalCycle Test
7.4.3 TIMrmal Vacuum Test

7.4.4 vibration T’aat

7.4.5 ACOUStiT~st
7.4.6 Shock Test

7.4.7 Leakaw Tast

7.4.8 Proof Pressure Test

7.4.9 Proof Load Test
7.4.10 Wcsr-in Test

7.4.11 EMC T@st

t
A

A
A

A

A

A
*

A A

A
A <

A
A

A

A
●

A
A
A

A
A
A
A

A I

(table continued next page)
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MIL-STD- 1540C

TABLE XVII. Sample of Table XV, Requirernertw Applicability Matrix,

Detded Form (Continued). (last of 5 pages)

.

Section Units Sub- Vehicle integrat[
systems d
s System!

8.1 SPARES STRATEGY G
8.2 FLIGIWPROOF STRATEGY N N N

●

8.2,1 Vehicle Tests N
82.2 Subsystem Tests I N
8.2.3 Unit Tests N
B.3 PROTOQUALfFICATlON STRATEGY N i N N
B.3.1 Vehicle Tests N
B.3.2

+
Subsystem Tests N

9.3.3 Unit Tests N
3.4 COMBINATION TEST STRATEGIES GIN N
3 PRELAUNCH VALIDATION TESTS G A
1.1 GENERAL REaUIREMENTS G A
1.2 TEST FLOW G A
3.3 TEST CONFIGURATION G A
~.4 TEST DESCRIPTIOfW G A
1.4.1 Functional Tests G A

~.4.2 Propulsion Leakage & Functional G A

Tests

1.4,3 Critical Ground Suppofi Tests G A
).4.4 Compatibility Test, On-orbit System

tG

G A
1.5 FOLLOW-ON OPERATIONAL TESTS A
1.5.1 Operational Tests & Evaluations A
1.5.2 On-orbit Testing A

1.5.3 Tests of Reusab~e Flight Hardware 1 A 4
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As a cost containment and qua!ity assurance measure, it is strongly
recommended that 8 joint contractor/procwing agency test evaluation team be
established for each of the major vehicle level tests, particularly the mode survey
qualification test, the thermal balance qualification test, the subsystem structural
static load qualification test, and major separation qualification tests. The test
conductor would typically be the chairman of the Test Evaluation Team. Other
members should be provided by the design organization that will use the results,
by safety, end by quality 8ssurance. The procuring agency should provide a
qualified technical representative to the team to perform the usual customer
monhorino of the test and to facilitate the timely approval of technically justified or
minor deviations from the test requirements. The members of the team would “
typically change for each test.

Formation of this team would be. accomplished by the contract terms, usually
as a Statement of Work {SOW) task. Suggested wording for the SOW is as
follows:

“xx.xXx Jo int AQ Wco~tQ r ~t Fvaluat ion Team As a cost ‘
containment and quality assurance measure, the contractor shall estabilsh
a test evaluation team for the mode survey qualification test, the thermal
balance qualification test, and the (any other appropriate tests). The Test
Evaluation Team shall:

8. Evaluate the adequacy of the test configuration, including
instrumentation, prior to the start of testing.

b. i%ovide guidance in resolving technical problems and issues arising
during testing.

c. Expedite the disposition of discrepancies and the approval of
corrective aclions, if rfitquirecl.

d. Vefify adequacy of the test results.

e. Recommend tear-down of the test setup.

fThe procuring agency) wiJl provide a technical representative to the Test
Evaluation Team to suDDort team activities, moni~or the test, and facilitate o
timely approval of technically justified or minor deviations from test
requirements. In particular, during the mode survey test, the Test
Evaluation Team may deviate from the completeness requirement for
modes judged to be unimportant, and from the orthogonality standard for
problem modes. Such deviations require adequate technical justification
and the concurrence of the designated representative of {the procuring
agency ).-
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I

I
I

10.4 lN-PRC)C~SS C ONTRQLS.

In-process controls are almost always a more cost-effective way of avoiding
defects than the imposition of tests and inspections on completed units.
Therefore, appropriate in-process contro!s and other quality management steps
should be imposed to achieve the high-quality and reliability goals of space and
launch systems. The acceptance testing requirements specified in this Standard

are intended to be the last step in assuring the quality of each production item.

When it has been thoroughly demonstrated that the purpose of an acceptance
testing requirement has been met by the in-process controls or other quality
management steps implemented by the manufacturer, the manufacturer should
petition the procuring agency for approval to reduce the test to a sampling test, or
if appropriate, for deletion of the test.

10.5 UxWWuWM.

Documents, forms, technical manuals, and data are prepared and distributed in
accordance with the Contract Data Requirements List (CORL) of the applicable
contract. The data and data items discussed in this Standard are not deliverable
unless invoked by the CDRL or the applicable contract..

The following Data Item Descriptions (DIDs) are among those most frequently
used in the Contract Data Requirements List (CDRL - DO form 1423) to establish
detail requirements for the preparation of test plans, procedures, and reports.

ID ~

DI-T-30714

DI-MCCR-80014A

lY1-MCCR-80017A

D1-A’lTS-80041

Dt-aclc-8051 1

DI-CZCIC-80512

DI-NDTI-80808

DMJDT}-80809A

DI-FACR-8081O

DI-ENVR-80861

D!-MGMT-80882

DI-MISC-80946

DI-MISC-80963

DI-EMCS-81295

DID Tim
.

iNlaster Test Plan/Program Test Plan.

Software Test Plan.

Software Test Report.

Test Requirement Document.

installation Test Procedure.

Installation Test f3eport.

Test Plans/Procedures.

T8St/lnSPOCtiOn Reports.

Test Facility Requirement Document (TFRD)-

Environmental Design Test Plan.

Structural Test Plans.

Launch Vehicle Post-Flight Analysis.

Reentry Vehicle Data Report.

Electromagnetic Compatibility Test Plan.
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MK-HMK-340 AppJkation Gukhdines fOr MlL-STD-l !540; Test
Requirements for Launch, .Upper-st8ge, 8nd Space
Vehicles.

MJL”HD8K-343 Design, Construction, and Testing Requirements for One
of a Kind Space Equipment.

MIL-STD-1757 Lightning Qualification Test Techniques for Aerospace
Vehicles and Hardware.

MIL-STO-1795 Lightning Protection of Aerospace Vehicles and
Hardware.

MlL-STO-l 809 Standard Space Environment for Air Force Space
Vehicles.

000-STO-2 167 Defense System Software Development.

DOO”STD-2168 Defense System Quality Program.

DOD-E-83578 Explosive Ordnance for Space Vehicles, General
Specification for. .

MIL-A-83577 Assemblies, Moving Mechanical, for Space and
Launch Vehicles.

.

DNA-TR-84_140 Satellite Hardness and 5uwivability; Testing Rationale for
Electronic Upset and Burnout Effects.

The Air Force Operational Test and Evaluation Center (AFOTEC) manages Air
Force operational tests and evaluations (OT&E) as directed or designated in one of
its three levels of involvement:

Conducts OT&E.
:: Monitors OT&E.

c. Provides advisory role in the conduct of 0TJ3LE.

AcCqX8nCf3 Software
Development Test Baseline
Hardware Test Plan
Inspections Test Procedure
Operational Test Step
Qualification Testin9
Records Test Requirements

121
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10.9 ~~ ISSUE Marginal notations are not usedin

this revision toidentify changes with respect totheprevious issue due to the
extensiveness of the changes. The title and content have been changed to show
extension of the test requirements to launch vehicles and “upper-stage vehicles.

I Custodians
Air Force - 19

Preparing Activity

Air Force -19

(Project No. 181O-FO49)
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INDEX

Accderatwf testing, dynamic twalifiition 34
Acceleration test, unit qualification 66
Acceleration, maximum predicted 11
Acceptance test

Maefir)e
bVdS & durations, ~ca! 73
units 85
vehicles 79

general requirements 72
iaoiator, special considerations 89
qlecial tests 3s, 53
storaw 75
subsystem 83
unit 84
vehicle 75

Acoustic environment
extreme & ~XiMUn’1 expected 9

Acoustic teat
Acceptance Upectrum 75

RdniMU~ 76
qualification maroin & duration 31
ret~lacernentbY vibration 40, 50, 79, 81
subsystemqualification S1
tolerances 18
unit

acceptance 88
qualification 62

vehicle
acceptance 80
qualification 39

A~ support equipment 4
Alternative strategy 15

combination 96
discussion 105
fiightproof 93
protoqualifiiation 94
rmionala 92
Spar,s 92

ArnMarltOnvimnmant 13
APplk=tim of standard 1

guidelinaa h MIL*DBK-340 121
dents wvarad 904
teatcataooriaa 1

6urat
design praaauro 10
factor 10

Uimatk tests, unit walificatiort 68
Combination test strategies 96
COntPmibithv tes~ on-i system 100
Contaminationtolerance 13
CWoOenic

4!!9

●ccegunca wrtpermwe ranae,units 72
qualification margins, units 57

therrfml uncertainty margins, su~stama 6,7
Data item descriptions (010s] 120
Development test

acoustic 27
article for 5
mechanical fit 26
mode 8UTV0V 26
part, material, process (PMP) 24
purpose 23
shock 27
shock & vibration isoiator 26
structural 26
structural composite 25
subascemtdy 24
subsystem 26
therrnd 25
thermal balance 27
transptmation & handling 28
Unit 24
vehicla 26
wind tunnel 28

Discrepancy, test 14
DOcumemation

deliverability 120
test data 22
test documentation file 22
test log 22
test procedures 20

Electrical & fiber-optic circuit test
vehicle cmaiification 36–-–

Electromagnetic compatibility test .
launcWttical ground support equipment 100

‘ unit I

acceptance 91
qualification 68

vehicle qualification 37
Environmemal stress screening 32, 59, 72
Explosive atmosphere teat

unitqualification 71
Explosive ordnance

device definition 5
DOD-E-83578 121
electromagnetic compatibility 38
prelaunchvalidation 99

launch-criticalground 8W)W OU-t ,
100

Failure, test item 14
Fairing separation test I

subsystem qualification 52
Fatigue 9, 13, 15, 92, 93

inspection after qualification life test 68
lit. factor 32

structural units 61

. . 123
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fife test, unit qualification 67
margin 67

low for structural units 94
structural Qwlifration 61

tharmal cycling 31, 33
Fatigueequivalentduration 32, 39, 60, 61

definition 9
Firmwaretests 17
Fhghtprwf strategy 93

subsystem tests 94
unit tests 94
vehicle tasta 93

Follow-on operational terms 101
reusable flight Iwrdwaro 102

Ftmctional test
ground support equipment,

Iaunch-critiad 100
prelaunch wdidation 99
propulsion subsystem

prelaunch validation 100
unit

acceptance 84
auafif~ation 53

vehicle
acceptance 75
qualiitcation 35

Ground suppon aquipmenL Iaunch+ritical
prektunch validation tests 100

Guidancedocumentx 121
HurnidN tas~ unit qualification 68
In-process controls 120
Inspections 17
Integrated system tests 16
isolator acceptance

special considerations 88
key word, iiatinu ~22
Leakage test

propukion subsystem
prelaunchvaJii 100
twalificm.ion 41

unit
●cceptance 80
quafificaticm 64

Life test
moving machanicai a$wmbty

devdoprnant 25
unit cwalification 66

Lightning protecdon [MIL-STD-1 795} 121
. Limit load, defm 11

Loads for structural tast, definitions 11
Margins, structural

acceleration tesL unit qudif~ation 86
pressure test, unit qualification 65

MIL-STD-I 540c

INDEX

pressure test vehicle qualification 41
static loads, qualification 31
utatic load test, subsystem qualif~ation 50
aubsyutem protoqualification 95

Margins, thermal [see Thermal rnar~ins)
Maximum expected operatin~ pressure (MEOP)

definition 11
Mechanical functional test

vehicle quaIificatiort 35
Mode survey test

development 26
Test Evaluation Team 119
vahicle quafificatiorr 46

Moving mechanical assembly tMMA)
definition 5
disassembly & inspection after life test 67
margins, measurement during thermal vacuum

testing 60
MIL-A-83577 121
monitoring durinu thermal vacuum lest 60
rrwhipls categories 84
performance monitoring

unit thermal vacuum acceptance 88
unit qualification, conditions 53, 55

Notes for government use of Standard 103
On-orbit system

compatibility test 100
foflow-on operational tests 101

Chw-of-a-kind equipment, MIL-HD6K-343 121
Opermional deflections 11
Ofxwrtional mcxles 13
Operational tests and evaluations 1, 16

management 121
“Other” test

defmitiort 13
discussion 104

Prelaunch validation tests 16
Qenaral raquirementa 97
ground support equipment, launch-critical 100
groundiia 98
test CWt@WWiOrl 98
test descriptions 99
tart tiw 98

Presauro & Ioakage tests, vehicle
acceptawe 81
@HicatiCMl40

Pressuro component. definition 12
Pressure for structural test

burst factor, definition 10
design burst, definition 10
design factor of safery, definition 10
maximum expected operating, definition \ 1
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JbJDEX

Pressure test
quafifiiticm pressure & duration 41
unit qualifiition 64

Prassure vessel, dofmition 12
Pmsaurized structure, defrnidon 12
Hessurized subsystem, definition 12
Proof

factor 12
test dafinidon 12
load test acceptance

suuctufaf component 89
ewuctura! subsystem 83

pressure test
prasaurtzed subsystem acceptance 84

unit accefmmce 90
SLEcesacriteria 12

Propulsii equipment .tesu 16
Promqualification strategy

subsystem tests 95
unit tests 95
vehicle tests 95

Oualifmmion test
acceleration of acceptance dynamic testina-.

34

acoustic 32
baseline

Units 53.54
Vehiclas 35

~neral rc@rements 30
hardware 30
levels & durations, Uenefal 30
“margin

deftion ~3
and durations, t@Cd 31
Ci’Yo9mti exposure, units 57

rewtired prior testinu 30
re@r~W, multi@e unit categories 53
special teats 35, 53
vibmtion 32

Rain test wit ~ri 71
Random ~ environment

●treme & RMxifnum Sxpected 9
RequiredU&u, dkusabn IW
RttquirememsAP@cat@hyMatix

dmailedfm’n 108-112
sam@e 114-118

general form 107
samph 113

Retast 20
during opermional tests& ovalumions 21
durinu ~rshwch Vdkf8tiOfl 2 f
during qudif=ation or ●cceptance 21

.
Reusable flight hardware

definition 5
follow+n operational tests 102

Salt fog tes~ unit qualification 71
Sand & dust tes~ unit qualif~ation 70
Separation test

subsystem qualification 17.52
lest Evaluation Team 119

Semite life, definition 14
Shock environment

imtreme & maximum expected 10
Shock test

qualification
●ctivations, vehde 38
levt}s & numbar of shocks, typical 31

tolerances 18
unit

acceptance 89
auafificadon 62

vehicle
acceptance 80
qualification 38

.

Sinusoidal vibration environment
extreme & maximum exoected 9

Spares strategy 92
Special tans 35, 53
static load mm

qualifotion load factors 31
subsystem qualification 49
lust Evaluation Team 119

Statistical estimates
requirement for qualification 14
shock vibration, acoustic environments 8

Storage tests, acceptance 75
Structural component, definition 12
Structural tesl

static load, subsystem quatificaticm 49
tohvwwts 18

Subsystem qualification tests 48
Tailoring 103

wtamphs 114
sae Requirements Appficabifhy Matrix

Temperature
maximum & minimum expected 5 .
range for cycliig 72
predicted & test ren9es, unit 74
stabilisation, definition 14

Test

S!&WSb!O tOtSrUICSS 17, ~8
cstegties 1
data documentation 22
discrepancy 14
documentation files 22

I
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INDEX

1

,

I

!

1

item failure 14
log 22
plans 17
procedures 19

Test Evacuation Team 119
TestinO philosophy 15
Thermal balance test, vehicle qualification 43

Test Evaluation Team 119
Thermal control subsystems

margins
active subsystems 8
passive subsysterna 6

Thermal cycle (see Thermal cycle test &
Thermal vacuum test}

number related to temperature range 33
Thermal cycle test

acceptance temperature range 72
cryogenic exposure, units 72

alternative for vehicle qualification 42
basis for qualification 31
combined with thermal vacuum testing 31
moisture condensation 57

electrical & electronic units 58
number of cycles

acceptance 72
effect of temperature range 33
unit qualification 57, 33
thermal vacuum attemativo 57
vehicle qualification 42, 33

propulsion units ,
cokf temperature 59

qualification temperature range 42
& number of cycles 42

tolerances 18
unit, electrical and electron”~

acceptance 84
Owlf-tion 32, 55

vathicb
acceptance 6 t
quatif-tion 42

Thermal fati~ue 31
Thermal margins

KtiVO subsymums 8
cryogenic 7
paseive subsystems 6
units

cryogenic exposure, qutitfiiation 57
margins, summary of tydcal 74

Thermal soak duradon, definition 14
Thermal vacuum test

acceptance temperature range
& ~U~bOf Of CYCkS 72

rdtemative for vehicle qualification 42

basis for qualification 31
combined with thermal cycfe testing 31
number of cycles

qualification, typical 31
effect of changed temperature range 33

propulsion units
compatibility with operational fluids 60

qualification temperature range 31
subsystem qualification 51
tolerances 18
unit

acceptance 87
qualification 57

vehicle
acceptance 82 .
qualification45

Time reduction factor, accelerated dynamic tests
34

Tolerances, test 17, 18
Transportation & handling

development 28
prelaunch validation 99

Unit
critical 5
definition 3
qualification, multiple categories 53

Vibration test
subsystem qualification 50
tolerances 18
unit

acceptance 88
minimum spectrum 77
spectrum 75

qualification 60
inappficabiIity for structural components

61
margin & duration 31, 40

vehicte
acceptance 01

minimum spectrum 78
spectrum 75

, qualification 39
margin & duration 31, 40

Wear 13, 15, 92
Wear-in test, unit acceptance 90
Weighting factors, test requirements 105

●
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