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ABSTRACT

Results are presented of a study performed by ARINC Research
Corporation for the Aeronautical Systems Division to provide the cri-
teria from which the Government can plan for the most effective
approach to a reliability test program for the BGM-34C remotely
piloted vehicle. Three levels of test scope are defined for Government

consideration.
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1
INTRODUCTION

This report presents the results of a study conducted by ARINC Research
Corporation under Contract I'334357-77-D-0029-0006 with the Aeronautical Systems
Division, Air Force Systems ('« nmand (ASD/AFSC). Objective of the study was to
provide criteria for the developnient of reliability evaluation test plans for the BGM-34C
remotely piloted vehicle (RPV). Three test-scope levels were to be identified to pro-
vide the Government with benefit-versus-resource options in developing the most
effective reliability test planning approach.

The BGM-34C RPV consists of a mix of Government inventory (existing and
modified) and newly developed items. Thus far in the BGM-34C development, suffi-
cient data do not exist for an adequate system-reliability assessment. Plans for such
an assessment are being made by ASD, to be accomplished under the vehicle's produc-
tion contract. ARINC Research was contracted to develop the framework within which
test plans can be developed to yield an adequate data base for reliability assessment,
problem identification, and assigmment of priorities to the allocation of corrective
action resources.

Section 2 of this report describes the technical approach to the study. Section 3
discusses the analytical techniques and rationale for selection of candidate test arti-
cles. Section 4 addresses test environments and test equipment; Section 5, test
ground rules; and Section 6, the optional reliability test programs, including a recom-
mended approach. Support and reference data appear in the appendixes, as identified
in the text.

Saa ial
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2
TECHNICAL APPROACH

The overall technical approach to this study was to define the test articles,
environments, and ground rules at each of three levels of reliability assessment of
the BGM-34C remotely piloted vehicle. The following paragraphs describe the tasks
conducted by ARINC Research in developing the test planning criteria.

2.1 DEFINE TEST ARTICLES

The initial task in the study was to identify those units warranting reliability
evaluation on the basis of complexity, mission criticality, and confidence in available
data. Pertinent data sources were the BGM-34C system specification; reliabilitgr anl
maintainability allocation, assessment, and analysis reports on the BGM-34C 4,5,6;
and flight-test printouts from the Systems Effectiveness Data System (SEDS). The
tradeoff between testing all selected units simultaneously as an integrated whole,
versus testing smaller groups or individual items, was to be considered; and the best
approach recommended, together with the underlying rationale.

2.2 DEFINE TEST ENVIRONMENT

A combination and/or sequence of test environments reflecting the range of
operational usage of the BGM-34C was to be selected on the basis of a study of opera-
tional flight profiles, anticipated preflight and maintenance environments, the system
specification, and available flight test data. The test environments were to be docu-
mented, together with 1) any unusual requirements and 2) recommended test equipment
for simulating the environments.
2.3 DEVELOP TEST GROUND RULES

Test ground rules were developed by:

a. Reviewing the operation and/or duty cycling of the selected test articles

b. Establishing criteria for assessing reliability on the basis of test results

c. Establishing definitions for relevant and nonrelevant failures, and require-
ments for evaluation and implementation of corrective actions

d. Outlining the method of accrual of test time, to account for interrupts due
i to failures and resulting corrective actions.

l *Superscripts denote reference documents, Appendix C.
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2.4 DEFINE TEST PROGRAM SCOPE LEVELS

Three possible levels of testing were to be defined to provide the Government
with test options based on stated resources and directed toward reducing both Govern-
ment and contractor production risks. Test articles, environments, and ground rules
were to be identified for each of three test levels:

a. Unconstrained Program — No limitations on test time, types of test
chamber, or items tested.

b. Intermediate Program — Less than 2, 000 hours of test calendar time
(16, 000 total test hours) utilizing eight MIL-STD-781B chambers
(4' x 4' x 4'), of which one chamber will have random vibration
capability. ’

Minimum Program — Less than 2, 000 hours of test calendar time
(8, 000 total test hours) utilizing four MIL-STD-781B chambers
(4' x 4' x 4'), of which one chamber will have random vibration
capability.




3
TEST ARTICLE IDENTIFICATION

3.1 SELECTION CRITERIA

To achieve maximum benefits from the BGM-34C reliability test program, it is
necessary to identify those articles for which reliability assessment would yield the
most useful results. A hierarchy of selection criteria for identification of articles to
be tested was developed, based on either operational characteristics or data avail-
ability. These criteria were formulated into a decision diagram (see Figure 3-1) and
used to screen each BGM-34C line replaceable unit (LRU), as listed in Appendix A.
As an input to this study, the Government directed that the following articles be
excluded from consideration in the test-selection analysis:

a. Mid-Air Recovery System (MARS) equipment

b. Ground launch equipment, except the ground launch interface control
unit (GLICU)

c. Strike and reconnaissance mission equipment
d. EW transmitters.
LRUs excluded by the above guidelines are identified in Appendix B.

The overriding consideration in the test-article selection process was the avail-
ability of data. Since the BGM-34C comprises a mix of old, modified, and newly
developed items, a large number of its LRUs have sufficient operational data available
for a reliability assessment. TRA report 14711-48 provided the necessary informa-
tion for establishing whether each BGM-34C LRU has been used on previous RPV
systems.

For LRUs that have been in Government inventory for less than 2 years, avail-
able data were assumed to be insufficient to permit reliability assessment. These
LRUs were further screened to identify the ones for which reliability evaluations
would be desirable. The selection criteria were premised on failure modes and
effects analyses previously conducted by Teledyne Ryan and Lear-Siegler4,5,6. The
selected LRUs were then identified as to their operational criticality, in the following
categories (ranked according to severity):

a. Class I — Personnel Safety Critical. LRU failure could result in loss
of life.

b. Class Il — Recovery Critical. LRU failure could result in loss of the RPV.

c. Class III — Mission Critical. LRU failure could result in launch or flight

abort.
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d. Class IVb - Cost Critical. LRU has high failure rate and/or high
maintenance costs, and experience data are insufficient for evaluating
operational availability.

e. Class IVe - Non-Critical. LRU has insufficient experience data to permit
reliability assessment, but failure could result only in degradation of non-
critical system-performance parameters. Therefore, reliability predic-
tions for these LRUs may be used until field experience data become
available.

f. Class IVa - LRU experience data are sufficient for performing an opera-
tional reliability assessment without further testing; or LRU is excluded
by ASD-provided selection guidelines.

For purposes of test-article selection, an LRU was listed only in the most
severe applicable category.

3.2 PROGRAM TEST ARTICLES

Based on the above criteria, test articles for the Unconstrained, Intermediate,
and Minimum test programs were selected as discussed below.

3.2.1 Unconstrained Program Test Articles

Test articles recommended for the Unconstrained Program constitute the
"List 1" LRUs of Table 3-1. The following paragraphs provide the rationale for the
selection of LRUs where not obvious.

The List 1, Personnel Safety Critical (Class I) LRUs include the servo actua-
tors and the module that supplies power to the rudder and aileron actuators. These
LRUs were classified Personnel Safety Critical during air launch due to potential
hardover output from the actuator, which could cause the RPV to become uncontrollable
and possibly collide with the launch aircraft.

In the Recovery Critical (Class II) area, the fuel system valves failing in an open
mode would cause the main tank to continue to vent above 25, 000 feet, and this loss of
tank pressure could cause engine flameout above 38,000 feet when the fuel level is less
than 8 inches above the boost pump. The same problem will result from failure of the
right/left fuel pod transfer relay of the pod control unit (with pods off or empty). This
relay completes the power circuits to the fuel system pressure/vent valves. Failures
occurring in the remaining LRUs of Class II will diminish control of the RPV to the
point of probable loss of the vehicle.

For Mission Critical (Class III) LRUs, except for the two fuel valves, failure
will cause either 1) an automatic abort or 2) a manual return to the recovery area due
to severe degradation of the functions detected by telemetry. Failure of the pilot float-
operated valve and fuel-level control valve in the closed position during prelaunch will
prevent the RPV main fuel tank from being replenished, resulting in a short mission.

All LRUs in the Cost Critical (Class IVb) list have high maintenance and/or fail-
ure rates, together with insufficient experience history from which to make an
evaluation.
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3.2.2 Intermediate Program Test Articles

For the Intermediate Program (List 2, Table 3-1), LRUs classified as
Personnel Safety Critical remain the same as for the Unconstrained Program. Other
test articles for the Intermediate Program are those selected from the Unconstrained
Program on the basis of technological complexity of operation or design at the circuit/
component level. The primary driver used aiter considering vintage of the equipment
was state-of-the-art technology. In general, the Intermediate Program list contains
LRUs designed with a large complement of microcircuitry or other unique and current
design features. In addition, LRUs were selected that contain a large mix of parts of
of varying quality.

Articles in Classes II, III and IVb were selected according to the above screen-
ing criteria. Exceptions were the gyro, accelerometers, and transducer, which were
chosen because they represent an electromechanical design technology that is unique
although not new,

3.2.3 Minimum Program Test Articles

Test articles for the Minimum Program (List 3, Table 3-1) are those selected
from the Intermediate Program list on the basis of System Effectiveness Data
System (SEDS) data on preflight and flight test data.10 While SEDS failure data are
generally based on a small number of operational hours, it can be reasoned that
recurring failures of listed LRUs can be expected to continue until corrective
measures are taken. The inclusion of these items in the test program will allow
corrective action resources to be allocated in a manner responsive to greatest
expected system-reliability benefits.

Personnel Safety Critical items for the Minimum Program are the same as those
of the Unconstrained Program due to the critical nature of operational failures.

For the Minimum Program, Recovery Critical (Class II) items deleted from the
Intermediate Program list include the pod control unit, main power control box, AHR
electronic control amplifier, and throttle servo. These LRUs have not exhibited
significant problems during flight testing. However the GLICU, for which no failures
have been reported, remains on the list because it is expected to have a high failure
rate and since limited ground-launch data exist for the BGM-34C.

To date, the DPU has experienced more failures than any other LRU in the
BGM-34C vehicle, and therefore remains on the Minimum Program list. All other
Mission Critical (Class II) items of the Intermediate Program have experienced few
or no failures, and therefore were not selected for the Minimum Program.

All Cost Critical LRUs on the Intermediate Program list have failed often
enough to warrant additional evaluation; therefore, this list remains the same for the
Minimum Program.,

3.2.4 Non-Selected LRUs

Excluded from all three test options are LRUs that have significant operational
history, and thus do not need further evaluations (Class IVa); and those screened by
the three programs per the criteria discussed in Sections 3. 2.1 through 3.2.3
(Class IVe, Lists 1-3). These lists appear in Appendix B.
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3.3 TEST PHILOSOPHY

Ideally, conditions of BGM-34C reliability evaluation testing should approach
those under which the equipment will be operated. However, consideration must be
given to the tradeoffs among selected test articles, test equipment, test space require-
ments, interface compatibility, and level of operating performance. The decision can
then be made whether to conduct the testing at the system, integrated subsystem, or
individual LRU level, as discussed in the following paragraphs.

3.3.1 System Reliability Evaluation Approach

A total system evaluation approach test would involve the use of a complete
BGM-34C vehicle; an environmental chamber (combined or individual environments)
large enough to accept all selected LRUs of the vehicle; and the system test console
(STC). This approach has the following advantages and disadvantages.

Advantages

— Provides each equipment with the inputs and output loads most
representative of actual operation.

— Provides actual interface marriages (cables, connectors, etc.) to
verify interface compatibility and freedom from undesirable inter-
actions under dynamic conditions.

— Permits monitoring parameters at an acceptable level of performance
for system functions essential for each phase of the operational mission
profile.

Disadvantages

— Environmental simulation chambers large enough to accommodate the
total BGM-34C vehicle are not readily available.

— The STC, due to its large size, requires a correspondingly large test
setup space.

— The STC instrumentation cables are too numerous to be accommodated
by access openings in standard environmental chambers.

3.3.2 Integrated Subsystem Evaluation Approach

The integrated subsystem approach involves testing at the "'segment" level
(avionic, navigation/guidance, propulsion, etc.) defined in Appendix A; use of an
environmental test chamber (combined or individual environments); and use of por-
tions of the STC with its existing software or subsystem-level test monitoring equip-
ment, such as the direct control panel.

Advantages

— Provides each equipment with inputs and output loads representative of
actual operation,

Faocy




“

— Provides interface marriages (cables, connectors, ete.) of some selected
subsystems to verilty inicrface compatibility and freedom from undesirable
interactions under dynamic conditions.

— Permits the monitoring of parameters at acceptable levels of perform-
ance for selected subsystem functions essential for specific phases of the
operational mission profile. {

— Provides the capability for combining environmental tests for simultaneous
application,

— Provides for test monitoring with either STC, subsystem testers, or individ-
ual LRU testers.

Disadvantages
— All interfaces are not checked for undesirable interactions.

— Some percentage of subsystem inputs are simulated, and accuracy of
simulation is an unknown factor.

— Assessment of the total mission profile is extremely difficult.

3.3.3 LRU Evaluation Approach

The LRU evaluation approach involves testing of individual LRUs in environ-
mental chambers (combined environments) with individual LRU test equipment.

Adva.ntages

— Permits evaluation of a greater portion of system circuits/components
than system or integrated subsystem level testing.

— Provides for identification of LRU-level stability and degradation of
performance.

— Test equipment is readily available.
— Combined environmental testing can be easily accomplished.

Disadvantages

— The simulation of operational inputs is more complex, and therefore these
inputs are potentially less accurate.

— Interfaces and interactions among LRUs cannot be evaluated for compatibility
or their effects on the system.

— Operational mission profile performance is difficult or impossible to assess.

— Installation problems are difficult to assess.
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4
TEST ENVIRONMENT

This section discusses environmental considerations associated with BGM-34C
reliability testing. Section 4.1 presents an evaluation of the system operating environ-
ment; Section 4.2 describes how the environment can be simulated for three test-scope
levels (Unconstrained, Intermediate, and Minimum); Section 4.3 addresses specific
types of equipment needed to simulate the environment for the three levels of testing;
and Section 4.4 identifies test performance monitoring equipment.

4.1 OPERATIONAL ENVIRONMENT EVALUATION

Field environmental data derived from actual measurements, analyses, and
experience as published in technical reports (see references, Appendix C) were
reviewed to determine the environment to which the LRUs are exposed during opera-
tion. Table 4-1 summarizes the findings.

From a study performed by Grumman Aerospace Corporation, i an analysis of
field failure data related to environmentally induced failures for various types of jet
aircraft, the distribution of failures was found to be as follows:

Environmental Percentage of Failures
Factor Attributed to Factor
Temperature 40
Vibration 27
Moisture 19
Sand and dust 6
Salt 4
Altitude 2
Shock 2

As can be seen, approximately 85% of all environmentally-induced field failures of the
subject electronic equipment are attributable to temperature, vibration, and moisture.
Therefore the BGM-34C environmental test plans will be limited to those three

factors.

The approach to developing a laboratory program simulating the temperature,
moisture, and vibration environments expected in the field utilizes RPV mission
experience as its basis. Although RPVs with different mission goals have slightly
different profiles, certain generalizations of profile can be made. Every RPV exper-
iences the following sequence of events during a nominal mission:

a. Ground operation
b. Launch and altitude attainment
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c. Mission objective
d. Recovery

e. Ground storage (non-operation).

Utilizing this general sequence and separating the environments of concern into
their constituent parts, definitions of the environmental stress levels and durations
were generated. For purposes of gathering as much data as possible applicable to
flight operations, the ground-operation and storage-time segments of the simulated
mission profile will be greatly reduced from the observed field durations.

The operational environment will now be discussed in terms of temperature
(Section 4.1.1), vibration (Section 4. 1. 2), and humidity (Section 4. 1. 3).

4.1.1 Thermal Levels

A review of field environmental data for minimum temperature levels indicated
a wide variation of minimum temperatures in various compartments of RPVs, How-
ever a distinct band was noted in the vicinity of +10°F at sea level. This minimum
temperature represents a worst-case steady-state condition that will be simulated for
LRUs installed in the BGM-34C nose compartment. The minimum temperature for
equipment-compartment LRUs is about +75°F (see Figure 4-1).

Figure 4-2 depicts a typical worst-case, high-temperature operational profile.
Since the end temperature maximums for both the nose and equipment compartment of
a jet-powered RPV are approximately 115°F (ref. 9), this single worst-case high
temperature will be used for testing purposes.

The above low- and high-temperature test requirements disregard ground oper-
ating and storage temperature extremes. Since the objective of this testing is to
determine the operational suitability of the articles, and since previous production,
reliability, and quality acceptance tests have demonstrated the effects of these temper-
ature extremes, only operational temperatures will be considered.

4,1.2 Vibrational Levels

The vibrational forces imposed on an equipment may be random, sinusoidal, or
a combination of the two. The Grummanl3 and Air Force Flight Dynamics Laboratory
reports agree that major sources of vibration in jet-powered air vehicles produce dis-
placements of a random nature, and MIL-STD-810C12 requires a random vibration
test for equipment installed in external stores carried on airplanes. Therefore a
random-vibration environment is recommended for the BGM-34C reliability test pro-
gram. However, if facility limitations preclude random vibration testing, the sinu-
soidal vibration test of Table 4-1 could be conducted; but for assessment purposes the
two may not be combined since they are different environments.

The operational vibration environments for articles installed in the nose, engine,
and equipment compartments (Figures 4-3, 4-4, and 4-5, respectively) were chosen
for the BGM-34C reliability test program since 1) all selected LRUs are located in
those three compartments, as opposed to stores and other external locations; and 2)
these areas represent the conditions of highest vibrational level, representative fre-
quency, and duration of application expected to be associated with BGM-34C operation.
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The duration of vibration exposure is based on a typical BGM-34C EW mission,
during which vibrational conditions are severe for approximately 25 minutes and at a
more benign level during the cruise and loiter phases, As indicated by Figure 4-6, a
reduction of 25% of the maximum power spectral density (PSD) levels for random
vibration is recommended during the less severe portion of the mission.

Max
PSD

75%
PSD [

No
Vibr. -

1 i 1 1 y 1 1 -
0 10 20 30 40 50 60 70

Elapse Time, minutes (after RPV Engine Start)

Figure 4-6, Typical Vibration Duration

4.1.3 Humidity Level

As was noted in Section 4,1, a significant number of field avionic failures
attributable to environmental causes are moisture-related (19 percent of the total).
Since there are a limited amount of applicable flight data from which to relate
humidity-exposure duration and levels to a mission profile, engineering judgment is
needed to approximate this environment.

Ideally, any proposed humidity test should simulate the full range of moisture
environments expected during service life. The full range encompasses all conditions
between 1) hot-day, high-relative~humidity ground storage, and 2) high-speed climb/
dive through varying thermal/pressure layers of atmosphere. This range cannot be
practically duplicated in a laboratory. Recognizing this limitation, standard test
methods, i.e., MIL-STD-810, involve manipulating certain of the environment's
driver and driven constituents to produce the desired long-term life effects. The same
approach has been utilized to develop a cycle for the BGM-34C program. Because
standard humidity tests are of a nonoperating nature, and the purpose of this test pro~
gram is to accumulate operating time, the total cyclic exposure has been reduced and
dispersed throughout the test interval.

For purposes of BGM-34C reliability testing, the standard test cycle of MIL-
STD-810 has been modified as shown in Figure 4-7. The 'rise-to-temperature"
period has been extended to 3 hours to assure realization of 95% relative humidity at
115°F. This extension, coupled with an 18-hour soak, will afford the greatest
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opportunity for moisture migrution. The drying period, represented by the reduction
in temperature to 73°F, has been shortened to 3 nours. The recognized risk associ-
ated with reducing the drying time (free moisture precipitant within the chamber) is
minimized by imposing the 359 relative humidity requirement, which will in actuality
govern the duration of this period. Thus the actual drying time may exceed 3 hours,
depending upon the capability of the test equipment to reduce the absolute water content.

To assure obtaining the full effect of each humidity exposure while distributing
the total exposure throughout the entire test period, each exposure will consist of two
modified cycles, back-to-back. This arrangement affords two opportunities for the
driver constituent (temperature) to have its full effect.

Constructing the humidity exposure and positioning it between basic cycles, as
previously outlined, requires that sufficient time be allocated before and after the
humidity cycle to allow the test article to stabilize at the desired initial temperature.
Further, operational checkout of the test article is considered mandatory at the com-
pletion of each humidity exposure. Upon completion of the basic thermal/vibration
cycle, the chamber temperature is set at 73°F with the equipment nonoperating. After
allowing sufficient time for the LRU to stabilize at 73°F, humidity exposure will begin.
At the conclusion of humidity exposure, an abbreviated operational checkout of the test
article is performed when the chamber temperature reaches 73°F. Following this
checkout, the chamber temperature is adjusted to the next thermal/vibration cycle.

4,2 ENVIRONMENTAL STRESS OPTIONS

The following variations of environmental stress are provided to offer the
Government a range of choices for simulation of the environments encountered by
selected LRUs of the BGM-34C during field operation. Also included are requirements
for unusual environmental-simulation equipments.

4,2,1 Unconstrained Program Environments

The selected LRUs will be subjected to all environmental stresses defined in
Table 4-1. The temperature and vibration stresses will be applied simultaneously,
and humidity individually. Figure 4-8 shows the environmental profile.

4,2,2 Intermediate Program Environments

The selected LRUs will be subjected to the temperature and vibration stresses
listed in Table 4-1, applied simultaneously. Figure 4-9 shows the environmental
profile,

4,2,3 Minimum Program Environments

The selected LRUs will be subjected to the temperature and vibration stresses
listed in Table 4-1, applied simultaneously. Figure 4-9 shows the environmental
profile.

4,3 ENVIRONMENTAL TEST EQUIPMENT

Environmental test equipment required for simulating the stresses defined above
ig identified in the following paragraphs,

4-11

:
3
3
i

-




9[1J0IJ [BIUPWUOITAUY WBIS0oId WNWIUI PUB 9IRIPAWIdANU] *6-F 2InB1 g

_ 104D & puz _ a10&) An(y 18T

Sanoy

Iy g y 8 z I 0!
L o 1 1 1 L -O
de
s
1401 dway
00T
d.611
»SL
uoyRIGIA
/00T
“urw ‘gg
“urw ¢z

]
a[1Joad [eIUSWUOITIAUY WeIFoId paureljsuoou() °g- sandrg H
21940 LN 1812 _ a194) Ajpruny pug a104) Ayprwing 3s1 _ w_o.MWoMu:Q a104) £In( puz a104) AnQ IS1 _
r SINOK 3|
)
16 06 88 ¥8 08 L (42 89 ¥9 09 9 L] 1 4 € 4 1 0
1 R o AR | 1 1 =i 1 1 Ww 1 1 1 1 1 ol o
de
0¢
\ ‘*dwa],
d.0T
i, 08 00T
J.STT
%SL
UOIJBIQIA
1001
‘utu gg
‘uru gg
588
Aypruany

%36




4,3.1 Unconstrained Program Environmental Equipment

The test facility or chamber will be large enough to accommodate the assembled
test articles of Table 3-1. The chamber shall be capable of providing temperature and
random vibration stresses simultaneously, and humidity individually.

4,3.2 Intermediate Program Environmental Equipment

Environmental test chambers with inside dimension measuring 4' x 4' x 4' will be
used to apply temperature and vibration stresses simultaneously to the test articles.
Test chambers needed are:

a. One AGREE Test Chamber 27CF10-10 or equivalent, with random
vibration capability

b. Seven AGREE Test Chambers 27CF10-10 or equivalent, with sinusoidal
vibration capability; or seven separate sinusoidal vibration exciters.

4,3.3 Minimum Program Environmental Equipment

Environmental test chambers (4' x 4' x 4'") required to satisfy Minimum Program
stresses are:

a. One AGREE Test Chamber 27CF10-10 or equivalent, with random vibration
capability

b. Three AGREE Test Chambers 27CF10-10 or equivalent, with sinusoidal
vibration capability; or three separate sinusoidal vibration tables.
4,4 TEST MONITORING EQUIPMENT

Based on the foregoing analyses, the following test monitoring equipment is
needed.

4.4.1 Unconstrained Program Monitoring Equipment

For the Unconstrained Program, the selected LRUs of Table 3-1 will be con-
figured as completely functional subsystems and then assembled to operate per the
BGM-34C system requirements. The system test console (STC) will be used to test
and monitor the articles during operational testing. LRUs not selected for testing,
but required to support the integrated system test concept, may be used as required.

4.4.2 Intermediate Program Monitoring Equipment

Selected test articles listed in Table 3-2 for the Intermediate Program will be
assembled into operational subsystem configurations (see Section 6). Where possible,
actual system interfaces (cables, connectors, etc.) will be utilized. This is the same
testing configuration used for DC-130 upload and preflight tests. About 95% of the
selected LRUs are checked by this test,
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The LRUs assembled into subsystems will be tested and monitored, with support
test equipment consisting of the following:

a.
b.

C.

Direct Control Panel of Launch Control Console
Umbilical Distribution Box

Special Test Adapter

4,4.3 Minimum Program Monitoring Equipment

Testing a sample of four of each LRU listed in Table 3-1, individually or as a

group, requires the following operational support test sets:

a.
b.
C.
d.
e.
f.
g.
h.

i.

Loran Test Set 458050

MCG Test Set AN/APM 37 MOD

Doppler Radar Velocity Sensor Test Set 1001Z0001-G1
Gyro Test Set LT5601-01-01

Interface Control Unit Test Set 458700

Universal Avionic Component Tester (UACT) 457400
Adapter, UACT 458610 (for flight computer)
Adapter, UACT 458400 (for recovery control unit)
Extended Purpose Adapter, UACT 458650 (for RCU)
Digital Processor Test Set 458100

Servo Actuator Test Set 458400

Ground Launcher Console 259G030-1
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5
TEST GROUND RULES

This section describes the ground rules, guidelines, procedures, reports, and
statistical assessment methods required for the effective conduct of a reliability test
program, = The definitions and methods are consistent with those called out in MIL-
STD-78111 and other test specifications and standards.

5.1 GENERAL GUIDELINES

The contractor will prepare a detailed reliability test plan having the purposes
of:

a. Providing the necessary coordination between the procuring activity and
the contractor to ensure mutual agreement on the test approach

b. Precluding post-test disputes over the validity of test results

c. Minimizing changes and arbitrary on-the-spot decisions during the conduct
of the test, which could invalidate the test results

d. Assuring that all necessary test support is planned, scheduled, and made
available in a manner that will preclude costly delays in test initiation or
invalidation of test results.

5.1.1 Detailed Reliability Test Procedures

The contractor will prepare detailed test procedures and obtain approval of the
procedures from the procuring activity. The test procedures should include the
following details:

a. Test purpose, concepts, and general description

b. A listing and brief description of all units that will be tested
c. Test equipment to be used

d. How the test equipment will be monitored

e. Operational and environmental conditions under which testing is to be
conducted

f. Preventive maintenance measures to be performed
g. Performance parameters to be measured

h. Performance limits beyond which a failure is deemed to have occurred




i. Step-by-step test procedures

j. Samples of report and log forms

k. Test-data assessment techniques

1. Test team organization and responsibilities

m. Failure analysis and corrective action procedures. ]

5.1.2 Design and Performance Testing

Design, performance, environmental, preproduction, individual, or other
required tests will be completed prior to reliability testing, unless otherwise specified
by the procuring activity.

5.1.3 Test Preparations

The contractor will conduct an environmental equipment evaluation, utilizing
the articles to be tested, to assure that proper environmental stress conditions are
obtainable for testing.

5.1.4 Inspection

Procuring activity personnel will visit the test facility or perform other inspec-
tions as necessary to assure compliance with reliability test and evaluation require-
ments. The contractor will provide the necessary administrative support to the
inspection personnel.

S sk s

5.2 BASIC TEST PROCEDURE ‘ !

The procedure for reliability assessment involves the following basic sleps:

a. Select samples of the LRUs to be tested. All LRUs so selected will have
passed the individual tests described in the acceptance test portion of the
equipment specification.

b. Install the LRUs in the test facility, together with the instrumentation
needed for testing and to provide for the safety of equipment, test facility,
and test personnel.

c. Conduct the testing under procuring activity surveillance and in accordance
with approved test conditions and procedures.

d. Record the test elapsed-time and time-to-failure data.
e. Diagnose, analyze, categorize, and classify each failure.
f. Assess the equipment reliability from accrued time and failure records.

g. Summarize all test results in a final reliability evaluation test report.
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5.3 TEST TIME ACCRUAL

Throughout the test period, time (for purposes of asscssment) is accrued on the
test articles only when thev are in their operating mode. The operational duty cycle is
intended to be representative of BGM-34C field operations. i

5.4 INCIDENT OCCURRENCEL

In the event of an incident that requires test shutdown, complete log and data
records will be maintained.

If corrective maintenance actions are required, the contractor will be respon-
sible for implementing them. Following correction, a test for verification of correc-
tion effectiveness will be witnessed and approved by the procuring activity, after which
the system will be returned to the reliability test configuration and test sequence exist-
ing prior to the incident.

Incident identification reports will be prepared for each incident. In the event
that parts or subassemblies of failed LRUs are removed and replaced, a Spare Parts
Use Log entry will be completed along with a failure analysis report. Suggested for-
mats for these reports are presented in Section 5, 7.

5.4.1 Failure Definition

For purposes of the subject testing, "failure' is defined as any performance
deviation of a test article beyond acceptable limits, for which a level of performance
has been established. Examples of failure include, but are not limited to:

a. Deviation of monitored functional parameters beyond established limits

b. Catastrophic or structural failure

c. Mechanical binding or loose parts, including screws, clamps, bolts, and
nuts, that clearly result in article failure

d. Degradation of system performance below established limits
e. Deterioration, corrosion, or change in tolerance limits of any internal or
external parts, which in any manner prevents the article from meeting

operational requirements.

5.4.2 Failure Relevancy

All failures will be considered relevant for purposes of article reliability assess-
ment, unless as otherwise directed by the procuring activity or as judged nonrelevant
under the following guidelines:

a. External Causes — Failures determined to have been caused by a condition
external to the article under test (e.g., caused by a malfunction of the test
equipment or of any interconnecting test cables).

b. Human Error — Failures resulting from operation of the article in excess
of specified limits; or occurring during fault isolation, adjustment, repair,
or diagnostics that are not part of reliability testing.
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c¢. Unverified Failures — A nonrecurring phantom indication on test
monitoring equipment, which cannot be subsequently verified.

d. Secondary Failures — The failure of an article due to failure of another
article.

5.4.3 Analysis of Failures

The cause of each test article or part failure, including government furnished
equipment (GFE) or parts to be included in or as part of the test group, will be deter-
mined by investigative methods and analysis. No substitution for an equipment item
being tested may be made during reliability testing unless the LRU can be unmistakably
demonstrated by the repair activity to be outside of specification tolerances, and that
its repair will delay the test program excessively.

All failures observed during reliability testing will be confirmed. Lack of fail-
ure confirmation should be cause for close review of the test methods and facility.

5.4.4 Verification of Repair

Following repair/corrective action and prior to the resumption of testing, it will
be permissible to operate articles in the test facility, Test procedures will specify,
for all LRUs under test, the period of operation or number of cycles needed to verify
the effectiveness of the repair. Failures and elapsed time during this period will be
recorded and reported. While these data will not be used in the MTBF determination,
they will be subject to analysis.

5.5 CORRECTIVE ACTION PLAN

The contractor will promptly develop and propose a plan for correction of all
relevant failures occurring during reliability testing that were determined by analysis
to be manufacturer design and/or workmanship. The plan will be submitted to the
procuring activity for review and approval.

At the conclusion of the reliability test program, all proposed corrective actions
not incorporated during testing, and any recommendations for possible future improve-
ments of the reliability of the articles, will be prioritized for an incorporation decision
based on criteria established by the procuring activity.

L4

5.6 PREVENTIVE MAINTENANCE
Preventive maintenance procedures specified for the test articles during normal
operation will be applied during the reliability tests. No additional preventive mainte-

nance will be allowed during testing or actual repair. Preventive maintenance or
calibrations may be performed on test equipment as necessary.

5.7 DATA COLLECTION AND REPORTING

Data collecting and reporting at the reliability test site will include the following
activities:

a. Developing and implementing a method for collecting performance test data.
The associated procedures will be prescribed in the test plan.
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b. Maintaining (i.e., recording all necessary entries in) the Test Log and
Data Record. This function includes all event observations and notification
of incidents.

c. Initiation of failure reports.

d. Maintaining the Spare Parts Use Log.
5.7.1 Records

The primary purpose of test records is to document all events and activities
having direct or indirect impact on the reliability test decision process. Only one
complete "official" set of records will be maintained during the actual test. The on-
duty test team members will both initial and date all records. Full signatures will be

shown where conclusions are reached and recorded.

5.7.2 Test Log and Data Record

The Test Log and Data Record is used for recording operating and down time,
and to describe progress, problems, solutions, and other information necessary to
document the progress of testing. All incidents will be recorded and certified in this
log, whether internal or external to the system configuration. Entries will be made
at the time the incidents occur. Following are examples of the types of events that
will be recorded:

a. Facility interruptions

b. Data errors

c. Equipment errors

d. Unauthorized activity, either on the equipment or in the area facility

e. Any activity that was planned and scheduled but did not occur

f. Certification and results of all scheduled activities

g. Unplanned activities such as downtime (any device), facility or equipment

rearrangement, acts of God, waiting time as a result of critical parts, or

people shortages

h. Disagreements between authorized test personnel in the resolution or
actuality of specific incidents

i, Results of failure analysis, as the information becomes available.

5.7.3 Failure Report

A failure report (see example form, Figure 5-1) will be prepared each time an
incident arises as identified in the Test Log and Data Record. Generation of this form
will be the vehicle by which fault investigation and analysis, if required, are initiatea.
For each part or subassembly removed from equipment during testing, and which is
known or suspected to be defective, a failure report will be generated immediatelv at
the test site.

o
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-
; FAILURE REPORT
i 1. Report No. 2. Program
4
P 3. Item in Test — Name 4. Part No. l 5. Serial No. 6. Failure Date
7. Major Assembly/LRU 8. Part No. 9. Mfr. 10. Serial No.
W | 11. Subassembly — Name 12. Part No. 13. Vendor 14. Serial No. /Ref. Desig.
|
| 15. Component, Part — Name 16. Part No. 17. Vendor 18. Ref. Desig. /IPB
I
19. Failure Detected During 20. Test Documentation
op Table Step,
op Table Step
Other
21. Cumulative Operating Time
Hours Minutes Cycles
22, Failure Description
23. Reported by
4. Cause of Failure
25. Reported by
26. Repair/Corrective Action
29. Approved by
27. Repaired by 28. Date Repaired
30. Comments/Approval
31. Comments/Approved by

Figure 5-1.

Failure Report Form
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5.7.4 Equipment Failure Record

An equipment failure record (see example form, Figure 5-2) will bhe maintained
for each equipment, representing a summation of failures attributed to that equipment,
Both relevant and nonrelevant failures will be recorded. Columns for cumulative rele-
vant failures and usage time are provided. This record will be continuously main-
tained and updated immediately after each determination of failure and its cause.
Cross-reference to the associated failure report will be included.

5.7.5 Sparing and Spare Parts Use Log

Based on the expected MTBF of the LRUs to be tested, one set of spare parts/
subassemblies (board level) for selected LRUs should be made available for removal
and repair actions. Replacement of LRUs may be accomplished only as directed by
the procuring activity. Therefore, LRU sparing is not considered necessary.

A spare parts use log (see example, Figure 5-3) will be kept and retained at the
test site, All activities associated with the flow of spare parts at the test site will be
recorded in this log, particularly the identification of parts removed from or added to
stock.

5.7.6 Final Report

The contractor will prepare and submit a final report within 30 days after comple-
tion of the reliability testing. This report will summarize all test results obtained dur-
ing the contract.

5.8 TEST ASSESSMENT

The purpose of the BGM-34C reliability test program is to establish MTBF
indices for critical subsystems/components and identify candidates for a Reliability
Improvement Program (RIP). The failure analysis and corrective action requirements
previously discussed in this section described the methods necessary for identifying
RIP candidates. The following three statistical techniques describe methods to be
used in establishing achieved MTBF and confidence in the results. It must be noted
that the reliability test itself does not determine the true/actual MTBF of the article
under test. However, the techniques used will give a realistic reliability estimate if
a reasonable number of failures is observed.

5.8.1 Unconstrained Program Assessment

For the Unconstrained Program, the test time is unlimited. For test assess-
ment purposes, the failure-truncated test method will yield valid MTBF evaluation
results more efficiently than a time-truncation test if the observed MTBF is small.
Assumptions and equations supporting this conclusion, together with sample calcula-
tions, appear in Appendix D.

5.8.2 Intermediate Test Level Assessment

The total test time for the Intermediate Program is 16,000 hours (see Sec-
tion 2.4). Based on a time-truncated test of 16,000 equipment operating hours,
MTBFs can be generated corresponding to one-sided confidence limits for various




numbers of failures occurring during testing, If it is found that failures are
distributed exponentially as a function of time, the mathematical framework and tables
usable for the calculations appear in references 14 and 15, respectively (see
Appendix D for sample table). Similarly, tables for failure distributions other than
exponential may be generated.

5.8.3 Minimum Test Level Assessment

The total test time for the Minimum Program is 8, 000 hours (see Section 2,4).
Based on a time-truncated test of 8, 000 equipment operating hours, a table of MTBF
values corresponding to one-sided confidence limits for various numbers of failures
similar to those described in Section 5, 8.2 can be generated.

5-8
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EQUIPMENT FAILURE RECORD

Equipment Name P/N S/N Page___ of ___
Accum. Accum,
Item Usage Non-Usage | Time Relevant
No. | Date Time Time Meter Description of Failure Yes/No
|
4 Verification Contractor Customer
Figure 5-2. Equipment Failure Record Form

5-9 .'

|
1




>4 st A

wxog 307 9sn spred oaedg

*g-g aandr g

[eaoaddy

qvda
‘J9Y

"ON TBiT9G | °ON MBJ

‘ON [e1I08

*ON Jed

"ON [BLI9g

"ON Med

Ajquassy XaN

doeyday o,

saxedg woa g

a1eq

woyy

DOT dSN SLYVd JYvVdS

5-10




i, 49 o v Ao A it T

e o 79 e ) B iy

6
TESTING PROGRAMS

This section defines three levels of reliability testing for Government planning
considerations. These levels, which have been identified in this report as Uncon-
strained, Intermediate, and Minimum, are defined in terms of the following elements:

a. Test article selection
b. Test philosophy

c. Test environments

d. Test equipment

e. Test assessment

f. Test ground rules

g. Test profile.
Table 6-1 is a matrix summarizing the scope of each element for each level of testing.

The elements of the various test levels have been defined in a manner that makes
each element independent (to the extent possible) of the others; thus, the elements of
the three test levels can be combined into composite test approaches combining the
best features of each test level. The test program that will be recommended in this
report (see Section 6.4) will comprise essentially those elements indicated by shading
in Table 6-1. The three levels described represent three of several approaches
which could be considered. Table 6-1 shows the test planning criteria used to develop
the three programs.

6.1 UNCONSTRAINED PROGRAM

In the Unconstrained Program, one set of test articles configured as shown in
Figure 6-1 will be tested in accordance with the test profile depicted in Figure 6-2.
Only one set of test articles is recommended because of the limited availability of
STC and random vibration equipment. If additional test capabilities are available, it
may be more economical to test additional articles simultaneously. As shown in
Figure 6-2, test system performance characteristics of test articles will be checked
only during times when the article is operating in its prescribed manner and environ-
ment for the BGM-34C system. Testing will be conducted per the ground rules pre-
sented in Sections 5.1 through 5.7. Test termination and assessment criteria will be
as presented in Section 5.8.1. MTBFs for the system, and its subsystems and LRUs,
can be determined from this test program.
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6.2 INTERMEDIATE PROGRAM

In the Intermediate Program, eight sets of test articles configured as shown in
Figure 6-3 will be tested in accordance with the test profile of Figure 6-2, except
that the humidity cycle will be omitted and vibration may be performed with one ran-
dom and seven sinusoidal exciters if a total random capability does not exist. The
test ground rules of Sections 5.1 through 5.7 will be applied. This testing program
will be truncated after 16,000 hours of testing (2,000 hours per configuration), and
the observed MTBF for the subsystems and LRUs will be determined by the methods
described in Section 5. 8. 2,

6.3 MINIMUM PROGRAM

In the Minimum Program, four sets of test articles configured as shown in Fig-
ure 6-4 will be tested in accordance with the test profile of Figure 6-2, except that
the humidity cycles will be omitted and vibration may be performed with one random
and three sinusoidal exciters if a total random capability does not exist. However,
the test profile will be modified to permit performance checking of only one or two
LRUs per duty cycle. This modification is necessary due to the length of time
required for an individual LRU test. The detailed test procedures generated in accord-
ance with Section 5 will delineate the LLRU test order and the required abbreviation of
test monitoring steps necessary for a 2-hour (one duty cycle) LRU checkout limitation.
The Figure 6-4 configuration is one of several possible test arrangements for the Mini-
mum Program. For example, it may be found advantageous to place four loran
receivers, four recovery control units, and four flight control computers in one cham-
ber for testing, and different groups of LRUs in the other three chambers. These
configurations will permit better test-performance monitoring.

With each of the four sets of LRUs tested for a period of 2,000 hours, the over-
all test will be completed after 8,000 hours and the observed MTBF for each LRU will
be determined by the method described in Section 5. 8. 2.

6.4 RECOMMENDED PROGRAM

A composite reliability test program shown by the shaded boxes of Figure 6-1
is the recommended approach for BGM-34C test planning. It is believed that this
approach incorporates the most desirable features of the three program plans from
a standpoint of economy of resources and adequacy of evaluation.

Figures 6-5 and 6-6 show the recommended test program configuration and test
profile, respectively.

The rationale for selection of each program element is as follows:

a. Test Articles — The Minimum Program test article list includes all new or
modified LRUs (except the umbilical distribution box, which is not con-
sidered complex or a high-failure item), and other LRUs that are system
critical and/or exhibit high failure rates on the basis of limited test
experiences. One set of articles is recommended because of the anticipated
availability of only one random vibration exciter. If more than one exciter
is available or more than one set of articles can be placed in one chamber,
multiple-set testing is recommended.
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i Equip. On ,
Oper.
L’ Status Off i

25 min,

"

35 min, ]
100% |
Vibration

1156°F

Sl
) I3 1 i ] 1 )
L 2 3 4 5 6
Hours |
1st Duty Cycle | 2nd Duty Cycle

Figure 6-6. Recommended Program Test Profile

b. Test Philosophy — The integrated subsystem testing approach is
recommended because it offers more valid inputs to total system evaluation
than the individual LRU test approach, and permits better evaluation of
individual LRUs than the integrated system approach.

c. Test Environments — Combined temperature and random vibration environ-
ments are recommended, with the following modifications. The low
temperature requirement of 10°F will be eliminated because this tempera-
ture is considered benign to electronic items. Sinusoidal vibration is
omitted because analysis of similar RPV equipment shows only random
vibrational experience,

d. Test Equipment — A direct control panel for subsystem performance moni-
toring is recommended. The number and types of LRUs selected make it
uneconomical to use a system test console due to its large cost; and use of
individual LRU test sets is excessively time-consuming for operational
checkout.

e. Test Assessment — The failure-truncated MTBF test is selected because the
present BGM-34C flight test data show a high incident of failure for the
LRUs recommended for testing, Statistically valid observed MTBFs with
determined confidence intervals will be derived from a 41-failure termina-
tion test. If the flight-test failure data are indicative of typical LRU test
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failure rates, then the test time estimated for 41 failures of LRUs having
various MTBF levels are as shown below:

MTBF Expected Test Time, hr i
Highest 10, 250 |
Median 6,355
Average 5,300
Lowest 2,270

A maximum test time of 5,500 hours is recommended for estimating maxi-
mum testing length.

f. Test Ground Rules — Test ground rules are as described in Sections 5.1
through 5.7 of this report.

g. Test Profile — The test profile of Figure 6-2 is modified to delete the
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