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FOREWORD
1 .This Military Handbook is approved for use by al Departments and Agencies of the
Department of Defense.
2. This handbook is for guidance only. This handbook cannot be sited as arequirement. If it is,

the contractor does not have to comply.

3. The high reliability required of al launch and space equipment is achieved by the designs,
design margins, and by the manufacturing process controls imposed at each and every level of
assembly. The design and design margins should assure that the equipment is capable of performing in
the launch and space environment. The manufacturing process controls are intended to assure that a
known quality product is manufactured to meet the design requirements and that any changes required
can be made based on a known baseline. Attention to every detail is required throughout
development, manufacture, qualification, transportation, and preflight testing to assure successful
operations of the launch and space equipment

4. For high-priority, long-life, complex space equipment, high reliability is usualy achieved by
strict compliance to the requirements and good practices that have historically resulted in successful
missions. Programs for these types of space equipment are generally structured to provide extensive
checks and balances, with detailed reviews of each step by independent personnel, to assure that no
problem is overlooked. Particular attention is given in the design to eliminating single-point failure
modes, wherever practicable. Special design anaysis, specia screening during manufacturing, and
other quality provisions that will assure reliability, are implemented on any remaining single-point
failure itemsto avoid latent defects. For these programs, a full qualification program is conducted on
each level of assembly ranging from units, subsystems, space experiments, and on to each space
vehicle involved.

5. Not all space equipment is high priority or long life. Many space programs are for asingle
mission that is of short duration, and the equipment may be relatively ssimple, or involve only one
experiment. Expendable launch vehicles represent another program class where the mission duration is
short, but weight constraints may eliminate redundancy. Regardless of the variations among launch
and space programs, there is dways a requirement for high reliability, because a flight failure is never
cost effective. At the same time there is a constant drive to reduce the life cycle cost. Testingisa
primary target for cost reduction because testing costs typically represent a high percentage of the
total program cost. The real problem isto identify those cost-saving measures that are reasonable for
each program and that will not increase risks in an unacceptable way. Although an in-flight failure can
identify deficiencies in the test program used, mission success does not prove that the test program
was optimum, cost effective, or even adequate. Nevertheless, mission success will typically be used to
suggest that the testing conducted was excessive and should be reduced in the future. Even if the
extent of testing was reasonable and justified, it will often be suggested that the costs were excessive!

6. This handbook, MIL-HDBK-340A, has been prepared to provide baseline test programs for
launch and space vehicle equipment. The handbook is organized into two volumes. Volume |

il
Source: http://www.assistdocs.com -- Downloaded: 2007-12-12T16:52Z
Check the source to verify that this is the current version before use.



MIL-HDBK-340A, Vol. |

presents a test baseline for high priority space and launch vehicles. The Volume | material previously
wasincluded in MIL-STD-1540C. For the convenience of contractors, the same weighting factors
(3.5.12) have been retained to indicate the relative importance of the baseline requirements. Changing
the weighting factor names to provide a softer guidance tone was rejected in the interest of those
contractors who may want to extract sections of the baseline requirements for their own applications.
Volume Il of the handbook documents additional facets of information pertinent to the test baselines
presented in Volume | and how the baseline requirements can be tailored for specific programs. The
basalines in this handbook are intended to be used as guidance or as the starting point in developing a
test program for a particular program. It should be emphasized that the information included is for
general guidance and should not be followed if it does not accommodate the needs of a particular
program.

7. Beneficia comments (recommendations, additions, or deletions) and any pertinent datawhich
may be of use in improving this document should be addressed to: Space and Missile Systems Center,
SMC/AXMP, 160 Skynet Street, Suite 2315, Los Angeles Air Force Base, El Segundo, CA
90245-4683 by using the Standardization Document Improvement Proposal (DD Form 1426)
appearing at the end of this document or by letter.
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1.0 SCOPE This handbook provides guidance for establishing uniform
procedures for the control, determination, and documentation of product verification test
requirements for launch, upper-stage, and space vehicles.

1.1  Purpose. Volumel of this handbook establishes environmental and
structural ground test baselines for high priority launch vehicles, upper-stage vehicles,
gpace vehicles, and for their sub-system and units. In addition, a uniform set of definitions
of related termsis established. Volume Il of this handbook addresses the tailoring of the
testing baselines to meet the requirements of individual programs.

1.2  Application. Volumel of this handbook provides test baselines for usein
developing or evaluating proposed test programs. Omissions or additions in proposed test
programs when compared to the baselines in this handbook point to areas that may require
justification. Volume Il provides additional technical information for the testing
requirements contained in Vol. . In all cases, the testing requirements should be tailored
to the specific program requirements. Therefore, the information provided is intended for
guidance only and could change based on design complexity, design margins used,
vulnerabilities, technical state-of-the-art, in-process controls, mission complexity, life cycle
cost, number of vehiclesinvolved, prior usage, and acceptable risk.

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. Flightproof and protoqualification tests. Vehicle, subsystem, and
unit levels (Section 8).

e Prelaunch validation tests and follow-on operational tests and
evaluations. Integrated system tests, initial operational tests and
evaluations, and operational tests (Section 9).

20 APPLICABLE DOCUMENTS

2.1 General. The documentsbelow are not necessarily al of the documents
referenced herein, but are the ones that are needed in order to fully understand the
information provided by this handbook.

1
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2.2 Government Documents.

2.2.1 Specificaions, Standards, and Handbooks. 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. When this handbook is
used by acquisition, the application issue of the DoDISS must be sited in the
solicitation.

Military Standards

MIL-STD-810 Environmenta Test Methods and Engineering
Guiddlines.

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-1540D Product Verification Requirements for Launch,

Upper Stage, and Space Vehicles.

Military Handbooks

MIL-HDBK-340A Vol Il Test Requirements for Launch, Upper Stage, and
Space Vehicles : Applications Guidelines.

(Unless otherwise indicated, copies of federal and military specifications, standards, and
handbooks are available from the Standardization Document Order Desk, 700 Robbins
Avenue, Building 4D, Philadelphia, PA 19111-5094.)

2.3 Order of Precedence. In the event of a conflict between the text of this
document and the references sited herein, the text of this document takes
precedence. Nothing in this document, however, supercedes applicable
laws and regulations unless a specific exemption has been obtained.

2
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3.0 DEFINITIONS

3.1 Item levels The categories of itemsin hierarchical order are defined in this
section.

3.1.1 Part. A partisasingle piece, or two or more joined pieces, which are not
normally subject to disassembly without destruction or impairment of the design use.
Examples: resistor, integrated circuit, relay, roller bearing.

3.1.2 Subassembly. A subassembly isaunit 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 unitisafunctional item that is viewed as a complete and separate
entity for purposes of manufacturing, maintenance, or record keeping. Examples:
hydraulic actuator, valve, battery, electrical harness, transmitter.

3.1.4 Subsystem. A subsystem isan assembly of functionaly 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, thermal control, and propulsion subsystems.

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

3.1.5.1 Launch Vehicle. A launch vehicleisone or more of the lower stages of a
flight vehicle capable of launching upper-stage vehicles and space vehicles, usualy into a
suborbital trgjectory. A fairing to protect the space vehicle, and possibly the upper-stage
vehicle, during the boost phase is typically considered 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 alaunch vehicle.

3.1.5.3 Space Experiment. A space experiment is usually part of the space

vehicle payload and is therefore considered to be alower 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 payload that is carried by
a host vehicle but performs some of its mission as afree-flyer. Whether complex space
equipment is called a space experiment, a space instrument, or a space vehicleis
discretionary and the nomenclature used should not affect the classification of the
equipment or the requirements.

3
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3.1.5.4 SpaceVehicle. A space vehicleisan integrated set of subsystems and
units capable of supporting an operational rolein space. A space vehicle may be an
orbiting vehicle, amajor portion of an orbiting vehicle, or a payload which performs its
mission while attached to alaunch 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 vehicleisthe 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 isacomposite 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 for its
operation. A systemistypically defined by the System Program Office or the procurement
agency responsible for its acquisition.

3.1.7 Combined Systems. Combined systems are interconnected systems that
arerequired for program level operations or operationa 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 techniques capable of launching and boosting one or more space vehiclesinto 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.

32 SPECIAL ITEMS

3.2.1 Airborne Support Equipment (ASE). Airborne support equipment is the
equipment installed in aflight 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, electrical, electronic,
and mechanical interfaces with the flight vehicle.

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 oss of the
mission, or is a unit whose proper performance is essential from a range safety standpoint.

4
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3.2.3 Development Test Article. A development test article is a representative
vehicle, subsystem, or unit dedicated to provide design and test information. The
information may be used to check the validity of analytic techniques and assumed design
parameters, to uncover unexpected response characteristics, to evaluate design changes,
to determine interface compatibility, to prove qualification and acceptance test procedures
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 explosve-ordnance deviceisadevice
that contains or is operated by explosives. A cartridge-actuated device, one type of
explosive-ordnance device, is a mechanism that employs the energy produced by an
explosive charge to perform or initiate a mechanical action.

3.25 Moving Mechanical Assembly (MMA). A moving mechanica assembly
isamechanical or electromechanical device that controls the movement of one mechanical
part of avehicle relative to another part. Examples. gimbals, actuators, despin and
separation mechanisms, valves, pumps, motors, latches, clutches, springs, dampers,
bearings.

3.2.6 Reusableltem. A reusableitem isaunit, subsystem, or vehiclethat isto
be used for multiple missions. The service life (3.5.67) of reusable hardware includes all
planned reuses, refurbishment, and retesting.

3.3 ENVIRONMENTS

The complex flight environment involves a combination of conditions that are
usualy resolved into individua test environments. Each test environment should be based
on actual flight data, scaled if necessary for differences in parameters, or 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. Theindividua environments, which may be
involved in qualification and acceptance, are described in this section.

3.3.1 Maximum and 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 7), including all operational modes. These
temperatures are established from analytically determined extreme temperatures by adding
athermal uncertainty margin, discussed below. The analytically determined extreme
temperatures are predicted from therma 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 life.
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For space and upper-stage vehicles, the analytical model is validated using results
from avehicle thermal baance 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 athermal 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 smulation. 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 Tablel. The marginsto be applied are
addressed in the following subparagraphs.

3.3.1.1 Marginsfor Passive Thermal Control Subsystems. 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 additiona 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 alaunch 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 I1. In addition, the following
thermal-uncertainty heat-load margins are recommended: 50% in the conceptua phase,
45% for preliminary design, 35% for critical design review, and 30% for qualification.

3.3.1.2 Marginsfor Active Thermal Control Subsystems. For thermal designs
in which temperatures are actively controlled, a heat-load margin of 25% 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 controller, a 25% heater capacity
margin may be used in lieu of the therma margins at the minimum expected temperature
and at minimum bus voltage, which trandates into a duty cycle of no more than 80%
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% 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%
should be increased in the early phases of the development. For these cases, the following

6

Source: http://www.assistdocs.com -- Downloaded: 2007-12-12T16:52Z
Check the source to verify that this is the current version before use.



MIL-HDBK-340A, Vol. |

thermal-uncertainty heat-load margins are recommended: 50% in the conceptual phase,
45% for preliminary design, 35%for the critical design review, and 30% for qualification.

3.3.2 Satistical Estimates of Vibration, Acoustic, and Shock Environments.
Qualification and acceptance tests for vibration, acoustic, and shock environments 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% of flights,
estimated with 90% confidence (P99/90 level). Thelevel of the maximum expected
environment, used for acceptance testing, is that not exceeded on at least 95% of flights,
estimated with 50% confidence (P95/50 level). These statistical estimates are made
assuming alognormal flight-to-flight variability having a standard deviation of 3 dB, unless
adifferent assumption can be justified. Asaresult, the P95/50 level estimate is 5 dB
above the estimated mean (namely, the average of the logarithmic values of the spectral
levels of datafrom all available flights). When data from N flights are used for the
estimate, the P99/90 estimate in dB is 2.0 + 3.9/NY2 above the P95/50 estimate. When
datafrom 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 redlistic 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 P95/50 levels are then determined from the derived
distribution.

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

7
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Tablel. 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 insulation, foams, or
discrete shields).

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

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

V ariable-conductance heat pipes.
Heat pumps and refrigerators.
Stored-coolant subsystems.

Resistance heater with commandable or
mechanica or electronic controller.

Capillary-pumped loops.
Pumped fluid loops.

Thermoelectric cooler.

Tablell. Thermal Uncertainty Margins For Passive Cryogenic Subsystems.

Predicted Temperature Thermal Uncertainty Margin
(°C) u®)
Pre-validation | Post-vaidation
Above -70 17 11
-70to -87 16 10
-88to -105 15 9
-106 to -123 14 8
-124t0-141 13 7
-142 to -159 11 6
-160to -177 9 5
-178t0 -195 8 4
-196 to -213 6 3
-214t0-232 4 2
Below -232 2 1
8
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3.3.3 Fatigue Equivalent Duration. For atime-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 agiven flight trajectory, the equivalent duration can be assumed to
be independent of the maximum environment achieved during any particular flight. The
fatigue damage potentia is taken to be proportional to the fourth power of amplitude,
unless 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 results from propulsive and
aerodynamic excitations. The acoustic environment is expressed by a 1/3-octave-band
pressure spectrum in dB (reference 20 micropascal) for center frequencies spanning a
range of at least 31 to 10,000 Hz. For atime-varying environment, the acoustic spectrum
used for test purposes is the envelope of the spectrafor each of a series of 1-second time
segments overlapped by at least 50%. Longer time segments may be used only if itis
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 Extremeand Maximum Expected Random Vibration Environment.
The random vibration environment induced at the structura attachments of unitsis due to
the direct or indirect action of the acoustic and aerodynamic excitations, to roughness in
combustion or burning processes, and to machinery induced random disturbances. The
random vibration environment is expressed as an acceleration spectral density in g2/H
(commonly termed power spectral density or ssimply PSD) over the frequency range of at
least 20 to 2000 Hz. For atime-varying environment, the PSD used for test purposesis
the envelope of the spectrafor each of a series of 1-second time segments overlapped by
at least 50%. 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 flight (3.3.3).

3.3.6 Extremeand Maximum Expected Sinusoidal Vibration Environment.
The sinusoidal vibration induced at the structural attachments of units may be due to
periodic excitations from rotating machinery and from instability involving pogo
(interaction of structural and propulsion dynamics), flutter (interaction of structural
dynamics and aerodynamics), or combustion. Periodic excitations may aso 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.
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Namely, those whose accel eration amplitude exceeds 0.016 times the frequency in Hz.
Thisis based on aresponse velocity amplitude of 1.27 meters per second (50 inches per
second) when the vibration is applied to a single-degree-of-freedom system having a Q of
50. The resolution bandwidth should be no greater than 10% 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 isthe
fatigue equivalent duration (3.3.3), including flight and transportation.

When combined sinusoidal and random vibration during service life (3.5.7) 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 |oads 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 absol ute acceleration or the equivalent static acceleration induced in
an ideal, viscoudy damped, single-degree-of-freedom system. Its natural frequency should
gpan 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.

34 STRUCTURAL TERMS

3.4.1 Burst Factor. The burst factor isamultiplying factor applied to the
maximum expected operating pressure to obtain the design burst pressure. Burst factor is
synonymous with ultimate pressure factor.

3.4.2 Design Burst Pressure. The design burst pressure is atest pressure that
pressurized components must withstand without rupture in the applicable operating
environments. It isequal to the product of the maximum expected operating pressure and
aburst factor.

3.4.3 Design Factor of Safety. The design factor of safety isamultiplying
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, smply, the safety factor. In generd,
two types of design factors of safety are specified: design yield factor of safety and design
ultimate factor of safety.
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3.4.4 Design Ultimate L oad. The design ultimate load isaload, or
combinations of loads, that the structure must withstand without rupture or collapse in the
applicable operating environments. It isequal to the product of the limit load and the
design ultimate factor of safety.

345 Design Yield Load. Thedesignyieldload isaload, or combinations of
loads, that a structure must withstand without experiencing detrimental deformation in the
applicable operating environments. It isequal to the product of the limit load and the
design yield factor of safety.

3.4.6 Limit Load. A limitload isthe highest load, or combinations of loads,
that may be applied to a structure during its service life (3.5.7) 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% of flights, estimated with 90%
confidence.

3.4.7 Maximum Expected Operating Pressure (MEOP). The MEOP isthe
highest gage pressure that an item in a pressurized subsystem is required to experience
during its service life (3.5.7) 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
operating variability of regulators or relief valves.

3.4.8 Maximum Predicted Acceleration. 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 estimateis
applicable, the maximum predicted acceleration is at |east that acceleration not expected to
be exceeded on 99% of flights, estimated with 90% confidence (P99/90).

3.49 Operational Deflections. Operationa deflections are the deflections
imposed on a structure during operation (for example, by engine thrust-vector gimballing,
thermal differentials, flight accelerations, and mechanical vibration).

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

3.4.11 PressureVessa. A pressurevessd isastructural component whose
primary purpose is to store pressurized fluids and one or more of the following apply:

a Contains stored energy of 19,310 joules (14,240 foot-pounds) or greater
based on adiabatic expansion of a perfect gas.

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

C. May experience adesign limit pressure greater than 690 kilopascals (100
psi).

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 vehicleis atypica example.

3.4.13 Pressurized Subsystem. A pressurized subsystem consists of pressure
vessels (3.4.11) or pressurized structures (3.4.12), or both, and pressure components
(3.4.10). Excluded are electrical or other control units required for subsystem operation.

3.4.14 Proof Factor. The proof factor isamultiplying 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 aunit or assembly, or to establish maximum possible flaw sizes for safe-life
determination. The proof test gives evidence of satisfactory workmanship and material
quality by requiring the absence of failure or detrimental deformation. The proof test load
and pressure compensate for the difference in material properties between test and design
temperature, if applicable.

3.4.16 Structural Component. A mechanical unit is considered to be a
structural component if its primary function isto sustain load or maintain alignment.

35 OTHERDEFINITIONS

3.5.1 Ambient Environment. The ambient environment for aground 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%.
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3.5.2 Contamination Tolerance L evel. The contamination tolerance level isthe
value of contaminant particle size, or level of contamination, at which a specified
performance, reliability, or life expectancy of the item is adversely affected.

3.5.3. Multipacting. Multipacting is the resonant back and forth flow of
secondary electrons in a vacuum between two surfaces separated by a distance such that
the electron transit time is an odd integral multiple of one half the period of the aternating
voltage impressed on the surfaces. Multipacting requires an electron impacting one
surface to initiate the action, and requires the secondary emission of one or more
electronis at each surface to sustain the action. Multipacting is an unstable self-
extinguishing action which can occur at pressures less than 6.65 pascals (0.05 Torr),
except that it may become stable at pressures less than 0.0133 pascals (0.0001 Torr). The
pitting action resulting from the secondary emission of electrons degrades the impacted
surfaces. The secondary electron emission can also increase the pressure in the vicinity of
the surfaces causing ionization (corona) breakdown to occur. These effects can cause
degradation of performance or permanent failure of the radio frequency cavities,
waveguides, or other devices involved.

3.5.4 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 7). Examples. power condition, command
mode, readout mode, attitude control mode, redundancy management mode, safe mode,
and spinning or despun condition.

355 “Required,” “Other,” and “Not-required” Tests. “Required,” “other,”
and “not-required” tests for each vehicle category areindicated by an “R,” “O,” and “-,”
respectively, in Tables VII, IX, X, XlI, and XIIIl. The following basis has been used

a “Required” tests are the baseline tests that are required because they are
generally effective.

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

C. “Not-required” tests are generally ineffective and are not required.

3.5.6 Qualification Margin. An environmenta qualification margin isthe
increase in an environmental condition, over that expected during service life (3.5.7),
including acceptance testing, to demonstrate that adequate ruggedness exists in the design
and in itsimplementation. 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 satisfy all of
the following on a single qualification item:
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a Be tolerant of differences in ruggedness and functionality of flight items
relative to the qualification item, due to reasonable variations in parts,
materia 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 testing prior to operationa use of aflight item.

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

3.5.7 Savicelife. Theservicelife of an item starts at the completion of
fabrication and continues through all acceptance testing, handling, storage, transportation,
prelaunch testing, al phases of launch, orbital operations, disposal, reentry or recovery
from orbit, refurbishment, retesting, and reuse that may be required or specified.

3.5.8 Temperature Stabilization. For thermal 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.

3.5.9 Test Discrepancy. A test discrepancy isafunctional or structural anomaly
that occurs during testing, which may revea itself as a deviation from specification
requirements for the test item. A test discrepancy may be a momentary, unrepeatable
anomaly; or it may be a permanent failure 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 afailure 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.
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3.5.10 Test Item Failure. A failure of atest item is defined as atest discrepancy
that is due to adesign, workmanship, or quality deficiency in the item being tested. Any
test discrepancy is considered to be afailure of the test item unlessit can be determined to
have been due to some unintended cause (3.5.9).

3.5.11 Thermal Soak Duration. The thermal soak duration of a unit at the hot
or cold extreme of athermal cycle isthe time that the unit is operating and its baseplate is
continuously maintained within the allowed tolerance of the specified test temperature.

3.5.12 Weighting Factors. Even for the required tests, not al of the testing
requirements have an equal importance or equal weight. To avoid overstating testing
requirements, and hence avoid excessive costs, various categories of weighting factors are
associated with the requirements. The primary weighting factors that are incorporated in
the Handbook are:

a Weighting factor “a’. “Will” designates the most important weighting
level, the prime requirements.

b. Weighting factor “b”. “Will, 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
aternative is substantiated by documented technical trade studies.

C. Weighting factor “c”. “Should” designates the third weighting level.

d. Weighting factor “d”. “May” designates the lowest weighting level. In
some cases, these “may” requirements are stated as examples of acceptable
practices.
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SECTION 4.

GENERAL REQUIREMENTS

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

41 VALIDATION PROCESS.

The development of space and launch systems involves the design, manufacture,
test, and integration of very complex equipment and software by a large number of people
in many independent organizations. Successful space and launch systems rely heavily on a
rigorous prelaunch verification process because repairs after launch are practically
impossible and failures tend to be extremely expensive. Documentation required for the
validation process also serves as away to coordinate the many people and activities
involved in a space system acquisition. The system engineering process allocates system
performance requirements and tolerances to items at lower levels of assembly. A service
life cycle profile is developed for each item to document the various phases that the item
might encounter initslife. These phases start with release from manufacturing and
progress through operational use to removal from service. The phases may include
handling, shipping, storage, system integration, prelaunch validation, launch, injection into
orbit, operational use, standby use, and return from orbit. For each phase, the possible
configurations and operational modes are noted and the possible environments and
variations in the environmenta range throughout the service life is determined for each
item. Thelife cycle profile datais used in the design development_process where
hardware and software is designed to perform the allocated functions. The designs,
alocated functions, life-cycle profile data, and the associated manufacturing processes and
procedures need to be documented in sufficient detail so asto provide a baseline for
system validation and a baseline for any subsequent corrective actions or changes that may
be needed. By this point, most space programs should have prepared a validation plan to
identify all necessary steps to be taken to assure a successful mission. Essentially alist of
al required functions, interfaces and other requirements will be prepared. For each item
on this requirements list, the method of verifying the requirement will be indicated, as well
asthe leve of assembly involved. Typica validation methods include analysis, inspection,
similarity, test, demonstration,_ and simulation. Note that this handbook does not address
many of these validation methods. The handbook focuses only on those requirements
where tests are needed to verify the design and manufacturing (qualification tests), and the
tests needed for product verification (acceptance).
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42  TESTING PHILOSOPHY

The complete test program for launch vehicles, upper-stage vehicles, and space
vehicles encompasses devel opment, qualification, acceptance, prelaunch validation, and
follow-on operational tests and evaluations. Test methods, environments, and measured
parameters should 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 qualification testing. All qualification
testing for an item should be completed, and consequential 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 system prelaunch validation tests,
described in Section 9, are intended to be combined with or incorporated with the 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 Handbook 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 environmenta tests specified are intended to be imposed sequentially, rather
than in combination. Nevertheless, features of the hardware design or of the service
environments may warrant the imposition of combined environments in some tests.
Examples. combined temperature, acceleration, and vibration when testing units
employing elastomeric isolators in their design; and combined shock, vibration, and
pressure when testing pressurized components. In formulating the test requirementsin
these situations, alogical combination of environmental factors should be imposed to
enhance test effectiveness.

43 PROPULSION EQUIPMENT TESTS

In general, tests of solid rocket motors and tests of liquid rocket engines are not
addressed in this Handbook. 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 Handbook in that they will 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
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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) will meet the applicable unit requirements of this Handbook.

4.3.1 EndginelineReplaceable Unit (L RU) Acceptance Testing. An engine
LRU isan 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 will either be subjected to such atest on an engine, or will
undergo equivalent unit level acceptance testing. Equivaent testing will consider all
appropriate environments such as temperature, vibration, pressure, vacuum, and chemical.
Testing will demonstrate functionality of the unit under conditions similar to those
achieved in the engine acceptance test firing and flight.

4.3.2 EndginelineReplaceable Unit (L RU) Qualification Testing. All engine
LRUs will be quaified at a unit level to the requirements of this Handbook.
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44 EIRMWARE 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.

45 INSPECTIONS

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 should 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.

46 TEST CONDITION TOLERANCES.

Unless stated otherwise, the specified test parameters should be assumed to
include the maximum allowable test tolerances listed in Table 111. For conditions outside
the ranges specified, the tolerances should be appropriate for the purpose of the test.

4.7 TEST PLANSAND PROCEDURES

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

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

a A brief background of the applicable project and descriptions of the test
items covered (such as the systems, vehicles, and subtier equipment).
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The overall test philosophy, testing approach, and test objective for each
item, including any special tailoring or interpretation of design and testing
requirements.

The alocation of requirements to appropriate testable levels of assembly.
Usually thisis areference 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).
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Tablelll. Maximum Allowable Test Tolerances.

Test Parameters

Test Tolerance

Temperature
-54°C to +100°C

Relative Humidity

Acceleration

Static Load and Pressure

Atmospheric Pressure
Above 133 pascals (>1 Torr)
133 to 0.133pascas ( 1Torrto 0.001 Torr)
Below 0.133 pascal  (<0.001 Torr)

Test Time Duration

Vibration Frequency

Sinusoidal Vibration Amplitude

Random Vibration Power Spectral Density

Freguency Range Maximum Control Bandwidth
20to 100 Hz 10 Hz
100 to 1000 Hz 10% of midband frequency
1000 to 2000 Hz 100 Hz
Ovedll

+ 5%

+10/-0%

+ 5/-0%
+10%
+25%
+80%

+10/-0%

+ 2%

+10%

+15dB
+15dB
+3.0dB
+1.0dB

Note: Control bandwidths may be combined for tolerance eval uation purposes.

The statistical degrees of freedom will be at least 100.

Sound Pressure Levels
1/3-Octave Midband Frequencies
315 to 40Hz
50 to 2000 Hz
2500 to 10000 Hz
Ovedll

Note: The statistical degrees of freedom will be at least 100.

+5.0dB
+3.0dB
+5.0dB
+15dB

Shock Response Spectrum (Peak Absolute Acceleration, Q = 10)

Natura Frequencies Spaced at 1/6-Octave Intervals
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At or below 3000 Hz +6.0dB
Above 3000 Hz +9.0/-6.0dB
Note: At least 50% of the spectrum values will be greater
than the nominal test specification.
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e 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).

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

0. Required specia test equipment, facilities, interfaces, and downtime
requirements.

h. 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 smulated interfaces are
correct.

i 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.

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

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 should be conducted using documented test
procedures prepared in accordance with the test objectives in the approved test plans. The
test objectives, testing criteria, and pass-fail criteria should be stated clearly in the test
procedures. The test procedures should 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 individua procedure step that satisfies the
requirement should be identified. The test procedure for each item should include, as a
minimum, descriptions of the following:

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

C. Initialization requirements.

23

Source: http://www.assistdocs.com -- Downloaded: 2007-12-12T16:52Z
Check the source to verify that this is the current version before use.



MIL-HDBK-340A, Vol. |

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 criteriafor evaluating results.
k. Safety considerations and hazardous conditions.
48 RETEST

Whenever the design of hardware is changed, the hardware involved should be
retested, as necessary, and al documentation pertinent to the changes should be revised.
When retesting a redesigned item, limited testing may be satisfactory aslong asit 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.

Retesting may also be necessary if atest discrepancy (3.5.9) 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 Retest During Qualification or Acceptance. If atest 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 should 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 afailure in the test equipment, the
test being conducted at the time of the discrepancy may be continued after the causeis
removed and repairs are completed, as long as the discrepancy did not overstress the item
under test. If the discrepancy is caused by afailure of the item under test, the preliminary
fallure analysis and appropriate corrective action should normally be completed and
properly documented before testing is resumed. Retesting may be required to establish a
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basis for determining compliance of atest 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 adiscrepancy occurs during
prelaunch validation testing (integrated system testing), it should 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 thetest. 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 been corrected or explained, retesting may be
required.

4.8.3 Retest During Operational Tests and Evaluations. If adiscrepancy
occurs during operational tests and evaluations, it should 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 probable success of the
remainder of the test. The operating agency is aso responsible for determining the degree
of retesting required.

49 DOCUMENTATION

49.1 Test Documentation Files. The test plans and procedures (4.7), including
alist of test equipment, calibration dates and accuracy, computer software, test data, test
log, test results and conclusions, problems or deficiencies, pertinent analyses, and
resolutions should be documented and maintained. The test documentation files should be
maintained by the applicable contractors for the duration of their contracts.

49.2 Test Data. Pertinent test data should be maintained in a quantitative form
to permit the evaluation of performance under the various specified test conditions; pass
or fail statements alone may be insufficient. The test data should also be compared across
major test sequences for trends or evidence of anomalous behavior. To the extent
practicable, all relevant test measurements and the environmental conditions imposed on
the units should be recorded on computer compatible electronic media, such as disks,
magnetic tape, or by other suitable means to facilitate automated accumulation and sorting
of datafor 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, deficiencies,
problems encountered, and problem resolutions.
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493 Test Log. Formal test conduct will be documented in atest log. The test
log should 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.

410 TEST EVALUATION TEAM. Asacost containment and quality assurance
measure, it is strongly recommended that a high level, joint contractor and customer, test
evaluation team be established for each of the mgor vehicle level tests, particularly the
mode survey qualification test, the thermal balance qualification test, the subsystem
structural static load qualification test, and major separation qualificaation tests. The test
conductor would typically be the chairman of the Test Evaluation Team. Other members
should be provided by the design organizations that will use the results, by safety, and by
quality assurance. The customer 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 deviations from the test requirements. The members of
the team would typically change for each test. The purpose of each Test Evaluation Team
isto:

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

b. Provide guidance in resolving technical problems and issues arising during
testing.
C. Expedite the disposition of discrepancies and the approval of corrective

actions, if required.
d. Verify adequacy of the test results.
e Recommend tear-down of the test setup.

During the mode survey test, the Test Evaluation Team may deviate from the

compl eteness requirement for modes judged to be unimportant, and from the
orthogonality standard for problem modes. Such deviations require adequate technical
justification and typically the concurrence of the designated representative of the
customer.
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SECTION 5.

DEVELOPMENT TESTS

51 GENERAL
Development tests, or engineering tests, should be conducted as required to:

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

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

C. Reduce the risk involved in committing designs to the fabrication 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 isto 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 structural 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 margina
capabilities and margina 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 alow areduction in the qualification test
levels and durations. Devel opment 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. Internal contractor documentation of
development test plans, test procedures, and test results are normally used unless stated
otherwise by contract.
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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.

52 PART, MATERIAL, AND PROCESS DEVELOPMENT TESTS
AND EVALUATIONS

Part, material, and process devel opment 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; to assure proper application of parts, materials, and
processes in the design; and to develop acceptance criteriafor these itemsto avoid
assembling defective units.

Materia characterization testing under smulated environmental conditionsis
normally conducted for composite laminate, insulations, seds, fluid lines, and items not
well characterized for their intended use.

5.3 SUBASSEMBLY DEVELOPMENT TESTS, IN-PROCESSTESTS
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 devel opment
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.

54 UNIT DEVELOPMENT TESTS

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 mechanica 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 unitsin thermal and vibration
environments are normally conducted. Development tests of deployables, of thrust vector
controls, 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

28

Source: http://www.assistdocs.com -- Downloaded: 2007-12-12T16:52Z
Check the source to verify that this is the current version before use.



MIL-HDBK-340A, Vol. |

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 devel opment 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.

54.1 Structural Composite Development Tests. Development tests will be
conducted on structural components made of advanced composites or bonded materials,
such as payload adapters, payload fairings, motor cases, and composite-overwrapped
pressure vessels.

If appropriate, testing should include:

a Static load or burst testing to validate the ultimate structural capabilities.
b. Damage tolerance testing to define acceptance criteria.

C. Acoustic transmission loss test for composite fairings.

5.4.2 Thermal Development 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 thermal model is used to demonstrate that critical
part temperature limits, consistent with reliability requirements and performance, are not
exceeded. When electrical and electronic packaging is not accomplished in accordance
with known and accepted techniques relative to the interconnect subsystem, parts
mounting, board sizes and thickness, number of layers, thermal coefficients of expansion,
or installation method, devel opment tests should 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.

5.4.3 Shock and Vibration Isolator Development Tests. When aunit isto be
mounted on shock or vibration isolators whose performance is not well known,
development testing should be conducted to verify their suitability. The isolators should
be exposed to the various induced environments (for example, temperature and chemical
environments) to verify retention of isolator performance (especially resonant frequencies
and amplifications) and to verify that the isolators have adequate service life (3.5.7). The
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unit or arigid simulator with proper mass properties (mass, center of gravity, mass
moments of inertia), should be tested on itsisolators 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
criteriafor 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.

55 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 environmenta criteriafor design of subsystems, to verify mechanical interfaces,
and to assess functiona performance of deployment mechanisms and thermal control
subsystems. Vehicle level development testing also provides an opportunity to develop
handling and operating procedures as well as to characterize interfaces and interactions.

5.5.1 Mechanical Fit Development Tests. For launch, upper-stage, and space
vehicles, amechanica fit, assembly, and operationa interface test with the facilities at the
launch or test site is recommended. Flight-weight hardware should be used if practicable;
however, afacsimile or portions thereof may be used to conduct the development tests at
an early point in the schedule in order to reduce the impact of hardware design changes
that may be necessary.

5.5.2 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 analyticaly predicted
structural dynamic characteristicsis judged to be excessive for purposes of structural or
control subsystem design, and an early identification of problem areasis desired. The test
article may be full-scale or subscale; for alarge vehicle, such as alaunch vehicle, a
subscale model is often used. Such a development test does not replace a modal survey
required for vehicle qualification, unless the test also meets the requirementsin 6.2.10.

5,5.3 Structural Development Tests. For structures having redundant load
paths, structural tests may be required to verify the stiffness properties and to 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 axia 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
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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 plan is 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 criteriafor units. Vehicle units that are not
installed at the time of the test should be dynamically smulated 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 levelsin
an acoustic chamber. For the shock test, all explosive-ordnance devices and other
mechanisms capable of imparting a significant shock to the vehicle should be operated.
Where practicable, the shock test should involve physical separation of elements being
deployed or released. When a significant shock is expected from subsystems not on board
the vehicle under test (such as when afairing separation causes shock responses on an
upper stage under test), the adaptor subsystem or suitable smulation will 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 will 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 Thermal Balance Development Tests. A thermal balance development
test may be necessary to verify the anaytica modeling of launch, upper-stage, or space
vehicles, and to verify the unit thermal design criteria. For vehiclesin which thermally
induced structural distortions are critical to mission success, the thermal balance test also
evaluates alignment concerns. The test vehicle should consist of athermally equivaent
structure with addition of equipment panels, thermal control insulation, finishes, and
thermally equivalent models of electrical, electronic, pneumatic, and mechanica units.
Testing should be conducted in a space ssimulation test chamber capable of simulating the
ascent, transfer orbit, and orbital thermal-vacuum conditions as may be appropriate.

5.5.6 Transportation and Handling Development Tests. The handling and
transport of launch, upper-stage, and space vehicles, or their subtier elements, is normally
conducted so as to result in dynamic environments well below those expected for launch
and flight. However, since these environments are 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 atest 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
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design requirements, or to provide a basis for an analysis to demonstrate lack of damage,
or to augment qualification and acceptance testing, if necessary.

5.5.7 Wind-tunnel 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 vehicles with anew or significantly changed
aerodynamic design, the following wind-tunnel tests wilt should be conducted:

a

Force and Moment Tests. These tests provide the resultant aerodynamic
forces and moments acting on the vehicle during the high-dynamic-pressure
region of flight. Datafrom these tests are used in both structural and
control subsystem design and in trgjectory analysis.

Steady-State Pressure Tests. These tests determine the spatial distribution
of the steady-state component of the pressures imposed on the vehicle's
external surfaces during the high-dynamic-pressure 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 dataare 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.

Aerodynamic Heating Tests. These tests determine the heating effects due
to fin and fuselage junctures, drag (friction), angle of attack, flow
trangition, shock wave impingement, proximity effects for multibody
vehicles, and surface discontinuities.

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

Thruster Plume-impingement Heating Tests. These tests determine the
heating effects due to impingement of the thruster plumes.

Transonic and Supersonic Buffet and Aerodynamic Noise Tests. 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, flutter, and vibroacoustic analyses.
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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 smulate at least the first cantilever
bending mode of the vehicle. Nearby structures or terrain, which may
influence the flow around the vehicle, should also be simulated.
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SECTION 6.

QUALIFICATION TESTS

6.1 GENERAL QUALIFICATION TEST REQUIREMENTS

Qualification tests will be conducted to demonstrate that the design, manufacturing
process, and acceptance program produce mission items that meet specification
requirements. In addition, the qualification tests will validate the planned acceptance
program including test techniques, procedures, equipment, instrumentation, and software.
The qualification test baseline will be tailored for each program. Each type of flight item
that is to be acceptance tested will undergo a corresponding qualification test, except for
certain structural items as identified herein.

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

6.1.1 Qualification Hardware. The hardware subjected to qualification testing
will be produced from the same drawings, using the same materials, tooling,
manufacturing process, and level of personnel competency as used for flight hardware.
Ideally, a qualification item would be randomly selected from a group of production items.
A vehicle or subsystem quadlification test article should be fabricated using qualification
units to the maximum extent practicable. Modifications are permitted if required to
accommaodate benign changes that may be necessary to conduct the test. These changes
include adding instrumentation to record functional parameters, test control limits, or
design parameters for engineering evaluation. When structural items are rebuilt or
reinforced to meet specific strength or rigidity requirements, all modifications will 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
mechanica assemblies, valves, and thrusters).

6.1.2 Qualification Test Levelsand Durations. To demonstrate margin, the
qualification environmental conditions will stress the qualification hardware to more
severe conditions than the maximum conditions that might occur during service life
(3.5.7), including not only flight, but also a maximum time or number of cycles that can be
accumulated in acceptance testing and retesting. Qualification testing, however, should
not create conditions that exceed applicable design safety margins or cause unrealistic
modes of failure. If the equipment isto be used by more than one program, or in different
vehicle locations, the qualification test conditions should envel ope those of the various

34

Source: http://www.assistdocs.com -- Downloaded: 2007-12-12T16:52Z
Check the source to verify that this is the current version before use.



MIL-HDBK-340A, Vol. |

programs or vehicle locations involved. Typica qualification margins on the flight and
acceptance test levels and durations are summarized in Table IV.

Table V. Typica Qudification Test Level Margins and Durations.

Test Units Vehicle
Shock* 6 dB above maximum expected 1 activation of all shock-producing
environment, 3 times in both events; 2 additional activations of
directions of 3 axes controlling events (6.2.3.3)
Acoustic* 6 dB above acceptance for 3 minutes | 6 dB above acceptance for 2
minutes
Vibration* 6 dB above acceptance for 3 6 dB above acceptance for 2
minutes, each of 3 axes minutes, each of 3 axes
Thermal Vacuum 10°C beyond acceptance 10°C beyond acceptance
(Tables V, V1) temperatures for 6 cycles temperatures for 13 cycles
Combined Therma | 10°C beyond acceptance 10°C beyond acceptance
Vacuum and temperatures for 25 thermal vacuum | temperatures for 3 thermal vacuum
Therma Cycle cycles and 53 1/2 thermal cycles cycles and 10 thermal cycles
(Tables V, VI)
Static Load 1.25 times the limit load for Same as for unit, but only tested at
unmanned flight or 1.4 times the subsystem level
limit load for manned flight, for a
duration close to actual flight loading
times

* Accelerated testing per 6.1.4.1 isassumed. Also, durations generally are longer for
environments dominated by liquid engine or solid motor operation.

6.1.3 Thermal Vacuum and Thermal Cycle Tests. The required number of
qualification thermal cyclesisintended to demonstrate a capability for 4 times the thermal
fatigue potentially expended in service life (3.5.7). The requirements stated assume that
such fatigue is dominated by acceptance testing, and that the flight and other aspects (such
as trangportation) do not impose significant additional fatigue. It is further assumed that
units, due to acceptance retesting, may be subjected to as many as 2 times the number of
thermal cycles specified for abasic test. If adifferent limit on number of cyclesis used,
the required number of qualification cycles will 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 rangesin Table V are the basis for the number of cyclesin
Table VI for qualification and acceptance testing.
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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 will 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 meet the requirement in note 5 of Table V1.

Electrical and electronic units, or units containing electrical and electronic
elements, are subjected to multiple thermal vacuum cycles and thermal cycles for the
purpose of uncovering workmanship deficiencies by a process known as "environmental
stress screening.”  Such screening is intended to identify defects that may result in early
faillures. Therefore the number of cyclesimposed 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 Acoustic 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 flight items, including any
retesting.

b. The extreme expected spectrum (6 dB higher than acceptance, unless a
lesser margin can be justified per 3.3.2) for aduration 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 will 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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TableV. Temperature Ranges for Thermal Cycle (TC) and Thermal Vacuum (TV) Tests.

Required Unit Vehicle
Testing
TC& TV TC TV
Acceptance (DTa) 105°C1 3 50°C note 3
Quadlification (DTg) 125°C2 3 70°C2 note 4
Notes. 1 Recommended, but reduced if impracticable or increased if necessary to

encompass operationa temperatures (7.1.1).

2 DTq=DTa + 20°C.

3 Governed by the unit that first reaches its hot or cold acceptance
temperature limit.

4 Like note 3, but for qualification temperature limit.

Symboals. DTa = Acceptance temperature range.
DTq = Qualification temperature range.
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Table V1. Numbers of Cycles' for Thermal Cycle (TC) and Thermal Vacuum (TV) Tests.

Required Unit Vehicle
Testing
Acceptance Qualification Acceptance Qualification
(Table X111) (Table X) (Table XII) (Table VIII)
Na? | Nawax* No® Na NgP®
Both: TC2 8.5 17 535 4 10
TV 4 8 25 1 3

Only TV 1 2 6 4 13

Only TC 12.5 25 785

Notes. 1 Numbers of cycles correspond to temperature rangesin Table V.

2 Tests may be conducted in vacuum to be integrated with TV.

3 For tailoring: Na = 10(125/DTa)** for TC only and for the sum of TC and TV
when both conducted.

4 Namax = 2Na, but can be changed to allow for more or less retesting.

5 No = 4Namax(DTa/DTg)**, assuming temperature cycling during missionor
other service isinggnificant; if significant, additional cycling will be required
using the same fatigue equivaence basis.

6 Namax = Na, assuming that vehicle-level acceptance retesting will not be
conducted.

Symboals: Na Required number of acceptance cycles.

Namax Maximum allowable number of acceptance cycles, including
retesting.
No = Required number of qualification cycles.

6.1.4.1 Accelerated Testing. All or any portion of the testing at the acceptance
level may be accelerated by replacing it with areduced duration of testing at the
gualification level. Table VII shows time reduction factors, rounded to the nearest
integer, for selected combinations of margin and maximum test tolerance on the spectrum
a 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 (6.1.4.2) could be accelerated to
2 minutes of testing at the qualification level. With atypical 1 minute test duration
required for flight (4 times atypical 15 second fatig