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FOREWORD

Th Mllutary Standard is approved for use by all Departments and Agencies of the

partment of nnfnnqn

U

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 self-addressed Standardgzatlon Document Improvement Proposal {DD Form
1426), appearing at the end of this document, or by letter addressed to:

Space and Missile Systems Center, SMC/SDFP
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 agsuring 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, and of

H H H +h Ce P P -
their associated subsystems and units. In addition, this Standard establishes 3

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 requirements for
parts, materials, and processes are in their detailed specifications. Typical test
requirements for the applicable ground equipment and associated computer
software are outlined in MIL-STD-1833. 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 DOD-STD-2167.

As described in this Standard, the formal compliance tests for flight vehicle
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 can be tested in
their operational configurations. In addition, there may be development tests and
evaluations at various levels of assembly, and in-process inspections and tests to
avoid assembling a defective system. The formal compliance tests addressed in
this document are qualification and acceptance at the unit, subsystem, and
vehicle level as well as some of the integrated system prelaunch validation tests.
The integrated system prelaunch validation test requirements addressed are .
intended to be combined with or incorporated with the MIL-STD-1833 Step 3, 4,
and 5 tests that include the applicable ground equipment and associated computer
software.
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SECTION 1

SCOPE

1.1 PURPQSE

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 APPLICATION

This Standard is intended for reference in applicable program specifications, or
in other documents, to establish general test requirements (10.1). The test
requirements focus on design validation and the elimination of latent 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. :

It is intended that these test requirements be tailored to each specific program
after considering the design complexity, design margins, vuinerabilities, technology
state of the art, in-process controls, mission criticality, life cycle cost, number of
vehicles involved, prior usage, and acceptable risk (4.1, 10.2).

1.3 TEST CATEGORIES
The tests are categorized as follows:

a. Development tests. Engineering characterization tests and tests to
validate qualification and acceptance procedures (Section 5).

b. Qualification tests. Vehicle, subsystem, and unit levels {Section 6}.
c. Acceptance tests. Vehicle, subsystem, and unit levels {Section 7).

d. ﬂngn:m!_a;d_p_atp_quah_f&ammm Vehicle, subsystem, and unit
levels (Section 8).

e. rel h validation nd follow-on rational n
evaluations. Integrated system tests, initial operational tests and

evaluations, and operational tests (Section 9).

-
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SECTION 2

APPLICABLE DOCUMENTS

2.1 GOVERNMENT DOCUMENTS.

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 (DODISS) and supplement thereto, cited in the solicitation.

Militar ndar

MIL-STD-810 Environmental Test Methods and
Engineering Guidelines.

MIL-STD-1522 (USAF)} Standard General Requirements for Safe Design and
' Operation of Pressurized Missile and
Space Systems.

MIL-STD-1541 (USAF) Electromagnetic Compatibility Requirements for

Space Systems

MIL-STD-1833 (USAF) 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

Sy RaY P S e P - Y e far vl R Tas s wE TR I T E N R LES

Desk, 700 Robbins Avenue, Building 4D, Philadelphia, PA 19111-5094.)

2.2 ORDER OF PRECEDENCE.

In the event of cqnflict between the text of this document and the references
cited herein, the text of this document takes precedence. Nothing in this

document, however, supersedes apphcable laws and regulations unless a specific
m.mmn-rmn has bheen obtained.

L ZaS—1 R MW W Tl was ahal
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f SECTION 3

DEFINITIONS

3.1 ITEM LEVELS

The categories of items in hierarchical order are defined in this section.

3.1.1 Part. A partis a single piece, or two or more joined pieces, which are

normally subject to disassembly without dastruction or impairment of the

use. Examples: resistor, integrated circuit, relay, roller bearing.
i

3.1.2 Subassembly. A subassembly is a unit containing two or more parts
~ which is capable of disassembly or part replacement. Examples: printed circuit
board with parts installed, gear train.

3.1.3 Unit. A unit is a functional item that is viewed as a complete and
separate entity for purposes of manufacturing, maintenance, or record keeping.
Examples: hydraulic actuator, vaive, battery, electrical harness, transmitter.

3.1.4 Subsystem. A subsystem is an assembly of functionally related units.
It consists of two or more units and may include interconnection items such as
cables or tubing, and the supporting structure to which they are mounted.
Examples: electrical power, attitude control, telemetry, thermai control, and
propuilsion subsystems.

Dam de bl i

o .—-.J P R R 3
Hregua 1 Uiy seeiivil nNiay v

m
~
18]

3.1.5 Vehicle. Any vehicle de
or recoverable, as appropriate.

5.1 Launch Vehicle. A launch ‘vehicle is one or more of the lower stages

of a ﬂlght i":eh cle ospnhln of lnunchlng upper-stage vahiclas and space Veh;c!eﬁ

usually into a suborbital trajectory. A fairing to protect the space vehlcle. and
possibly the upper-stage vehicle, during the boost phase is typically consndered to
be part of the launch vehicle. .

3.1.5.2 Upper-stage Vehicle. An upper-stage vehicle is one or more stages of
a flight vehicle capable of injecting a space vehicle or vehicles into orbit from the
suborbital trajectory that resulted from operation of a launch vehicle.

3.1.5.3 Space Experiment. A space experiment is usually part of the space
vehicle payload and is therefore considered to be a lower level assembly of a space
~ vehicle. However, a space experiment may be an integral part of a space vehicle,
a payload that performs its:mission while attached to a space vehicle, or even a
pavyload that is carried by a host vehicle but performs some of its mission as a
free-flyer. Whether complex space equipment is called a space experiment, a

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

3.1.5.4 Space Vehicle. 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
vehicle.

3.1.5.5 Flight Vehicle. A flight vehicle is the combination of elements of the
launch system that is flown; i.e., the launch vehicle(s), the upper stage vehicle(s),
and the space vehicle(s) to be sent to orbit.

3.1.6 System. A system is a composite of equipment, skills, and techniques
capable of performing or supporting an operational role. A system includes all
operational equipment, related facilities, material software, services, and personnel
required fGl"itS operation. A system is typically defined by the o‘y‘SLElu rrogram
Office or the procurement agency responsible for its acquisition.

3.1.7 Combined Systems. 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.

3.1.7.1 Launch System. A launch system is the composite of equipment,
skills, and technigues 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 On-orbit System. An on-orbit system is the composite of equipment,
skills, and techniques permitting on-orbit operation of the space vehicle(s}). The
on-orbit system includes the space vehicle(s), the command and control network,
" and related facilities, ground equipment, material, software, procedures, services,
and personnel required for their operation.

3.2 SPECIAL
3.2.1 Airhorne Support Equipment (ASE}). Airborne support equipment is the

equipment installed 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 vehicle. This includes the hardware and software that provides the

structural alantrical alagtronic, and machanical interfaces with the flinht vehicle
) T LAY SO, ﬁl\? I.!ll-lul' T PN NS LT WS FIRS g RAT TRA B TR PR I RAT BT AT FRAMA ALY FEIAIE RPNV FRFgi iR W AT IR
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3.2.2 Critical Unit. A critical unit is one whose failure can affect the system
operation sufficiently to cause the loss of the stated vehicle objectives, a partial
joss of the mission, or is a unit whose proper performance is essential from a range
safety standpoint. .

3.2.3 ngglggmgn; gsx Article. A development test article is a

renresentative ve irla 1ih system, or ||r\|f nlnrhr-nfnd tn nrn\nr{n d inn and toact
IGP GOUI'\C[ Ve Yoru lﬁ' UUQ, RRAFR Ny LN MLl VW P AL L~ Ualall IV VoL

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 and techniques, or to determine
if the equipment meets its performance specifications. Development test articles
include engineering test models, thermal models, and structural static and dynamic
models.

3.2.4 Explosive-ordnance Device. An explosive-ordnance device is a device

that contains or is operated by explosives. A cartridge-actuated device, one type
of explosive-ordnance device, is 3 mechanism that employs the energy produced
by an explosive charge to perform or initiate 2 mechanical action.

3.2.5 Movin hanical Assembly {(MMA). A moving mechanical assembly
is a mechanical or electromechanical device that controls the movement of one
mechanical part of a vehicie reiative to another part. Examples: gimbals, actuators,
despin and separation mechanisms, vaives, pumps, motors, latches, clutches,
springs, dampers, bearings.-

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

3.3 ENVIRONMENTS

_ The complex fiight environment involves a combination of conditions that are
usually resolved into individual test environments. Each test environment should
be based on actual flight data, scaled if necessary for differences in parameters, of

if more reliable, by analytical prediction or a combination of analysis and flight
data. The flight data may be from the current flight system, or from other flight
systems if configuration variations are accounted for and properly scaled. The
individual environments, which may be involved in qualification and acceptance,
are described in this section.

3.3.1 Maximum gng Minimum Expected Temperatures. The maximum and .

minimum expected temperatures are the highest and lowest temperatures that an
item can experience during its service life {3.5.6)}, including all operationa! modes.
These temperatures are established from analytically determined extreme
temperatures by adding a thermat uncertainty margin, discussed below. The

i



Downloaded from http://www.everyspec.com

MIL-STD-1540C

analytically determined extreme temperatures are predicted from thermal models
using applicable effects of worst-case combinations of equipment operation,
internal heating, vehicle orientation, solar radiation, eclipse conditions, ascent
heating, descent heating, and degradation of thermal surfaces during the service

lifa,

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 unrealistic aspects of ground test
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 I. The margins to be applied are addressed in
the following subparagraphs. :

3.3.1.1 Margins for Passi For units that have
no thermal control or have only 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 large uncertainties 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 vehicle are a vehicle heat shield, external insulation, and units within the aft
skirt.

For passive cryogenic subsystems operating below minus 70°C, the thermal
uncertainty margin may be reduced as presented in Table ll. In addition, the
following thermal-uncertainty 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 Margins for Active Thermal Control Subsystems. For therma! designs
in which temperatures are actively controlled, a heat-load 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 a mechanical thermostat or

~ electronic controlier, a 25-percent heater capacity margin may be used in lieu of

the thermal margins at the minimum expected temperature and at minimum bus

6
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TABLE |. Categorization. of Passive and Active Thermal Control Subsystems.

|| ' " Passive

Active

Constant-conductance or diode heat pipes.

Hardwired heaters (fixed or variable-
resistance, such as auto-trace or positive-
temperature-coefficient thermistors).

Thermal storage devices {(phase-change or
sensible heat).

Thermal insulation(multi-layer msulatlon,
foams, or discrete sh:e!ds)

Radiators (fixed, articulated, or deployable)
with louvers or_pinwheels.

Surface finishes {coatings, paints,
treatments, second-surface mirrors).

Variable-conductance heat pipes.
Heat pumps and refrigerators.
Stored-coolant subsystems.
Resistance heater with
commandable or mechamcal or
electronic controller.
Capillary-pumped loops.

Pumped fluid loops.

Thermoelectric cooler.

TABLE li. Thermal Uncertainty Margins For Passive Cryogenic Subsystems.

-

Thermal Uncertainty Margin

Predicted Temperature (°C)
e Pre-validation 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

Below -232 -2 1
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voltage, which translates into a duty cycle of no more than 80 percent under these
cold conditions. Where an 11°C addition in the analytically determined extreme
temperatures would cause the temperature of any part of the actively-controlled
unit to exceed an acceptable temperature limit, 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 thermal uncertainty 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 critical design review, and 30 percent for qualification.

3.3.2 isti im f Vibration ic, and Shock Environmen
are based upon statistically expected spectral levels. The level 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 (P29/90 level).
The level of the maximum expected environment, used for acceptance testing, is
that not exceeded on at least 95 percent of flights, estimated with 50-percent
confidence {(P95/50 level). These statistical estimates are made assuming a
lognormal flight-to-flight variability having a standard deviation of 3 dB, unless a
different assumption can be justified. As a result, the P95/50 level estimate is 5§
dB above the estimated mean (namely, the average of the logarithmic values of the
spectral levels of data from all available flights). When data from N flights. are used
for the estimate, the P99/90 estimate in dB is 2.0 + 3.9/N'/2 above the P95/50
estimate. When data from only one flight are available, those data are assumed to
represent the mean and so the P95/50 is 5 dB higher and the P99/90 level is 11
dB higher.

When ground testing produces the realistic flight environment (for example,
engine operation or activation of explosive ordnance}, the statistical distribution
can be determined using the test data, providing data from a sufficient number of
tests are available. The P99/90 and P85/50 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 allow for repositioning of units within
their zones without changing the expected environment. Particular spectra can be

Adrmrsnloamoard Emr nmnanidia 1inmita
aeveéwoped 1707 SpeciiiC units.

3.3.3 Fatigue Equivalent Duration. For a time-varying flight acoustic or

vibration environment, the fatigue equivalent duration is the time duration, at the
maximum environment achieved during that flight, that would produce the same
fatigue damage potential. For a given flight trajectory, the equivalent duration can
be assumed to be independent of the maximum environment achieved during any

B
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particular flight. The fatigué damage potential is taken to be proportional to the
fourth power of amplitude, junless another basis can be justified.

3.3.4 Extreme and Maximum Expected Acoustic Environment. The acoustic
environment for an exterior or interior zone of a vehicle resuits 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 spanning a range of at least 31 to 10,000 Hz. For a time-varying
environment, the acoustic spectrum 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. 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
{P99/90 and 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 reme and Maximum Ex ndom Vibration Environment. The
random vibration environmeént 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 1o machinery induced random
disturbances. The random vibration environment is expressed as an acceleration’
spectral density in g 2/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.
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. 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 the fatigue.
equivalent duration in fhght {3.3.3). '

3.3.6 mﬁnwmgzmum_ﬁmmﬂmmdﬂﬂmwn_ﬁmnmu The

sinusoidal vibration md_uced at the structural attachments of units may be due to
periodic excitations from rotating machinery and from instability involving pogo

"Ptefactl"" of structural and nrnnulemn dunnmmcl flutter hnfnrar‘hnn of structural

dynamics and aerodynamxcs), or combustlon Perlodnc excitations may also occur
during ground transportation. The sinusoidal vibration environment is expressed as
an acceleration amplitude in g over the frequency range for which amplitudes are
significant. Namely, those whose acceleration amplitude 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 applied to a single-degree-

o}
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of-freedom system having a Q of 560. The resolution bandwidth should be no
greater than 10 percent 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 and acceptance spectra, respectively. The associated duration is the
fatigue equivalent duration {3.3.3), including tlight 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 Extreme and Maximum Expected Shock Environment. 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 a high-frequency acceleration transient which decays typically within 5 to 15
milliseconds. The shock environment is expressed 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 P95/50 shock response
spectra, respectively, per 3.3.2) are the bases for qualification and acceptance test
spectra, respectively.

3.4 STRUCTURAL TERMS -

3.4.1 Burst Factor. The burst factor is a multiplying factor applied to the
maximum expected operating pressure to obtain the design burst pressure. Burst
factor is synonymous with uitimate pressure factor.

- 3.4.2 Design Burst Pressura. 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

anaratinn nrassure and a huret factor,

A A AR LI ] T N uF A W

3.4.3 Design Factor of Safety. The design factor of safety is a multiplying

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 called the design safety factor, factor of safety, or, simply, the
safety factor. In general, two types of design factors of safety are specmed
desngn yield factor of safety and desugn ultimate factor of safety.

10
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3.4.4 Design Ultimate Load. The design ultimate load is a load, or

combinations of loads, that the structure must withstand without rupture or
collapse in the applicable operating environments. It is equal to the product of the
limit load and the design ultimate factor of safety.

3.4.5 Design Yield Load. The design yield load is a load, or combmatlons 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 Limit Load. 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 acting in
association with the applicable operating environments produces a design or
extreme loading condition for that structure. When a statistical estimate is
applicable, the limit load is that load not expected to be exceeded on at least 99
percent of flights, estimated with 90-percent confidence.

3.4.7 Maximum Expected Operating Pressure (MEQP). The MEOP is the
highest gage pressure that an item in a pressurized subsystem is required to
experience during its service life (3.5.6) and retain its functionality, in association
with its applicable operating environments. The MEOP is synonymous with limit
pressure or maximum operating pressure (MOP) or maximum working pressure
{(MWP). Included are the effects of maximum ullage pressure, fluid head due to
vehicle quasi-steady and dynamic accelerations, waterhammer, slosh, pressure
~ transients and oscillations, temperature, and operatlng variability of requlators or
relief valves.

3.4.8 ximum Predi leration. 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 flight events as liftoff; engine ignitions and shutdowns;
transonic and maximum dynamic pressure traversal; gust; and vehicle separation.
The frequency range of concern is usually limited to below 50 Hz for structural
loads resulting from the noted transient events, and to below 300 Hz for
secondary 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 acceleration is at least that acceleration not expected to be
exceeded on 99 percent of flights, estimated wnth 90-percent conf:dence {PS9/90}.

3.4.9 _Q_p_e__a_t_o_m_l_Qe_!g_c_LQ_[m Operational deflectlons are the deflections
imposed on a structure during operation (for example, by engine thrust-vector
gimballing, thermal differentials, flight accelerations, and mechanical vibration).

11
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3.4.10 Pressure Component. A pressure component is a unit in a pressurized
subsystem, other than a pressure vessel, that is structurally designed largely by the
acting pressure. Examples are lines, tubes, fittings, valves, bellows, hoses,
regulators, pumps, and accumulators. .

3.4.11 Pressure Vessel. A pressure vessel is a structural component whos
primary purpose is to store pressurized fluids and one or more of the followmg
appiy ‘

a. Contains stored energy of 19,310 joules {14,240 foot-pounds) or'
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 6390 kilopascals
{100 psil.

3.4.12 Pressurized Structure. A pressurized structure is a structure designed
to sustain both internal pressure and vehicle structural loads. A main propellent
tank of a launch vehicle is a typical example.

3.4.13 Pressurized Subsystem. A pressurized subsystem consists of pressure

AT% 2 ay e [

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.

3.4.14 Proof Factor. The proof fattor 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 Proof 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 materiai 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 Str ugmrgl QQ mpon ent. A mechanical unit is considered to be a

P I e Ay 'y ._-s HP NN [ - PP

structural component if jts primary function is to sustain ioad or maintain
alignment. ?
]

¥
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3.5 QTHER DEFINITIONS -

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

3.5.2 Contamination Tolerance Level. The contamination tolerance level is

the value of contaminant particle size, or ievel of contamination, at which a
specified performance, reliability, or life expectancy of the item is adversely

o E i i
diigiLeu.

3.5.3 Operational Modes. The operational modes for a unit, assembly,
subsystem, or system include all combinations of operational configurations or
conditions that can occur during its service life {3.5.6). Examples: power
condition, command mode, readout mode, attitude control mode, redundancy
management mode, safe mode, and spinning or despun condition.

3.5.4 Other Test. An "other® test is a test that may be required subject to an
evaluation of its benefit on.a case-by-case basis. Special requirements of usage
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 {10.2.1.3). In general, "other” tests are unique tests and therefore have
a iow probability of being required.

3.5.5 Qualification Margin. An environmental qualification margin is the
increase in an environmental condition, over that expected during service life
(3.5.6), including acceptance testing, to demonstrate that adequate ruggedness
exists in the design and in its implementation. A margin may include an increase in
level or range, an increase in duration or cycles of exposure, as well as any other
appropriate increase in severity. Environmental qualification margins are intended
to demonstrate the ability to satlsfy all of the following on a single qualification
item:

a. Be tolerant of:differences in ruggedness and functionality of flight

itnarme ralativa tn tha ﬂtlﬂll‘ll"ﬂflﬂl‘l itaarm o A raacanmahla variatinne in
fleims ISiauve O Uit QUainhioaililln neimi, uut (U feasiNduiv Valiiaudiis i

parts, material properties, dimensions, processes, and manufacturing.

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

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

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

3.5.7 Igmp'grgxurg Stabilization. For therma! cycle and thermal vacuum

testing, temperature stabilization for a unit is achieved when the unit baseplate is
within the allowed test tolerance 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 unit having the largest thermal 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. o

3.5.8 Test Discrepancy. 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, unrepeatahle anomaly; or it may be a permanent failure to respond in
the 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, supplied
power, test procedures, or computer software used.

3.5.9 Test Item Failure. 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 failure of the test item
unless it can be determined to have been due to some unintended cause {3.5.8)."

3.5.10 Thermal Sgak Duration. The thermal soak duration of a unit at the hot
or cold extreme of a thermal cycle is the time that the unit is operating and'its
basepiate is continuousiy maintained within the aiiowed toierance of the specified
test temperature. :

14
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SECTION 4

- GENERAL REQUIREMENTS

This section addresses general requirements applicable to all test categories.
Included are tailoring of requirements, testing philosophy, propulsion equipment
tests, firmware tests, inspections, test condition tolerances, test plans and
procedures, retest, and documentation. :

4.1 TAILORING OF REQUIREMENTS

This Standard establishes a baseline of requirements which should be tailored
up or down to meet the needs of a particular program (10.2). The programmatic
impflications 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 imposing 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. Tables in 10.2.2 provide
Reguirements Applicability Matrices, in general and detailed forms, to be used by
the procuring 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. :

4.2 TESTING PHILOSOPHY

~ The complete test program for launch vehicies, upper-stage vehicles, and
space vehicles encompasses development, qualification, acceptance, prelaunch
validation, and follow-on operational tests and evaluations. Test methods,
environments, and measured parameters shall be selected to permit the collection
of empirical design 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 encompasses
the testing of progressively more complex assemblies of hardware and computer
software. Design suitability should be demonstrated in the earlier development
tests prior to testing the next more complex assemblies or combinations in the
progression and prior to the start of formal gualification testing. All gualification
testing for an item shouid be compieted, and consequentiai design improvements

. incorporated, prior to the initiation of flight hardware acceptance testing for that

item. In general, hardware items subjected to qualification tests are themselves
not eligible for flight, since there has been no demonstration of remaining life from
fatigue and wear standpoints. Section 8 describes higher risk, alternative
strategies which may be used to tailor a qualification test program. The integrated
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system prelaunch validation tests, described in Section 9, are intended to be
combined with or incorporated with the MIL-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
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 10 enhance test effectiveness.

4.3 PROPULSION EQUIPMENT 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 shall be qualified and
acceptance tested to the applicable 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 Engine Line Replaceable Unit (LRY) Acceptance Testing. An engine

LRU is an engine 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
part of its acceptance test, then the replacement unit shall either be subjected to
such a test on an engine, or shall undergo equivalent unit level acceptance testing.
Equivalent testing shall consider all appropriate environments 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.

o))
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4.3.2 Engine Line Replaceable Unit {LRU) Qualification Testing. All engine

LRUs shall be qualified at a unit level to the requirements of this Standard.

4.4 FIRMWARE TESTS

Firmware is the combination of a hardware device and computer instructions
or computer data that reside as read-only software 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 software element of

“firmware should be tested as software, and the hardware element of firmware
should be tested as hardware.

4.5 INSPECTION

_ All units and higher levels of assembly should be inspected to identify
discrepancies before and after testing, including tests performed at the launch site.
The inspections of flight hardware shall not entail the removal of unit covers nor
any disassembly, unless specifically called out in the test procedures. Included
should be applicable checks of finish, identification markings, and cleanliness.
Weight, dimensions, fastener tightness torques and breakaway forces and torques
should be measured, as applicable, to determine compliance with specifications.

4.6 TEST CONDITION TOLERANCES.

Unless stated otherwise, the specified test parameters should be assumed to
inctude the maximum allowable test tolerances listed in Table lll. For conditions
outside the ranges specified, the tolerances should be appropriate for the purpose
of the test. - )

4.7 TEST PLANS AND PROCEDURES

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

4.7.1 Test Plans. The test plans should provide a general description of each
test planned and the conditions of the tests. The test plans should be based upon
a function-by-function mission analysis and any specified testing requirements. To
the degree practicable, tests should be planned and executed to fulfill test
objectives from development through operations. Test objectives should be
planned to verify compliance with the design and specified requirements of the
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TABLE Ill. Maximum Allowable Test Tolerances.

Test Parameters

Test Tolerance

Temperature
-54°C to +100°C

| Relative Humidity

i Acceieration
Static Load and Pressure

Atmospheric Pressure

Above 133'pascals {>1Tomm)
133 to 0.133 pascals ( 1 Torr to 0.001 Torr)
Below 0.133 pascal (<0.001 Torr)

Test Time Duration
Vibration Frequency
|| -

Sinusoidal Vibration Amplitude

Random Vibration Power Spectral_ DensitY

Fr n n ximym | Bandwi
20to 100 Hz 10 Hz ‘
100 to 1000 Hz - 10 percent of midband frequency
1000 to 2000 Hz 100 Hz '

Overall .
The statistical degrees of freedom shall be at least 100,

Sound Pressure Levels
1/3- v i nd Fr nci
31.6 to 40 Hz
50 to 2000 Hz
2500 to 10000 Hz
Overall .
Note: The statistical degrees of freedom shall be at ieast 100.

Shock Response Spectrum {Peak Absolute Acceleration, Q = 10)
Naturagl Fr ngi ‘ 1/6- ve interval
At or below 3000 Hz :
Above 3000 Hz
Note: At least 50 percent of the spectrum values shall be greater
~ than the nominal test specification.

— —___—————

Note: Control bandwidths may be combined for tolerance evaluatio

+ 3°C
£+ 5 percent

+ 10/-0 percent

.+ 5/-0 percent

+ 10 percent
+ 25 percent
+ 80 percent
+ 10/-0 percent
+ 2 percent

+ 10 percent

==
*

o

e

HHHH
= wo
mnooo
aooa
W mmm

18




Downloaded from http://www.everyspec.com

MIL-STD-1540C

items involved, including interfaces. The test plans should incorporate by
reference, or directly document, the following:

A brief background of the applicable project and descriptions of the
test items covered (such as the systems, vehicles, 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 requirements.

The allocation of requirements to appropriate testable levels of
assembly. Usually this is a reference to a requirements traceability
matrix listing all design requirements and indicating 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 levels 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 sorting of data.

The review and approval process to be followed for test plans and

‘procedures, a‘nd for making changes to approved test plans and

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

4.7.2 Test Procedures. Tests shall be conducted using documented test
procedures, prepared for performing all 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 should be identified. The test procedure for
each item shall include, as a minimum, descriptions of the following:

a. Criteria, objectives, assumptions, and constraints.
b. Test setup.

¢. Initialization requirements.

d. Input data.

e. Test instrumentation.

f. Expected intermediate test results.

g. Requirements for recording output data.

h. Expected output data.

i. Minimum requirements for valid data to consider the test successful,
j. Pass-fail criteria for evaluating results.

k. Safety considerations and hazardous conditions.

4.8 RETEST

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.
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Retesting may also be necessary if a test discrepancy (3.5.8) occurs while
performing any of the required testing steps. In that case, conducting a proper
failure analysis plays an important part in determining the type and degree of
retesting. The failure analysis should include the determination of whether a failure
occurred, the cause of the failure, the symptoms of the failure, and isolation of the
failure to the smallest replaceable item.

4.8.1 During Qualification or A nce. If a test discrepancy occurs
during qualification or acceptance testing, the test may be continued without
corrective action if the discrepant item or software coding does not affect the -
validity of test data obtained by the continuation of testing. Otherwise the test
shall be interrupted and the discrepancy verified. To the extent practicable, 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 normally 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
integrated system testing.’

4.8.2 Retest During Prelaunch Validation. If a discrepancy occurs during

prelaunch validation testing {integrated 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 conserve time-critical operational resources. When the discrepancy
has beén corrected or explained, retesting may be required.

4.8.3 BRetest During Operational Tests and Evaluations. if a discrepancy

occurs during operational tests and evaluations, it shall be documented for later
evaluation. The operating agency is responsible for assessing the effect of the
discrepancy to determine whether the discrepancy has jeopardized the probabie
success of the remainder of the test. The operating agency is also responsible for
determining the degree of retesting required.

N
-



Downloaded from http://www.everyspec.com

MIL-STD-1540C

49 D ME TION
See Subsection 10.5 for additionat information.

4.9.1 Test Qggumgn;g; ion Files. 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,
pertinent 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 Test Data. 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 shouid 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 plans and should document the test results,
dpﬁmpnmeq problems encountered, and problem resolutions.

4.9.3 Test Log. 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.
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. SECTION 5

' DEVELOPMENT TESTS

5.1 GENERAL

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
operationai phase.

c. Reduce the risk involved in committing designs to the fabrication of
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 and 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 starting formal qualification testing. Development tests should be used to
confirm structurai and performance margins, manufacturability, testability,
maintainability, reliability, life expectancy, and compatibility with system safety. °
Where practicable, development tests should 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 flight, including those that allow a 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-plant test facilities, which may
include subcontractor’s facilities, at a government approved test bed, or at any
other appropriate test facility. However, when performed at a government facility,
that facility may require approval of the test plans and procedures. 1nternal
contractor documentation of development test plans, test procedures, and test
results are normally used unless stated otherwise by contract.

pic!
g



Downloaded from http:/www.everyspec.com

MIL-STD-1540C

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

5.2 PART, MATERIAL, AND PROCESS DEVELOPMENT TESTS
AND EVALUATIONS

Part, material, and process development tests and evaluations 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 assess design alternatives, manufacturing alternatives, and to
evaluate tradeoffs to best achieve the development objectives. Development tests
and evaluations are required for new types of parts, materials, and processes; 1o

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
normally conducted for composite laminate, insulations, seals, fluid lines, and items
not well characterized for their intended use.

5.3 SUBASSEMBLY DEVELOPMENT TESTS. IN-PROCESS TESTS
AND INSPECTIONS

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 items.

5.4 UNIT DEV ENT TEST

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,
transportation, extreme combined environments, and launch base operations.
Temperature cycling and random vibration testing at levels 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 deployables, of thrust vector controls,

24
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“and of the attitude control 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 fixtures 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 and acceptance tests, evaluation surveys should be performed on
each fixture design to assure that the unit responses are within allowable margins.

5.4.1 Structural Composite Development Tests. Development tests shall be
conducted on structurai components made of advanced composites or bonded
materials, such as payload adapters, payload fairings, motor cases, and composite-

overwrapped pressure vessels.
if appropriate, testing s'nouid inciude

a. 'Stat|c load or burst testing to validate the ultimate structural
capabilities.

b. Damage tolerance testing to define acceptance criteria.

c. Acoustic transmission loss test for composite fairings.

5 a2 'i'hnrmal Develonment Tests. For critical electrical and electronic units

designed to operate in a vacuum environment less than 0.133 pascal {0.001 Torr),
thermal mapping for known boundary conditions should be performed in the
vacuum environment to verify the internal unit thermal analysis, and to provide
data for thermal mathematical model correlation. Once correlated, the thermai
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 relative to the interconnect subsystem, parts mounting, board sizes and
thickness, number of Iayers therma! coefficients of expansion, or installation
method, development tests shouid be performed. The tests should establish
confidence in the design and manufacturing processes used. Heat transport
capacity tests may be required for constant and variable conductance heat pipes at
the unit level to demonstrate compliance with 3.3.1. Thermal conductance tests
may be performed to verify conductivity across items such as vibration isolators,
thermal isolators, cabling, and any other potentially significant heat conduction

path. ¢
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5.4.3 nd Vibration Isolator Development T . When a unit is to be
mounted on shock or vibration isolators whose performance is not well known,
development testing shouid be conducted to verify their suitability. The isolators
shouid 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 verify that the isolators have
adequate service life (3.5.6). The unit or a rigid sumulator 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. Responses 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 VEHICLE 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 design of subsystems, to verify
mechanical interfaces, and to assess functional performance of deployment
mechanisms and tharmal control subsystems. Vehicle level development testin

subsyster icle level devel testing

also provides an opportunity to develop handling and operating procedures as well
as to characterize interfaces and mteractlons

5.5.1 Mechanical Fit Development Tests. 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 dnunlnnmnn‘r tests at an narlu noint in tha schedule in order to redyca
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the impact of hardware design changes that may be necessary.

5.5.2 Mode Survey Development Tests. In advance 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 test article may be full-scale or subscale; for a large vehicle,

such as a launch vehicle, a subscate 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.

553 s_tm_c_m:_aj_g_e_!gm_p_memle_sn For structures having redundant load
paths, structural tests may be required to verify the stiffness properties and to
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measure member loads, stress distributions, and deflections. The stiffness data
are of particular interest where nonlinear structural behavior exists that is not fully
exercised in a mode survey test (5.5.2, 6.2.10). This may include nonlinear
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 matrix. Deflection data may be also
used to experimentally verify the appropriate deflection transformation matrix.
These matrices may be used, in conjunction with the dynamic model, to calculate
loads such as axial forces, bending moments, shears, and torsional moments, and
various stresses and deflections, which can be converted into design load and
clearance margins for the vehicle. This development test does not replace the
structural static load test that is required for subsystem qualification (6.3.1);
however, the two tests may be incorporated into a single test sequence that
encompasses the requirements of both tests, provided that the test article is
flight-like, the manufacturing log is up-to- -date, and the test planis prepared
according to the qualification requirements.

5.5.4 Acoustic and Shock Development Tests. Since high-frequency vibration

and shock responses are difficult to predict by analytical techniques, acoustic and
shock development testing of the launch, upper-stage, and space vehicles may be
necessary to verify the adequacy of the dynamic design criteria for units. Vehicle
units that are not installed at the time of the test should be dynamically simulated
with respect to mass, center of gravity, 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 shouid 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
and appropriate explosive-ordnance devices or other means used to simulate the
shock imposed. The pyroshock environment may vary significantly between
ordnance activations. Therefore, the statistical 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 rmal Balance Developmen . 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 thermal design criteria. For vehicles in which
thermally induced structural distortions are critical to mission success, the thermal
balance test also evaluates alignment 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, angd orbital
thermal-vacuum condmons as may be appropnate

5.5.6 ion and Handling Devel The handling and

transport of Iaunch upper-stage, and space vehicles, or thenr subtier elements, is
normaily conducted so as to result in dynamic environments well below those
expected for launch and flight. However, since these environments are difficult 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 should use a development model of the item or a
simulator which has at least the proper mass properties, 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 shipping 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 accentance testing, if necessary.

5.5.7 Wind-tunne! Development Tests. Flight vehicle aerodynamic and
aerothermal data are needed to establish that the vehicles survive flight, and
function properly under the imposed loads. For flight vehicies with a new or
significantly changed aerodynamic design, the following wind-tunnel tests shall be
conducted: ' :

Farce and Mnrﬁnnf Taete, Thege t teste nrovide the ragultant
roreo ang viomenst lesgte. 1852 188
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aerodynamic forces and moments acting on the vehicle during the
high-dynamic-pressure region of flight. Data from these tests are
used in both structural and control subsystem design and in trajectory
analysis.

b. Steady-State Pressure Tests. These tests determine the spatial

distribution of the steady-state component of the pressures imposed

nn fhn unhnﬂln a nvfnrngl i u'far-ac dl frinen fhn hfd narmin_nroaceiira
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region 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 analyses 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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Aerodynamic Heating Tests. These tests determine the heating
effects due to fin and fuselage junctures, drag {(friction), angle of
........ Emmbn £ -
]

attack, fiow UdllblllUll, shock wave llllplllHtﬂllBilL, plumlluly effects for
multibody vehicles, and surface discontinuities.

B_a_s_e_}-l_e_a_gﬂg_'[_e_sn These tests determine the heating effects due to
therm diation, multiplume recirculation convection, plume- -induced

flow separat:on n the vehicle body, and the base flow field.

Thr r Plume-impingement Heating T . These tests determine
the heating effects due to impingement of the thruster plumes
nsonic_an rsonic Buff Aer nami i .

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 airloads acting to excite

the various structural modes of the vehicle and are used in aeroelastic,
fiutter, and vibroacoustic analyses.

Ground-wind-induced Oscillation Tests. 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 models

" 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 vehlcle, shall also be
simulated.
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SECTION 6

QUALIFICATION TESTS

6.1 GENERAL QL!AL.IFIQATIQN TEST REQUIREMENTS

Qualification tests shall be conducted to demonstrate that the design,
manufacturing process, and acceptance program produce mission items that meet
specification requirements. In addition, the qualification tests shall validate the
planned acceptance program including test techniques, procedures, equipment,
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 structura! items as
identified herein. : '

In general, a single qualification test specimen of a given design shall be
exposed to all applicable environmental tests. The use of multiple gualification 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 Qualification Hardware. The hardware subjected to qualification testing
shall be produced from the same drawings, using the same materials, tooling,
manufacturing process, and level of personnel competency as used for flight
hardware. l|deally, a qualification item would be. randomly selected from a group of
production items. A vehicle or subsystem qualification test article should be
fabricated using qualification units to the maximum extent practicable.

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 rebuilt or reinforced to meet
specific strength or rigidity requirements, all modifications shall be structurally
identical to the changes incorporated in flight articles. 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 Qualification Test Lgvgl; and Durationg. 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 flight, but aiso a maximum time or number of
" cycles that can be accumulated in acceptance testing and retesting. Qualification
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Test Units . Vehicle
Shock - | 6 dB above maximum expected | 1 activation of all shock-
~ environment, 3 times in both producing events; 2 additional
directions of 3 axes - activations of controlling
: events (6.2.3.3)
Acoustic* | 6 dB above acceptance for 3 | 6 dB above acceptance for 2
" minutes ' minutes i
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 | 10°C jbeyond acceptance 10°C beyond acceptance
(Tables V, VI} temperatures for 6 cycles temperatures for 13 cycies
Combined 10°C beyond acceptance 10°C beyond acceptance
Thermal Vacuum | temperatures for 25 thermal temperatures for 3 thermal
and vacuum cycles and 53 % vacuum cycies and 10
I Thermal Cycle thermal cycles : thermal cycles
{Tables V, VI)
Static Load 1.25 times the limit load for Same as for unit, but only
: unmanned flight or 1.4 times tested at subsystem level
_ the limit load for manned flight,
for a duration close to actual
H flight loading times _ '
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testing, however, should not create conditions that exceed applicable design safety
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 levels and
durations are summanzed in Table IV.

TABLE IV. Typical Qualification Test Level Margins and Durations.

# 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 Thermal Vacui im and Thermal Cycle Tests. 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 fatlgue is dominated by acceptance testing, and that the

flight and other aspects (such as transportation} do not impose significant

additional fatigue. It is further assumed that units, due to acceptance retesting,

Q 31



Downloaded from http://www.everyspec.com

MIL-STD-1540C

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 shall be changed per note 5 of Table VI. No allowance is
made for acceptance retest of vehicles. . For both thermal 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 allowance, or significance 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 after the original qualification by performing the required additional
testing on the qualification test item necessary to rneet the requirement in note 5
of Table VI.

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 screening.” Such screening is intended to identify defects
that may result in early failures. Therefore the number of cycles imposed is
generally unrelated to mission thermal cycles. For units not containing electrical or
electronic elements, only thermal vacuum testing is required and the number of
thermal cycles are considerably reduced {Table VI, 6.4.3.4, and 7.4.3.3}.

6.1.4 A ic and Vibration Qualification. For the acoustic and vibration
environments, the qualification tests are designed to demonstrate the ability of the
test item to endure both of the following:

a. The acceptance test spectrum {7.1.2 or 7.1.3) for 4 times the maximum
allowable duration of acceptance testing of flught items, mcludmg any
_retesting.

b. The extreme expected spectrum (6 dB higher than acceptance, unless a
lesser margin can be justified per 3.3.2) for a duration of 4 times the
* fatigue equivalent duration in flight (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 shall be followed by at least 1.5 thermal cycles or 1.5 thermal
vacuum cycles.

Either the approach described in 6.1.4.1 or 6.1.4.2 may be selected for
conduct of the qualification testing.
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TABLE V. Temperature Ranges for Thermal Cycle (TC)
and Thermal Vacuum (TV) Tests.

Required ~ Unit Vehicle

Testing TC & TV TC TV
Acceptance (AT,) © 105°C? =50°C note 3
Qualification {ATg) - 125°C? =70°C? note 4

Notes: 1

b N

Symbols:

Recommended, but reduced if impracticable or increased if necessary to
encompass operatlona| temperatures (7.1.1).

AT, = AT, +'20°C.
Governed by the unit that first reaches its hot or cold acceptance

temperature limit.
Like note 3, but for qualmcatnon temperature limit.

AT, = Acceptance temperature range.
AT, = Qualification temperature range.

Numbers cf Cv'cles1 for Thermal Cycle (TC)

TABLE VI.
and Thermal Vacuum (TV) Tests.
r———-; — = =
' Unit Vehicle
. Acceptance Qualification | Acceptance | Qualification
F;?eq;:;:}egd (Table XI) (Table X} (Table X!I) | (Table VilI)
N, Namax? Ng5 Na Ng3-6
Both: TC? | 8.5 17 53.5 4 10
™v | 4 8 25 1 3
Only TV 1 2 6 4 13
Only TC | 125 25 78.5
I Notes: 1 Numbers of cycles correspond to temperature ranges in Table V.
2 Tests may be conducted in vacuum to be integrated with TV.
3 For tailoring: N, = 10(125!:&T,.)1 4 tor TC only and
for the sum of TC and TV when both conducted.
4 Npyux = 2N,, but can be changed to allow for more or less retesting.
| 5 Ny = 4N,..W,\,‘{‘cs'l’,l,\h‘.\Ta)'I 4 , assuming temperature cycling during mission
or other service is msugmflcant if significant, additional cycling shalt be
required using the same fatigue equivalence basis.
6 Naux = Nai, assuming that vehncle level acceptance retesting will not be
_conducted.
Symbols: "N, = Required number of acceptance cycles. 7
Nawax = Maximum allowable number of acceptance cycles, including
retesting.
No = Required number of qualification cycles.
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6.1.4.1 Two-condition Testing. The two-condition approach to acoustic or
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For exampie, if the maximum allowable duratlon 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 dB
higher for 1 minute per axis {(6.1.4b)

6.1.4.2 Accelerated Testing. All or any portion of the testing at the
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testing at the qualification level. Table Vil 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 dB 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 typicat 1 minute test duration requlred for flight, the qualification test for
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axis.

" TABLE Vil. Time Reduction Factors, Acoustic and Random Vibration Tests.

Margin M (dB) Maximum Test Tolerance Time Reduction Factor
on Spectrum, T (dB)
6.0 T x1.5 15
6.0 +3.0 12
4.5 +1.5 7
4.5 +3.0 ' : 4
3.0 - x1.5 3
3.0 : :t3 o 1
Note in general, the time reduction factor is 10M5 1+ (4/3)sinh2(TlM)]'1,
where T is sum of the absolute value of the negative tolerance for the
qualification test and the positive tolerance for the acceptance test.
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6.2 VEHICLE QUALIFICATION TEST

- The vehicle-level qualification test baseline shall include all the required tests
specified in Table Vill. The "other” tests (3.5.4} deemed applicable, and additional
special tests that are conducted as acceptance tests for the vehicle element {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 software
resident in the on-board computer. Verification of the operational requirements
shall be demonstrated to the maximum extent practicable.

TABLE VIli. Vehicle Qualification Test Baseline.

Reference Sugﬁe-sted Launch | Upper-stage | Space

Test Paragraph | Sequence | Vehicle | Vehicle | Vehicle
Inspection’ 4.4 1 R R R
[Functional’ 6.2.1 2 R R R
Pressure/leakage 6.2.6 3,7, 11 R R R
EMC ' 6.2.2 4 R R R
Shock 6.2.3 5 R R R
Acoustic )2 6.2.4
F or } or } 6 0 R R
Vibration _ 6.2.5
Thermal Cycle3  8.2.7 8 0 o o]
Thermal Balance® 6.2.8 9 - R R
Thermal Vacuum 6.2.9 10 0 R R
Modal Survey 6.2.10 - any R R 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 being required)
O = "other” {low probability of being required; 3.5.4}
— = not required (negligible probability of being required}.

Notes: 1 Required bef{:re and after each test as appropriate. Include
special tests as applicable (6.2). -

vehicle typically with mass less than 180 kg (400 Ib). i
Required if thermal cycling acceptance test {7.2.7) conducted.
May be combined with thermal vacuum test.
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6.2.1 Functional Test, Vehicle Qualification

6.2.1.1 Purpose. The functional test verifies that the mechanical and
electrical performance of the vehicle meet the specification requirements, including
compatibility with ground support equipment, and validates all test techniques and
software algorithms used in computer-assisted commanding and data processing.
Proper operation of all redundant units or mechamsms should be demonstrated to
the maximum extent practicable.

[ e I | 5 l.nnknn ol Erommmsl n--hnl TAA& AAmmtamimal Aavii;mans wvoliran Adaclac.ablos
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and separation subsystems shall be functionally tested at the vehicle level in the
launch, orbital, or recovery configuration appropriate to the function. Alignment
checks shall be made where appropriate. 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 earth 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 that have been modified to adjust for ground test conditions. '

6.2.1.3 rical and Fiher-optic Circuit Functional Test. The vehicle should
be in its flight configuration with all units and subsystems connected, except
expiosive-ordnance elements. The test shall verify the integrity of electrical 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 ali commands and operational modes to the extent practicable. The
operation of ail thermally controlled units, such as heaters and thermostats, shall
be verified 'ﬁ‘y‘ test. Where control of such UIIII.b is implgmented by $ensors,
electrical or electronic devices, coded aigorithms, or a computer, end-to-end
performance testing should be conducted. The test shall demonstrate that all
commands having precondition requirements (such as enable, disable, a specific
equipment configuration, 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,
voltage, gain, frequency, command and data rates) shall be varied over
specification ranges 10 demonstrate the performance. Autonomous lUIIbLIO s shail
~ 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 all events occurring in actual flight
sequence to the extent practicable. This sequence shall include the final
countdown, iaunch, 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 energy
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 verify proper operatlons

6.2.1.4 Suppiementary Requirements. Functional tests shall be conducted
before and after each of the vehicle tests to detect equipment anomalies and to
assure that performance meets specification requirements. These tests do not
require the mission profile sequence. Sufficient data shall be analyzed to verify 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 retesting 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 vehicie tests are specified in connection
with each test.

6.2.2 Electromagnetic Compatibility Test, Vehicle Qualification
6.2.2.1 Purpose. The electromagnetic compatibility test demonstrates

electromagnetic compatibility of the vehicle and ensures that adequate margins
exist in a simulated faunch, orbital, disposal, and return-from-orbit electromagnetic
environment.

6.2.2.2 Test Description. 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 shall demonstrate satisfactory 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 shall be subjected to the required tests while in the
launch, orbital, and return-from-orbit configurations and in all possible operational
modes, as applicable. Specia! 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 MIL-STD-1541. The tests shall include but not be limited to
three main segments: ! ' :
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a. Radiated emissions susceptibility.
b. intersystem radiated susceptibility.
c. External radio frequency interference susceptibility.

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

6.2.3 Shock Test, Vehicle Qualification

6.2.3.1 Purpose. 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 yields the data to validate the extreme and maximum expected unit
shock requirement (3.3.7).

6.2.3.2 Test Description. The vehicle shall be supported and configured to
allow flight-like dynamic response of the vehicle with respect to amplitude,
frequency content, and paths of transmission. Support of the vehicle may vary
during the course of a series of shock tests in arder 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 simulate the extreme expected shock environment {3.3.7) to
the extent practicable. Shock events to be considered inciude separations and
deployments initiated by explosive ordnance or other devices, as well as impacts
and suddenly applied or released loads that may be significant for unit dynamic
response {such as due to an engine transient, parachute deployment, and vehicle
landing). All devices on the vehicle capable of imparting 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 interfacing structures. Dynamic instrumentation shall be installed to
measure shock responses in 3 orthogonal directions at attachments of selected
units.

6.2.3.3 Test Activations. 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 response spectra from all shock sources. The significant 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 and redundant devices shall be carried
out in the same sequence as they are intended to operate in service.

6.2.3.4 Supplementary Requirements. Electrical and electronic units shall be

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

6.2.4 Acoustic Test, Vehicle Qualification

6.2.4.1 Purpose. 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 qualification teSt for items not tested at a lower level of assembly.

©.24.2 Test D gg‘gngygn The vehicle in its ascent configuration shall be
installed in an acoustic test facility capable of generating sound fields or fluctuating
surface pressures that induce vehicle vibration environments sufficient for vehicle
gualification. The vehicle shall be mounted on a flight-type support structure or -

reasonable simulation thereof. Significant fluid and pressure conditions shall be

replicated to the extent practlcable 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
article surface and the chamber wall. When test article size exceeqs facility
capability, the vehicle may be appropriately subdivided and acoustically tested as

e oAar mara cttheue
one or moie auuay’atems gr assemblies,

6.2.4.3 Test Level and Duration. The test shall be conducted per 6.1.4. The
typical version of the test involves accelerated acceptance-level testing per 6.1.4.2
and applies the qualification- level spectrum for a total of 2 minutes. This is based

on a quallflcatlon margin of 6 dB, a maximum of 3 minutes of accumulated
acceptance testing on a flight vehicle, and a fatigue equivalent duration of not
greater than 15 seconds. Operating time shouid 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 reentry phase, extended testing shall be performed at a Ievel no lower
than 6 dB below the quallﬂcatmn level. -
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6.2.4.4 ) irements. During the test, all electrical and

electronic units, even |f ngt gnpraﬂnn r'lnrmn launch, shall be electrically energized
" L L " P TR W W wwil luull’ i |Ula L1V

and sequenced through operational modes to the maximum extent practicable,
with the exception of units that may sustain damage if energized. Continuous
monitoring of several perceptive pararrieters, including input and output
parameters, and the vehicle main bus by a power transient monitoring device, shall
be provided to detect intermittent failures.

6.2.5 Vibration Test, Vehicle Qua afugg; ion. The vibration test may be -
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can be excited more effectively via inte face vibration than by an acoustic field.
Such vehicles typically have a mass under 180 kilograms {400 pounds).

I
ict
\

6.2.5.1 Purpose. The vibration test demonstrates the ability 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 also verifies
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for items that have not been tested at a lower level of assembly.

6.2.5.2 Test Description. The vehicle and a flight-type adapter, in the ascent
configuration, shall be vibrated using one or more shakers through appropriate
vibration fixtures. Vibration shall be applied in each of 3 orthogonal axes, one
direction being parallel to the vehicle thrust axis. Instrumentation shall be installed
t0 measure, in those same 3 axes, the vibration mputs and the vibration responses

ttanmbhman nn nf Aritinal anAd ranrasantativa
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6.2.5.3 Test Levels and Duration. The test shall be conducted per 6.1.4 to
produce the required spectrum at the input to the vehicle or at attachment points
of critical or representative units, as specified. When necessary 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
typical version of the test for each axis involves accelerated acceptance -level
testing per 6.1.4.2 and applies the qualification spectrum for 2 minutes (same
basis as in 6.2.4.3). 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 reentry phase, extended testing shali be performed at a level no lower
than 6 dB below the qualification level.

6.2.54 ﬁunpjg_mm_x_ﬂegy_n;e_egn Same as 6.2.4.4, except that the
structural response shall also monit to e |“u"‘ that no

conditions occur.
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6.2.6 nd Leak T Vehicl lification

6.2.6.1 Purpose. These tests demonstrate the cap'abitity of pressurized
subsystems to meet the specified flow, pressure, and leakage rate requirements.

6.2.6.2 Test Description. The vehicle shall be placed in a facility that
provides the services and safety conditions required to protect personnei and
equipment during the testing of high-pressure subsystems and in the handiing of
dangerous fluids. Preliminary tests shall be performed, as necessary, to verify
compatibility with the test setup and to ensure proper control of the equipment and
test functions. The requirements of the subsystem including flow, leakage, and
regulation shall be measured while operating applicable valves, pumps, and motors.
The flow checks shall verify that the plumbing configurations are adequate.
Checks for subsystem cleanliness, moisture levels, and pH levels shall also be
made. Where pressurized subsystems are assembled with other than brazed or
welded connections, the specified torque values for these connections shail be
verified prior to the initial qualification leak check.

In addition to the high-pressure test, propeiiant tanks and thruster vaives shaii
be tested for leakage under propellant servicing conditions. The subsystem shall
be evacuated to the internal pressure normally used for propellant loading and the
pressure monitored for decay as an indication of leakage.

16.2.6.3 Test Levels and Dyrations.

a. For 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 held constant for a short dwell time, sufficient

" to assure that:the proper pressure was achieved within the allowed
test tolerance. The test pressure shall then be reduced to the MEQP

for leakage inspection.

b. For space vehicles, unless specified otherwise, the pressurized

n *
subsystems shall be pressurized to a proof pressure which is 1.25

times the MEOP and held for 5 minutes and then the pressure shail be
reduced to the MEOP. This sequence shall be conducted 3 times,
followed by inspection for leakage at the MEOP. The duration of the

evacuated propulsion subsystem leakage test shall not exceed the

time that this condition is normally experienced during propeliant
loading. " .

Annlmahlp safety standards shall be 3

followed in conductmg all tests Tests for detectmg external Ieakage shall be
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performed at such locations as joints, fittings, plugs, and iines. The acceptabie
leakage rate to meet mission requirements shall be based upon an appropriate
analysis. In addition, the measurement technique shall account for leakage rate
variations with pressure and temperature and have the required threshold,
resolution, and accuracy to detect any leakage equal t0 Or greater than the
acceptable leak rate. |f appropriate, the leakage rate measurement shall be
performed at the MEOP and at operational temperature, with the representative
fluid commodity, to account for dimensional and viscosity changes. Times to
achieve thermal and pressure equilibrium, test duration, and temperature sensitivity
shail be determined by an appropriate combination of analysis and development
test, and the resuits 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 Thermal Cycle Test, Vehicle Qualification

6.2.7.1 Purpose. The thermal cycle test demonstrates the ability 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
thermal vacuum test, can be selected as an alternate to the thermal vacuum test
(6.2.9 and Table VI).

6.2.7.2 Test Description. The vehicle shall be placed in a thermal chamber at
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 necessary to reach stabilization at
the cold temperature. Vehicie operation shail 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 cold test temperature would cause condensation, the
temperature cycling 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 and stabilization of the expected temperature
extremes for several units. Auxiliary heating and cooling may be employed for
selected temperature-sensitive units {e.g., batteries). If it is necessary in order to
achieve the required temperature rate of change, parts of the vehicle such as solar
arrays and passive thermal equipment 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, inciuding testing of redundant units.
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6.2.7.3 Test Level and Duration. The minimum vehicle temperature range
shall be 70°C from the hot:to the cold condition (Table V). With the 70°C
qualification temperature range, the required number of cycles shall be 10. For
other ranges, see Table VI.. The average rate of change of temperature shall be as
rapld as practicable. !

6.2.7.4 §ugplgmentarx egwrements Continuous monltor:ng 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. Moisture condensation inside of electrical and eiectronic 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, multilayer insulation) shali be avoided.

6.2.8 Thetmal Balance Test, Vehicle Qualification

6.2.8.1 Purpgse. The thermal balance test provides the data necessary to
verify 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 balance 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).

6.2.8.2 Test Dgggriptign. 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 modei 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 eclipse
combinations so as to include the worst-case hot and cold temperatures for all
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 emphasis shall 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 external units to verify the vehicle thermal design and
analyses. The power requirements of all thermostatically or electronically
controlled heaters and coolers shall be verified during the test, and appropriate
control authority demonstrated.

The test chamber wnth the test item installed, shall provide a pressure of no
higher than 13.3 millipascal (10°% Torr) for space and upper-stage vehicles, or a
pressure commensurate with service altitude 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 cryogenié shrouds of sufficient area
and shape that are capable of approximating liquid nitrogen temperatures. The
vehicle thermal environment may be supplied by one of the following methods:

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

b. Incident Flux. The intensity, spectral content, and angular distribution
of the incident solar, albedo, and planetary irradiation are simulated.

c. [Equivalent Radiation Sink Temperature. The equivalent radiation sink

temperature is simulated using infrared lamps and calorimeters with

optical properties identical to those of the vehicle surface.

d. Combination. 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 vehicle thermal design such as vehicle geometry, 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 evaluate total vehicle performance within
operational limits as well as to identify unit problems. The vehicle shall be
operated and monitored throughout the test. Dynamic flight simulation of the
vehicle thermal environment should be provided unless the external vehicle
temperature does not vary significantly with time. (See 10.3 regarding formation
of a Test Evaluation Team.) -

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

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

b. Minimum external absorbed filux 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 thermal equilibrium and hence the test
duration,
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6.2.8.4 Supplementary Requirements. Success criteria depend not only on
survival and operation of each item within specified temperature limits, but also on
_correlation of the test data with theoretical thermal models. As a goal, correlation
of test resuits to the thermal model predictions shauld be within + 3°C. Lack of
correlation with the theoretical models may indicate either a deficiency in the
maodel, test setup, or vehicle hardware. The correlated thermal math model shall
be used to make the final temperature predictions for the various mission phases
(such as prelaunch, ascent, on-orbit, and disposal orbit).

6.2.9 LV m T Vehicl

6.2.9.1 Purpose. 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
margin, and to withstand the thermal stressing environment of the vehicle thermal
vacuum acceptance test plus a qualification margin on temperature range and
number of cycles. :

6.2.9.2 Test Description. The vehicie shaii be piaced 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 limits of
the temperature-sensitive units and similar unit qualification temperatures within -
each zone. Units that operate during ascent shall be operating and monitored for
corona and multipacting, as applicable, 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 allow sufficient time to monitor for
corona and muitipacting. Equipment that does not operate during launch shall
have electrical power applied after the lowest specified pressure level has been
reached. A thermal cycle begins with the vehicle at ambient temperature. The
temperature is raised to the specified high level and stabilized (3.5.7). Foilowing

the high-temperature soak, the temperature shall be reduced 10 the lowest

specified level and stabilized. Following the low-temperature soak, the vehicle
shall be returned to ambient temperature to complete one thermal cycle.
Functional tests shall be conducted during the first and last thermal cycle at both

the high- and low-temperature limits with functiona! operation and monitoring of

perceptive parameters during all other cycies. If simulation of the ascent
environment is desirable at the beginning 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 be programmed to simulate various orbital flight operations.
Execution of operational sequences shall be coordinated with expected
environmental conditions, and a complete cycling of all equipment shaII be

AT e L
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performed including the operating and monitoring of redundant units and paths.
Temperature monitors shall assure attainment of temperature limits. Strategically
placed witness plates, quartz crystal microbalance_s, or other instrumentation shall
be instailed in the test chamber to measure the outgassing from the vehicle and
test equipment. '

6.2.9.3 Test Levels and Duration. Temperatures in various equipment areas
shall be controiled by the external test environment and internal heating resulting
from equipment operation. During the hot and coid haif cycies, the temperature
limit is reached as soon as one unit in each equipment area is at the hot or cold
temperature reached during its qualification thermai 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 millipascal (104
Torr) for space and upper-stage vehicles and, for launch vehicles, at no higher than
the pressure commensurate with the highest possible service altitude. When the
alternate thermal cycle test {6.2.7} is not performed, the thermal vacuum
guaiification test shaii inciude at ieast 13 compiete hoi-coid cycies {Tabie Vi).
When thermal cycling is performed, the thermal vacuum qualification test shall
include at least 3 complete hot-cold cycles {Table VI}.

The rate of temperature change shall equal or exceed the maximum predicted
mission rate of change. The temperature soak {3.5.10) shall be at least 8 hours at
each temperature extreme during the first and last cycles. For intermediate cycles,
the soak duration shall be at least 4 hours. Operating time should be divided
approximateiy equaiiy between redundant units.

6.2.9.4 Supplementary Requirements. 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 tc detect intermittent
failures. It may be necessary to achieve temperature limits at certain locations by
altering thermal boundary conditions focally or by altering the operational sequence
to provide additional heating or cooling. Adjacent equipments may be turned on or
off, however, any speciai conditioning within the vehicie shaii generaily be avoided.
External baffiing, shadowing, or heating shall be utilized to the extent feasible.
The vehicle shall be operated over the qualification temperature range, although
performance within specification is not required outside of 10°C beyond the
maximum and minimum expected temperatures. -

6.2.10 ' Vehicl lification.
6.2.10.1 Purpose.  The mode survey test (or modal survey) is conducted to

experimentally derive a structural dynamic model of a vehicle or to provide a basis
for test-verification of an analytical model. After upgrading analytically to the flight
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configuration (such as different propellant loading and minor differences between
flight and test unit mass properties} this model is used in analytical simulations of
flight loading events to define the verification-Cycle structural ioads environment.
These loads are used to.determine structural margins 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, @ modal survey is aiso performed to
define or verify models used in the final preflight evaluation of structural dynamic’
effects on control subsystem precision and stability.

6.2.10.2 lﬁij_"é_i{‘zz_m_ The test articie shail consist of flighi-quality
structure with assembled units, payloads, and other major subsystems, and shall
contain actual or simulated liquids at specified fili-levels. For large vehicles,
complexity and testing prar':ticability may dictate that tests be performed on
separate sections of the vehicle. For large launch vehicles in particular, practicality
may also dictate use of an integrated program of ground and flight tests, invoiving
substantial flight data acquisition and analysis, to acquire the necessary data for
model verification. Wire harnesses may be installed for the mode survey test, but
are not required. Mass simulailors may be used to iepresent a mgru item whien its
attachment-fixed resonances have been demonstrated by test to occur above the
frequency range of interest established for the modal survey. Dynamic simulators
may be used for items that have resonances within the frequency range of interest
if they are accurate uynamic representations of the flight item. Alternatively, mass
simulators may be used if flight-quality items are subjected separately to a modai
survey meeting qualification requirements. All mass simulators are to include
realistic simulation of interface attach structure and artificial stnffemng of the test

bllublule blldll UE dVUIUUU.

The data obtained in the modal survey shall be adequate to define the resonant
frequencies and associated mode shapes and darnping values, for all modes that
occur in the frequency range of inreresh guuclauy Up 10 at least 50 Hz, In
addition, the primary mode shall be acquired in each coordinate direction, even if
its frequency lies outside the specified test range. The test modes are considered
to have acceptable qualtty when they are orthogonal with respect to the analytical

"Idbb llldl”K, l.U Wll.lllll |U pl‘:lbl‘:lil. lDE!‘: IU O IUQGIUIIIQ IUIIIIGLIU[I UI d IVbl.
Evaluation Team to facilitate deviations from these requirements.)

6.2.10.3 ]'_e_s_u.gie_lg The test is generally conducted at response ievels that
are low compared to the expected flight levels. Limited testing shall be conducted
to evaluate nonlinear behavior, with a minimum of 3 levels used when sngmfrcant

nonlinearity is identified.
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6.2.10.4 S.UD.DI_Q_'QEL‘ILY_Q_QL!M_QME
6.2.10.4. 1 Correlation Rggulrgmgm;, When the modal survey data are used

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

Using a cross-orthogonallty 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

W IRNFIIAS YL AR TWRIAS L W W WRF IR Ww s us RS LI Y RS

orthogonal to wnthnn 10 percent.

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

With adequate justification, limited exceptions to this standard of correlation are
acceptable for probiem modes; also, alternative quantitative techniques can be
used if their criteria for acceptability are r‘nmnarah!p

Nt F

N N Nk o RS A r R -

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

Establish adequacy of the test instrumentation.

Evaluate the test stand _and fixturing to preclude any boundary
condition uncertainties that could compromise test objectives.

Verify that mass simulators have no resonances within the frequency

-C.
range of interest.
.6.3 SUBSYSTEM QUALIFICATION TESTS
Subsystem qualification tests shall be conducted on subsystems for any of the
following purposes:
a. To verify 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 ¢, 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
wiring 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 leve! test requirements. Subsystem qualification test requirements are
listed in Table IX.

6.3.1 Structural Static Load Test, Subsystem Qualification.

6.3.1.1 Purpgse. The structural static load test demonstrates the adequacy
of the subsystem structures to meet requirements of strength 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 Test Description. The support and load application fixture shall
consist of an adequate replication of the adjacent structural section to provide
boundary to determine the proper sequencing or simuftaneity 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 load 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 loads 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 long as the failure modes are covered and the
design margins are enveloped by the test. For example, temperature effects, such
as material strength degradation and additive thermal stresses, can often be
accounted for by increasing mechanical loads. Analysis of flight profiles shall be
used in subsequent design modification effort, and to provide data for use in any
weight reduction programs. . Failure at design vield load means material gross
yielding or deflections which degrade mission performance. Failure at design
ultimate load means rupture or collapse. (See 10.3 regarding formation of a Test
Evaluation Team.) . o
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TABLE 1X. Subsystem Qualification Test Baseline.

. Launch
TEST E:::rergcﬁ Structure Ex Sgg;‘:n . Vehicle i?.’:.oad
B grap P Subsystem ring
Static Load 6.3.1 R o4 04 . R
Vibration 6.3.2 _ ' ‘
or ) . O'l 01 01,2 R5
“ Acoustic ) 6.3.3 ) '
" Thermal : : . |
Vacuum 6.3.4 -0 RS 0?2 o
Separation 6.3.5 R - - R
Mechanical , ' '
Functional 6.2.1.2 o o o* 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 being requnred)
O = "other” (low probability of being required;.3.5.4}

not required {negligible probability of being reqpired).

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 i
at the vehicle level.

3 Discretionary if performed at the vehicle level.

4 Required if not performed at another level of assembly.

5 Acoustic test required.

6.3.1.3 Test Levels and Duration

a. Static Loads. 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
load test shall be conducted at 1.0 times limit load for both manned
and unmanned flight.

b. Temperature. Critical flight temperature and load comblnanons shall
be simulated or taken into account.
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c. Duratign of Loading. 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. -

6.3.1.4 lementary Requirements. Pretest 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 jocate instrumentation, to determine the sequence of loading conditions, and to
provide early indications of anomalous occurrences during the test. This analysis
shall also form the basis for judging the adequacy.of the test loads. In cases
where a load or other environment has a relieving, stabilizing, or other beneficial
effact 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 simuiation of the actuai fiight ioads is extremely difficuit, or not
feasibie, multiple load cases may be used to exercise all structural zones to design
yield and design ultimate loads. '

6.3.2 Vibration Test, Subsystem Qualification

6.3.2.1 Purpose. Same as 6.2.5.1.

0.3.2.2 Jest D”‘rr‘;“ Same as 6.2.5.2

6.3.2.3 Lev nd Duration. Same as 6.2.5.3
6.3.2.4 Suppiemen ‘f Reguirements. Same as 6.2.5.4.
6.3.3 icT : m lification

6.3.3.1 Purpose. Same as §.2.4.1

6.3.3.4 Supplementary Requirements. Same as 6.2.4.4, as applicable.

8§34 Thermal \'Inr-unm Tesgt, Subsvstam Qualification
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6.3.4.3 Test Levels and Duration. Same as 6._2.9.3.
6.3.4.4 Supplementary Requirements. Same as 6.2.9.4.
6.3.5 rati lific

6.3.5.1 Purpose. The separation test demonstrates 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 explosive-ordnance shock levels. ‘For a payload fairing using
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 Description. The test fixtures shall replicate the interfacing
structural sections to simulate the separation subsystem boundary conditions
existing in the flight article. The remaining boundary conditions for the separating
bodies shali 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 a debris threat if detached When ambnent atmospheric pressure

may adversely afiect the tesi results, such as for largs fairings, the test

conducted in a vacuum chamber duplicating the aititude 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
specially marked target locations, accelerometers to measure the structural
response, and strain gages to verify load levels in structurally critical attachments.
(See 10.3 regarding formation of a Test Evaluation Team.)

shall be

6.3.5.3 Test Activations. A separation test shall be conducted to
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 additional 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
.......... ~ard ablhall s t =

fracture of structurai eiements, however, the lllalulll demonstrated shall be a
50 percent. In addition, debris risk shall be evaluated by conducting a test

rY-Y % s
OOl
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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 Supplementar '! Requirements. A post: -test inspection for debns shall

be conducted on the test article and in the test chamber.

6.4 UNIT QUALIFICATION TESTS

The unit qualification test baseline shall include all the required tests specified
in Table X. The "other" tests {3.5.4) deemed applicable, and additional special
tests that are conducted as acceptance tests on the unit, shall also be conducted
as part of qualification testing. Unit qualification tests shall normally be
accomplished entirely at the unit level. However, in certain circumstances, the
required unit qualification tests may be conducted partially or entirely at the
subsystem or vehicle levels of assembly. Tests of units 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 pressurized during operation, those conditions should be replicated during
unit qualification testing. Unit performance shall meet the applicable mission
requirements over the entire qualification environmental test range, to the
maximum extent practlcable At the end of all required qualification tests, the
qualification unit should 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 be applied. For example, a star sensor may be
considered to fit both "Electrical and Electronic™ and "Optical” categories. A
thruster with integrated valves would be consndered to fit both "Thruster” and
"Valve” categones

6.4.1 lnIT llflaln

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

6.4.1.2 ]'_e_s_t_gg_s_gnp_tl_oﬂ Electrical tests shall include application of expected
voltages, impedance, frequencies, pulses, and waveforms at the electrical
interfaces of the unit, including all-redundant circuits. These parameters shall be
varied throughout their specification ranges and the sequences expected in flight
operation. The unit output shall be measured to verify that the unit performs to '
specification requirements. Functional performance shall also include electrical
continuity, stability, response time, alignment, pressure, leakage, or other special
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TABLE X. Unit Qualification Test Baseline.

N Electricat Valve or Pressure )
Test Reference [Suggested| ~ ) ."" lAntennal MMA | Solar |Battery Propulsion | Vessel or |Thruster] Thermal| Optical Structural
Paragraph | Sequence Electronic Array Component | Component Component

-1
Inspection 45 1 R R R R R R R R R R R
Functional! 6.4.1 2 R R R R R Fl R R R -
Leakage? - 6.4.7 3,612 R ~ R — R R R 0 o - -
Shack 6.4.6 4 R o¢ o* o* ot ot o o? o* - o 0
Vibration 6.4.4 5 R RE R R® R R R A R RS o’
coustic 6.4.5 5 o R® _ A% _ — - - - R® -
cceleration 6.4.9 7 0 R 0 (3] 0 - O - — R -
hermal Cycle 6.4.2 8 R - — - - - - - - - -
hermal Vac 6.4.3 9 R R R R R R 0 R R R 0
Climatic 6.4.12 10 0 0 0O O o o o} 0 o 3] -
Proof 6.4.8 1 0 - o - 0 Al R R 0 - -
Pressure .
EMC 6.4.11 13 R 4] o - O - — - - - 5
Life 6.4.10 14 0 0 o o R o R R 0 o) 0
Burst 3 6.4.8 15 0 - S — o] o R o s) - -

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 being required}

O = "other” {low probability of being required; 3.5.4)

— = not required (negligible probability of being required).

Required before and following each test as appropriate. Include special tests as applicable {6.2}.
Required when component is sealed or pressurized.
Required when component is pressurized.

Notes: 1

2

3 .

4 Required when maximum expected shock spectrum in g's exceeds 0.8 times the frequency in Hz.
5

6

Either vibration or acoustic test required, whichever is more appropriate, with the other discretionary.
For pressure vessels, test per MIL-STD-1522. For pressure components, other than bellows and
other flexible fluid devices or lines, life tests are discretionary,
Test required if the structural component has a low margin for fatigue, or is not subjected to a static
strength qualification test {6.4.4.6).
8 For pressurized structures, the pressure cycle test (6.4.8.2b and 6.4.8.3c) shall be required.

~

—
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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 performance in each
redundant mode of operation during the test,

6.4.1.3 §upplgmgn;grg‘ Requirements. Functional or monitorihg tests shall be

conducted before, during, and after each of the unit tests to detect equipment
anomalies and to assure that performance meets specification requirements.

6.4.2 Thermal Cycle Tfest. Electrical and Electronic Unit Qualificatign

6.4.2.1 Purpdse. 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 Test Description. With the unit operating {power on} and while
perceptive parameters are being monitored, the test shail 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 (3.5.7) at the hot
temperature, the unit shall be turned off and then hot started. Then, with the unit
operating, the control temperature shall be reduced to the cold temperature and the
unit turned off.. To aid in reaching the cold temperature, the unit may be powered
off when the temperature of the unit is at least 10°C colder than its minimum
expected temperature (3.3.1). After the unit has stabilized at the cold
temperature, the unit shaill be cold started. Temperature change from ambient to
hot, to coid, and return to ambient constitutes one thermal cycle.

6.4.2.3 Test Levels and Duration

a. Pressure and Humidity. 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 terhperature. For example, the chamber may be flooded
with dry air or. nitrogen. Aiso, the last half cycle shall be hot
(Figure 1),
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6 Hr & Hr
Required |<_>| Based on I.-_ 1 Hr : —
Hot | | Maximum | |< 1
- ok n\\ Expected r'*"l r"*'—‘ : ﬂ‘*ﬁv—]
’ Jemperature Legend
’ . % Turn On
* Tum Off
. . ‘ Ty
Amble& N,\ l__

Based on

Minimum

Expecled

: ; Temperaiure
Increasing C—— - i 1 -%
Temperature Required gl / . i ‘
Cold N
— '
" y I I ,‘“1 Hr
6 Hr
First Cycle ' Intermediale
Lt - Cycles _ - Last Cycle

[ Bt - '1

Notes: 1. Operation is continuous except the compenent is turned off prior to cold and hot start.
2. To facilitate cool down, the component may also be turned off during cool down at temperalures below
the minimum expected temperature {3.3.1).

Figure 1. Typical Component Thermal Cycle Profile
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b. Temperature. 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 cycie
{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 1°C per minute.

c. Duration. Table VI shows the number of qualification thermal cycles
required for various situations. The last 4 thermal cycles shali be
failure free. Thermal soak durations (3.5.10) shall be 2 minimum of 6
hours at the hot and 6 hours at the cold temperature 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, remaining 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).

6.4.2.4 Supplementary Requirements. The requirements of the thermal cycle

test may be satisfied by extending the thermal vacuum test of 6.4.3, to achieve -
the number of cycles required to meet the requirements of Tabie Vi. Selection of
such an alternative requiresl 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, eiectrical and
electronic units, including all redundant circuits and paths, shall be cycled through
various operational modes. Perceptive parameters shall be monitored for failures
and intermittents to the maximum extent practicable. Units shall meet their
performance requirements within specification aover 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 complete 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 1). oo

6.4.3 Thermal Vacuum Test. Unit Qualification

6.4.3.7 Purpose. The thermai 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 testlng imposed on flight units during acceptance testing. It also

cearvae tn uﬂ'riﬁt th ||n fh H
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6.4.3.2 Test Description. 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 1o the
temperature limits used in the vehicle thermal design analysis or appiicable
unit-to-vehicle 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
multipaction, a space nuclear radiation environment shall be simuiated by a

S e S mamn xS s smad gmam s e -
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The chamber pressure shall be reduced to the required vacuum conditions.
Units that are required to operate during ascent shall be operating and monitored
for arcing and corona during the reduction of pressure to the specified lowest
levels and during the early phase of vacuum operation. At vacuum pressures
beiow 133 millipascals (103 Torr), units shall be monitored as appropriate to also
assure that multipacting does not occur. Units that do not operate during launch
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shall have electrical power applied after the test pressure level has been reached.

A thermal cycle begins with the conductive or radiant sources and sinks at
ambient temperature. With the unit operating and while perceptive parameters are
being monitored, the unit temperature is raised to the specified hot temperature
and maintained. All electrical and electronic units that operate in orbit shall be
turned off, then hot started after a duration sufficient to ensure the unit internal
temperature has stabitized (3.5.7), and then functionally tested. With the unit
operating, the component temperature shail be reduced to the specified coid
temperature. To aid in reaching the cold temperature, the unit may be powered off
when the temperature of the unit is at least 10°C colder than its minimum
expected temperature {3.3.1). After the unit temperature has reached the
specified cold temperature, the unit shall be turned off (if not previously turned off
during the transition) until the internal temperature stabilizes (3.5.7) and then cold
started and functionally tested, continuing to maintain the unit at the specified -
temperature until the end of the soak. The temperature of the sunks shall then be

_____ [ e —— e e — 1t o -l L _atal e o

. raised 10 ambient conditions. This constitutes one compiete therm cycie.
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6.4.3.3 Test ggggd ug;g

a. Er_e;_gm_e. For units required to operate during ascent, the time for
reduction of chamber pressure from ambient to 20 pascals {0.15 Torr)
shall be at least 10 minutes to allow sufficient time in the region of
critical pressure. The pressure shall be further reduced from 20
pascals for operating equipment, or from atmospheric for equnpment
which does not operate during ascent, to 13.3 millipascals {10* 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. JTemperature. "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
limited to 3°C above the propeliant freezing temperature. . The
transitions between hot and cold should be at an average rate greater
than 1 °C per mmute

c. Duration. The number of thermal cycles shall be as given in Table VI.
Thermal soak durations {3.5.10) shall 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 Supplementary Requirements. The 25-cycle test is applicable to units

containing electrical or electronic elements where environmental stress screening is
imposed for acceptance testing. For nonelectrical and nonelectronic units, the 6-
cycle test applies {Table VI)

Functional tests shall be conducted after unit temperatures have stablllzed 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 electronic units, including all redundant circuits and paths, shall be
cycled through various operational modes. Perceptive parameters shall be
monitored for failures and intermittents to the maximum extent practicable. Units
shall meet their performance requirements within specifications over the maximum
expected temperature range extended by 10°C at the hot and cold limits.

For moving mechanica} assemblies, performance parameters (such as current
draw, resistance torque or:force, actuation time, velocity or acceleration} shall be
monitored. Where practicable, force or torque margins shall be determined on
moving mechanical assemblies at the temperature extremes. Where this is not
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practicable, minimum acceptable force or torque margin shall be demonstrated.
Compatibility with operational fluids shall be verified at test temperature extremes

II.PUI.I b e S U el bl

for valves, propuls:on units, and other units as appropriate.
6.4.4 Vibration Test, Unit Qualification

6.4.4.1 Purpose. The vibration test demonstrates the ability of the unit to
endure a maximum duration of corresponding acceptance testing and then meet
requnrements durung and after exposure 10 the extreme expected dynamic

6.4.4.2 Test Description. 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 and pneumatic lines up to the first attachment point, instrumentation,
and other connecting items should be included as in the flight configuration. Such

a configuration shall be required when units that employ shock or vibration

isolators are tested on their isglators. The suitability of the fixture and test control

means shall have been established prior to the qualification testing (6.4.4.5). The
unit shall be tested in each of 3 orthogonal axes. Units required to operate under
pressure during ascent shall be pressurized to simulate 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

ad
. shali be conditioned to be as close to the worst-case flight temperature as is

practicable and monitored for temperature during vibration exposure.

Units mounted on shock or vibration isolators shall typically require vibration
testing at qualification levels in two configurations. A first configuration is with
the unit hard-mounted to qualify for the acceptance-level testing if, as is typical,
the acceptance testing is performed without the isolators present. The second
configuration is with the unit mounted on the isolators to qualify for the fiight

environment. The unit shall be mounted on isolators of the same ot as those used

in service, if practicable. Units mounted on isolators shall be controlled at the
locations where the isolators are attached to the structure. Hard-mounted units
shall be controlled at the unit mounting attachments.

6.4.4.3 Test Level and Duration. The test shall be conducted per 6.1.4. For
hard-mounted units, a typical version of the test involves accelerated
acceptance-level testing per 6.1.4.2 and applies the qualification level spectrum for

3 minutes per axis. This is based on a qualification margin of 6 dB, a maximum of
6 minutes of accumulated acceptance testing on a flight unit, and a fatigue

- equivalent duration in flight (3.3.3} of not greater than 15 seconds. Operating time

60




Downloaded from http://www.everyspec.éom

MIL-STD-1540C

should be divided approximately equally between redundant functions. When
insufficient test time 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 as necessary to complete
functional testing. :

6.4.4.4 Supplementary Requirements. During the test, ali electrical and
electronic units shall be electrically energized and functionally sequenced through

various operational modes to the maximum extent practicable. This includes all
redundant circuits, and all circuits that do not operate during launch. Several
perceptive parameters shall be monitored for failures or intermittents during the
test. Continuous monitoring of the unit, including the main bus by a power
transient monitoring device, shall 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 spectrum may be limited or notched,
but not below the minimum test spectrum for a unit {7.1.3). The vibration test
does not apply to a unit having a large surface causing its vibration response to be
due predominantly to direct acoustic excitation (6.4.5).

6.4.4.5 Fixture Evglga;ign The vibration fixture shall be verified by test to
uniformly impart motion to the unit under test and to limit the energy transfer from
the test axis to the other two orthogonal axes {crosstalk). The crosstalk levels
should be lower than the input for the respective axis. In 1/6-octave bands above
1000 Hz, exceedances 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 evaluated for crosstalk before testing to
qualification levels.

6.4.4.6 ial Considerations for Str ral Units. 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 equivalent duration in flight at the extreme expected level
(3.3.5). When a structural unit is not subjected to a static strength qualification
test, a brief random vibration qualification test shall be conducted with an
exposure to 3 dB above the extreme expected level. The duration shall be that
necessary to achieve a steady-state response, but not less than 10 seconds, to
demonstrate that ultimate ‘strength requirements are satisfied. ‘
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6.4.5 Acoustic Test, Unit Qualification

6.4.5.1 Purpose. The acoustic test demonstrates the ability of a unit having
large surfaces, whose vibration response is due predominantly to direct acoustic .
excitations, to endure a maximum duration of acoustic acceptance testing and then
meet requirements during and after exnosure to the extreme expected dvnamic
environment in flight (3.3.4). For such units, the acoustlc test shall be conducted
and the vibration test (6.4.4) is dlscretnonary

~ 6.4.5.2 Test Description. 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 support structure or

reasonahle simulation thereof. Smmflr‘anf fluid and nrpqqurp canditions shall he

replicated to the extent pract:cable Appropriate dynamuc instrumentation shall be
installed to measure vibration responses. Control microphones shall be placed at a
minimum of 4 well-separated locations at one haif 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.

6.4.5.3 Test Level and Duration. Same as 6.2.4.3 except the qualification

test duration shall he 3 minutes hased on a maximum of 8 minutes of accumulated

acceptance testing on a fllght unit.

6.4.5.4 Supplementary Requirements. Same as 6.2.4.4.
6.4.6 Shock Test, Unit Qualification

6.4.6.1 Purpose. The shock test demonstrates the capability of the unit to

and after nvnnenrn to tha axtrame Avpnf‘fnfl chocl
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environment in flight (3.3.7).

- 6.4.6.2 Test Description. The unit shail be mounted to a fixture through the
normal mounting points of the unit. The same test fixture should be used in the
gualification and acceptance shock tests. If shock isolators are to be used in
service, they shall be installed. The selected test method shall be capable of
meeting the required shock spectrum with a transient that has a duration

comnarahia tn tha duratian of the saxnected choack in flinht, A mounting of the un
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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. A transient having the prescnbed shock spectrum can be generated
within specified tolerances

b. The applied shock transient provides a-simultaneous application of the
frequency components as opposed to a serial application. Toward this
end, it shall be a goal for the duration of the shock transient to
approximate the duration of the service shock event. In general, the
duration of the shock employed for the shock spectrum analysis shall
not exceed 20 milliseconds.

6.4.6.3 Test Level and Exposure. 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 times 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 6f the 3 orthogonal axes at 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 dB of
the envelope of maximum expected spectra (3.3.7) from all events.

6.4.6.4 Supplementary Requirements. Electrical and electronic units,

including redundant circuits, shall be energized and monitored to the maximum
extent practicable, including those that are not normally operating during the
service shock. A functional test shall be performed before and after all shock
tests, and several perceptive parameters monitored during the shocks to evaluate
performance and to detect'any failures. Relays shall not transfer and shali not
chatter in excess of speciﬁcati‘on limits during the shock test.

A shock qualification test is not required along any axis for Whlch both the
followsng are satisfied: ,

a. The qualification random vibration test spectrum when converted to
an equivalent shock response spectrum (3-sigma response for
Q = 10} exceeds the qualification shock spectrum requirement at all
frequencies below 2000 Hz.

b. The maximum expected shock spectrum above 2000 Hz does not
exceed g vaiues equal to 0.8 times the frequency in Hz at ali
frequencies above 2000 Hz, corresponding to a velocity of 1.27
meters/second (50 inches/second).

(+ ]
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6.4.7 Leakage Test, Unit Qualification

6.4.7.1 Purpose. The leakage test demonstrates the capability of pressurized
components and hermetically sealed units to meet the specified design leakage rate
requirements.

6.4.7.2 TYest Description. 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 leakage equal to or greater than
the maximum acceptable leak rate. Consideration should be given to testing units
at differential pressures greater or less than 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 Test Level and Duration. 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
seals are dependent upon pressure for proper sealing. The test duration shall be
sufficient to detect any significant leakage. :

6.4.8 Pressure Test, Unit gualifiga_;ign

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

6.4.8.2 Test Description
a. E@ﬁ_ﬁm}ﬁsj For items such as preéssurized structures and
pressure components, a proof test with 8 minimum of 1 cycle of proof
pressure shall be conducted. Evidence of either ieakage, a permanent
sat or distortion that exceeds a drawing tolerance, or failure of any
kind shall constitute failure to pass the test.

e
L

b. Pressure Cycle Test. For pressurized structures and pressure vessels,
a pressure cycle test shall be conducted. Requirements for application .

PR A ey r vy | ~ s th imtarnal arnccniroe Anirins tastina

01 gxternan |Uaua in bUlllUlllﬂllUll 'V\rlul interna: pressures Guring esung
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 tensile stresses are enveloped by the test pressure stress,
the application of external load is not required.

Burst Test. The pressure shall be increased to the design burst
pressure, while simultaneously applying the uitimate 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 design burst pressure, the '
pressure shall be increased to actual burst of the vessel, and the
actual burst pressure shall be recorded.

T Levels and Duration

Temperature and Humidity. 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 are suitably adjusted to account for
temperature and hurmdrtv effects on material strength and fracture
toughness.

Proof Pressure. Unless otherwise specified, the minimum proof
pressure for pressunzed structures shall be 1.1 times the MEOP. For
pressure vesseis, 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

,,,,,,,,, P, P I.-..-.H [

was achieved. r:xcept that for pressure vessels, the hoid time shail be

~a minimum of 5 minutes unless otherwise specified.

B_g;_s_u_e__c_y_c_e Unless otherwise specified the peak pressure for

[, PU. e iipim e Ao~ 1y 3

pressurlzeu structures shall l::qual the MEQOP guring eacn \,yulc, and
the number of cycles shall be 4 times the predicted number of
operating cycles or 50 cycles, whichever is greater. For pressure
vessels, the test shall comply with the requirements specified in

ARAID TN 1ED7)
ML o i IJLL.

M&M- Unless otherwise specified, the minimum 'design burst
pressure for pressurized structures shall be 1.25 times the MEOP. For

re uneenl irn i
pressure vessels and pressure components, the minimum design burst

pressure shall.comply with MIL-STD-1522. The design burst pressure
shall be malntamed for a period of time just sufficient to assure that
the proper pressure was achieved. :
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6.4.8.4 Supplementary Requirements. Applicable safety standards shall be

followed in conducting all tests. Unless otherwise specified, the qualification
testing of pressure vessels shall include a demonstration of a leak-before-burst
(LBB} failure mode using pre-flawed specimens as specified in MIL-STD-1522. 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 Acceleration Test, Unit Qualification

6.4.9.1 Purpose. The acceleration test demonstrates the capability of the
unit 1o withstand or, if appropriate, to operate in the qualification level acceleration
environment.

4

6.4.9.2 Test Description. The unit shall be attached, as it is during flight

test fixture and subjected to acceleration in appropriate directions. The specifie
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 $ times the dimension of the test item measured along the arm. The
acceleration gradient across the test item should not result in accelerations that fall
below the qualification level on any critical member of the test item. In addition,
any over-test condition should be minimized to prevent unnecessary risk to the test

il 1 whioml i+ n
article. Inertial units such as gyros and platforms may require counter-rotating

fixtures on the centrifuge arm.

tn a
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6.4.9.3 Test Levels and Duration

a. Acceleration Level. The test acceleration level shall be at least 1.25
times the maximum predicted acceleration (3.4.8) for each direction
of test. The factor shall be 1.4 for manned flight.

b. Duration. Unless otherwise specified, the test duration shall be at
: least 5 minutes for each direction of test. A

6.4.9.4 Supplementary Requirements. If the unit is to be mounted on shock

or vibration isolators in the vehicle, the unit should be mounted on these isolators
during the qualification test.

118 Tansd [lats Mo alifinnsiam

4.10 Life Test, Unit Qualification

N

6.4.10.1 Purpose. 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 TYest Description. 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 envirgnments 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 operational cycles predicted during its
service life {3.5.6) with a suitable margin.

6.4.10.3 Test Levels and Durations.

a. Pressure. For pressurized structures and pressure vessels, the
pressure level shall be that specified in 6.4.8.3c. For other units,
ambient pressure shail be used except where degradation due to a
vacuum envnronment may be anticipated, such as for some unsealed
units: In those cases, a pressure of 13.3 millipascals (104 Torr) or

less shall be used. . .

b. Environmental Levels. The extreme expected environmental levels
shall be used. Higher levels may be used to accelerate the life testing,
provided that the resuiting increase in the rate of degradation is well

established ano that unrealistic failure modes are not introduced.

c. Duration. For pressurized structures and pressure vessels, the
duration shall be that specified in 6.4.8.3c. For other units, the total
operating 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 duration shall be at
least 4 times the specified servnce life.

d. Functional Duty nglg 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 at
sufficiently short intervals, so as to establish trends.

duratlon is dependent upon the number of samples, confldence, and reliability to be
demonstrated.. The mechanisms in each unit that are subjected to wearout shouid

be separately tested. For these mechanisms, the duration of the life test should
assure with hmh confidence that the mechanisms will not wear out riurlnn their

iYW YYD LA AA R ey e w e wma wE Ty me nwEae

service life. At the end of the life test, mechanisms and movmg mechanlcal
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assemblies shall be disassembled and inspected for anomalous conditions. The
hardware may be disassembled and inspected earlier if warranted. The critical
areas of parts that may be subject to fatigue failure shall be inspected to determine
their integrity.

6.4.11 Electromaanetic Compatibility {EMC) Test. Unit Qualification

6.4.11.1 Purpose. The eiectromagnetic 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 maifunction of other units.

6.4.11.2 Test Description. The test shall be cnndurtpd in accordance with

L.1 LU I LE SV YYD

the requirements of MIL-STD-1541. A evaluation shall be made of each unit to
determine which tests shall be performed as the-baseline requirements.

6.4.12 Climatic Tests, Unit Qualification

6.4.12.1 Purpose. These tests demonstrate that the unit is capable of

surviving exposure to various climatic conditions without excessive degradation, or
nna_rahnn during exposure, as annlmahln Exnosure conditiong include those

S e N § [ e AR ] A A AP SR W W e LESERS LS A

imposed upon the unit dunng fabrrcatron 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

o o AR Yrwiiud vnl.u LI

feasible, the flight hardware shall be protected from the potentially degrading
effects of extreme terrestrial natural environments by procedural controls and
special support equipment. Only those environments that cannot be controlled
need be considered in the design and testing.

6.4.12.2 ﬂumrdmj.e;uym_guaﬂm

6.4.12.2.1 Purnosa, The hnmrrhfv test demonstrates that the unit is canable
0.4, 72.2. 17 Furnoge, the unit I1s capa
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of surviving or operating in, if appllcable, warm humid environments. In the cases
where exposure is controlied throughout the life cycle to conditions with iess than
55-percent relative 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 Test Description and Levels. For units exposed to unprotected
ambient conditions, the humidity test shall conform to the method given in MiL-
STD-810. For units located in protected, but uncontrolled environments, the unit
shall be installed in a humidity chamber and subjected to the following conditions

(time line illustrated in Figure 2):

a.

Pretest Conditions. Chamber temperature shall be at room ambient
conditions with uncontrolled humidity.

Cycle 1. The temperature shall be increased to +35°C over a 1-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. These conditions shall be maintained for 2 hours. The
temperature shall then be reduced to +2°C over a 2-hour period with
the reiative humidity stabiiized at not iess than 895 percent. These

- conditions shall be maintained for 2 hours.
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o Q!glg Cycie 1 shall be repeated except that the te'mperature shall

DB ln(.rB'dbeu ll’Ulll 'I'L ‘u I.U TQU b ovér a ‘ HUUI pU”UU mOISIure |5
not added to the chamber until +35°C is reached

d. Cycle 3. The chamber temperature shall be increased 10 +35°C over
a 2-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 volume of air used per minute shall be

anal tn 1 tn flm ae tha tact rhamhar vnliima A ennfnhln container
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may be used in place of the test chamber for drying the test unit.

e. QCycle 4. 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 lementary Requirements. 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
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 Derlod to
reach the + 2°C and 90-percent relative humidity.’

6.4.12.3 Sand and Dust Test. Unit Qualification

6.4.12.3.1 Purpose. The sand and dust test is conducted t¢ 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 Test Description. The test requirements for the sand and dust
test shall conform to the method given in MIL-STD-810.
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6.4.12.4 Rrgin fgg;, Unit Qualification

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

6.4.12.4.2 Test Description. Buildup of the unit, sheiter, container, or the
cover being tested shall be representative of the actual fielded configuration
without any duct tape or temporary sealants. The initial temperature difference
between the test item and the spray water shall be a minimum of 10°C. For
temperature-controiled containers, the temperature difference between the test
item and the spray water shall at least be that between the maximum control
temperature and the coldest rain condition in the field. Nozzles used shall produce

a square spray pattern ar other overlapping pattern (for maximum surface

coverage) and droplet size predominantly in the 2 to 4.5 millimeter range at

approximately 375 kilopascals gage pressure (40 psig). At least one nozzle shall
be used for each approximately 0.5 square meter (6 ft?) of surface area and each
nozzle shall be positioned at 0.5 meter (20 inches) from the test surface. Ail
exposed faces shall be snraved for at least 40 minutes. The interior shall be

inspected for water penetration at the end of each 40-minute exposure. Evidence
of water penetratlon shall constitute a failure.

64125 S_a_t_QQ__Q}LJ.LLQ_tLMQm_O_

6.4.12.5.1 Purpose. The salt fog test 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 is protected against the salt fog environment by
suitable preservation means and protective shipping and storage containers.

6?4.12.5.2 Test Description. The requirements for the salt fog test shall
- conform to the method given in MIL-STD-810. .

6.4.12.6 Explosive Atmosphere Test, Unit Qualification

6.4.12.6.1 Purpose. The explosive atmosphere test is conducted to
demonstrate unit operability in an ignitable fuel-air mixture without igniting the
mixture -

6.4.12.6.2 Ig_s_t_gg_ss_p_:_o_ The test requirements for the exploswe
- atmosphere test shall con fnrm to the method given in MIL-STD-810.,
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SECTION 7

ACCEPTANCE TESTS

7.1 GENERA EPTANCE TEST REQUIREMENT

Acceptance tests shall be canducted as required to demonstrate the
acceptability of each deliverable item. The tests shall demonstrate conformance to
specification requirements and provide quality-cantrol assurance against
workmanship or material defrcrencres Acceptance testing is intended to stress
screen items to precipitate incipient failures due to latent defects in parts,
materials, and workmanship. However, the testing shall not create conditions that
exceed appropriate design safety 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 acceptance test conditions should envelope those of the various
programs or vehicle locations involved. Typical acceptance test levels and
durations are summarized in Table XlI, and are detailed in subsequent paragraphs.

The test baseline shall 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 envircnments would
result in physical deterioration of materials or other damage. In those cases, less
severe acceptance test environments that still satlsfy the system operatlonal
requrrements shall be used.

7.1.1 mperature Ran nd Number of Thermal C
Two requirements on the unit acceptance temperature range (Figure 3} are:

a. The range shall encompass the maximum and m:nlmum expected
temperatures (3.3.1).

b. The range should be as large as practicable to meet environmental
stress screenmg purposes A range of 105°C is recommended, and is

== v

the basis used in Tables V and Vi,

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 range
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

nar nnta T Af Tahla W l:nr 1inite avnneord to prunnnnm temperatures, accentance
PGI TIVLG W W7 T CMIYG ¥ ha AT PR WA WU LW Wi Y W L ol Ted 7 N WP g R W W

temperature limits shall encompass the highest and lowest temperatures with
appropriate uncertainty margins {Table Il). For units which do not contain electrical
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or electronic elements, the minimum acceptance test shall bé 1 thermal 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 shall reach

its acceptance cold temperature.
test is selected, the minimum temperature range shali be 50°C.

thermal vacuum and thermal cycles are specified in Table Vi.

R Y

If the ambient pressure thermal cycle alternative
The number of

Units

Vehicles

| 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).
i Acoustic Same as for vehicies. Enveiope of maximum
' expected spectrum (3.3.4)
} and minimum spectrum
: (Figure 4), 1 minute.
i 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*

1 cycle, -44 to +61°C (7.1.1).

4 cycles, -44 to +61°C

structures made of composite
material, or having sandwich
construction: 1.1 times limit
load.

Vacuum at 13.3 millipascals (10 4 | (7.2.8). Same pressure as
Torr). for units.
Thermal Cycle* 12.5 cycles, -44 to +61°C. See 7.2.7.
- Combined 8. 5 thermal cycles and 4 thermal See 7.2.7.
" Thermal Vacuum vacuum cycies, -44 to +61°C.
and Cycle*
Proof Load For bonded structures and Same as for units, but only

tested at subsystem level.

==

Proof Pressure

#== wﬁ———-—r

For pressurized structures, 1.1
times the MEQP. For pressure
vessels and other pressure

components, comply with MIL-
STD-1522

*See Tables V and VI.
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Prediction -#——® Test

61°C Typical

Maximum Expected
Temperature

*Thermal -2
Uncertainty
Margin

Analytical

‘Range "

*Thermal-
Uncertainty §
Margin

|

“Minimum Expected
Temperature

-44°*C Typical

Acceplancé Cold

Flfghtproof or
Protoqualification
Hot

}Margin (5" C)

}Margin (5" C)

Flightproof or
Protoqualification
Cold

Notes: @ Denotes limit for meeting performance requirements.

* Paragraph 3.3.1

Qualification Hot

Margin (10" C)

Margin (10" C)

Qualification Cold

FIGURE 3. Unit Predicted and Test Temperature Ranges.
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i
7.1.2  Acoustic Environment, Acceptance Tests. The acceptance test
acoustic spectrum shall be the maximum expected environment (3.3.4}, but not

less than the minimum free-field spectrum in Figure 4. The.minimum duration of
the acceptance acoustic test is 1 mmute -

7.1.3 MMMMMM The acceptance test random

vibration spectrum shall be 'the maximum expected environment (3.3.5), but not
below the minimum spectrum in Figure 5 for a unit or below the minimum
spectrum in Figure 6 for a vehicle. The minimum spectrum for a8 unit whose mass
exceeds 23 kilograms {50 pounds) should be evaluated on an individual basis. The
acceptance sinusoidal vibration amplitude, if significant, shall be that of the
maximum expected sinusoidal vibration environment (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
random vibration test shall be 1 minute for each of 3 orthogona! axes.

7.1.4 Storage Tests: Vehicle, Subsystem, or Unit Acceptance. Storage test

requirements consist of appropriate testing after storage (such as vibration,
thermal, and static load or pressure) based on the vehicle design, and the duration
and conditions of storage. 'ltems having age-sensitive material may require periodic
retesting and those having rotatnng elements may require periodic operation.

7.2 VEHICLE ACCEPTANCE TESTS

The vehicle acceptance test baseline shall include all the required tests
specified in Table Xll. The "other" tests {3.5.4) deemed applicable, and any
special tests for the vehicle element {such as alignments, instrument calibrations,
antenna 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 Functional Test, Vehicle Acceptance

7.2.1.1 Purpose. The functional test verifies that the electrical and
mechanical performance of the vehicle meets the performance requ:remems of the
specifications and detects any anomalous condition. :

7.2.1.2 Mechanical Functio ﬁgl Test. Same as the mechanical functional test
for vehicle qualification (6. 2 1. 2), except tests are only necessary at nominal

operational conditions. 1
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o
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: { S . 1
100 | 1 t 1 ! | [ 1 L 1 1 1
10 100 1000 10,000
1/3.OCTAVE BAND CENTER FREQUENCY, Hz
dB reference: 20 micropascals
Curve Values .
1/3-Octave-Band Minimum 1/3-Octave-Band Minimum
Center Frequency Sound Pressure Center Frequency Sound Pressure
iHz) Level {dBi {Hz) Level {dB} -
31 121 830 125
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
I‘ 250 127 5000 116
315 126.7 6300 115
400 126.5 8000 114
500 125.7 10000 113
Overall 138

FIGURE 4. -Min'imurn Free-field Acoustic Spectrum,
Vehicle and Unit Acceptance Tests.
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20to 150
150 t0 600 -
|| 600 to 2000 -

2000

0.0053

+3 dB per octave slope
0.04

-6 dB per octave slope
0.0036

The overall acceleration level is 6.1 grms,

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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MINIMUM POWER SPECTRAL
DENSITY, PSD (g2Hz)

0.002

0.01 . ,
3dB/0CT— !

 §dB/OCT
0.01

!
|
1
1
|

|

0.0025

N

f J

0.001 ’
10 20

100 150

FREQUENCY, Hz

600 1000 2000

Curve Values

Frequency (Hz)

Minimum PSD (g%/Hz)

20 0.002
20t0 100 + 3 dB per octave slope
100 to 1000 0.01
: 1000 to 2000 ~6 dB per octave slope
n 2000 0.0025

FIGURE 6. Minimum Random Vibration Spectrum,
Vehicle Acceptance Tests.
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TABLE Xil. Vehicle Acceptance Test Baseline.

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 O O O
Acoustic 2 724

or , or 6 0 R R

Vibration } 7.2.5 }

HThermal Cycie 7.2.7 8 0 0 0
Thermal Vac?3 7.2.8 .9 o) R R
Storage 7.1.4 any 0 0 0O

Ali vehicie quaiification requlrements 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 probabthty of being required; 3.5.4}

— not required {negiigibie probabiiity of being required}.

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

Z Vibration conducted in piace of acoustic test for a compacr vehicie,
typically with mass less than 180 kg (400 Ib).
3 Requirements modified if thermal cycle test (7.2.7) conducted.
——_— _———— — |

ional Test. Same as the
electrical functional test for vehicle qualification (6.2.1.3}, except that tests are
limited to critical functions-and are only necessary 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 critical features can be duplicated, as nearly as practicable, at the launch base.
The results of all factory functional tests, and of those conducted at the launch
base, shall be used for trend analysis.

7.2.1.4 §ggp ementary Requirements. Same as 6.2.1.4.
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7.2.2 neti mpatibility (EMC) T Vehicle Acceptance. Limited
EMC acceptance testing shall be accomplished on vehicles to check on marginal
EMC compliance indicated during vehicle qualification testing and to verify that
major changes have not occurred on successive proguction equipment. The limited .
tests shall include measurements of power bus ripple and peak transients, and

monitorinn of salected critical circuit naramnfnre
(BRI IRIRN"T )] l” W PRI PRIWARAT WP PV IR LWl e

7.2.3 Shock Test. Vehicle Acceptance

7.2.3.1 Purpose. 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 Dg;g ription. Same as 6.2.3.2, except that the dynamic
instrumentation may be reduced.

7.2.3.3 Test Activations. 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

rrelationship as they are to be used in flight. However, when the structure is

avnlasivals eavarard aec in tha raca nf a ehanad rharna elirh tactinn ic
GAPIUDI"“IY SCYLILW, OJ 111 LIS WAoo W o QU'QPGU Wb Il u‘? widwil Lol lu I

discretionary. To aid in fault detection, the shock test shouid be conducted with
subsystems operating and monitored to the greatest extent practicable.

7.2.4 Acoustic Test, Vehicle Acceptance

7.2.4.1 Purpose. The acoustic test simulates the flight or minimum
workmanship screen acoustic environment and the induced vibration on units in

~ b nummanmn mmatarial and wararbomnanchin Aafasnte that minkht nat ha Aatantad (s
UIUEI (19 URPU.“.DG THIGLE) |a| Q‘lu VUIALTIQIIDINY UTIGWLY WHial 'l"H'IL VL UT UCLCLLCU

static test condition. It also serves as an acceptance test for functional
subsystems, units, and interconnection items that have not been previously
acceptance tested.

-
LLE A - |

~ 7.2.4.2 TYest Description. Same as 6.2.4.2, except that the dynamic
instrumentation may be reduced.

T AN Tantd ! arveal amd Musadian Tha anniiotin anui
Ffede.a 1USL LVWYSL GG FUIGLIYIE. 11iQ abuua"“ Ciivi

defined in 7.1.2. Operating time for launch operating elements should be divided
approximately equally between redundant units. Where insufficient time is

o
“w o

~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 lower

than 6 dB below the acceptance level.
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7.2.4.4 Supplementary Requirements. Same as 6.2.4.4, except only units

that are operating or pressurized during launch, ascent, or reentry phase need be
energized and sequenced through operational modes,

7.2.5 Vibration Test. Vehicle Acceptance

7.2.5.1 Purpose. Same as 7.2.4.1. The vibration test may be conducted in
lieu of an acoustic test (7.2.4) for a compact vehicle which can be excited more
effectively via interface vnbratlon than by an acoustic field. Such vehicles typically
have a mass below 180 k;iograms {400 pounds).

7.2.5.2 ]‘_e_s_];_Qe_s_cgml_og Same as 6.2.5.2, except that dynamic
instrur_nentation may be requced.

7.2.5.3 Test Level and Duration. 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 Figure 6. Vibration shall be applied in each of the
3 orthogonal axes as tested for qualification. Where insufficient time is available
to test redundant circuits, functions, and modes that are operating during the
faunch, ascent, or reentry phase, extended testing shall be at a level no lower than
6 dB below the acceptance level.

7.25.4 _s_unple_me_mg_u_ﬂe_gw_rememg Same as 6.2.5.4, except only units

that are operating or pressurized during the launch, ascent, or reentry phase need
be energized and sequenced through operational modes. '

7.2.6 r Leak Vehicl n
7.2.6.1 Purpose. The pressure and leakage test demonstrates the capability

of fluid subsystems to meet the specified flow, pressure, and leakage
" requirements. h :

" 7.2.6.2 Test Description. Same as 6.2.6.2.

7.2.6.3 Test Levels and Durations,

a. Same as 6.2.6.3a.
b. Same as 6.2.6?.3b, except only 1 pressure cycle.

7.2.6.4 &Mmgn;a_ry_ﬁ_e_qmm Same as 6.2.6.4.
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7.2.7 Thermal Cycle Test, Vehicle Acceptance

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

7.2.7.2 Test Description. Same as 6.2.7.2.

7.2.7.3 Yest Level and Duration. The minimum temperature range shall be
50°C. The average rate of change of temperature from one extreme to the other

ShuI! be as rnpld as pr:ntlcable ﬂnnratlng time ehnnlr! he rhundnrl apprnxgmate;y

equally between redundant circuits. The minimum number of thermal cycles shall

be 4 (Tables Vv and Vi).

7.2.7.4 Supplementary Requirements. Same as 6.2.7.4. If the thermal cycle
test is implemented, only one thermal cycle is required in the thermal vacuum
acceptance test specified in 7.2.8.

7.2.8.1 Purpose. 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 Description. Same as 6.2.9.2.

7.2.8.3 Test Levels and Duration. Temperatures in various e

| o
shall be controlled by the externa! 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 shall be maintained at or
below 13.3 millipascals (10'4 Torr). For jlaunch vehicles, the pressure shall be

~ maintained at equal to or less than the pressure commensurate with the highest

possible service altitude.

Operating time should be divided approximately equally 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 least an 8-hour soak at the hot and cold temperatures during the first and
last cycles. For intermediate cycles, the soak duration at each temperature
extreme shall be 4 hours minimum. The soak duration shall be extended as

_ necessary 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 cycle shall be conducted with an 8-hour minimum soak duration at hot and
cold temperatures (Tables V and VlI).
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During one cycle, thermal equilibrium shall be achieved at both hot and cold
temperatures to allow collection of sufficient data to verify the function of any
thermostats, louvers, heat pipes. electric heaters, and to assess the control
authority of active thermal subsystems. . '

7.2.8.4 lementary Requirements. 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. -

7.3 SUBSYSTEM ACCEPTANCE TESTS

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

a. The relative accessibility of the subsysiem 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 usually based
on vehicle-level test requirements.

7.3.1 Proof Te‘ r ral m A n

7.3.1.1 Purpose. The proof load test shall be required for all bonded
structures, and structures made of composite material or having sandwich
construction. It detects material, process, and workmanship defects that would
respond to structural proof loading. The proof load test is not required if a proven
nondestructive evaluatnon method, with well established accept and reject criteria,
is used.

7.3.1.2 Test Descriptions. Same as 6.3.1.2, except that every structural
element shall be subjected to its proof load and not to higher loading.

7.3.1.3 Test Level and Duration

a. Static Load. lfJnless otherwise specified, the proof load for flight
items shall be 1.1 times the limit load (3.4.6).

83



Downloaded from http://www.everyspec.com

MIL-STD-1540C

b. Duration. Loads shall be appliéd as closely as practicable to actual
flight loading times, with a minimum dwell time sufficient to record
test data.

7.3.2 Proof Pressure Test, Pressurized Subsystem Acceptance

7.3.2.17 Purpose. The proof pressure test detects material and workmanship
defects that could result in failure of the pressurized subsystem.

7.3.2.2 Test Description. Same as 6.4.8.2a.
7.3.2.3 Test Levels and Duration. Same as 6.4.8.3b.
7.4 UNIT ACCEPTANCE TESTS

The unit acceptance test baseline consists of all the required tests specified in
Table Xlll. 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 Xlil, the required tests
specified for each category shall be applied. For example, a star sensor may be
considered to fit both "Electrical and Electronic Equipment” 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
far thermal cvcling of ontics. 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 assembly category.

7.4.1 Functional Test, Unit Acceptance
7.4.1.1 Purpose. The functional test verifies that the electrical and

mechanical performance of the unit meets the specified operational requirements of
the unit.

7.4.1.2 Test Description. Same as 6.4.1.2.
7.4.1.3 Supplementary Requirements. Same as 6.4.1.3.

[+ 4]
™y
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TABLE XIIl. Unit Acceptance Test Baseline.

T —— -

Electrical Valve or Pressure
Test Reference [Suggested| ~ 4 Antenn%dMA Solar

Battery Propulsion | Vessel or Thruster| Thermal Optical Structural

Paragraph | Seauence | gioqyronic Array Component{ Component Component
Inspection 4.5 1 R R R R R R R R R R R
Functional 7.4.1 3 R R R R R f R R R R -
Leakaga? 7.4.9 4,7,12 R - [ S R R R 0 4] — -
Shack . 7.46 B o - - - - - - - - 0 -
Vibration 7.4.4 6 R R® R RP RS A 0 R R RO -
Acoustic 7.45 6 0 RS - S - - - - RE -
hermal Cycle 7.4.2 8 R - - - - - — - - - -
hermat Vac ~ 7.4.3 g R? 0 R7 o n® R o R R R 0
‘ear-in - 7.4.10 2 - - R - — [ - ‘R - —_ -
Proof Pressure 7.4.8 10 - - 0 —_ 0 R R 4] - —_ -
Proof Load 7.4.7 11 = N - — - - - - - - o8
EMC 7.4.11 13 o - - - - - - - - - -

All vehicle qualification requirements to be specified by the procuring agency (4.1).
Symbols {10.2.1.3) indicate the following:

R = baselme requirement {high probability of being required)

0O = "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. Include special tests as applicable (5.2}.

2 Discretionary for sealed or low-powered components.

3 Applicable only to sealed or pressurized components.

4 Required when shock levels are high {7.4.6.4}.

5 Either vibration or acoustic, whichever is more “appropriate, with the other duscretlonary

6 Test required if composite materials are used. The test may be omitted if proven nondestructive evaluation
- methods are used with well-established acceptance and reject criteria. ‘

7 Excluding hydrautic components for launch vehicles.

8 Not required for batteries that cannot be recharged after testing.

OYS1-aLS-TIN
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7.4.2 Thermal Cycle Test, Electrical and Electronic Unit Acceptance. If

qualification thermal cycle testing (6.4.2) was conducted in vacuum, the thermal
cycle acceptance test shall be performed in vacuum and combined with the test of
7.4.3. The combined number of cycles shall meet the requirements of Table

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

7.4.2.2 TYest Description. Same as 6.4.2.2 except, to aid in reaching the cold
temperature, 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 Test Levels and Duration
a. Pressure and Humidity. Same as 6.4.2.3a.

b. JTemperature. The hot and cold temperatures shall be the aeceptance
' temperature limits {7.1.1).

c. Duration. The minimum number of thermal cycles shall be 12.5, the
last two of which shall be failure free. For units subjected to the |
thermai vacuum test of 7.4.3, the number of cycies is reduced by the
number of thermal vacuum cycles imposed (Table VI). Temperature
soak durations {3.5.10) shall be a minimum of 6 hours at the hot and
6 hours at the cold temperature during the first and last cycle. For
the intermediate cycles, the soaks shaii be at least 1 hour long.
During 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 begsn at the time of unit start (Fugure
1). The transitions oefweeﬁ cold and hot temperatures should be at
an average rate of 3.to 5°C per minute and shall not be slower than
1°C per minute. Additional operation at the hot acceptance

' temperature shall be accumulated'so that the combined duration of
thermai cyciing, thermal vacuum (7.4.3}, and the 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 shail be

HN '3 = +*
failure free. For internally redundant units, the operating hours shall

consist of at least 150 hours of primary 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 Supplementary Requirements. 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 Thermal Vgcuum Test, Unit Agggp;gngg

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

7.4.3.2 Ig_s_LQ,e_s_c_rjp_:m Same as 6.4.3.2, except that the space nuclear
radiation environment need not be simulated.

7.4.3.3 Test Levels and Duration

a. Pressure. The pressure shall be reduced from atmospheric to 13.3
millipascals (104 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 faunch vehicle units, the
vacuum pressure shall be madified 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. '

b. Temperature. The hot and coid temperatures shall be the acceptance
" temperature Inmsts {(7.1. 1)

c. Duration. The basic requirement, except for electrical and electronic
units, is a single cycle with 6-hour hot and cold soaks (Tabie VI). For
electrical and electronic units, a minimum of 4 thermal vacuum cycies
‘shalt be used {Table VI}. 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 Mmu_ﬁe_qy_:gmem; Functiona) 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 electranic units, including all redundant circuits and paths, shall be
cycled through various operational modes. Perceptive parameters shall be
monitored for failures and intermittents to the maximum extent practicable. Units
shall meet their performance requirements over the maximum expected
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temperature range. Units shall be operated over the entire acceptance temperature

ranqe, althouah nnrfnrmnhr-n within specification i$ not required if the acceptance
ey SArui SRy FOILIIN T W s v il Il niwe MW W auvLwouialiv

test temperatures extend beyond the minimum or maximum expected
. temperatures.

For moving mechanical assemblies, performance parameters, such as current
draw, resistance torque or force, actuation time, velocity or acceleration, shall be
monitored. Compatibility of thrusters with their operatronal fluids shall be verified
at test temperature extremes.

7.4.4 Vibration Test, Unit Acceptance

7.4.4.1 Purpose. The vibration test detects material and WOrkmanship
defects by subjecting the unit to a vibration environment,

7.4.4.2 Test Description. Same as 6.4.4.2, except that attached hydraulic
and pneumatic lines are not required. Units mounted on shock or vibration

ienlatnre chatl narmalily ha toctad hard mnoiintad tn acciira that tha minim s
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spectrum shown in Figure 5 is input to the test item.

7.4.4.3 Test Level and Duration. The vibration environment shall be as .
defined in 7.1.3. The minimum spectrum is shown in Figure 5. Where insufficient
time is available 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.

7.4.4.4 Supplementary Requirements. Same as 6.4.4.4 and if the dynamic
test configuration (unit and fixture) changes from the qualification configuration,
then the fixture evaluation {6.4.4.5) shall be repeated before testing to acceptance
levels.

7445 ial Congiderations for Isolators. All isolators shall be lot tested in
at least one axis, with rated supported mass, to verify that dynamic amplification
and resonant frequency are within allowable limits. Test inputs may either be the

maximum expected random vibration level applied for at least 15 seconds, or be a
reference sinusoidal input having a frequency sweep rate not greater than 1 octave
per mmute

7.4.5 Acoustic Test, Unit Acceptance

.4.5.1 Purpose. The acoustic test detects material and workmanship

I HOEE 7N an P Tra e
1 W
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~

2 ]'_e_s_t_Qe_s_c_up_tm Same as 6.4.5.2.
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7.4.5.3 Test Level and Duration. The unit acoustic environment shall be as
defined in 7.1.2. 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 level no lower than 6 dB below the
acceptance level shall be conducted as necessary to complete functional testing.

7.4.5.4 Supplementary Requirements. Same as 6.2.4.4,
7.4.6 Shock Test, Unit Acceptance |

7.4.6.1 Purpgse. The shock test is intended to reveal material and |
- workmanship defects in units subject to high-level shock environments in flight.

7.4.6.2 Test Description. The unit shall be attached at its normal points to
the same fixture or structure used for its shock qualification test {6.4.6.2). The
unit shall be electrically energized and monitored. The test technique employed
shall be identical to that selected for its qualification, differing only 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 intermittents to the maximum extent practicable.

7.4.6.3 Test Level and Exposure. The shock response spectrum in both’
directions of each of 3 orthogonal axes shail 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 Supplementary Requirements. 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 3200gq, the test is required.

7.4.7 Proof Load Test. Structural Unit Acceptance

7.4.7.1 Purpose. 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 well established accept and reject
criteria, is used instead. '

7.4.7.2 Yest Descriptions. Same as 7.3.1.2.
7.4.7.3 Test Level and Duration. Same as 7.3.1.3.
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7.4.8 Proof Pressure Test, Unit Acceptance

~ 7.4.8.1 Purpose. The proof pressure test detects material and workmanship
defects that could result in failure of the pressure vessel or other units in usage.

'7.4.8.2 Test Description. Same as described in 6.4.8.2a.

7.4.8.3 Test Level and Duration. Same as 6.4.8.3a and b.

7.4.8.4 Supplementary Regquirements. MIL-STD-1522 and applicable safety
standards shall be followed. ‘

7.4.9 Leakage Test, Unit Acceptance

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

7.4.9.2 Test Description. The unlit leak checks shall be made using the same
method as used for qualification.

7.4.9.3 Test Level and Duration. Same as 6.4.7.3.
7.4.10 Wear-in Test, Unit Acceptance

7.4.10.1 Purpose. 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 Test Description. While the unit is operating 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
period. 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 failures, functional cyciing shall be conducted at ambient
temperature. For thrusters, a cycle is a hot firing that includes a start, steady- state
operation, and shutdown. For hot firings of thrusters utilizing hydrazine
propellants, action shall be taken to assure that the flight valves are thoroughly
cleanead of all traces of hvdrazine following the test firings. Devices that have
extremely limited life cycles, such as posmve expuision tanks, are excluded from
wear-in test requirements.

w
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7.4.10.3 Test Levels and Duration.
a. Pressura. Amf)ient pressure should normally be used.

b. Temperature. '‘Ambient temperature shall be used for operatiohs if the
test objectives can be met. Otherwise, temperatures representative of
the operational environment shail be used.

¢. Duration. The 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 Supplementary Requirements. Perceptive barameters shalt be .

monitored during the wear-in test to detect evidence of degradation.

7.4.11 EMC Test, Unit Acceptance. Limited EMC acceptance testing shall 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 test levels. The tests should be restricted to
only those necessary to evaluate these critical characteristics.

N



Downloaded from http://www.everyspec.com

MIL-STD-1540C

SECTION 8
ALTERNATIVE STRATEGIES
The qualification testing in Section 6 provides a demonstration that the design,

manufacturing, and acceptance testing produces flight items that meet
specification requirements. In a minimum-risk program, the hardware items

" subjected to qualification tests are themselves not eligible for flight, since there has

haen no demonstration of rnmmmnn life from fatioue and wear standpoints, Yet
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programmatic realities of limited productlon tlght schedules, and budgetary limits
do not always provide 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 a 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

TET LTI NIOLT STy HRuyYGlow Uy

enhanced deveIOpment testing and by increasing the desugn factors of safety.

The strategies are intended for use in space vehicle programs that have a very

" limited number of vehncles

8.1 SPARES STRATEGY

This strategy does not alter the gualification and accentance test requiremant
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presented in Sectlons 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 completing the qualification 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 qualification

vehicle would then be certified for flight when it satisfactorily completes the

vehiclie 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 wouid be removed 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 flight.
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8.2 F STRATEGY

With a flightproof 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
alleviated to some degree by the fact that each flight item has met requirements
under acceptance testing at higher than normal levels. 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 acceptance. The test durations for the flightproof
test strategy are the same as those specified for acceptance. It is recommended
that development testing be used to gain confidence that adequate margin,
especially in a fatigue or wear sense, remains after the maximum allowed
~accumulated acceptance testing at the enhanced levels.

8.2.1 Vehicle Flightpr g‘ of Tests. The vehicle flightproof tests shall be

conducted as in 7.2 (Table Xll), with the fol!ow;ng modifications:

a. The vehicle shock test shall be conducted as in 6.2. 3 for the first
flight vehicle. 'For subsequent vehicles, only 1 activation of s:gnlflcant
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 first flight
vehicle, the tests shall be conducted with power on, to the extent
practlcable

c. The vehicle thermal vacuum tests shall be conducted as in 7 2.8,
except that the hot and cold temperatures shall be 5°C beyond the -
"acceptance temperatures for units (7.1.1). ‘

d. The vehicle thermal balance test shali be conducted on the first fiight
vehicle as in 6.2.8. :

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

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

g.- The modal survey shall be conducted as in 6.2.10 on the first flaght
vehicle.

+
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8.2.2 lightproof T The subsystem flightproof tests shall be

- 7 72 Im additinem a nranf laad tact cehall ha caandiintad Am <01
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it
structures in the structural subsystem. The proof load shall be equal to 1.1 times
the limit foad. -

8.2.3 u_ﬂ_gmn_o_q_f_Ig_s_t; The unit flightproof tests shall be conducted as
in 7.4 {(Table XIll), with the following modifications:

a. For the first'flight unit only, the shock test shall be conducted as in

P YW R v v N
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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.

b. 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 leve! {7.1.2 and 7.1.3}.

¢. The unit thermal vacuum tests shall be conducted as in 7.4.3, except
that the hot and celd 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.
d. '~ The unit thermal cycle tests shall be conducted as in 7.4.2, except
hall be 5°C beyond the

e s albe [ Y. | L Y Y- a- B =T -
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Si
acceptance test temperatures (7 1.1},
e. 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

o g sm o m e g cm cm e e e ocmm gmoam  anom am S EY [ w S e e 4

decepuance proygrain a» apeulleu in SeLLIUNS 0 anud 7.

8.3 PR Ti RATE

With a protoqualification strategy, a modified qualification {(protoqualification)
is conducted on a single item and that test item is considered to be availabie for
flight. The normal acceptance program in Section 7 is then conducted on all other

. flight items.
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8.3.1 Vehicle Protogualification Tests. The protoqualification tests shall be

conducted as in 6.2 (Table VIll}, with the following modifications:

8.3.2

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

The acoustic or random vibration tests shall 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 shail be 3 dB (instead
of 6 dB typically)} in place of the requirements in 6.1.4. If the test is
accelerated {6.1.4.2), the time reduction factor shall be based on the
reduced level margin per Table VII.

The thermal vacuum test shall be conducted as in 6.2.9, except that
the hot and cold temperatures shall be 5°C beyond the acceptance
temperatures for units {7.1.1) and the number of cycles shall be half

‘of those in Table Vi,

If the alternate thermal cycle test is conducted as in 6.2.7, then the
minimum vehicle temperature range shall be 60°C and the number of
cycles shall be half of those in Table Vi.

Subsystem Protoqualification Tests. 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 IX) 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 ultimate shall be 1.4 and the design safety factor for yield
shall be 1.25. .

8.3. 3 un_t_&p_tg_qugl__ﬁ_c_a_t_qnjgm The protoqualification unit tests shall be

conducted as in 6. 4 (Table. X), with the followmg modifications:

a.

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

The random vibration or acoustic tests shall be conducted as in 6.4.4
and 6.4.5, except that the duration factors shall be 2 linstead of 4)
and the level margin for the fiight environment shall be 3 dB {instead
of 6 dB typically). If the test is accelerated (6.1.4.2), the time
reduction factor shall be based on the reduced level margin per Table
Vil. '
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c. The thermal vacuum tests shall be conducted as in 6.4.3, except that
the hot and cold temperatures shali be 5°C beyond the acceptance
temperatures for units (7.1.1) and the number of cycles shali be half
of those in Table VI. .

2
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the hot and cold temperatures shall be 5°C beyond the acceptance
temperatures for units (7.1.1) and the number of cycles shall be half
of those in Table VI.

8.4 IN E RATEGIE

Various combinations of strategy may be considered depending on specific

nraaram nﬂncldnrnﬂﬂnc nnd fhn rlnnron nf rick dnnmor'l annnnf:hln . For axamnla
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the protoqguatification strategy for unuts (8.3.3) may be combined with the
flightproof strategy for the vehicle (8.2.1). In other cases, the flightproof strategy
would be applied to some units (8.2.3) peculiar to a single mission, while the
protoqualification strategy 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.
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'SECTION 9

PRELAUNCH VALIDATION AND OPERATIONAL TESTS

9.1 PRELAUNCH VALIDATION TESTS. GENERAL REQUIREMENTS

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. Prelaunch validation testing is usually divided into two phases:

Phase a. Integratgd system tests (Step 3 tests, MIL-STD-1833).

Phase b. Initial op:erational tests and evaluations (Step 4 tests,
MIL-STD-1833i.

During Phase a, the test series establishes the vehicle baseline data in the
factory preshipment acceptance tests. All factory test acceptance data should
accompany deiivered fiight hardware. When the iaunch vehicie{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 venfy that no changes have occurred in vehicle
parameters as a resuit of handiing and transportation to the iaunch base. The
launch vehicle(s), upper-stage vehicle(s), and space vehicle{s) may each be
defivered as a complete vehicle or they may be delivered as separate stages and
first assembled at the launch site as a complete launch system. The prelaunch
vaiidation 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 transportanon damage and demonstrate interface
compatibiiity.

During Phase b, initial operational tests and evaluations (Step 4 tests) are
conducted following the integrated system tests to demonstrate successful
mtegratlon of the vehicies WIU\ tne iaunch TaClIII\/, and that compatlmuty exisis
between the vehicle hardware, 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 beginis
somewhat armtrary since Ule {esis may be scheduied to ovenap in time. To the
greatest extent p;actlcable, the initial operational tests and evaluations are 1o
exercise all vehicles and sqbsystems through every operational mode in order to
ensure that all mission requirements are satisfied. These Step 4 tests shall be

A B e o Y e o _tal.
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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 plans, maintainability, supportability, and
logistics. These tests should assure compatibility with scheduled range operations
including range instrumentation.

9.2 PRELAUNCH VALIDATION TEST FLOW

Step 4 testing (MIL-STD-1833) 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 prelaunch validation test
flow shall follow a progressive growth pattern to ensure proper operation of each
vehicle element prior to progressing to a higher level of assembly and test. In

general, tests should follow the launch base bua!dua 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-stage
vehicles and space vehicies 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 vehicle(s),
upper-stage vehicle(s), and space vehicle(s), functional tests of each of the
vehicles shall be conducted to ensure its proper operation following the hnud!u-g
operations involved in mating. Vehicle cleanliness shall be monitored by use of
witness plates. In general, the Step 4 testing of the launch system-is conducted
first, then the Step 4 testing of the on-orbit space system is conducted.

9.3 PRELAUNCH VALIDATION TEST CONFIGURATION

DUring each test, the applicable 'vehicle(s) should be in their flight configuration
to the maximum extent ﬁraCticaUlc, consistent with safety, control, and |uuuut0ﬂnu
requirements. For programs 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 floating-point-
ground scheme that is connected to the flight vehicle single-point ground. Isolation
resistance tests shall be run to verify the correct grounding scheme prior to
gonnection to the flight vehicle. This reduces the possibility of ground equipment
interference with vehicle performance. All ground equipment shall be validated
prior to being connected to any flight hardware, to preciude the possibility of faulty
ground equipment causing damage to the flight hardware or inducing ambiguous or

~invalid data. Test provisions shall 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 PRELAUNCH VALIDATION TEST DESCRIPTIONS

The prelaunch validation tests shall exercise and demonstrate satisfactory
operation of each of the vehicles through all of their mission phases, to the
maximum extent practicable. Test data shall be compared to corresponding data
obtained in factory tests 1o identify trends in performance parameters. Each test
procedure used shall mc!udg test limits and 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 the results of post-test data analysis.

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

9.4.1.1 Simulators. Simulation devices shall be carefully controlied and shall
" be permitted only when there is no feasible alternative for conducting the test.
When it is necessary to employ simulators in the conduct of prefaunch valiidation
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 support equipment prior to connecting it to flight hardware.

'9.4.1.2 ive-ordnan iring Circui If not performed at an earlier point
in the factory test cycle, valldatlon that proper |gn|t|on energy levels are present at
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 shail be used
during these tests. 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 |gn|t|on threshold during power-on and arm cycles, and to
validate that proper ignition energy density is transmitted to the conducting pins of
- the EED at the fire command. Circuit continuity and stray energy checks shall be
made prior to cannection 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 Transportation and Handling Monitoring. Monitoring for shock and

vibration should be performed at a minimum of the forward and aft interfaces
between the shipping container transporter and the article being shipped, and on
the top of the article. Measurements should be on the article side of the interface
in all three axes at each location. The monitoring requires a sensing and recording
subsystem capable of providing complete time histories of the most severe events,
as well as condensed summaries of the events, including their time of occurrence.
A frequency response up to 300 Hz is required. Monitoring 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 Propulsion Subsystem Leakage and Functional Tests. Functional tests

of the vehicle propulsion subsystem(s) shall be conducted to verify the proper

upmauuu of all units, 1o the maximum extent p[dblldele Propuision suosystem
leakage rates shall be verified to be within allowable limits.

9.4.3 Launch-critical Ground Support Equipment Tests. Hardware associated
with ground subsystems that are flight critical and nonredundant (such as
umbilicals) shall have been subjected to appropriate functional tests under
simulated functional and environmental conditions aof launch. These tests shall
include an evaluation of radio-frequency (rf} interference between system
elements, electrical power interfaces, and the command and control subsystems.
On a new vehicle design or a significant design change 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 electromagnetuc interference
environment,

9.4.4 C_Q_mp_ﬁllllll_ity_Te_Sl._Qﬂ_QLbJ_LSls_tﬂm

9.4.4.1 Purpose. The compatibility test validates the compatibility of the
upper-stage vehicle, the space vehicle, the on-orbit command and control network,
and other elements of the space systemn. For the purpose of establishing the
compatibility testing baseline, 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 vehicle, when in orbit, to properly reSpond to the AFSCN
hardwara, software, and operations team as specified in the AFSCN Program
Support Plan. For programs that have a dedicated ground station, compatibility
tests shall aiso be performed with the dedicated ground station.

9.4.4.2 Tast Description. Facilities to perform on-orbit system comipatibility
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 telemetrv from the vehicles, as well as perform tracking and
ranging, thus verifying the system compatibility, the command software, the
telemetry processing software, and the telemetry modes. The required tests

mclude the followmg
'a. Verification of the compatibility 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 network(s).

c. Verification of the command and control network{s) capability 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 fOl: launch, ascent, and on-orbit mission phases.

9.4.4.3 Supplementary Requirements. The compatibility test should be run as

soon as feasible after the vehicles arrives at the launch base. The test is made
with every vehicle to verify system interface compatibility. The test shall be run
using the software model versions that are integrated into the operational on-orbit
software of the vehicle under test. A preliminary compatibility test may be run
prior to the arrival-of the vehicle at the launch base by the use.of prototype
subsystems, units, or simulators as required to prove the interface. Preliminary
compatibility tests may be fun using preliminary software. Normally, a preliminary
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 testedl" in the preliminary test shall be checked by the
compatibility 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 untll the space vehicle is in
orbit and lmtlallzed

9.5 - RATIONAL TEST

9.5.1 llow-on Operational T nd Evaluations. Follow-on Operational
Tests and Evaluations shall be conducted at the faunch site in an operational
environment, with the equipment in its operational configuration. The assigned
operating personnel shall identify operational system deficiencies. (Step 5 in MIL-
- STD-1833). "

9.5.2 On-orbit Testing. On-orbit testing should be conducted to verify the
functional integrity of the space vehicle following launch and orbital maneuvering.
Other on-orbit testing requirements are an important consideration in the design of
any space vehicle. For example, there may be a need.to calibrate on-line
equipment or to verify the operational status of off-line equipment while in orbit.
However, on-orbit testing is dependent on the built-in design features, and if
testing provisions were not provided, the desired tests cannot be accomplished.
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On-orbit tests are, therefore, so program peculiar that specific requirements are not
addressed in this Standard.

9.5.3 Tests of Reusable Flight Hardware. 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 support equipment, that performs its mission while attached to a
recoverabie launch vehicle, is an example of a candidate for reuse. The reusable
equipment would be subjected to repeated exposure to test, launch, flight, and

recoveary environments throughout ite gervice life,, Tha accumulated exposure time

of equupment retained in a recoverable vehicle and of airborne support equipment is
a function of the planned number of missions involving this equipment and the
retest requirements between missions.. The environmental exposure time of
airborne support equipment is further dependent an whether or not its use is
required during the acceptance testing of other nonrecoverable flight equipment.

In any case, the service life of reusable hardware should include all planned reuses
and all planned retesting between uses. '

The testing requirements for reusable 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 allowable program risk. For those reasons,
specific details are not presented in this Standard. Similarly, orbiting space
vehicles that have completed their useful life spans may be retrieved by means of a
recoverable flight vehicle, refurbished, and reused. Based on present approaches,
it is expected that the retrieved space vehicle would be returned to the

nnnfrnﬂfnr'e factory far dicassembly nhusical ingnection, and refurhichmant, Al
LeWFI L) AW AW TGl LWl , "l ul\'u"ﬂvlllul' P'l'\' WA pvv;lvl I' Sl TRl F Wil I I ll. ity

originally specified acceptance tests should be conducted before reuse.
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SECTION 10

NOTES

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

10.1 INTENDED USE.

This Standard is intended for reference in applicable program specifications or
in other documents, to establish general test requirements for launch, upper-stage,
and space vehicles; and for their subsystems and units (components). The S
appiication of these test requurements to a particuiar 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 outlined in

RAIN ©TM _ 1099 "Thane DA e Cravind A Aa LY. |
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Computer Software Supporting Space Vehicles® and not included in this document.
DOD-STD-2167, "Defense System Software Development and DOD-STD-2168,
"Defense Svstem Software Quality Program,™ also address computer software.
Test requirements for qnarp parts and materials are in their detailed qnprifmatinnq

and not in this document

10.2 TAILQRED APPLICATION.

The technical requirements in each contract should be tailored to the needs of
that particular 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 nsks and potential costs of not imposing requnrements
must also be considered.

Tailoring isa continuing process' throughout the acquisition that should be
rmplementeo Dy ithe worumg USGO 1o siaie inhe tesung requuements
MIL-HDBK-340, "Application Guidelines for MIL-STD-1540," is a companion
document to this Standard that is intended to provnde helpful guidance information
for tailonng '

10.2.1 Iailoring in the Specifications. The Standard is organized to provude

- self-tailoring of the requirements to various applications when referenced in the
specifications. These features include an organization of requirements by test
cateqories, by item categories, by required/other/not-required categories. by
'weighting factors, and by alternative test strategies. The tailoring desired should

sk
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be implemented by the wording used to state the testing requirements in the
specifications or in other applicable contractual documents.

10.2.1.1 Test Categories. The major test cafegories in this Sténdqrd are:

Development tests (Section 5).

Qualification tests (Section 6}.

Acceptance tests (Section 7).

Flightproof and protoqualification tests (Section 8).
Prelaunch validation tests {Section 9).

Operational tests (Section 9}.

o ao0oo
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10.2.1.2 Jtem Categories. Space systems are composed of items in various
categories including ground 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, Qpper stage and space vehicles; Tables Vill and XII).
b. Subsystems (Table IX and 6.3).

c. Units (Tables X and XllI).

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

-10.2.1.3 “Required”, "Other", and "Not-required” Tests. "Required”, "other",
and “not-requnred" tests for each vehicle category are indicated by an "R", "O",
and "— respectlvely, in Tables Vi, IX X, Xll, and XIil. The following basis has

been used

a. "Required™ tests are the baseline tests that are required by this
' Standard because they are generally effective.

b. "Other” tests (3.5.4} are those that are usually ineffective and have a
- low probability of being required. Such tests must be evaluated on a
case-by-case basis. If the evaluation shows than an “"other” test is
effective, it becomes a "required” test for that case.

c. "Not-required” tests are generally ineffective and are not requnred by
this Standard.

" Unless modified by contract, the contractual compliance requirements include ali of

the "required” tests plus all "other” tests evaluated as required.
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10.2.1.4 Weighting Factors. Even for the required tests, not ail of the testing .
" requirements have an equal importance or equal weight. To avoid overstating
testing requirements, and.hence avoid excessive Costs, or numerous waivers,
various categories of weighting factors are associated with the requirements. The
primary weighting factors that are incorporated in the Standard are:

a. Weighting factor "a". "Shail” designates the most important
-weighting level the mandatory requirements. Unless modified by the
contract, the "shail" requirements constitute the firm contractual
compliance requirements. Any deviations require the approval of the
contracting offlcer.

b. Weighting fag:g r "b". "Shall, where practicable" designates
‘requirements or practices at the second highest weighting level.
Alternative requirements or practices may be used for specific
applications, 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, noncomgpliance with the "shaf,
where practicable™ requirements does not require approval of the
contracting officer.

g al _ ab_

W_ng_ll{LQg_ﬁ_QlQ_Q_ "Should™ designates the third weighting ievei.
Unless required by other contract provisions, noncompliance with
these "should™ requirements does not require documented technical
substantiation, and does not require approval of the contractlng
officer. ' :

d. Weighting factor "d™. “"May" designates the lowest weighting level.
In some cases,; these "may" requirements are stated as examples of-

‘acceptable practices. Unless required by other contract provisions,
noncompliance with the "may" requirements does not require approvat
of the contracting officer and does not reqmre documented technical
substantlatlon

10.2.1.5 Alternative Test Strategies. The application of the alternative 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 life-cycle cost.
Any constraints on the use of the alternative test strategies must be stated in the

contract.

(o]
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10.2.2 Tailoring in the Statement of Work {SOW]).

10.2.2.1 Tailoring Summary. 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 agency

ehnnld anmnlata nufhnr Tnhln Yiv or Tﬂhln Y\I nr an ardantinn tharanf and ~ly
DIIUUI\‘ WUWINIMIGLY iU T Ui 7Y L=E¥ ]} Y Wi GUGPLIUII MIGI W, Gl (1% ] ll lh'uuc

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”
. (3.5.4). The latter pair 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 level 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, respectwely Suggested wording for the SOW is
as follows:
"XX. XXX Taiiori f Mil,-STD-1540C. Preliminary taiioring of MiL-STD-
1540C is provided in the attached Requirements Applicability Matrix. The
contractor shali review these tailored requirements and provide additional
recommended tallorlng and supportmg rationale for approval by the
contracting officer.”

10.2.2.2 Test Plans. Depending on the particular acquisition phase, it may be
difficult for the procuring agency to identify which "required” and "other" tests are
most effactive 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 Beview of Test Plans. Test plans and test procedures shall be
prepared based upon the test requirements stated in the program
specifications and the guidance provided in MIL-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 procuring agency wishes to formally review the applicable test plans'or

. procedures prepared by contractors, requirements for their preparation should be
stated in the Contract Data Requirements List (CDRL; 10.5).
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TABLE XIV. Requirements Applicability Matrix, General Form.

The matrix designators are as follows:

"Shall” defines minimum requirements.

A = Applicable as written
' - "Should™ and "may" language denotes

integrated System

Other items:

‘ guidance.
‘ - "Other" test denotes conduct to be
evaluated.
F = Fully Applicable ' - Al "should” or "may" language replaced
‘ with "shall”.
- All "other" tests changed to requured"
tests.
G = Guidance. only , - All information provided as good practice.
N = Not Applicable. " - " Requirements are not applicable.
Section “
Level of 8. Alternative | § 2
Assembly Strategies é ’g
o -
or Specific Item 'E = - . - § s 5
of @ 2 Q o © .::"..O:
. E|E @ & n g8 ,L2|¢h
. 5918 & |5 ® £ o=|Sg3%
- §5|s2|5e|l82] 5 = ©38|&8
sg|32|35%(88f & & <5 =2
: CE|AF[OR|<F| v« & o [£%
3 < 6 o iN ©® © @ o
Units 3 _ Il
Subsystems
Vehicles '

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

The matrix designators are as follows:

N
|
|

I

Applicable as written

"Shall” defines minimum requirements.
- "Should™ and "may" language denotes
guidance.
- - "QOther"” denotes test that may be required
subject to an evaluation.

All "should™ and "may” language replaced
with "shall”,

- All "other” tests changed to "required”
tests. '

F = Fully Applicable

G = Guidance only - Al information provided as good practice.

N = Not Applicable. - Requirements are not applicable.

ﬁ e ————— )|

| [l
i " Integrated

Sub Vehicles. Systems

Section Units systems

3. DEFINITIONS

4.2 TESTING PHILOSOPHY

4.3 PROPULSION EQUIPMENT TESTS

4.3.1 Engine LRU Acceptance Testing
4.3.2 Engine LRU Qualification Testing
4.4 FiIRMWARE TESTS

4.5 INSPECTIONS

_ 4.6 TEST CONDITION TOLERANCES

i 4.7 TEST PLANS AND PROCEDURES

4.7.1 ‘Test Plans

4.7.2 Test Procedures

4.8 RETEST

4.8.1 Ouring Qualification or Acceptance
4.8.2 During Prelaunch Validation

4.8.3

During Operational T_ests and Evaluations
4.9 DOCUMENTATION :

4.9.1 Test Documentation Files
5 4.9.2 Taest Data
! 493 Test Log

(table continued next page}

A
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" TABLE XV. Requirements Applicability Matrix, Detailed Form {(Continued).
(second of 5 pages)

Section Units Sub- Vehicles Integrated
systems Systems
5.1 GENERAL DEVELOPMENT TESTS ] ] |
5.2 PMP DEVELOPMENT TESTS AND 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 Deveiopment Tests
5.5.3 Structural Development Tests
5.5.4 Acoustic and Shock Development Tests
5.56.5 Thermal Balance Development Tests
5.5.6 Transport & Handling Development Tests
5.5.7 Wind-tunnal Development Tests

(table continued next bage)
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TABLE XV. Requirements Applicability Matrix, Detailed Form {Continued).
{third of 5 pages)

|| ’ o . Sub- ., ... Integrated
. 2ecuon LS SYStemS venicies SVS-thS
6.1 GENERAL QUALIFICATION TESTS
6.1.1 Qualification Hardware
6.1.2 Test Levels and Durations
6.1.3 Thermal Vacuum and Cycle Tests |
6.1.4 - Acoustic & Vibration Qualification Tests
6.2 VEHICLE QUALIFICATION TESTS - Baseline
6.2.1 Functional Test, Vehicle Qualification
6.2.2 EMC, Vehicle Qualification
6.2.3 Shock Test, Vehicle Qualification
6.2.4 Acoustic Test, Vehicle Qualification
6.2.5 Vibration Test, Vehicle Qualification
6.2.6 Pressure and Leakage, Vehicie Qualification
6.2.7 Thermal Cycle Test, Vehicle Qualification : . i
6.2.8 Thermal Balance Test, Vehicie Qualification
6.2.9 Thermal Vacuum Test, Vehicle Qualification
16.2.11 Mode Survey Test, Vehicie Qualiification
6.3 SUBSYSTEM QUALIFICATION TESTS - Baseline
6.3.1 Structural Static Load Test
6.3.2 . Vibration Test
6.3.3 Acoustic Test
6.3.4 ~ Thermal Vacuum Test
6.3.5 Separation Test
6.4 UNIT QUALIFICATION TESTS - Baseline
6.4.1 Functional Test
6.4.2 Thermal Cycle Test
6.4.3 - Thermal Vacuum Test _
6.4.4 Vibration Test [
|‘ 6.4.5 Acoustic Test
6.4.6 . Shock Test
6.4.7 Leakage Test
6.4.8 Pressure Test
6.4.9 Acceleration Test
§.4.10 Life Test
6.4.11 - EMC Test
6.4.12 Climatic Tests
|

(table continued next page)
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TABLE XV. - Requirements Applicability Matrix, Detailed Form {Continued).

7.1.1
7.1.2
7.1.3
7.1.4
7.2 VEHICL
7.2.1 '
7.2.2
7.2.3
7.2.4
7.2.5
7.2.6
7.4.7
7.2.8

{fourth of 5 pages)

Section
7.1 GENERAL ACCEPTANCE ,TESTS

Temparature Range & No. of Thermal Cycles

Acoustic Environment
Vibration Environment
Storage Tests

E ACCEPTANCE TESTS - Baseline

Functional Test

EMC Test

Shock Test

Acoustic Test

Vibration Test
Pressure & Leakage Test
Thermal Cycle Test
Thermal Vacuum: Test

7.3 SUBSYSTEM ACCEPTANCE TESTS

7.3.1

=T an
.. L

7.4.1
7.4.2
7.4.3
7.4.4
7.4.5
7.4.6
7.4.7
7.4.8
7.4.9
7.4.10
7.4.1

Proof Load Test ,

[= PP o o A P YT
Ut rigaauilg

7.4  UNIT ACCEPTANCE TESTS - Baseline

Furictional Test
Thermal Cycie Test
Thermal Vacuum Test
Vibration Test

" Acoustic Test

Shock Test

" Leakage Test

Proof Pressure T:est
Proof Load Test .
Wear-in Test

EMC Test

Sub- yehicles

Units X ]
systems

(table continued next page)
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- TABLE XV. Requirements Applicability Matrix, Detailed Form (Conti'nued).

{lact nf § nanasg)
\1ast of o pages)

Section Units Sub- Vehicles Integrated

systems Systems

8.1 SPARES STRATEGY

8.2 FLIGHTPROOF STRATEGY

8.2.1 Vehicle Tests

822 Subsystem Tests

8.2.3 Unit Tests

8.3 PROTOQUALIFICATION STRATEGY

8.3.1 Vehicle Tests

8.3.2 Subsystem Tests

8.3.3 Unit Tests

8.4 COMBINATION TEST STRATEGIES i

9  PRELAUNCH VALIDATION TESTS | i
9.1 GENERAL REQUIREMENTS

9.2 TEST FLOW : “
9.3 TEST CONFIGURATION
9.4 TEST DESCRIPTIONS

9.4.1 Functional Tests

9.4.2 Propulsion Leakage & Functional Tests

9.4.3 Critical Ground Support Tests

5.4.4 Compatibility Test, On-orbit System

9.5 FOLLOW-ON OPERATIONAL TESTS

9.5.1 Operational Tests and Evaluations

852 On-orbit Testing _

9.5.3 Tests of Reusable Flight Hardware ( | B

P  — —— —— ————— —————————————______———————— —
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TABLE XVI. Sample of Table XIV, Requirements Applicability Matrix,
' General Form.

The matrix désignators are as follows:

A = Applicable as writign - "Shall® defines minimum requirements.
- "Should” and "may” language denotes
guidance.
- "Other™ test denotes conduct to be
: evaluated.
F = Fully Applicable - All "should” or "may" language replaced
with "shall”. .
: - Al "other" tests changed to "required”
oo -~ tests. '
G = Guidance only o - All information provided as good practice.
N = Not Applicable. | - Requirements are not applicable. _
: ————— ———T
|| ' : o Section
Level of 8. Alternative | § £
' Assembly ‘ Strategies g @
or Specific tem ol . . sl 5 3
| gl |& |8 I
= b= c a LG
zs|8 |8 |8 | 8 2 p5|E8
55leulSe|82|l 8 5 cS|las
coi>w|l®%n|lvBl & E oo ®C
co|lpo|l3w|Ccet @ oo e
o |oF|PKk|9<+ - N @ [y
<« w |loe I~ o @ @ o
f 1
Units , F F F F | N N N F II
Subsystems o F F F F N N | N F
.Vehicles ; F F A G N N N F
Integrated System F F.1G G N N N F
Other items: ||
Spag:a Experiment - G G G G| G G G G “
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TABLE XVIl. Sample of Table XV, Requirements Applicability Matnx
£

am
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 evaluation
F = Fully Applicable - All "should” and "may” Ianguage replaced
‘ with "shall”.
- All "other" tests changed to "requnred"
tests. .
G = Guidance only - All information provided as good practice
N = Not Applicable. - Requirements are not applicable.
Sub- integrated
Section Units systems Vehicles Systems
3.  DEFINITIONS A A A A |
4.2 TESTING PHILOSOPHY A A A A |
4.3 PROPULSION EQUIPMENT TESTS A
4.3.1 Engine LRU Acceptance Testing A
4.3.2 Engine LRU Qualification Testing F .
4.4 FIRMWARE TESTS : G .-
4.5 INSPECTIONS A A A A |
4.6 TEST CONDITION TOLERANCES A A A A |l
4.7 TEST PLANS AND PROCEDURES A A A A i
4.7.1 Test Plans F F F A i
4.7.2 Test Procedures F F F A |
4.8 RETEST A A A A
4.8.1 During Qualification or Acceptance F F F A
48.2 During Prelaunch Validation A A
4.8.3 During Operational Tests and Evaluations A
4.9 DOCUMENTATION , :
4.9.1 Test Documentation Files F F F I
49.2 Test Data . F F F A ]
I4.9.3 Test Log : - F F A |
. !

(table continued next page)
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TABLE XVIl. Sample of Table XV, Requirements Applicability Matrix,

Detaile;d Form {Continued).

Section

GENERAL DEVELOPMENT TESTS

AR MCVE ADAACKIT TECTC AAMM CAZALIIA
PMP DEVELOPMENT TESTS AND EVALUA

SUBASSEMBLY DEVELOPMENT TESTS
IN-PROCESS TESTS AND INSPECTIONS

UNIT DEVELOPMENT TESTS ;
Structural Composite Development Tests
Thermal Development Tests

Shock & Vibration Isolator Development
VEHICLE AND SUBSYSTEM DEVELOPMENT TESTS
Mechanical Fit Development Tests

Mode Survey Development Tests
Structural Development Tests -

Acoustic and Shock Development Tests
Thermal Balance Development Tests
Transport & Handling Development Tests
Wind-tunnel Development Tests

115
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E
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Detailed Form (Continued). {(third of 5 pages)

’ - : Section

6.1 GENERAL QUALIFICATION TESTS

6.1.1
6.1.2
6.1.3
6.1.4

Qualification Hardware

Test Levels and Durations
Thermal Vacuum and Cycie Tests
Acoustic & Vibration Qualification

6.2 VEHICLE QUALIFICATION TESTS - Baseline

6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.2.7
6.2.8
6.2.9

8.3.1
6.3.2
6.3.3
6.3.4
6.3.5

6.4.1
16.4.2
6.4.3
6.4.4
6.4.5
6.4.6
6.4.7
6.4.8
6.4.9
"6.4.10
6.4.11
6.4.12

6.2.11

£ c
o9 -

Functional Test, Vehicle Qualification
EMC, Vehicle Qualification

Shock Test, Vehicle Qualification

Acoustic Test, Vehicle Qualification
Vibration Test, Vehicle Qualification
Pressure & Leakage, Vehicie Qualification
Thermat Cycle Test, Vehicie Qualification
Thermal Balance Test, Vehicle Qualification
Thermal Vacuum Test. Vehicle Qualification

Mode Survey Test, Vehicle Qualification
TERA NIIALHIEICATION TECTC _ Bacalina

[~
SITEW WUALITIWGA TNV e W 7 BaaGHTTe -

Structural Static Load Test
Vibration Test

Acoustic Test

Thermal Vacuum Test
Separation Test '

6.4 UNIT QUALIFICATION TESTS - Baseline

Functional Test .
Thermal Cycle Test
Thermal Vacuum Test
Vibration Test
Acoustic Test

Shock Test

Leakage Test
Pressure Test
Acceleration Test

Life Test

EMC Test

Climatic Tests

TABLE XVI. Sample of Table XV, Requirements Applicability Matrix,

Sub-

" Integrated

Systems

Units systemsveh'des
A A A
A A A
A A A
A A A
A A A

A
A
A
A
F
G
A
G
A
A
F

A

A

A

A

A

A

A

A
A
A
A
o
A
A
A
A
A
A
A

(table continued next page)
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TABLE XVII. Sample of Table XV, Requirements Applicability Matrix,
: Detailed Form {Continued). (fourth of 5 pages)

\ . Sub- . Integrated
, Section Units systems Vehicles Sy:tam_s

7.1 GENERAL ACCEPTANCE TESTS A G A
7.1.1 Temperature Range & No. of Thermal Cycles] A G A
7.1.2 Acoustic Environment A G A
7.1.3 Vibration Environment A G A
7.1.4 Storage Tests A A
7.2 VEHICLE ACCEPTANCE TESTS - Baselme A
7.2.1 Functional Test A
7.2.2 EMC Test A
7.2.3 Shock Test A
7.2.4 Acoustic Test A
7.25 Vibration Test A
7.2.6 Pressure & Leakage Test A
7.4.7 Thermal Cycle Test A
7.2.8 Thermal Vacuum Test A
7.3 SUBSYSTEM ACCEPTANCE TESTS A A
7.3.1 Proof Load Test’ A

7.3.2 Proof Pressure A

7.4  UNIT ACCEPTANCE TESTS - Baseline A

7.4.1 Functional Test A

7.4.2 Thermal Cycle Test A

7.4.3 Thermal Vacuum Test A

7.4.4 Vibration Test A

7.4.5 Acoustic Test A

7.4.6 Shock Test A

7.4.7 ' Leakage Test A

7.4.8 Proof Pressure Test A

749 Proof Load Test A

7.4.10 Wear-in Test A

7.4.11 EMC Test A

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

ll Section Units Sub- Vehicle lntegratq|
systems d -
S Systems
8.1 SPARES STRATEGY G |
8.2 FLIGHTPROOF STRATEGY N N N
8.2.1 Vehicle Tests N
8 2.2 . Subsystem Tests N
8.2.3 - Unit Tests . o N |-
I 8.3 PROTOQUALIFICATION STRATEGY N N N
8.3.1 Vehicle Tests N
8.3.2 Subsystem Tests N
8.3.3 Unit Tests ‘ N i
8.4 COMBINATION TEST STRATEGIES G N N
9 PRELAUNCH VALIDATION TESTS - G A
9.1 GENERAL REQUIREMENTS G A
£Q.2 TEST FLOW G A
9.3 TEST CONFIGURATION G A
9.4 TEST DESCRIPTIONS G A
9.4.1 Functional Tests G A
9.4.2 Propulsion Leakage & Functional G A
Tests
9.4.3 Critical Ground Support Tests G A
9.4.4 Compatibility Test, On-orbit System E-; A I
9.5 FOLLOW-ON OPERATIONAL TESTS G Al
9.5.1 Operational Tests & Evaluations A
9.5.2 On-orbit Testing A
9.5.3 Tests of Reusable Flight Hardware [ A ] A | A

-
-
o
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10.3 TEST EVALUATION TEAM.

As a cost containment and quality assurance measure, it is strongly
recommended that a joint contractor/procuring 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, and by quality assurance. The procuring agency should provide a
qualified technical representative to the team to perform the usual customer
monitoring 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 accompllshed by the contract terms, usually
as a Statement of Work (SOW} task. Suggested wording for the SOW is as
follows:

"xx.xxx Joint Agen ntr r T luation Team. As a cost
containment and quality assurance measure, the contractor shall establish
a test evaluation team for the mode survey qualification test, the thermal
balance gqualification test, and the (any other appropriate tests}. The Test
Evaluation Team shall '

a. Evaiuate the adequacy of the test conflguratton includmg
instrumentation, prior to the start of testing.

b. Provide guidarice in resolving technical problems and issues arising
during testing.

c. Expedite the disposition of discrepan'cies'and the approval of.
. corrective actipns,‘if required. '

d. Verify adequacy of the test results.
e. Recommend tear-down of the test setup.

{The procuring agency) will provide a technical representative to the Test
Evaluation Team to support team activities, monitor the test, and facilitate
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 des:gnated representative of (the procurmg
agency).”
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- 10.4 IN-PROCESS CONTROLS.

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 controls 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 DOCUMENTATION.

Documents, forms, technical manuais, and data are prepared and distributed in -
accordance wnth the Contract Data Requirements List (CDRL) of the applicable
contract. The daia an
unless invoked by the CDRL or the applicable contract.

Py i e e

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

_DID Number DID Title
Di-T-30714 Pian/Program Tes
DI-MCCR-80014A  Software Test Plan.
DI-MCCR-80017A  Software Test Report.
DI-ATTS-80041 Test Requirement Document.
DI-QCIC-80511 Installation Test Procedure.
DI-QCIC-80512 Installation Test Report.
DI-NDTI-80808 Test Plans/Procedures.
DI-NDTI-80809A
DI-FACR-80810

Test/Inspection Reports.
Test Facility Requirement Document (TFRD).

DI-ENVR-80861
DI-MGMT-80882
DI-MISC-80946

DI-MISC-80963

" DI-EMCS-81295

Environmental Design Test Plan.
Structural Test Plans.

Launch Vehicle Post-Flight Analysis.
Reentry Vehicle Data Report.
Electromagnetic Compatibiﬁty Test Plan. .
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MIL-HDBK-340

| MIL-HDBK-343
MIL-STD-1757
MIL-STD-1795
MIL-STD-1 809

DOD-STD-2167 -
DOD-STD-2168
~ DOD-E-83578

MIL-A-83577.

DNA-TR-84-140

Appllcatlon Guidelines for MIL- STD 1540 Test
Requirements for Launch, .Upper-stage, and Space .
Vehicles.

Desngn Construction, and Testmg Requarements for One

‘of a Kind Space Equipment.

Lightning Qualification Test Technlques for Aerospace
Vehicles and Hardware.

Lightning Protection of Aerospace Vehlcles and
Hardware. ,

Standard Space Environment for Air Force Space
Vehicles.

Defense System Software Development.
Defense System Quality Program.

Explosive Ordnance for Space Vehicles, General
Specification for.

Aésemblies, Moving Mechanical, for Space and
Launch Vehicies.

Satellite Hardness and Survivability; Testing Rationale for
El'ectronic Upset and Burnout Effects.

- 10.7 MANAGEMENT OF OPERATIONAL TE AND EVALUATION

The Air Force Opératlo'nal Test and Evaluation Center (AFOTEC) manages Air
Force operational tests and evaluations (OT&E) as directed or desngnated in one of
its three levels of anvolvement

a. Conducts OT&E.
b. Monitors OT&E.
c. Provides advisory role in the conduct of OT&E.

10.8 KEY WORD) LISTIN

Acceptance
Development
Hardware
Inspections
Operational
Qualification
Records

Software
" Test Baseline
" Test Plan
Test Procedure
Test Step
Testing
~ Test Requirements
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10.9 CHANGES FROM PREVIQUS ISSUES Marginal notations are not used in

this revision to identify changes with respect to the previous 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.

' Custodians S ' . Preparing Activity

Air Force - 19 Air Force - 19
. {Project No. 1810-F049)
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Accelerated testing, dynamic qualification 34
Acceleration taest, unit qualification 66
Acceleration, maximum predicted 11
Acceptance test .
baseline
levels & durations, tvplcal 73
units 85 )
vehicles 79
general requirements 72
isolator, special considerations 89
special tests 35, 53
storage 79
subsystem 83
unit 84
vehicle 75
~ Acoustic environment
extreme & maximum expacted 9
Acoustic test
acceptance spectrum 75
minimum 76
qualification margin & duration 31
replacement by vibration 40, 50, 78, 81
subsystem qualification 51
tolerances 18
unit
. acceptance 88 !
qualification 62
vehicle
acceptance 80 .
qualification 39
Airborne support equipment 4
- Alternative strategy 15
combination 96
discussion 105
flightproof 93
protoqualification 94
rationale 92
spares 92
Ambient environment 13 -
Application of Standard 1
guidetines in MIL-HDBK-340 (121
items covered 104
test categories 1

Burst
design pressure 10
factor 10

Climatic tests, unit qual:fncatlon 68
Combination test strategies 96 =
Compatibility test, on-orbit system 100
Contamination tolerance 13
Cryogenic
acceptance temperature range, units 72
qualification margins, units 57

INDEX

N
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thermal uncertainty margins, subsystems 6,7
Data item descriptions (DIDs) 120
Development test

acoustic 27

article for 5

mechanical fit 26

mode survey 26

part, material, process (PMP) 24

purpose 23

shock 27

shock & vibration |solator 26

structural 26

structural composite 25

subassembly 24

subsystem 26

thermal 25

thermal balance 27

transportation & handling 28

unit 24 )

vehicle 26

wind tunnel 28
Discrepancy, test 14
Documentation

deliverability 120

test data 22

test documentation file 22

test log 22

test procedures 20
Electrical & fiber-optic circuit test

vehicle qualification 36
Electromagnetic compatibility test

launch-critical ground support equnpment 100

umt .

acceptance 91
quaiification 68

vehicle qualification 37
Environmental stress screening 32 59, 72
Explosive atmosphere test .

unit qualification 71
Explosive ordnance

-device definition 5

DOD-E-83578 121

electromagnetic compatibility 38

prelaunch valldataon 99

[ ~horritinal Arnnd
lﬂull\-ll ul I“Uu WIS

100

Failure, test item 14
Fairing separation test

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

inspection after quallflcatlon life test 68

fife factor 32

structural units 61
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life test, unit qualification 67
margin 67
low for structural units 94
structural qualification 61
_thermatl cycling 31, 33

Fatigue equivalent duration 32, 39, 60, 61 -

definition 9
Firmware tests 17
Flightproof strategy 93
subsystem tests 94
unit tests 94
vehicle tests 93
Follow-on operational tests 101
reusable fiight hardware 102
Functional test
ground support equipment,
launch-critical 100
prelaunch validation 99
propulsion subsystem
prelaunch validation 100
unit
acceptance 84
qualification 53

vehicle

acceptance 75
qualification 35
Ground support equipment, taunch-critical
prelaunch validation tests 100
Guidance documents 121
Humidity test, unit qualification 68
In-process controls 120
inspections 17
Integrated system tests 16
Isolator acceptance
spacial considerations 88
Key word, listing 122
Leakage test
propulsion subsystem
prelaunch validation 100
qualification 41
unit
acceptance 90
qualification 64
Life test
moving mechanical assembly
development 25
unit qualification 66
Lightning protection (MIL-STD-1795} 121

. Limit load, definition 11

Loads for structural test, deﬁmtuons 1
Margins, structural
acceleration test, unit qualification 66
pressure test, unit qualification 65

INDEX

124

pressure test, vehicle qualification 41
static loads, qualification 31
static load test, subsystem qualification 50
subsystem protoqualification 95
Marginsg, thermal {see Thermal margins)
Maximum expected operating pressure {MEOP)
definition 11
Mechanical functional test
vehicle qualification 35
Mode survey test
development 26
Test Evaluation Team 119
vehicle qualification 46
Moving mechanical assembly (MMA)
definition 5
disassembly & inspection after life test 67
margins, measurement during thermal vacuum
testing 60
MIL-A-83577 121 ,
monitoring during thermal vacuum test 60
multiple categories 84
performancae monitoring
unit thermal vacuum acceptance 88

unit nu:!nﬁcat:en conditions 53 55

Notes for government use of Standard 103
On-orbit system
compatibility test 100 _
follow-on operational tests 101
One-of-a-kind equipment, MIL-HDBK-343 121
Operational deflections 11
Operational modes 13
Qperational tests and evailuations 1, 16
management 121
"Other™ test
definition 13
discussion 104
Prelaunch validation tests 16
general requirements 97
ground support equipment, Iaunch-cntacal 100
grounding 98
test configuration 98
test descriptions 99
test flow 98
Pressure & leakage tests, vehicle
acceptance 81 :
qualification 40
Pressure component, definition 12
Pressure for structural test
burst factor, definition 10
design burst, definition 10
design factor of safety, definition 10
maximum expected oparating, definition 11
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Pressure test ’
qualification pressure & duration 41
unit qualification 64
Pressure vessel, definition 12
Pressurized structure, definition 12
Pressurized subsystem, definition’ 12
Proof

factor 12

test definition 12
PPN W

load test, acceptance
structural component 89
structural subsystem 83
pressure test ’
pressunzed subsystem acceptance 84
unit acceptance 30 )
success criteria 12
Propulsion equipment tests 16
Protoqualification strategy
subsystem tests 95
unit tests 95
vaehicle tasts 95
Qualification test

acceleration of acceptance dvnamnc testmg

34
acoustic 32
baseline
units 53, 54
vehicles 35
general requirements 30
hardware 30
levels & durations, general 30
margin .
definition 13
and durations, typical 31
cryogemc exposure, units .57
- required prior testing 30 ‘
requirements, multiple unit categories 53
special tests 35, 53
vibration 32

Dain tact suniy nnnh"nnhnn 71
FiaH 1 (GOL, VL YUaiLa i

Random vibration environment .
extrame & maximum expected 9
Required tests, discussion 104
Requirements Applicability Matrix
detailed form 108-112 ‘
sample 114-118 R
general form 107 :
sample 113
Retest 20 -
during operational tests & evaluatuons 21
during prelaunch validation 21
during qualification or acceptance 21

INDEX

Reusable flight hardware

definition 5

foliow-on operational tasts 102
Salt fog test, unit qualification 71
Sand & dust test, unit quahhcatton 70
Separation test

subsystem qualification 17, 52

Test Evaluation Team 119

Sarvira Infn rlnfnrnhnn 14
el WY

Shock enwronment ‘
extreme & maximum expected 10
Shock test
qualification :
activations, vehicle 38
levels & number of shocks, tvp:cal 31
tolerances 18
unit
acceptance B89
qualification 62
vehicle
acceptance 80
qualification 38
Sinusoidal vibration environment
axtreme & maximum expected 9
Spares strategy 92
Special tests 35, 53
Static load test '
qualification load factors 31
subsystem qualification 49
Test Evaiuation Team 119
Statistical estimates
requirement for qualification 14
shock, vibration, acoustic environments 8

 Storage tests, acceptance 75

125

Structural component, definition 12

“Structural test

static load, subsystem qualification 49
tolerances 18

Subsystem qualification tests 48
Tnllnrlnn 1N

FRMIJIFIF W

examples 114
see Requirements Applncabuhty Matrix
Temperature
maximum & minimum expected 5
range for cycling 72
predicted & test ranges, unit 74
stabilization, definition 14
Test
allowable tolerances 17, 18
categories 1
data documentation 22
discrepancy 14 -
documentation files 22
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item failure 14
log 22
plans 17
procedures 19
Test Evaluation Team 119
Testing philosophy 15
Thaermal balance test, vehicle qualification 43
Tast Evaluation Team 119
Thermal control subsystems
margins
active subsystems 8
passive subsystems §
Thermal cycle Isee Thermal cycle test &
Thermal vacuum test)
numbaer related to temperature range 33
Thermal cycle tast
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 alternative 57
vehicia qualification 42, 33
propulsion units .
cold temperature 59
‘qualification temperature range 42
& number of cycles 42
tolerances 18
unit, electrical and electronic
acceptance B84 :
qualification 32, 55
. vehicle
accentance 81
qualification 42
Thermal fatigue 31
Thermal margins
active subsystems 8
cryogenic 7
passive subsystems 6
units
cryogemc exposure, quallt” cation 57
margins, summary of typical 74

- Thermal soak duration, definition 14

Thermal vacuum test
acceptance temperature range
& number of cycles 72
alternative for vehicle qualification 42

INDEX

r
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basis for qualification 31
combined with thermal cycle testing 31
number of cycles
quatification, typical 31
effect of changed temperature range 33
propulsion units
compatibility with operational fluids 80
qualification temperature range 31
subsystem qualification 51
tolerances 18
unit
acceptance 87
qualification 57
vehicle
acceptance 82
qualification 45
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 categones 53
Vibration test
subsystem qualification 50
nnnnnnnn 10
unit
" acceptance 88
minimum spectrum 77
spectrum 75
qualification 60 :
inapplicability for structural components
61
" margin & duration 31, 40
vehicle
acceptance 81
minimum spectrum - 78
spectrum 75
qualification 39
margin & duration 31, 40
Wear 13, 15, 92
Woear-in test, unit acceptance 90
Woeighting factors, test requirements 105
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