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Section I

Introduction

1.1 Background

For years both govermment and industry have observed that the reliabil-
ity of avionic equipment in the field, has not generally attained the level
demonstrated in the laboratory. Studies predict and lsborstory demonstrations
verify the achievement of satisfactory levels of reliability, yet once in
the field, equipments fail at a rate significantly higher than expected.
Observed differences have in many cases been estimated to be at least a

factor of three to as much as an order of magnitude.

‘ The specific reasons for such variances have been the subject of differ-
ent government funded and industry sponsored studies. It is generally ac-
cepted that the main contributors to these apparently inconsistent statis-
tics are certnin obvious and other more obscure operational considerations.
These faectors can usually be grouped however, as differences: attributable
to the equipment itself; between the enviromments encountered during test
and end item usage; and in the derived data base upon which the equipment
reliability is determined. These factors and the probable vreasons for the

contradictory estimates arc summarized in Table 1.
ENVIRONMENT

Data and experience seem to indicate that the difference between labora-
tory tests and field envirommental exposure is one of the more significant
reasons for avionic estimated reliability incampatibility. Increased envi-
rormental stress levels on hardware due to modern high speed, high perfor-
mance aircraft are resvnonsible for many field failures. A study performed

by Grumman (ref. 1) clearly indicates that almost 50% of the field failures
of the equipments studied were envirormentally related.

Almost without exception, laboratory demonstration tests of subsystems
composed of severai constituent black boxes, are perform~d in one test
facility and at one level of stress. In the aircraft these same units may
be located in different areas and therefore potentially exposed to different

envirommental conditiong. Even if all items are designated to be the same

B S S e I I R RS e e
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MIL-E-5400 "class" (ref. 2), which indicates similar thermal and altitude
design and test requirements only, other environmental conditions (notably
vibration) may vary considerably.

Small, light items are not likely to incur much damage due to handling.
As equipment weight and/or volume increases, the damage potential, due to
banging, dragging, etc., may increase significantly. 1In the laboratory, the
reliability test article is generally given the 'kid glove' treatment, there-
by minimizing the probability of handling demege. However, in the field,
because of aircraft installation and removal requirements, this effect may
became significantly more pronounced and logically would increase with item

weight and volume.

It is apparent therefore that reliability demonstration test environ-

wents do not sufficiently or adequately reflect field usage.
EQUIPMENT

Quite often, in order to meet contractual commitments, production equip-
ment is delivered before the reliability demonstretion test is camplete.
One of the reasons that the reliability of field hardware may be lower than
that demonstrated during testing is that many problems, detected during the
demonstration test for which a change will not be incorporated into the pro- .
duction hardware until same later date, wiil still be present in the ini-
tially delivered units.

During *he wvarious phases of a program, equipments produced during the
pre-productiorn phase are reworked for certain purposes. If a reliability
demonstration test is to be conducted, one or more of these 'early' units
will usually be designated as the reliability sample(s). Experience indi-
cates that the earmarked unit(s) is often assembled, controlled and inspected
with more care than the average production hardware. In addition, these
test units may see more operating time prior to actual test, than is
accrued on each production unit before delivery, resulting in a biased test
specimen.

The conditions under which scheduled and unscheduled maintenance activ-
ities are performed on the equipment, in the laboratory as well as in the



field, are quite different and create the very real potential for intro-
ducing undesireable, but possibly unavoidable, contributors to equipment
unreliability. The skill level of personnel involved in failure diagnostics
and repair can significantly affect the identification and classification of
problems, which eventually become data elements. Inadequate equipment han-
dling practices due to lack of proper maintenance stands, tools and pro-
cedures or personnel motivation couwldresalt in induced failures, hence
erroneous conclusions., As packaging density increases, this situation would
be more pronounced in the fleld than in the laboratory since the demonstra-
tion tests are generally conducted with highly skilled personnel.

High quality level parts (TX, ER, etc.) are so designated beéause they
uﬁdergo more rigorous inspection and testing procedures than other parts
which are physically and functionally identical. In the field these parts
should be hetter able to endurs long envirommental exposures than the low
quality level types. Since they are more environmentally tolerant, MIBF
values for equipments with a high percentage of high reliability parts may
therefore be more closely related to laboratcry demonstration values than

units with a much lower percentage of high reliability parts.

During laboratory demonstration tests,because of practical consider-
ations or expediency,not all functions (i.e., performance parameters) may be
monitored. Out-of-tolerance situations and even certain 'hard' failures
may occulr during envirormental exposures and never be detected during the
test or during f'nal acceptence test, In an aircraft, however, these

anomalies could very likely sppear and correctly be counted as a failure.

DATA

Ground rules for failure definition and time measurement rust be con-
sistent to assure that field and laboratory reliability comparisons are
valid. It is obvious that a large disparity between these parameters, when
used in defining MIBF and scoring fallures, will result in a significant
difference in reliability.

During the earlier stages of aircruft deployment, test equipment and

hardwere may not be completely compatible and this incampatibility could re-
sult in erroneous failure diagnosis during troubleshooting. Incorrect
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failure date would then be entered into the data recording system.

The specified value of g , as defined in MIL-STD-781 (ref. 3),is the
meagurc that must be demonstrated in the laboratory. This MIBF requirement
1s establisghed by the user of the equipment and must be satisfied by the A
equipment manufacturer by means of an estimate which is based on the results
of the demonstration test. It 1s therefore extremely important that the
prediction be realistic based on the best amilable data, In addition, it
is also important that e uniform prediction policy be maintained for all
avionic equipment. Current techniques utilize data from a wide variety of
sources, often resulting in equipment whose measured value of MTEF doss not

approach the original requirement.
1.2 SCOPE

Although all of the indicated considerations have,to varying degrees,
contributed to the noncorrelation of field and laboratory derionstrated reli-
ability, the scope of thils study has been deliberately focused on the effects
of the envirormental factors., Certain of the other contributors were also
investigated when the field data indicated a significant impact.

The environmental factors appeared to be the mogt fruitful ares of

investigation because:

- experience has shown that the reliability of equipments is signifi-
cantly affected by the environmental stresses to which they are
exposed.

- the laboratory test environments, which have remained basically un-
changed over the years, no longer represent the induced environments
of today's high performance aircraft.

- laboratory test conditions (e.g., special handling equipment, con-
trolled "clean room" environments, well defined exposure durations,
etc.) do not reflect what the equipment will experience in the end

usage
1.3 Objectives

The principal objectives of this study were:
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Determine the adequacy of the envirormental praofiles of MIL-STD-781
in simulating ield stresses,

Where inidequecies exlst, provide recammended new test profiles for
inclusion in MIL-STHh-781.

Secondary objectives included:

Determine the adequacy and provide recammendations for improviig

demcnstration test ground rules and scoring criterla.

ldentify changes neceded in reliability prediction methods to produce
vetter correlation between demonstration test and field resvlis.

1.4k Agprouch

The following interrelated activities (sumarized in Figure 1) were

performed Lo schieve the above objectives.

Line Removil Units (LRU) were selected in eccordance with a set of
criteria develeped Lo assurce a cross soctlon of function, location,
cooling and mounting provisions. Ninety-five distinct 1KU's wore
sclected and the physical characteristics and operational require-
ments of each IRU was coampiled. Note that "IRU" is a generic temm
used to describe any replaceable package of an avionic equipment or
system as installed in an aircraft weapon system. The equivalent
Navy tem Is Weapong Replaceable Assembly (WRA). Inasmuch es the
duta analyzed for tnls study pertsined to WRA's, that particular

acrorym will be used throughovt the repeort.,

The level and duratlon of all envirommenial exposures during demorn-
stration tests and in the field were determined. Thils included the

Eompllation and review of all environmental data extracted from test

plens and reports, available flight inatrumentstion deta (e.g.
References 26-30) and engineering analyses. The results of all
pertinent, previous studies were included in the determination. The
source documentatlon was also reviewed for cousisﬁency of ground
rules, assumptions, failure criteria, corrective action requirements
and effcctivity.
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The results of the demonstration tests and Tield usage were reviewed
in terms of experienced failures, test time, number of flight hours,
etc., to determine the demonstration and field MIEF's., This neces-
sitated the establishment of and tne adherence to certain prediction
grcuﬁdrules and assumptions. Failure narratives contained in test

. reports ana—operational performance data as contained in the Havy
Maintenance, Material, and Management .(3M) system were reviewed for
applicability to this study. A reprediction of the reliability of
each WRA, based upon part populations, electrical and thermal
stresses and the failure rates of the coordination copy of

MIL-HDBK-2173 {(ref. 23) was also accomplished.

The outputs of the Envirommental Analysis ard MIBF Analysis were

studied through the use of statistical analysis techniques. Signi-

ficant causitive environmental factors that related to the difference

in reliebility between the laboratory and the field were identifiecd.

Candidate demonstration test profiles including enviromments, ex-
posure time, sequencing, levels, €tc.,were developed by using the
results of the statistical analysis, previous study results, and
constraints imposed by equipment design, test equipment, and testing

economics.

-
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Equipment Selection/Data Requirements

2.1 _Selection Criteria

In order to satisfy both the primary and secondary objectives of this
study, it was necessary tc formilate a hierarchy of selection criteria for
choosing the equipments to be analyrzed, These criteria described either a
design or utilization characteristic of the candidate equipment or the
avallability of data. Except for those which pertained to data availability,
the selection discriminators had to have a direct bearing on the major

issues of the study, thezt is, they had to:
¢ pctentially affect an equipment's environment
e 7potentially affect the reliability of the equipment

The overriding consideration in the assessment of each criterion was to
provide a comprehensive equipment blend in terms of design complexity and
environmental exposure, Certain general conclusions and recomnendations
pertnining to envirommental demonstretion testing of all types of avionic
equipment could then be formulated from this sample of analyzed equipments,
The items were chosen on the basis f satisfying as many of the criteria
a8s possible. In addition, since it was highly dimprobable that all of the
items typified a representative sample of each selection screen, a criteria
precedsnce wes cstablished. But here again, the utmost concern was to
palululn & goud cross-sectional character Lo the group of analyzed items.

Tnese criteria in rankg order included:

e laborstory Demonstration - In order to perform any evaluation, it was
implicit in the basic study ovbjective that ecach szelected equipment
must have been subjected to a relinlility demonstration test. The
equipments chousen were all subjected to guch tests, primarily levels
E & F of MIL-3TD-781 (ref. 3). Certain cquipments were purposely
selected because they had not been expused to a MLL-STD-781 profile,

tut. had been tested to environments representing typical mission

profiles.
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Fleld Dnta - Avwmilability of datn and « thorough knowledpe of en-

vivormental "use” parameters also dictited the cholce of hardware.
Since the cgulpments selected are presently included in the Nuvy in-
ventory, Tield data was avmilable through the 3M system and wus
readily supplemented by awvailable preflight and flight test datu.
Murther, envirommental profiles had been determined for each of the

aireraft selected.

Weapon Systen Diversity - Since the envirormental exposurce ar equip-

nent expuriences is dependent upon the characteristics of the air-
craft irn which it is installed ard its associated mission, cquip-
ments have been selected from o variety of aircraflt weapon systems
to 2ssure a ¢ross section of cnviromnmental exposures. The alreraft
represented In this selection have included the following physical

and functional considerstions:

- Turboprop, turbojet and turbofan propulsion
~ Subsonic and supersonic speeds

- Land and carrier hased aircraft

- Attuck, fighter, and surveillunce missions

Cooling Method and Mounting - In order to establish a bace for

corparison of thermal cycling effects, egquipment was selected fron
clagses 1A, 1X, 2, 2A and 2X as defined by MIL-E-S40N {ref. 2} and
encamprssed natural eenvecticon, ligquid, forced alr, wnd fan ccoling
methads.  In g similar manrer, both hard-mounted and isolstor-
mounited equipments were selected to enablz an assessment oit different
Tield performance since MIL-STD-781 teste call for bardmounting of

all test hardware.

Lecation In Aircraft ~ To provide diversity of environmental in-

tensity and to establish a base for MIL-5TD-781 test comparisons
(since lavoratory tests are primarily conducted on subsystems under
one set of environments while actuasl aircraft Location may include

many environments for the same subsystem), equipment was sclected
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wvhose WHA's were located in the nose, fuselage body, cockpit, tail,

ctc,

o e Nyl
g o Teane . A
FERLE T ANTOR e e s

s Usnpe - A1l cquipment selected and used in the airerafi types de-

s

fined were produced in quantity. Further, all common equipment

functions were represented in the selected hardware, i.e., radar,
coymunications, navigation, computer funciions, displays, A-D con-

verters, high-power transmission, sensors, etce,

e Contemporary Design - The primary driver used when considering vin-

tage of equipment was state-of-the~art technology. Since the study L {

i

output wis aimed al recammendirg profiles for future tests, it was

important that analysis be performed cu cquipment representing cur- i 1
rent technology. Further, if the equipment evanluated was too old,

maxinum reliability growth would have Leen achieved via corrective/
design improvement action, and any comparison between laborstory and

Tield would contain a built-in bias., Of course, equipment had to be

1 b R i v R

mature enough to te deployed so that dota would be awwmilable. This
contradiction was mitiguted somewhat by selecting equipment with a

large complement of microcircuitry (1/C's, ete.) as well as other

(unique and current .design features., In addition, equiymert was also

selected which included a mix of parts/quality levels.

2.2 TFyuipment Descriptions ; ‘

Baged upwun the criteris indicated above, the items to be anrlyzed during ! 1
the study wers selected, It was originally decided ¢2 aonalyze 15 separute 1
equipments from four different aircraft. One ot the first major decilsions ;
in conducting this study was to ¢xpand this group to provide a wider spectrum %
of equlpment technology and environmental experience. This was accomplished %
Yy consldering each WRA comprising the 15 subsystems as a discrete study !
equiment. Each WRA wsy successfully tested ageinst thie selection criteria
and were congidered valid study subjects 1in that the cross-sectlonal char-
acter of the group was preserved, An additional bhenefit in going to the
WRA level was to broaden the data aggregate since in general, a particular
equipment or system was environmsntally tested under identicel and simui-

tanegus conditiong. 1In actual use, howewver, each WHA was not co-located

11
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with any of the other ftems in the systom, thereby introducing its owa
: in situ envirommental exvosure, The end result wis that ninety five WKA's
: were gelected for analysis. A descripuion of cuch of these is contained in
i Appeniix A,
Table 2 is a sumary of the more significant physical and design charan-

teristics of those chosen.

Abbrevitions have been used in the ¢olumns of Table 2 Lo define

i wvirious cooliny and mounting methods. The following legend describes

thecse:

COOLING METHOD

A = Ambient - Convective cooling -~ No supplemental ajr
FA = Forced Air - Supplemental cooling from environmental

control system air passes directly over componcnis

FA-O = Forced Air and 0il - Forred air (as above) plus oil-to- i
air heat exchanger in cold plate g
CP = Cold Plate - Supplemental cooling from environmental %
control system air passec through cold plate (conductive !
cooling), not over components
IF¥ = Internal Fan - Intexral WRA fan draws in ambient air
Note that in the succeeding analyses, the WRA's that are ambient cr % 1

interral fun cooled have been grouped together and are referred to as
"grbient cooled” WRA's. Simiiarly, the WEA's which are Torced air, foreed

air and cil, or 20ld rlate 200icd neve deen grouped together and are re-

[N P

ferred Lo gs “"forced ails cooled” WHA'S.

MOUNTING METHOD

3 Hard

D

18

it

Isolator Mounted

2.3 Data hegulrements

Onc of the major aclivities during this study was the accumulation, %
unalysis and interpretation of data from many diverse sources. The date is

1 categorically of a design, environmental aad reliability nature,

12
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All of the physical characteristics, i.e., weight, power, volume, in-
ternal power dissipation, etc., of the candidates were canpiled. Part
populaticns and electrical/mechanical atresses of the constituent parts were
determined. The available Reliability Demonstration tests documentation
which degcribed the amequence, levels and duraiion of individual test pro-
grams were reviewed and the mmber of anomalies during these tests were
recorded. A review of the 3M date system for 1973 indicated the in-field
rerformance in terms of operating time and failures. In addition, all of
the available development flight ingtrumentation data for the sulLject WRA's
was compiled for which test engineering estimates were made of the natural
and induced envirommental conditions erperienced during actuel fiight, 411
of this dats was then assimilated in such a manner a8s to permit the deter-
mination of reliability measurss and envirommentally related differences,
It was then posgsible to develop those design, test and/or envirormental
reclationships that seemed to contribute most significantly to the reli-
ability of the WRA's.

————— T ISP e Ao+
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Scetion III

Environmental Anslysis

3.1 Approsch

This section describes the accumulation, analysis and summary of the
environmental stresses thst the sclected equipments were cxposed to during
luboratory tests end in the field.

Whercever aveilsble, reliability demonstration test plans and reports
were reviewed Lo determine the environmentel levels to which the WRA's
were exposed.

Field environmental date derived from actual measurements, analysis
and sctusl experience as published in technical reports were compiled. In
those cBsscs, where actusl flight messurements were not svailable, state-of-
the-art analytical techniques were used to estimatc the environmental levels

gt perticular locations.

3.2 Demonctration Beckground
The Advisory Group on Reliability of Electronic Equipment (AGREE)

was formed in 1952 by the Defense Department's Rescarch and Development
Board to "monitor and stimulate interest in relisbility and recommend
measures that would result in more reliasble electronic equipment." 1In
1957, after two years of study, the project was completed and a report
issued (Reference (4) ). The results of Task Croup 3 (there were nine
groups formed) studieg included recommendations for defining test parametern;
sccumuleting danta and estimating reliability flgures of merit. baged on ths
resulte of the test. The Group restricted environmentel conditions to
temperature,vibration, on-off cycling and input voltage cycling. Other
conditions such as humidity, sltitude and shocik were purposely omitted
in the belief that vibration and temperature exposures would reveal any
marginal cquipment design, sensitive to the untested environments. Cur-
rent information indicates that the premise was lncorrect and that failure
modes due to humidity cr altitude exposure are not duplicated by vibration/
temperature.

The environments originally selected by Task Group 3 were chosen for

the following ressons:
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fumpers ture s The tempersture tesy is Sntended Lo spproximate the
scrvice conditions under which the ciuipman will be required o
oprnte.

”!lprqtion: This is not intended to be the most severe coudition
¢ncountered but is felt adequate to she+ up workmanship items

such us loosc solder joints, loosc parts such es screws, bits

of wire, cte, This test is to be perfyrmed with the equipment

'

mountcd solidly on the vibration teble without shock mounts.'

"on-0ftf Cyc¢ling: This test is primerily to give the equipwent e

teuperature cycle, causing the entire equipment to 'breathe,'
expand and contract, be exposed to Lhe surges of starting
clectrical powcr, plus checking sctual operation.”

"Input Voltage: Varying the input voltage both abeve and below
the normal roted voltage places a strain on the wvarious circuits
end, since this is & norm:l condition in service, will reveal
many weax conditions.”

TuL%c 3 summarizcs the stress levels of the environmental conditions
recommended by the Group.

This represented the beginning of relisbility demsnstrotion testing
end the regairements were incorjorated into specification MIL-R-266467
(USAF)  (Reference (%) ), followed by MIL-R-230%4 (WEP) (Reference (C) ),
end finslly, the MIL-3TD-781 series currently in effect.

While the thermal level prescribed may be adeguate, the vibration
requirement und the leck of other cnvironmentr (e.g., humiditly, duwring
the test period),are unreslistic bused on dota and studies performed Ly
Grumoun Acrospace Corp., the Alr Ferce Flight Dynemics ILeborstory ut
Wright-Fetterson Air Force Bese and others, Certainly the vibration test
rrescribed did not duplicate the field environment for Jet aircraft (Ref-
crence (7Y ). In addition, the constralint of tusting at one nen-resonant
frequency immedlately precluded the detzeticon of problems at other
frequencies (Reference (8) ).

As previously indiceted, the teapersture, on-off cycling and power
tests wire the only actuanl mission-related tests perforwed. Thus, while

the reliabllity demonstration test wae to be applied ss part of the

20
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{ preproduction design qualification, the vibration test was only nccomplished
8 & Workminship screen. It wes not deliberatcly structured to verify sny
dusign sdequacy. The potential deficiency of the test, however, was the
exclusion of certain hostile but sctual environments. The performance

ol the cquipment during or after exposure to altitude, high humidity con-

ditions, s vuriation of the input power frequency, etc. were nol demon-

AL 3 T

strated. DBased upon Grumman's experience and the field date examined during

this study, thuse conditlons (either singly or in combination) did

S——

eventually causc problems and were therefore considered viesble aress of in-

vestigetion for this atudy.

Lt e g

3.3 Demonstration Environments

e To———

Fach of the equipments sclected for this study had been subjected Y
to 8 relisbllity demonstration test. The majority of the units were tested
to the cnvironmental profiles of MIL-STD-781 or MIL-R-23094 (WEP), which
included only thermsl cycling, on/off power cycling end fixed frequency
vibration (sce Figurc 2). No voltsge cyciing was performed during any
of the reliabiliiy demonstration tests conducted on the selected 2quipment.
Input volteges were maintelned within the equipment specificetion limits
of +% usnd -24 of nominal during all of the tests conducted. Power was
shut off periodically during each cycle (per MIL-STD-'/81 requirements) and
then regpplied but no sttempt was msde to run at the MIL-STD-781 limits of é

nominal, 90% or 110% of nominal. Certein items, however, were subjecied to :

unigque enviroanental profiles, which lneluded humidity, shouk, cooling air ;
fiow wvurintions, etc.,which were intended tc simulste operstional conditions.

An example of this varlation is presented in Figures 3 through 5.

B S N g i ST 1 | P AL 8 ST s e . P o e i M A M ¢

[P A

Figurc 3 deplcts the vest cycle (A) that was applied to ambicnt
cooled equipment.
Figure L presents a similar cycle (A) applied to forced asir cooled

equipment. Note that in the latter case, the cooling air temperature was

S S

viried as well as the alr flow, Tlgurc % is & coumpogite cycle which in-

[—

cludes vibration, shock and o sccond {or "B") cycle which applied to some

cquipmenta (both ambient and forced air cooled equipment). This "B" cycle
wag perfurmed under benign leboratory thermal ambicent environments plus

cooling sir at a fixed rate., Eesch "A" cycle was followed by nine "B" c¢cycles,

22
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Shock was applied st the end of each cycle at levels of 4.0 g verticel
and 2.8 g lateral. The vibration environment was maintained for six
hours for eecii "A" and “B" cycle and conslsted of sweeps 10-500-10 Hz, and
dwells at 73.6 and 1k7.2 Hz.
Levels were: -

' 10 -kl Hz. at 0.018" D. A.

41 -500 Hz, at % 1.5 ¢

3.L Field Environuents

Current eircraft wespcons systems are exposed to & variety of

natural and induced znvircnmenta in the field. The magnitude, duration

and recurrence of thes¢ stresses are & function of meny operational

parameters, some of which sre predictable and others which are not.

Ideally, new equipment designs incorporate reasonable margins of safety

to permit successful operation during or afier such exposures. In

actuality, however, some of these design practices are not completely ;

edhered to because of other, equally criticel, progremmstic constreints i

{e.g8., cost, weight, power, location, etc.,). Equipment may be subjected

to conditions which sre neither expected nor capable of bhelng protected

against and consequently not tested for, Wnen equipment 1s then deployed

in the field, & certain percentage of them failed because of the

locel conditions. These environmentally induced failures mey be

attributsble to the stress level or duration or because of the coincidence ;
H of the stress with other operational conditlons. In order to correlate

the Tield data to purlicular non-venlgn epnditions, potential environ-

ventally induced equipment failure mechanisms were identified snd are

summarized in Table 4. The study performed by Grumman for the Air Foree

Flighi Dynamics Leborstory, ¥right-Patterson Air Force Base (Reference (1)),

rlus & review of current laboratory and field datsa, indicate that of the i

all of the fallures related to environmental ceuses. Figure 6 deplcts
the distribution of failures as a function of these environcenits, Temper-

total possible environments existing, seven are responsible for essentially i

D Te s (NCILIN

eture, vibration and woisture (including salt spray kccounted for 90% of the

Y s

environmentsl failures, Thus, the siudy effort concentrated on tre ;

investigation of these environwents and, to a lesser degree, evaiuategd the :
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FIGURE 6 DISTRIBUTION OF ENVIRONMENTALLY RELATED FIELD FAILURES
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effects of altitude and input power.

3.4.1 Thermal Environment
Physical Considerations - The parameters that deline the

thermal environment for a particular WRA are a function of the iﬁter-
relationships that exist between the thermwml characteristics of the WRA,
the coocling methods employed and the features of the environmental control
system. Thus, in order to assess the WRA thermal environment, some
initial understanding of how these are considered in the design process

is necessary. It is usually a design requirement to msintain aircraft
compartment temperatures within the limits specified in MIL-E-5400.
Parameters which affect the compartment temperature include the structurel
heat load due to aerodynamic heating (or cooling), the heat dissipated

by ‘the avionics and the flow rate and temperature of cooling air which

o enters the compartment. The cooling air may be provided by a combination

of the eircraft sir-conditioning pack, & ram sir scoop and cascade flow
from adjacent compartments. For compartments where dissipations are low,
the téhperature can be maintained simply by the aerodynamic heat leak.

For this condition, the electronic heat load will exasctly balance the
aerodynamic heat load. Once the temperature limits have been specifiegd

for a given compartment, cooling requirements for the individusl avionies
baxes or groups of equipment must be investigated. The major consideration
in the thermal design of avionics is the operating temperature limit of the
electronic components within the box. This component temperature limit
dictates the cooling method required, i.e., ambient cooling, fan cooled,
Torced sir cooled or rem air cocled.

Ambient cooling refers to a box whose power dissipation is
sufficiently low such that natural convection and radiation maintain all
components telow their operating limit.

A fan cocied box is typically one whose power dissipetion warrants
circulation of the compartment ambient air through the unit to maintain
it at satisiactory temperatures. The circulation, which is achieved by
usc of a blower,increases the heat transfer between the components and the

ambient air.
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Avionics boxes which have high power dissipation or which require
accurate tewpersture control (such as gyros) are usually forced alr cooled.
This means that air at & controlled temperature and flow is forced through
the box for control of its internasl temperature. The cooling air can be
supplied by the air-conditioning pack, a ram air scoop or cagcaded flow
from a compartment which is actively controlled (such as the cockpit).

The thermal design of the box inciudes a specific requirement of cooling
air flow rete varistion. '

Thus the definitlon of environment that an evionic equipment sees
is dependent upon the cooling method. For ambient cooled boxes and boxes
that contain an internsl blower, the environment is totally defined by the
compartment ambient temperature. The environment for forced air cooled
equipments is defined primarily by the cooling sir temperature and flow
rate and gecondarily by the compartment awbient temperature. For the
particular casse of equipments which are ram alr cocled, the environment
is defined by the ram alr temperature rnd flow rate.

Since the local environment of .. particular WRA is so dependent
on the conditioned air, a brief understanding of the function and design
of an aircraft environmental control system 18 presented to pfovide some
insight into the thermal control process, The heart of an aircraft ECS
is the air-conditioning pack, shown schematically in Figure 7, which
provides the source of cooling air at a controlled temperature.

High temperature, high pressure alr ig bled from the aircraft
power plent aad puss2d through a ram air/bleed air heet exchanger where
the tempereture is cooled by the ram alr. The cooled bleed air is then
allowed to expand through & turbine where the air temperature is lowered
by the expansion process, In the expaunsalon process, the bleed air is
allowed t¢ do work on the turbine, thus resulting in lower temperatures.
It is not uncomnon for temperatures as low as —650F to be achieved. The
turbine ocutlet temperature can then be controlled by various means, such
as addition of hol bleed alr for rcheating. Compartiment temperature
control and aviorics cooling ie provided by use of conditioned air used
in conjunction with other thermal control devices and techniques, such as
heaters, flow control devices snd supplewmentary ram air cooling, Flgure 8
iliustretes some of the interrelationships that must be considered in the
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Engine Bleed Air

Ram Air/Bleed Air Heat Exchanger

Ram Air Intake Scoop

Turbine

Bleed Air Mix Line for Re-Heating Turbine Outlet, Air
Conditioned Air for Ry Adr Cooled Compartment when Ham Air
Temperature is High

Temperature Controller,’Sensor

Flow Controller

Conditioned Air for Aviordcs Cooling

Ram Air Exhaust

FIGURE 7  SCHEMATIC OF A TYPICAL AIR COUNDITIONING PACK
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deaign of an environmental control system.

Increases in 7: Decreases Air Conditioner ) Decreased ComQﬂ

Ram Alr Flow " Turbine Qutlet Temperature partment Temper-
ature

Increagses in Ram Increases Alr Conditioner Increases Com-

Alr Temperature Turbine Outlet Temperature partment Temper-

ature
Increase in Air Conditiongg Decreases Compart-
Flow Rate

ment Temperature

FIGURE 8 ENVIRONMENTAL CONITROL SYSTEM PERFORMANCE MATRIX

As indicated previously, alrcraft avionics are designed to perform
within ‘the temperature 1imits as specified by MIL~E-54(C0. While these
limits may be approached under certain conditions, they are extremes in
the flight envelope and in actusl operation, compartment temperatures
will be well withirn the high gnd low 1limits. In most instances, actual
cappartment temperuture limits may be well below the operating limit on
hot day and above the cold day limlt. Hot day and cold day refer to the
design levels of outside temperature versus altitude as specifled in ANA
Bulletin U21. The actual operating point of a compartment is estab-
lished based on the combined effect of such operational parameters as
altitude, Mach number and outgide ambient temperature, as well as alr con-
ditioner performance characterists.

Table 9 summarizes the first order effects of the operationsl
pr.rameters on campartment temperature, ram temperatures and sir
conditioner performance, Kach of the relationshlps shown assumes ihat
a1l parameters remaln constant except for the one being considered.
While the Table generally tries to identify the major envirommental
effect of changes in aircraft altitude, aircraft speed and outside air
tumperature, many competing interrelationships exist. Thus, the net
effect of varlation ir all parameters can only be arrived at by flight
test measurcment of detailed analysis., For example, the effect of
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increasing aircraft speed on air-conditioner turbine outlet temperature

can not be generalized until all the system characteristics are defined
(e.g., the specific design ot the air conditioner ram sir heat exchanger ).
An increagse in the alrcraft's velocity will result in an increase in ram
air temperature as well as an incresse in ram air flow rate. The resulting
temperature of engine bleed air exiting the heat exchanger can be higher
due to the increased air temperature from the engines and increased ram
air temperature, or it can be lower due to the increase in the ram air

flow rate. As a result, one csunot generalize in advance about the

effect of velocity increase on air-conditioner turbine outlet.

Data Collection and Analysis

Compartment ambient temperatures are measured during the flight test

proéram for various portions of the flight profile. Based on these
measured temperatures, heat transfer coefficients are calculated to provide
heat infiltration or loss to adjacent compartments and infiltration or loas
through the skin of the aircraft. Using these calculsted values of heat
transfer coefficients, the observed compartment ambient temperature can then
be extrapolated to hot and cold day conditions. These latter values are
those which have been used in this study.

The following sample calculations indicate how the smbient temperature
extremes were determined for the nose compartment of one of_the study

aircraft. The equation for overall heat balance is:

+ - = Q
SAERO grecr.  * “Frow m FLOW OUT
where: = Aerodynamic Heatin or Cooli
% R0 yn g ( ng)
QELECT. = Power Dissipation

= Thermal Flow Energy Into or
Out of Compartment

-'T

Urow = YFrow v “Frow ouT
where : = m Cp (TIN COMPT)

=Mass Flow Rate
c =Specific Heat

39



’I‘IN = Flow Temperature In -

= Commurtment Temperature

PR

Teompr,

e

Substituring for QFLDW'

]
Q M 1 FECT - Y ’1‘ m
AERO T - ¢ O~ Teonrr.) =0
. Values for each of tne equation terms were obteined as follows:
: & Q.. ... 15 the messured (laboratory) power dissipation of the
ELECT, - )
avienic equipment located in the comperiment. 3

* TTV and W were obtained from laboratory tests of the actual
Aoy

fiight cooling system.

© QAVRO was obtained frowm flight data heatl lgad curves which

arc s function of amblent tempersature, Mach nwnbar, altitude
snd compertment anbient temperature, For the maxioun compartuent

! tempereturs (ses level ang V conditicns), the heat load

cufr?s tfor extrewe hot day cﬁﬁgitions {(Pigure 9} were used. For
; winloar compartaent temperature (altitude and minimam velocity
to preclude aircraft atall) QAERO for an extremely cold day was
determined from the heat loud curves of Figure 10.

Utiiizing the velues sc optawned, TPO%PT weg then caleuleted from the
LAY .

i hzat valance equation. The final determineiion was an iterative progess

f whereln a compariment temperature ves assumed and the hest bajance equation !

: solved. This prucess continued until the assumed velue equeled the cal-

v culsted walue. To illustrate how this procedure was followed for waximum
temperailure conditlons, sssum

= 5620 BIU/He.
Qpygep * 5020 BTU/H:

h = 2280 lbs./ar. at 50°F ,
¢, = 0.25 BIU/1p. - F
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: x
i | Qv _ e i
Frow Figure 9; AERD = 15,200 BEfU/hr. at a compartiment :
% temperature of 60°F, i
§ "
‘ Q . ,
TAERO = (0O BYU/Hr. st s compartment temperature of 160°F. ;
: Step 1
‘ . ' = °
: Asgume: ICOMPT 120
z': QAI’:}RO al this tempecrature ig determined by interpolation
: between the given valueg,
“pro = 6llo
§
¥ Solving the heat balance equaticn:
i ) . .
A 0 = Gl + 5620 + (2280) (.25) (&0 - TCOMP) ]
{ Frow which:
_ ¢}
TCOMP = 101
x Fut, Computed voluec (lOlo) f assumed value {1207)
. ttep R_
- s 100°
| Assume : ’ICOMPI' = 100
| Then UEro (by interpolation) = 9360
! Solving: |
E. = 26 = . fg e ( m |
¢ O = 936C + 30620 +(2280) (.25) (80 TeoMp) |
. - From which: |
"i T = [§) [
Teompr 206
; But:  106° #  100°
- j’ Step 3
[ ) : 1650
\h Agsume: ZCOMPT 105
f Then: QUpro (W interpolation) = 8630
j
[
% ] :
¢ L‘..) -
s ’ ?
] ¢ ;
] i
. -~ e I ‘
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Holving:

0 + B630 + 5620 + (2280 X .25%) (&O'Tcowr) '

From which:

T = 105
COMPT ?

3ince the computed value equals the sssumed value the process stops and

lOSOF is the maximum compariment temperature,

The above type of snalysis applice to compartments which have no
sctive means of temperaturc control. For s controlled compertment (such as
the cockpit), the design limits are given and have been verified during the
flight teat program.

As previously indicated, the thermal environment experienced by a
Llack box is & function of mission profile and location within the aircruft,
One common phenomencn which has been observed is that wll compurtment
ambient temneraturcs, exuerlence, Lo some cxtent, & thermal cycling effect
whose frequency 1s much greater than that required by MIL-STD-781. 7o
illustrate this, two typical curves erc presented for compartment temper-
ature veriotlons as n function of wltitude und specd. Filgure 11 shows
thermal variastions within a fuselage compartment of o turbdojet sircruft.

It can be seen that there is a corresponding change in Lhe absolute value
of campartment temperatare when gleady stute valuces of speed and wltitude
charges. In additlon, when rapid variations in ihese {1light parumetcers
oceur, thermnl effects became appurent.,

Flgure 12 represents the rnose compariment thermnl profile for
another turbojet aircraft and indicutes & wide varistion in temperuture
for changing flight condition:. In this cusc the two cycllical varistions
of approximetely 30 to U0 minutes duration are apparent. By comparison,
the thermal cycle prescntly defined by MIL-STD-781 eucowpesses & gix hour
period,

Forced alr cooled boxes effectively shleld the eleetronic componenis
from changes in compartment smbicnt temperature. The operating temperatures
of the componentg within the box arc usuully esteblished by the teamperature

and flow rate of the cooling air.
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3 The cooling air flow rutes are based on measured daia taken %
%, durirg laborntory tests send later verified in the flight test program, g
g separate tests were conducted to determine the performence of the air ;
£ conditioning pnck and flow splity to the various nvionics boxes. The flow :
¥ required for each fan cooled box is a function of the power dissipation and

% the coollng alr supply temperature. The worst case condition for euch box

§ is determined snd the required flow to the bex is supplied, A1 all other :
; conditions, the box will receive e flow in excess of that required to

; satisfy the heut lond and therefore will cool the box.

% The flows established in the laboratory testing are then verified ;
§ in actunl flight testing. A typileal plot of cooling nilr temperature ig !
: yrovided in Mgure 13. The dutls represents two minutes of dynamic %
; mancuvering during a test flight o1 a turbojet zircruft and shows that, %
? although the cooling alr supply temperature is countrolled within specified '
f limits, some thenmal transients ave evident, In utilizing this dnta, it :
f must be understood that it represents absolute temperatures and temperature i
% vuristiors obgerved within the control loop of the air conditloner system. %
% ‘the dote was obtalined by sensors in the cutlet airstream and thercforc g
; does not irelude the damping effects, imposed by the downstream ducting g
; and other theimal magses, which mny be evidenced at the inlet of & partic- é
i ular WRA, Thig representation of the typilcal responsc of ihe air condi- i
; ticrier cortrey 100y indicates thut although sharp instantaneous rates ;
’; of change {(up to 90°F/winute) dc exist undamped for sever 1 seconds, at %
g no time dusing these transients doer the zbaoluts cooling alr tempersiure %
% wary outslds of the control setiing of 35 + “°F. This type of varlation %
é ir cimracterislye of envirommental control systemo.

Dty Pregentation

Tables Bl und B-2 of Appendin B present the lnboratory end field

Lk, envirormepts fov each blsck box, Table b-1 includes the compart-
ment sl ot eno Lempersture parareters and Table -2 prepents the pertinent

a0)ing aly and theroul paraweters for those WRA's requiring supplementsl

v cooling.  Thene voarar were obtalned 1n the manner described above snd rep-
i .
Ao vegent the esbreme conditions Laped o9 cold duy/coldest mlesivn and hot day/
i3 hattest mlssdon,  While the rates of charge przeentod in the Tubles cover |
-
g
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the average rates during u maneuver, instantancous rates of change con be
much higher for very short durations. Therefore, since the data precgented
in the Tables repregent those gteady state conditlons which occur al cx-
tremeps in fiight envelope, the average rates presented should be used in
the transition from cne point te the other. The indicated duration at
temperature extremes were referenced to laboratory test time and|were calcu-~
lated by defining the percentage of time the aircraft remained at similar
extremes (for a camposite mission) and multiplying this percentsge by total
test operating hours. The values so obtained could then be compared
direcily with laborstory test durations under similar conditions. Rates

of chunge listed for cach item are the maximums encountered in flight,

The dclte columns represent the difference between laboratory and field and
the rule established was "field minus laboratory.' Hence, & positive sign
denotes that the field vulue wes greater and & negative sign lndicates a
lower Tield condition. For temperature differences a negautive glgn was
bracketed to aveld confusion with sub-zero temperatures.

Demonstration/I'ieid Comparisons

A puaary of compartment ambient alr parameter camparisons between

the laboratory and the field 15 shown in Table 6. 1t indicates that the

tulk of the amblent cooled WRA's gee a field tempersture envirorment that

15 less extreme and for a sherter duration than they are exposed to in the
leboratory, Most of the group, however, experlenced greater rates of change
in the field. The same concluslors were reached for forced air cooled

WRA's with Lhe exception of the lgh tempersture level and tolal duration.
It appears that more of these WRA's experience higher amblent temperatlures
for longer perlods of time in the ifleld than in the laboratory. This,
however, 18 to be expected slnce the operatlonal consideration of antici-
pated high temperature (ambient) dictated the requirement for supplemental
cooling.

A gimilar survey of éooling air parameters between laboratory and
field for those WRA'gs that are supplementary cooled is presented in Table 7.
It shows that the cooling air teanperature and the rate of change thereof
ig at least us extremc as in the fleld, for the greater majority of the
WEA's. Flow extremes appear to be higher in ihe fiecld, in that more WRA'e
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had minimum and maximum flow rates gresater than the corresponding laboratory
rates. Higher flow rates at a given cooling nir temperature tend to provide
more cooling capncity. Ilowever, the higher flow rates do give rise to high
thermal gradients and more rapid transients during envirommental charges.

As a resul%, it is possible that the higher flow rates are subjecting the
internal components of the WRA to higher stresses In the field.

3.4.,2 Viuvration

In order to determine the dynamic enviromment experienced by a WRA,
same understanding of the definitions, specific sources, and operational

factors influencing this envirorment is first necessary.

The input energy to an equipment may generally be randas, sinuscidal,
or & comkination of both in character. Randem vibration is that displace-
ment whogs instantaneous magnitude is not specified for any given instant of
time. The instantaneous magnitudes of a random vibration are specified
only by probability distribution functions giving the probable fraction
01 the total time that the magnitude lles within a specified range.

Randau vibration contains no periodic or quasi-periodic camponents.
Sinusoidal vibration, on the other hand, is & simple harmonic motion

such that the displacement 1s & sinusoldal function of time. Since the
combination of both is observed in aircraft, it is important to examine
the tire history for each datn point prior to determining the method of
date ammlysis. 1p the caee where therc are steady stale events, specifi=-
cally wherce any dynamic system is anoted upeon by a delinite force system
that will follow 4 definite cycle of events, such as those that occur
during takeoff, crulse and high speed flight, a narrow-band Fower Spectral
Dengity (PSU) analysis is recommended. These P3D playbacks reveal a
troadband random base with a serles of sinusoidal responses at specific
frequencies. For transient events, 1.e., when any phenamena which occur
during the time required for the response to adapt itself from one force
system to another, such as those altuations during catepult launch,
arrcsted landing, buffeh, abrupt manuevers, etc., a transient date analysis
thet examines the peak vulues and the nuamber of occurrences 1s performed,

and its damage potential is evaluated as a funciion of alircrafi mission
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or cvent exposurc.

The vibratlion input a WRA experiences is the combined effect of
several mechanical, acouatic, and aercdynamic pheriomena. The alrcrafi's
propulsion syvstem is one of the major sources of vibration. It produces
vitration both mechanically and by generating noise. Mechanical vibra-
tional responscs from the engine arc due to the unbalance existing in
ithe rotational parts of the englne. The fundamental frequenciles and
their hurmonics are directly proportional to the operating speeds of the
englne, Noilse vibrations are caused by the turbulent mixing of the

high velocity exhaust gas with the ambient atmosphere.

Auxiliary systams such as eleciric motors, hydraulic pumps and
sctvators, envirommental control systems, etc., alsc cause vibration. The
vibration responses are due to the unbalance in the rotating parts and

the frequencies directly proportional to their operating speceds,

Buffet and boundary layer effects are generally the major contributors
to vibration from aerodynamic influences. Baffet vibrations result when
the structure of the alrcraft is forced to respond when subjected to un-
steady nerodynamic forces, Boundary layer vibrations are due to the
pulsations in the turbulent boundary layer that result fram dominant sound
pressure loads impinging on the alrcraft.

Additional sources of vibration resulting frum specific mission or
operational conditlons of use are gunfire, taxiing, catapult launch, and
arrvested landing. Gunfire caused vibrations are due to the firirg rate
ol the gun., The guntiring forces contaln integrul harmonics of the
furndamental firing rate frequency and the responses include the effects
of impulsive loadings on the structure by gun-muzzle blast. Taxiing [
vibrations are caused by vertical response of the alrplane to irregulari- :
tles and waviness of the taxiway surfaces. During catapult launch, struc- :

tural dynamic response and translent vibrations occur when a sudden

F T T F S T

auxiliary thrust is added to the aircraft’'s thrust to effect a launching é
irnto 1light with minimal travel down a rumway. Arrested landing pro- i
duces dynamlc translent vibration when the alrcraft lands and its §

forward velocity 1s abruptly halted by the aircraft's arresting hook
catching a deck cable.

23

FTTORR GNP

kL Bk RN F R SR s



E

i

Inasmuch as the vrojulsion system has been identified as one
of the major sources of vibratlon, the aircrafl selected Tor this study
had different propulsion systems and flew different types of misgsions.
Afreraft equipped with the following engines were selected for this study:
turtojet; turbofan with afterburner; and constant speed turboprop. A
turboprop e¢ngine is a gas turbine in which the turbine provides power in
excess of that required to drive the canprescor, and that excess power is
used to drive a propeller constituting approximatély 80% of the total
thrust with the remaining 20% from jet thrust. A turbojet ergine is a
gas turbine in which no excess power (sbove that required by the compressor)
1s supplied by the turbine. The avallable energy in the exhaust gases is
converted t¢ kinetic energy of the jet. A turbofan ‘s similar to a turbo-
prop except that the excess power is used to drive & fan or low pressure
campressor in an auxiliary duct, usually annular around the primary duct.
In an aft turbefan, an aerodynamically coupled turbine ls usually used
to drive the low pressure ratio duct campressor (fan). An afterturner
can be used in any of these above devices to glve additional thrust at
the expense of fuel economy. Additicnsl fuel is added to the exhaust gases
and burned, theredby increasing the temperature, the jet velocity, and the
thrust, The turbojets and turbofan, herein referred to as Jets, have
engines mounted in the fuselage and the turboprop has one englne mounted
on each wing.

Each of the alrcraft chosen ftor thls study was deslgned to accom-
vlished a different primary mission, Thus the vibration levels measured
in these alrcraft is representative of a good cross section of aireraft

enviromment. The primary mission and brief description of each alrcraft
is as follows:

e Alrcraft No. 1 ~- This aircraft is deslgned specifically for alr
defense. It has two turbojet engines without afierburners mounted in the
mid-fuselage, and contains electronlc equipment forward and uft of the
cngine compartment.

o Alrcreft No, 2 ~- This alrcraft 1s designed specifically for
attock missions. It hag two turbojet engines withoul afterburners
mounted in the mid-fuselage, carries various external missiles and hes
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2 large numbter of electronic units mounted forward and aft of the engine.

¢ Aircraft No, 3 -- This aircraft 1s designed specifically for
fighter missions. it has two turbofan engines with afterburners, mounted
in the aft-fuselage, carries o wide variety of wenpons, and has a large

number of electronic units mounted forward of the engine.

e Alrcraft No, U -~ The primary misslon of this aircraft is early-
warning. It has a turboprop engine mounted on each wing and has electronic

equipment installed throughout the entire fuselage.

Data Collection and Analysis

The information employed in this study was gathered to substantiate
the operational environment for equipment installed in the fuselage of
various aircraft. In particular, the vibration data examined in this
study was only associated with the steady sﬁate portion of any given
flight or mission. The conditions examined includes ground operations/ .
take-off, cruise, high speed flight, and landing, but only those conditions
producing the highest steady state levels were analyzed in detail. A
review of the data analysis revealed the most severe conditions occurred
at maximum engine power during ground operations/take-off and maximum
speed at low altitude (5000 feet). Also included in the responses was
the energy associated with the various cn-board mechanical, electrical

and hydraulic input sources (auxiliary systems).

Vibration measurements were acquired utilizing an Endevco piezo-
electric crystal acceierameter that combines high sensitivity, broad
temperature range, high resonant frequency and high capacitance into
a lightweight reliable sensor. At each measurement location a tri-axial
cluster of accelerometers was installed, such that the minimum resonant
frequency of the installation was greater than 600 Hertz.

These instrumentation locations were chosen to describe the operstionsl
vibration ernviromment for equipment installed on internal shelving in the
study aircraft. The locations veried throughout the fuselage, from the
nose to the rear of the aircraft. The data acquisition system for each
aircraft consisted of a sixteen track hybrid tape recorder capable of
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recording four tracks of proportional bandwidth annlog data. The datn
was reduced on a (Ubiquitous) Resl Time Power Spectral Density (PSD)
System (up to %00 Hertz). 'This system is comprised of a highly sophisti-
cated group of equipment for analyzing sinusoidal, transient, or random
signals in the shortest time possible. Since the Jet aircraft environ-
ment consisted of low level randam and high level narrow band spikes,

the choice of filter for PSD analysis was predicated on good data resolu-
tion. An accepted rule of thumb, developed from past experience, for
choosing a filter bandwidth is to use one-quarter of the bandwidth of
the lowest frequency response desired. Based upon that, a 3.3 Hertz
bandwidth filter was utilized for the PSD analyses in this study. 4
deta sample length of 20 seconds was analyzed yielding 128 degrees of
freedam required for good statistical quality. 1In the case of the
turboprop engine which rotates at a constant speed (1106 RPM), prior
analyses indicate that the environment is predominantly sinusoidal. It
was therefore possible to analyze 10-15 second time samples with 1.6
Hertz bandwidth filter to obtain good resolution.

Data Presentation

The equirment vibration data gathered for this study are presented
in Appendix C, Figures 1 through 17, which are summarized below.

APPENDIX C WEAPONS REPLACEABLE ASSEMBLY
_FIGURE #
1 sk, 55, 56, 58, 60, 62, 67, 70, 72, T4, 77, 83
2 54, 56, 58, 60, 62, 67, 70, 72, T4, T7, 83
3 15, 16, 20, 25, 31, 54, 60, 64, 67, T2, Th, T7
h 5, 22, b '
5 2. 8, 19, 85
6 1, 4, 17, 28, 35, 50, 66, 79
7 1, 4, 17, 28, 50, 79
8 6, 10, 18
9 3
10 3, 7, 13, 24, 27, 30, 37, 55, 59, 68, 73, 75, 82
11 53, 57, 61, 65, T1
12 12, 38, 39, ko, L6, L8, 80, 87
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APTEIDIX C

_FIGE # WEAPOl: REPLACEABLE ASSEMBLY (Cont)
13 11, 12
1L 88, 89, 91
15 9, 21, 29, 36, 51, 63, 69, 84, 92, 94
16 1k, 23, 26, 32, 3k, L1, k2, b3, b5, L7, L9, 52, 76, TE, A1,
86, 90, 93, 95
17 33

The plots are in one of two forms, depending on the type of propulsion:
e PS3SD (ge/Hz) versus frequency for the three jet aircraft
e acceleration (g) peak versus frequency for the “urboprop aircraft

Bach plot indicates the fuselage station (F.S.) measured in inches
back from the nose of the aircraft, at which the measurement was taken.
The axis of measurement for each data point is also identified. Ground
take~off measurements are identified for those situations where they are

larger than comparable flight measurements.

As indicated previously there was no new flight test data acquired
for this study. The intent was to match existing vibration data at
various aircraft equipment locations, nearest those WRA's selected. Since
the aircraft examined in this study contains a large number of equipment
because of their specific type mission, a major portion of these aircraft
are campartmentized. Thus it wes possible in same cases to utilize one
measurement to describe the vibration enviromment of several WRA's. There-
fore, there are situations herein, where several boxes aret lescribed by
one figure, while is some cases there is one figure defining the vibration

enviroment on only one WRA,

Same observation that were made after a review of this data are as

fcllows.

For aircraft #1, the engine exhaust, inpinging on the fuselage, pro-
duced relatively severe vibration levels in the aft fuselage. Utilizing
the 3.3 Hz. bandwidth filters, the data disclosed narrow band randam pesks
at structural modes (e.g., fuselage vertical bending and torsion) and
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englne rotation speeds superimposed on a low level broad band random base.

Areraft # which 13 powerad by two turbojet engines located at the
mid fuselage, has the equipment of interest for this study-forwérd of the
engines. The vibration envirorment 1s a low level broad band random spectrum
with narrow band spikes assoclated with engine operational rotational speeds,
structural modes and other major accessory drive systems.

The main power source for aircraft #3 is two turbofan engines with
efterburner, mounted in the aft fuselage, with no fuselage exhaust impinge-
ment. The vibration enviromment was primarily low level broad band and
narrow band peaks (associated with engine rotational speeds and structural
modes) with the engine rotational vibration effects becaming less pronounced
in the forward fuselage ahead of the engine. Higher levels were found
nearer the engine area; however, equimment mounted between engines on the
aircraft center line saw lower than expected levels due to structural
attenuation and isoclation.

The power scurces for alrcraft # are two wing mounted turboprop con-
stant speed engines with four (4) bladed propeller. The enviromment was re-
vealed to be sinusoidal with the highest vibration level at the propeller
blade passage frequency of 73.0 Hertz (propeller blade passage frequency =
NUMBER OF PROPELLER BLADES x ENGINE SHAFT FREQUENCY (Hz)), with lesser
responses at various harmonics. The levels were recorded during both high

speed cruise and ground engine run conditions.

Demonstration/Field Comparisons

Table 1 of Appendix C presents a camparison of field and laboratory
vibration type and duration of exposure. The durations of exposure to per-
mit a compavrison of field and laboratory hours were derived as follows:

e TField Duration -- Field duration was defined as the number of hours
& WRA would be exposed to vibration if it accrued the number of operating
hours in the field equal to the demonstration test operating hours. As part
of this study the ratio of operating time to flight time (0.T./F.T.) was
determined for each WRA. Since the WRA 1g contimuously exposed to vibration
during flight, the duration was determined by dividing total demonstration
test operating time by 0.T./F.T.
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e leboratory Duration -- During the tests, vibration wasz applied for
s fixed percentage of equipment operating time per test cycle. The total
number of test operating hours was then multiplied by this percentage to
establish the WRA vibration test hours. _
In all case3, the duration of exposure to vibration was greater in the field
than during the test (for equivalert operating hours) and in the majority of
cases the differences in time was significant. Since the majcrity of the
aircraft studied were gas turbine jet propelled, randam vibration predomi-
nated ag the mode of field excitation. All laboratory tests were performed

under sine conditions.
3.4.3 Moisture

Moisture as defined for this study was & somewhat all inclusive
“erm encompassing humidity, precipitation, condensation, suit fog, icing,
etc. Although all forms of moisture are present and may effect equipment
performance, it is the absolute humidity (m&ss'of water vapor per unit vol-

ume of space) manifested as condensation and precipitation which most

seriously affect electronic equipment. For example, for icing to occur
requires a particular set of circumstances:
® Soak of aircraft at low temperature (due to high altitude flight)
and then a descent at same optimum rate to drop surface temperature below
dewpoint, or
e Tlight of aircraft through & supercooled cloud which upsets the
equilibrium of the unstable alr mass causing freezing of water droplets.
Ever. 1f icirg did cccur, it is limited to external aircraft surfaces
and does not directly affect internal avionic equipment. More serious forms
of moisture exposure may occur in three basic areas:
¢ Water vapor migration and penetration due to vapor pressure dif-
ferences between the campartment amblent and box interior.
e Prolonged exposure to high ambient hmmidity (on the ground) mani-
fested as tree molsture:
- Carrier operation which would include a certain salt content and
result from spray.
- Night temperature dropping below the dewpoint causing precipita-
tion. ’
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o Freezing of entrapped moisture at a certain altitude.

e Condensation, again due to altitude (hence temperature) variations,

within forced air cooled boxes.

In forced air cooled boxes any free moisture which may be present would
probably tend to degrade electronic equipment performance. However, if the
equipment were cold plate cooled, air would not impinge on the components and
moisture would actually provide additional cooling represented by the latent

heat of the water.

Many laboratory demonstration requirements dictate that extreme pre-
cautions be taken so that humidity effects do not adversely affect equipment
performance.* It is estimated that the relative humidity maintained during
a typical test is less than 10%. While it is.difficult to quantify moisture
due to field operation, certain facts are known. The world average is 75%
and the sircraft in this study are exposed to at least this condition for a
good percentage of their life. 1In addition, carrier operations add consider-

able free moisture including a certain salt content.

3.4 Altitude

All selected study equipments are exposed to some low pressure con-
dition during flight. Cockpit equipment, however, is maintained at ambient
pressureg up to & given altitude (generally 8,000 feet) and then exposed to a
controlled pressure (higher than ambient) up to the operational ceiling of

the aircraft.
The effects of altitude sre manifested in two ways:
o Steady state exposure
e Cycling effects due to aircraft altitude variations

Grumman experience indicates that the steady state condition generally
causes problems due to & disruptive electric discharge (arc-over), causing
serious damage to electronic components. The cycling conditions result in
failures of gasket sealed enclosures permitting loss of gas or fluid and
entry of moisture. Thus the major effect ¢f pressure variation on avionics

#*Stated in reference 4 and 5 and implicit in the temperature profiles of

reference 3.
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equivment 1s structural rather than thermal.

Analysis and flight test data on avionics equipment indicate that
whlle decreased pressure regults in gome loss of cooling capﬁbility, the
effect 1s minimal. While it 1s apparent that reduced pressure has little
effect on the cooling of a forced cooled box, the situation of an ambient
cooled unit must be investigated in more detail. The general contention
is that the temperature difference between a component within the box and
the ambient iz not significantly affected by reducing pressure. The heat
balance on an ambient cooled box can be stated as follows:

% =% * %
where

%

“c
%

Since the primary mode of heat transfer from the component to the case is

i}

power dissipation of box

total convective cooling from the box cease

total radiant cooling from the box case.

through conduction, 1t is obvious that if the case temperature changes a
given amount, the camponent will change an equal amount since conduction
through the cards in the box is independent of pressure. Thus it remains
to be shown that the temperature difference between the case and ambient
is independent of pressure. Analyzing the heat balance equation further,
it can be noted that

Qc = hA (Tcase =T Ambient)

where
h = heat transfer coefficient (a function of ambient pressure)
A = box convective area

and
_ N b
QR="Te¢ (Tcase TAmbient )

where
7 = radiation constant
¢ = cage emissivity
Generally, the heat transfer coefficient is a function of pressure to a

power of approximately %. Radiation cooling, however, is independent of
pressure. It can be observed that despite the fact that a reduction in
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pressure causes a change in temperature aifference belween case and ambient,
the radlant cooling will be increused ag o function of the fourth power of
the cuse Ltemperature, Thus the resulting change in temperature dlfference

between cage and amblent is small.

In addition, the ambient temperature decreascs with sltitude. This
causes the temm 1cusc - Tambicnt in the above cquations Lo increacsc thus
permitiing more heat to be transferred by radiation and convection, This

al3o campenshales for the pressure effect.

Ags an example, consider a typlcal amblent cooled box with control
panel. The box is epproximately €" x 8.4" x 2.¢" and the aitached control
pancl 1s 9" x 4,1". The unit dissipates & total of 25 watts. Thus the
dissipation per unit surfuce area is approximately 19 W/ft.e, which is
tyrical of the boxes considered in this study. At sea level the tempera-
ture differernce between the case and ambient is 360F. The difference is
11°F at 30,000 feet, 44°F at 50,000 feet, and L7°F at 70,000 fect.

Figure 14 is u plot of a typical component temperature profile during
flight. It also shows that un increase in altitude does not result in a
significant increase in the temperature difference between the component
tamrerature and the campartment, Additionally, for fan cooled avionics
(celf contained blower), currert design practices employ high-slip motors
which result in a relatively constant mass flow rate of amblent air over
internal camponents. The constant mass flow rate effectively regates the
loas of cooling capnbllity due to decreased presyure. Table B-3 presents
the field levels and rates of change for each equipment includirng the
differences between field and laboratory. Since all laboratory testing
performed undcr sea level conditions (14,7 PS1), field conditions
were lower in esch case.

3.4,5 Input Voltage

A1l electiric power, produced by on-board genervating systems and
suvpplied to alrborne eaipment at the equipment terminals, 1s conirolled in
accordance with the requivements of MLL~STD-7CYA (ref. 9). Discussions
with engineering and f1ight test personnel, and actual measurements made of

input voltege confirm the ract that those values are within the limits
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prescribed by MIL-STD-7OL4A, A review of the available field data indicates
that there were no identifiable problems directly attributable to transient

or steady state voltage levels or frequency variation.

Normally, voltage regulation for modern aircraft power systems (A.C.
generating systems) is typically within 3% of nominal, 99% of the time.
Accordingly, DC voltages derived from these sources would have a similar
variation. Such variations should have a negligible effect on equipment
reliability. Consequently, the + 10% variation in supply voltage specifier
in Para. 5.2.4 of MIL-STD-781B is not realistic. Since the intent is to
demonstrate the reliability of typical equipment under typical se-
conditions, it is recommended that the reliability demonstratis~ tes* ™

perfrmed under naminel voltage conditions.

Under special situations, e.g., new equipment on old viﬁtage A/C
(D.C. generating systems), it is possible that due to generator capacity/
cable sizing the equipment input voltage could be at the low end of the
tolerances specified in MIL-STD-70L, Tables I and II most of the time,
instead of nominal. However, such a situation should be considered a
special case and should be considered in the equipment specification.
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Section IV

MTBF Analysia

L.1 fylpronch
This section describes the results of the snalyses performed to

determine the demonsgtrated and field MTBF values for cach celected WRA. The

ma jor thrust of thig effort was to define and then determine 2 consistent set

e
79

=

3 -
i
¥
¢
I
%

of values that could be legitimvtely compared and subsequently used for further

analyses. Assuring consistency tetween laboratory and rield values was vital

% gince s fundsmental study objective was to determine if environmental dif-

; ferences between the laboratory und field contributed to apperent reliability

s differences. Thus, care must be taken to assure thet any reliabilily dif-

é ference noted was "real" and not just the result of differences in definition,

i groundrule, meagurement technique, reporting system, etc. Laboratory test

; reports were the source of date for determining demonstrated MIBF. The

é primary source of data for fijeld MIBF determination was the Navy's 3M system

E gupplemented by fleld gervice reports, project rellabiliiy reports, or devel-

é opment rlight test fallure reports.

; 4.2 Demonstration

% L,2.1 WRA @ Derivation

f Rcalization that WRA's of the same subsystem (equipment) are not

g necessarily co-located within the aircraft and may thercfore see different

: environmental expogure in the field, plus the desire to increwmse the gata bage

; to provide greater gtetisptical vmlildity, were the motivating factors for per-

; forming the study &t the WRA level rauther than at the equipment level., This .
% generally proved to be no problem since most of the data required for the ;
% study, both in terms of environwents or fleld fallure experisnce, was avuil- %
3 able st the WRA lcvel. The one area that created some difficulty wag the ;
é determination of u demonstrated reliability value tor each WRA. Inmsmuch s E
; ‘

the reliability demonstration tests were run at the ejuipment lcvel, the test
parsweters (i.e., test time, allowable number of failures) were determined by
the e¢quipr:nt's reliability requirements. Thus each constituent WRA of an

equipwent accrued sufficlent opereting time and failures to permit demonstra-
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tion end estimatlion of the equipment MTBF, However, 23timation of u WRA MIBF
tfrom this game teat experience by conventional gtatistical methods often

ylelded unreasonable results.

To {llustrate this point, consider the following hypothetical example.
Agsume an equipment is composed ¢f three WRA's: A, B, and C. The relisbility
requirement of the equipment is an MIBF of 100 hours and the predicted MTBF's
of the WRA's are 110, 10,000 snd 10,000 hours, respectively., Assume that the
equipment had accrued 289 test hours with one failure charged to WRA A, thus
successfully passing the requirements of MIL-STD-78l Test Plan III. Thus the
available test information for MIBF estimation iz as follows:

WRA A WRA B WRA C
239 test hours 289 tegt hours 289 test hoursg
1 failure O failure O fallure

MTBF point estimates are conventionally determined f{rom:
MIBF = Test Time/Number of Failures

For the cases where zero failures were charged, the convention adopted was to

use the S0% confidence estimate. Tnis is determined for

e = 22
X
(2,.5)
where T = test time

x2(2’.5) = 18 the tabuleted SOth percentile of the chi square
distribution for 2 degrees of freedom
Thus, for the above example, the MIEF estimates for each WRA are:
A = 289 hours
B = L17 hours
¢ = 417 hours

The unreasgonabhleness and lack of appeal of this method 1s evident when
one compares thege egstimates with the MTBF predictiong. Whereag the relstive
difference between WRA B and WRA A predictions are epproximately 100:1, the
eatimates based on test results are lese than 2:1. Thias dramatic change in
relative value cannot be explained by any unususal test results since WRA B
did not experience uny test feillures. This difference is attributed to the
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Tuct that WRA B was not tested for a gufficient length of time to obtlain a
velid estimate of its MIBF, This method becomes even more unreassonable if
one 4s3umnes that therc were no failures during the demonstration test. In
this cese, cach WRA, regardless of the obvious differences in complexity,

failure potential, ete., would exhibit the same MIBF tegt egtluste.

Two anproaches were conslidered as possible methods for circumventing

this problem ns follows:

Bayesian Upduting -- This method, based on an spplication of Bayes' Theorcm,
has been pooulsar in recent years. It permits the anslyst to "mix" test re-
sults with prior information/history to arrive at a current estimate. The
underlying theory and derivations are well documented in the literature (ref.

10y, The major aspplicable points are identified below:

1. Assume that the MTBF (6) is a random varisble with probability
density function (@)

?. Assume £(6) to be sn inverted gamma distribution

3. Assume & prior distribution of @ exists with parameters T and r

(where T, accumulated test time, and r, the number of fallures, arc generally
bsged on previous testing). The mean of this distribution is T/(r-1).

4. Given additional testing of t hours and k failures, the pcsterior
distribution of @ is again an inverted gamms with perameters T + t, r + k and
the mean of this distribution is (T + t)/(r + k - 1).

Since, in this study application, no previous reliability testing wss
performed prior to the demonstration tesi, several assumptions concerning the

parameters of the prior distribution of 8 would have to be made.

It was sssumed that the predicted value of € would serve as the mean of

the distribution. The rationale for gelecting the predicted value was:

a) At the time of the demonstration test this value represented the
"gstete of knowledge" of the WRA's MTEF.

b) One can reasonably assume that the prediction of the relimbility of
the test article satisfied the relisbility requirement impoged on the WRA, in

that a satisfactory predictlon 1s generally a precursor to the demonstration
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test and “hat "reliability fixes" indicated by the prediction analysic :.g
necessary to achleve the requirement had bheen incorporated in the test
article,

Once 1 value for the mean is assumed and since the mean = T/(r -2,
knowledge of either T or r (neither of whick exist in fact since no pricr
reliability testing was performed) would permit determination of the othoer.
It was more appealing logically to make assumptions concerning T (analog of
test time) rather than (r - 1) (analog of number of prior failures). 4
desirable characteristic of the parameter used is, that it be a measure
of the degree of belief one has, at the time of demonstration testing, that
the prediction is the true MIBF of the WRA. Thus, it is somehow relzted to
experience. The parameter T (test time analcg) more closely satisfies this
requirement since generally, the more testing done, the more cne knows about
the design.

The final essumption necessary for use of this approach is the seleetion

of a value of T. Desirable attributes of the selected value include:

a) It should be smail enough in magnitude to give reasonable weight to
the actual demonstration test results.

b) It should bhe large enough in megnitude that some degree of stability
17 the estimation process has been achieved (i.e., small changes in T do not
produce large changes in the posterior value of the mean).

c) It should be less than, yet relatable to all the development test-
ing that preceded the reliability test. Though, in a strict sense, these
tests are not reliability oriented, they each in turn (assuming that mow-
ledge gained is incorporated in the design), provide additional agsuance
that the unit will function properly in its intended use envirorncq1;

This approach was abandoned because the predictions amaﬂéxble for
use were elther those originally performed during the dgﬁree phase or
those performed during this study using the coordination py cf MIL-
YDBK--217B as the common source. Nelther source of reliabl lity prediction
deta was ronsidered acceptable for use in this application. For the
former, since the prediction for each WRA was performed at e different
time, there was no assurance that any consistency in failorearate
source, groundrule, etc.,, was present from WRA to WRA. For the latter,
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although consisternicy couid be guarantero, sirnce they were ail performed undéer

the aegis ol this study, significent differences in failure rotes betwecn the
gdvance version of MIZ-HDREK-217B used end that ultimntely relessed precluded
use of these velues in an zbsolute sense, Insuflficient time remsined fiom
the time of relesse of MIL-HDB{-2178 to the scheduled completion of the study
1o repredict all the WRA MIVF'r using the final issue as the source document.
Furthermore, the poientinl weskness in using any prediction technigue as an
abgsolutle veolue suggected that s 1elative aliceation would be less sensitive

tc variations of the duta hase,

Propurtional Allocation -- This approgcn is the cue that was ultimately

adopted for usc in the study. 1t assigns as & WRA's demonstirated failure
rate that same proportion of the equipmen*'s railure vat: as the WRA predic-
tion is to the equipment prediction. Thus, for example, if an equipment is

cunposed of three WRA's with predicted values:

WRA A WEA B ‘ WRA_C
Predicted MTEF = Pred.cted MIBF = 1.000 Predicted MIBF = 10,5C0
Predicted FUR, (N5 Predicted F., R, = .00L Predicted F.R., = .00l

|
n
o
[

i

- 4 —

The equirment failure rate (T.R,) iz ihen aporoximaied as OGS 4 001 * D001

= ,0001 and each WRA's pronortional shere is

WRA A = ,005/.0001 = 81.97%
WRA B = .001/.006L = 16.39%
WRA C = .000)/.0061 = 1.64%

Thus, iT the eguipment sccrued 5S40 hours with two failures during demongtre.-
tion testing, tune cstimated dewonstrated equipment failure rate is 2/540 =
L0OR7037.  This proucedure would then sssigh to eesch WRA as a demonstrated

fajilure rate val e the following:

WRA A -- .B197 x .0037037 = ,003036
WRA B -- .1639 x 0037037 = .000607
WRE C -- .016H x 0037037 = .000051

with corresponding demonstirated MIBF velues
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WRA A . 329
WRA B -- 1647
WRA C -- 16463

This method eliminated some of the objections with the previously described
approaches in that it ylelded values which heve some relationship to known
differences in complexity smong the WRA's while circumventivg the necessity

for directly using predictions that are questionsble.

Implicit in the use of this approsch is the assumption that relative
Giffereuncce among the WRA's that constitute an equipmenv sre generally pre-
servea when going from & prediction to & demoustration. Though this assertion
cennnt be proved directly, the following analysis is offered to justify this
approanh. Inaswuch as field MIBF''s for each WRA were determined for this
swdy. the relative contribution of each WRA {u its equipment fiela f+<ilure
rate cculd rcadily be obtalned and compared tc itg corresponding rel- 1ve
contribution to the equ’ pment prediction. The rationale for thigz is, if the
relative contribution of a WRA failure rate to its eguipment failure rate
remains essentially the same from prediction to the field (considering all
tne Tactors influcncing the field vulue), then it is remsonablc to assume thsti
‘e relative contribution comparing predictlion to demonstration (where all
thesc factors are not present) is ealso the same, The table below shows the

distribution of the difference beitween field and prediction contribution.

DISTRIBUTION OF DIFFERENCES IN WRA RELATIVE CONTRIBUTION

Eifﬁﬁfﬁﬂﬁﬁi Frequency % of Observation

Less thun ,10 67 75
.10 - .19 11 12
.20 - .29 5 6
.30 - .39 L b
0 end greater 3 3

90 100

i trerace =l 8 A pypi WA A b 1D

QU IMENT " EQUITMENT A

aFIELL) REDICTED

Note thet there arce only 90 obscrvutliony becuuse there were five single WRA
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equipments in the study. As the table indicates, there was less than a .10 ¥ J
difference in relative contribution in 75% of the WRA's included. This lacsc
nurbver of similar values tende to support the sbove assertion, i.e., ihe

ratio, WEBA ) {pred)/Fquip 7 (pred), approximates With a (Ficld)/Equip X (Ficlid) .

Aa a furlher precaution, an anelysis was performed to determine if +the
differcnces between field and prediction conbtribution ware related to "part
mix." Two measures related to part populmtion charscteristics were analyzed:
9 microcircuits and % TX or better. These two measures were selected because
they presumably represented the areas of greatest change between the cocriina-
tion copy and the relcased version of MIL-HDRK-217B., The 90 WRA's were
partitioned intc twe subpopulations -- thoge with differences less than (.10
and those with differences of 0.10 and greater. The distribution of cach
subpopulation ageinst each part population measure was Jdetermined and sum- 3
marized in Tebles 8 and 9 below. DIxamination of Tuble B indicetes that there
is no apperent difference in microcircuit complement digtridbution between the
two subpopulations. Approximately three guarters off the WRA's in each group
have less then 20% microcircuits. The remaining guartzr is approximately

evenly divided between the 20 - 50% snd the over 50% group.

Insoection of the dete presented in Table 9 appears to indicate thet
the two groupe have somewhet different distributions and thal the higher
reliobility parts may be affectod differeutly in the field than the prediction
method ascumes. Specifically, the deta appears to indicale that there is a 3
tendency for WR2's withh a large percentage of TX purts to have greater dif-
ferences (39% for greater than £.10 versus 154 for less then 0.10,. 4 uore
detailed anslysis of the detn wus perfermed to delermine if this, in fwot, .
was the case. The group where iLhe differenceg were grecitcr than 2,10 wus

further partitioned into:

e Llhose where the field exce¢eded the prediction by 0.10
e those where the prediction exceeded the field by 0,704
and the distribution of each against the % TX or better wus determiocd, If
i the Hi-Rel parts were affcected in the field differvntly then prarbks of lower

quulity, one would expret the two resulting distributions to be completely

dissimilar. The results could bLe observed in once disgtribution being heavily
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welghted toward the under 20% interval while tlie other dist:~ibution would be
reavily welghted towards the greater than 50% intervel. The two distribu-
tions are presented in Table 10 and show & great similarity between the two,

thus negating eany causative relationship.
The above analyses, taken together, suggest that:

@ the differences between field relative contribution and predicted
relgtive contribution are small, and

e those differences that are large cannot be associated with dif-
frences in part type mix,

The conclusion drawn from the above is thet the ratio of a WRA fallure
rate to its corresponding equipment failure rate is essentially preserved
from prediction to the field.

L.,2.2 Tesl CGround Rules

Although the major study emphasis is directed toward environmeantal
differences, it was also recognized that other factors, including test
ground rales, might also contribute significanily to differences in MIBF, :
Turing the reliability demonstratiion tests performed on the selected equip- ?
ment, definitions per MIL-STD-721 (ref. 1l) and ground rules specified in
11,-STD-781 and AR-34 {(ref. 12) were generally employed. These were modified
and/or supplemented in varying degree for each of the equipment tests pe '~ ’
formed. Failure scoring criteria for 1leld and laboratory must therefore be f
compmtible and a recliastic set of groun: rules must be defined. During this
stucy, ull groucd rules and cefinitions were reviewed, inclviing those ap-

pearing in AR-3L, MIL-STD-78), MIL-STD-721, and those peculiar to cach of the

sereened and eilther rejected, used oas-is, modified, or supplemented. The set
of "stendard" rules esteablished was then applied to each of the demonstration

tests resulting in reclassified fuilures and revised 8's. This review was
beced on the premise that ficld snd laboretory 0's musht be derived in an
identicel manncr using the seme scorlng criteria for failure classification.
The following rules were esteublished end used to classify failures:

FAIIURE

A fuilure is the cegsation of cqulpacnt opcrution or an out-of-
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specification condltion of & performance characteristic at any envirommental.
condition within the specified limits.
SULEVANT FAILURES

ALl fallurcs are reclevant uniess determined by the procuring activity

(or an authorized representetive thereof) to be caused by & condition exter-
nal to the equipment under uest which is nol a test requirement. Relevant

Tailures include:

o Design/Woikmsnship Feilur:g: Fellures due to design deficiencies

or poor workmnanship of elther the equliment or component parts.

o Component Part Failurcs: Failures due to dufectlve camponent parts
shall be claysified as relevaﬁt failures. 1In the event that seversal compo-
nent parts of the same type fall during the test, each one shall e consider-
ed a separate relevant failure, uniesgs it can be shown that one failure
caused one or more of the others.
| o VYearcut Parts: Certnin parts of known limlted iife, such as bat-
teries, may have a 1ife stipulated prior to the initiation of testing as

ayproved by the procuring ectivity. Failuree of thesge parts occurring prior
to the end of the stipuletel period are relevant., Fallures of these parts
occurring after the stipulated perind are nunrelerant, but any dependent
failures caused thereby are relevant,

e Mui*tiple Fallares: 1Xu the evernt simulteneous part Taillures occur,

the entire incicdent shall ke csunted as one relevant failure, (Siuce wltiniz
fallures cannot te distinguisbed fruam dependent fallures in the field dats,
this ground rle was included to assare ceomsisbrney with the field s-wlysis, )

« Irtemitiert FTaiivres: The first occurrence of an inlermitient

f2ilur ghe 11 Ya cocunted = o ralavant fulilure Qinh—
183 00UY SnLil Lg countel &5 & rasevent irpliure, SUD

o

on any one aguipment
sequent occurrences of the sam: Intermittienc: on thet sgme unit will be con-
sldered nonvelevunt providea that reessonable effort wuas made to assure thuv
a fallure condition no longer existed.

~ Antlicipation of feilwre shall not be Justificetion for preventlve
madrteranee, i.e., 1f an output is observed to be degrading bat 1 still
within specitication limlts, No replacament Is permitied and any adjustment

of s control i & relevant fallurz urlz2ess both the contrcl and the {ndicator-
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signaling impending failure are an integral part of the equipment under test

and are aveilable and accessible to the aircrew during normal flight operation.

-~ Insccessible Controls: Each adjustment of a control which is inac-

cessible to the operstor during normal use is a relevant failure.

® TFailures of Built-in-Teat: Any malfunction (including a fslse alarm)

of the Built-in-Test featuregs of the equipment shall be classified as a rela-
vant failure.

e When s fsilure cccurs and a change 1s incorporated (design, part or
process) which will correct the problem, the first occurrence shall be scored
relevant and all subsegquent failures of the same type occurring during the

test but kefore corrective sclicn has been incorporated, shall be non-relevant.

¢ Fallures detected during the final functionsl test following the sue-
ceg3ful completion of the test shall me gcored relevent, if the equipment used
to monitar the performance characteristics during the demonstration was not
capable of Jetecting thet failure,
NON-RELEVANY FAILURES

Only tncse teilures listed below may be counted as non-relevant.

® Tallures directiy &ttridbuitsble Lo improper installation in the test
chawmber .

s Failures of test instrumentetion or monivoring eQuipment (other than
the Bujit-in-Test fuoction).

® TFuilureg vesuluving from test operator error In setting up, or in
testing the 2quipment.

a il

¢ Dependent fellures, unlecs cevacd by degeadation of ihews ¢fF
iimited 1ife. (At least one relevant feilure shall be couznted when s dependent
failure 1s cloimed,)

e Yniitvies atriributable to arn errvr .ia the test wrocedures.,

& The second {and any submequuat) occurrance of the geme intermittent
feilure on the sume unit.,

e Xallures occurring during burn-i=,

e Faollures occurring durlng %esi "down tige.’
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¢ Malfunctions of the Time Totalizing Meters,

® Failures clearly attributable to an overstress condition in excess of
the design requiremcnts,

EXCLUSIONS
A feilure, classified as relevant, may be considered to be non-relevant

for this study provided that all of the following conditions are met:

e Corrective action (an equipment design, part, or production process
change) has been made in accordance with the applicable relisbility test
specification or standerd on all equipment of the lot from which the reliability
test sample wss drawn, and;

® Sufficient test data has been accumulated to indicate the corrective

acticn i3 effective in elimineting the failure mode, angd;

e Approvel of the procuring activity (or authorized representative) is

obtained for ex¢lusion of the failure.
QQEE: The first occurrence of such failure shsll be scored relevant,

Table 1 of Appendix D shows the WRA MIBF's demonstrated under the ground
rules and scoring criteria in effect at the time of testing. Revised values

sfter reclassifylng feilures with the above ground rules are also presented.

The frequency distribution of MIBF values for each situation was deter-
mined and some sumpary statistics evaluated to gein some gross insight into
the impect of thig reclessificetion of the original source data., Figure 15
presznts the frequercy polygon 1'or both btefore and after reclassification.

Sowe pertinent statistics for each polygon are shown below,

SUMMARY OF DEMONSTRATION TEST DATA BEFOKE AND AFTER RECLASSIFICATION

I_Q_TBI*' ( Hours )

Stetistic Before After % Change
Mean 16377 10213 38
Standard Deviation 32434 26073 20
Medien 2150 1550 23
25th Percentile 940 560 Lo
75" Ixccentile 13000 1900 39
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A review ol the Figure and Table indicates a general similarity in shapo
of the two distributions with the reclassification producing a 30—&0% downward

shift in cach of the location gtatistics.

L.3  Field

Consistency in feilure derinition and time wensurement is necessary, to
assurc that tieid-laboratory reliability comparisons are valid., Estimutes of
MTBY in the field should be determined from equipment operating time and the
number of equipnent failures experienced during that opersting time. All too
often, because of inability to diseriminate in data, field MIBF's are rerorted
&s the resulting qQuotient after dividing sircraft flight time by the total
number c¢f maintcnance actions renorted. This measure, referrad to g Meuy
Flight Time Between Maintensnce Action (MFTRMA), though perheps heving value
for Operations personncl for planning and resource control, is not comparedle
with either predicted or denonstrated MIBF's., Whereas, the MFIBMA counts all
incidents (i.c., failures, false alarms, preventive maintenance, cannibalice-
tion, induced failurcs, ete.)}, individuel program demonstration vLest ground
rules exclude cvery type of incident except certain failures. It has no! been
uncommon  for tesu ground ruleg Lo exclude some legitimate failures eg well.
In addition tu fwilure count definition rnot being compatible, the substitu-
tion of aircreft flight time for eguipument overnting time crestes ertificial
differences in ficld-demonstration reliability comperisornis. Flight hours muy
differ from cquipment opersting hours by sueh factors as duty cycloc, grouad

operating time while installed in sun aircraft, end bench time.

Thus, both numerator and denomirmtor of aen MPTBMA doss not relate Lo the
uszual definition of MIBF, Except for those itews that have & very shorl duty

<

~

ger then Tlighi tiwe., Usually the num-

ima <
A A5 1O

cycle, equipment oneratin
ber of equipment failures is less vhen the number of wmaintenance ections,
Thereforce, MFTEMA 15 less, often much less, than MIBF. And if, a: indicated
nreviously, test ground rules have climinated some relevant feilurcs, as de-
rived for this study, from the count, then the disparity between lsboratory

demonetrated and field meusured reliability is even greater.

The aaalyses that were performed on the field data Lo bring it to ¢ com-
mon besis with the Laboratory included cvalusting equipment opocraling time and

determining the number of equipment failures in accordance with ground rulcs
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established to be compareble to those established for the laboratory MIBF

analysis.

4.3.1 Eguipment Operasting Time

As indicated, equipment operating hours is the proper measure of time
for determining an MIBF., Aircraft flight hours, hovwever, are frequently used
a3 the time base for MI'BF determination. The use of this parameter has become
so widespread that it has essentially become the conventional one to use in
reporting field reliabjlities from existing military data systems. Aveilability
of data is the predominant reason for using this parameter. As a matter of
course, the military dsts systems currently in use collect, summarize, and re-
port aircraft fli 1t hours. This information is thus readily available to all
users, both military and contractor. Collection of actual equipment operating
times, however, is much more difficult and s¢ much less regular. Elapsed Time
Indicators (ETI's), wherever installed, would have to be read periodically or
the turn-on/turn-off times for each equipwent without an ETI would have to be
determined for each WRA installed in every sircraft in the inventory. Because
of the expensive nature of such an undertsking, this effort is not generally

dene,

The net effect of using Tlight times instead of opersting hours is to,
everything else being equal, understate the MI'BF value for those equipments
that accrue relatively large smounts of ground time while installed in the
aircraft and to overstate the MIEBF value for those equipments that have a rel-
atively short duty cy:zle (discounting that there is no present, practical method

of agseasing the iwpect of the environments on non-operating equipments).

Since equipment oper.ting time was the proper parameter to uge in this

study, an analysis was performed to determine operating time from the informa-

tion readily avamilable in the data system, viz,, aircraft flight times.

Msintenance perscnnel are required to note the gerial number and ETI
reading on every item removed from or installed in en sircraft. Although this
requirement is not rigidly enforced, it is adhered to sufficiently to provide
ugseful date for analysis, The analysis goal wag to develop a fuctor which when
pultiplied by aircraft flight hours would yield WRA cperating hours. A sample
of date points was asscmbled for each WRA where each date point represented the

differcnce in ET1 readings between installation and removal of a given serial
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rumber from a particular aircraft. Since the dates of installation and re-
moval, were given, the corregponding aircraft flight time between instellation
and rcmoval datces was noted for each ETI difference. The ratio orf total EII
differences to the total corresponding flight time was determined for most
WRA'a in this manner. For any item where insufficient dats existed to develop
its own ratio, the ratio of one whose operating profile most closely resembled
it was uscd., Fach such ratio multiplied by total aircraft flight time Lecame

the estimate of total WRA operating time.

4.3.2  Fanilure Assessment and Ground Rules

Field failure criterig were develoned in s manner similar to and com-
patible with thosge developed for the reliability demonstration tests, All re-

ported incidents were congldered relevant and counted unless the equipment was:

e bad from supply

o removed for preventive maintenance

e removed for the convenience of the maintenance crew to gain sccess
to annther cquipmeint

removed from an aircraft and a0t verified bad in the shop

removed for mcdification

damaged as & result of abuse, cembat, mishandling, etc.

* @& 3 @

part of a cannibalization action

Flight discovercd snomelies thet could not be verified by the ground
crew while the WRA was 5111l instelled in the airceraft were at first
conaidered to be nunn-relevont, After & preliminary review of the data
and due consideration of the cperational environment,it was decided Lo
include these incidents in the fsilure count. The rationale for this
decision weg bused on lhe reslization thet the flight environment and
ground environment are different, Thus it is possible, and previous
experience corroborates this as happening, for equipment walfunctions
to be observed in flight and then "dissppear’ on the ground. The normedl
procedure in the fleld is to remove a WRA from the aircrerft only if the
reported mulfunciion 1s verified by the ground crew. However, the ability
to reproduce Lhe flight environment on the ground is not aveilable, apecinl-
1zed diuwgnostic cquipment is gencrally not svailable ul the sireradt level,

and Lthe level of disgnostic skills among waintenancs personnel is lower
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in the field than in the laborstory. Thus i: 1s more likely in the lield
that report "false alams" were, in fact, fa lures, and, therefore this type
of incident was included in the failure count. - !quggf’/

Only complaints recorded against a particulaer w... ...« counted, The
system level camplaints were excluded fram the failure count because ex=-
perience indicated that these were generally more associated with integration
and system/aircraft interface problems. It was also felt that any system
level false alarm that was caused by faulty WRA performance durirg flight
would persist from flight to flight and would nltimately be isolated to the
appropriate WRA.

Two estimates of WRA field MIBI' are presented in Table 2 of Appendix D,
Bach represents the results of a review of the equipment failure history for
all of 1973 and, in some cases, the first quarter of 197k, The first esti-
mate is the equipment MFTBMA and results from dividing aircraft flight time
by total maintenance actionsg. The second measure is the resultant value
after dividing estimated equipment operating time by the number of reclassi-
fied failures. As indicated, it is this second measure that is comparable to
demonstration results, As with the case of the demonstration data, the
distribution of the tield MIBF for before and after reclassification was
determined. The resulting frequency polygons are presented in Figure 16

and sunmary statistics are presented below.

SUMMARY OF FIELD DATA BEFORE AND AFTER RECLASSIFICATION
MTBF_(Hours)

Stetistic Before After % Change
Mean 1072 1861, 7h
Standard Deviation 201l 34546 56
Median 255 510 100
25th Percentile 100 205 105
75th Percentile 700 1500 11k

A review of this data indicates that reclassification resulted in &
smoother dlstribution with the location statietics shifted upward by approxi-
mately 100%.
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L. L4 Impact of Ground Rules

To galn sane appreciation for the impsct of reclassification on
demonstration/field comparisons, the information presented in Figures 15
and 16 was replotted to readily show the differences in deménstration/ficl.d
canpurison when using "before' data versus using the "after" data. The
results of this are shown in Figures 17 and 18. The corresponding campariscn
in summary statistics are shown below.

Examination of thls information reveals the great dissimilarity in
appearance and location statistics between the two "before reclaesifying”
distributions. The field peaks at a low MIBF and decreases rapldly in
frequency whereas the digtribution of demonstrated values appears flatter
over a longer interval.

A camparison of the two "after” distributions indicates that the two
are clogser to each other than in the "before" case and have epproximately
the same shape. Comparlson of loceation statistics reveals that in the
"before" case the demonstration values are approximately an order of

1 M. cu. _ Y SRR |

i i ne after reclassiiicaition

maEnitude 1aTKeEr
situation, the demonstration values are 3-5 times greater than its

corresponding field value.
SUMMARY COMPARTSON OF DEMONSTRATION AND FIELD DATA BEFORE AND AFTER

RECLASSIFICATION

SYAYISTIC MI'BF BEFORE RECLASSIFICATION MIBF AFTER RECLASSIFICATION
Deanno Field Demo Field
fiean 16377 io7e 10213 1661
Std. Deviation 32438 2214 26073 3446
Medlan 2150 255 1550 210
25th Percentile gLo 100 560 205
75th Percentile 13000 700 7900 1500

This analysla indicates that though field and demonstration MI'BF's
are very different, the difference though lerge, ls not as great as the
"raw' date. would indicate. These comparisons, however, were performed on
resuliing sumwary statistics fram the Lwo distributions. They therefore
do not reflect the extent ol the MIBF difference on individual WRA's, norx
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do they necessarily characterirze the distribution of individual differences

taken over all the study 1tems, This camparison does show in a "macro”

sense that when field end demonstretlon experlence is viewed through a
; consletent set of failure ground rulea and common time base a somewhat

more accurate plcture of the differences emerges.

I N

A

(The reverse of this e is blank)
87708 pag |




B U DN o b rapgey vongg At

Section V

STATISTICAL ANALYSIS

9.1 quantification of Reliability Differences

The previous sections of this report described the data analyses
and collection aclivities which were necessary to determine the reli-
abllity, cnvironments, and conditions of use of each WRA studied during
both the demonstration test and then in the field. This section de~
scribes thas results of the invegtvigation to merge this data to determine
thoge factors thatv coniribute to the difference between demonstraved

(laboratory) and field reliability. This generally was accomplished ;
by comparing WFA MIBF differences with differences in esch factor ;

; exarined to determine if any general pattern emerged.

- It was firat necessary to establish the measure tc bc used to de-
scribe the difierence vetween demonstrated and field reliability for each

WRA. Tt was ccncluded that the ratio between reclassified demonstrated and

3 fleld MIBF was the measure that begt suited the aims of the study. This ex-
: pression was selected since it eliminated the effecis of differences in

3 failure ground rules and operating time between the laberatory and the fleld.
; In sddition, large number variations and potential Liases caused by using
the algebraic difference between the two values were eliminated. To illus-

% trate this pelnt, an algebraic difference of 500 hours 1s a mcre significant
% ) difference on a 1000 hour WRA than it is on a 10,000 hour WRA. Thus, the

use of relative differences provided a dimensionless gcgle of normalized
values that can be resdily analyzzd. Table 11 presents the laboratory
(demonstrated) and field values of MI'BF, and the ratlo between the two
values, for each of the WRA's. A review of this table indicated that two
WRA's, numbers 57 and 64, had ratios in excess of 100. No reason could be
found from & preliminary review of all the data to explain the reason for
these large values. It was concluded that these data points, for some
undetermined reason, were go atypical that they should be elimluated to
prevent these large magnitudes fram seriously impacting the analysis. The

89
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distritution of the remalning 93 ratios wes determined to provide some in-
sight into how extenaive the MIBF differences were from the total populstion,
The average value of these ratioce was found to be 8.2. The cumulative
distribution is shown in Figure 19 and indicates thst approximately 50% of
the WKA's in the study had ratios of 3.0 or less and 75% had ratios of 10.0

or less.

5.2 WRA Desi¢n and End-Use Charsctecistics

An investigation was conducted to determine if relalicnship could be
established belween the demonstrated to field MIBF ratio and any design or
end-uee application characteristiz of a WRA. This was accomplished by
defining categories or class intervals for each such characteristic studied
and then determining the average of the MIBF ratios for the WRA's falling
into that category. The reticnale for this approach is that if the category
under study had no relationship to MIBF relative differences, the average
value would be approximately the same for each interval. Conversely, if a
relationship did exist, the aversges would be digsimilar and the direction
oY the movement of the averages would provide some insight into the nature

of the relationship.
The factors investigated fell into three major subgroups:

o General Design and Use Characterigtics (function, welght, volume,
cooling method, ete.)
e Varts {(number, density, typc

e Burn-In (durstion, failures)

5.2.1 General Design and Use vuwracteristics

The relationships between the MIBF ratics and the constituent factors
in this group are presented in Table 12 below. The apperent concliasions
thet can be drawn and probable explanations for each are:

Function: The functions appear te cluster into three groupa:

Interface units and RF units heving the best laboratory/f!eld

correlation, Displays and Controls WRA's or Mucks and Csbinets
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TABLE 1?2 AVERAGE MTEF RATIOS FCR SELECTED WRA

DESIGN AND USE CHARACTERISTICS

AR IR R e R e S

" Function
g Fanction Avérage =
f 10 MTBF Ratio
; Interface Equipment 2.5
. % HRF Receivers and Transmitters 2.6
' i Computers 6.9
v Fower Supply Te5
Signal Processing 7.9
; ¥ Elactro-Mechanical 9.2
: E Disnlays and Conirols 12,7
| i Racks and Cabinets 22.3
|
} .
i 3 Weight
l r Vintage
Lo ——em : Weight Average
1 3 Average (Pounda) MTBF Ratio
j Tear MTBF Ratio : —

- Under 20 8.8
i Bafore 1970 10.9 21 to 40 8,2
1 After 1970 4.6 A to 80 7.7
| Over 80 2.6
| i _=
]
¢ »

! Demonstrated MTBF/Field MI'BF

Femra i mar b

LA P
L e el bk o s

LI

“

T R

Fp—

PRI

P

L P S PIRU PRI PR

.
1
11
'
i




1o 5 0t e, e A S P PRI TERE, T T SpYa n m +

[V A

e o o T o S At s e o me Tt

TAELE 12 AVERAGE MIBF RATIOS FOR SELECTED WRA

DESIGN_AND USE CHARACTER1STICS (Continued)

Volume

Power Density

Volume
(Cubic Inches)

Average %
MIBF Ratio

Under 100
101 t.o 1000
Qver 1000

o0 o\
~N 3N

MIL Cla

a8

Power Average x
Dissipation d
(Watts Tnehes’) | MIEF Ratio
Uﬂdex" 0.01 1_1.7
0.01 to 0,10 7.5
0.10 0 0.50 8.8

MIL Class

Average
MTHF Ratio

Cooling Method

1A
1
2

—
é.
9

&

Adircraft Propuigion

- "~

Average
MTBF Ratis

Propeller
Jet

6.4
9.0

* Demonstrated MTEF/Field MIEF

Type of Average_i1
Cooling MTHF Ratio
Supplemental 4.3
Anbient 1.5
Mounting Method
‘Type of Average .
Houniing MTHF Ratic
Igolator 7.0
Rard Mounted 9.0
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having the worsti correlation, and the remsining functions fairly
closely concentrated bhetween 7.0 and 9.0, The poor performance of the
Digplays and Contrcls could be indicative of poor duplication of the
Tield usage conditions during the demonstration test., Usual fleld
operations include more on/off cyciing, swlitching of functilons,

crew preference adjustments, etc., than that reguired in the laboratory.
Because of this additional usage, there is o greater tendency for
cquipment abugse on the part of voth the flight and ground erews. Racks
and Gabinectis, which primarily contain connectore and interconnecting
cabling, could ve indicative of the differences in handling, checkout,
installation techniques and differences in configurstion between ihe
demonstretion test articie and those that are deployed, The relatively
good correlation of the RF units can possibly be attributed to more
careful englnecring attention to deeign of wvehicle inetallation due to
the critleality of EMI requirements, asgociated coaxial cable/waveguide
runs, etec., resulting in demonstration test units more representative

of end-use application,

Vintage: The WRA's of more recent deslgn have a better correlation
that thoge designed before 1970. This is probably a reflection of
newer technology and the inceressed emphasis on reliabllity in design
with the lmposition of move comprehensive reliability requirements.
Thus, this emphesia bas resulted in more attention being pald to parts
selention and applicetion, more formal design reviewz, additional
testing reguirencnts, tnd more thorough and syastenatic requirements
tor leilure investigaticn snd correctlve action/closeout during the
development and tegting phases,
Wedght: WRA welght does not appesr t0 have nuch bearing on reliability
differences except for those heavy (grester than 0 lvs.) items. Two
passible explenations thet may support tihds obwervabtion are:
o thege hesvy items are probably more rugged Lhan the lighter WRA's
wnd thus less gsuaceptibie to faillure induced by the dynamlc

enviromment of the alreraft
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¢ itemn thig heavy generally require specisl handling eguipment, for
installation and tranaportation from the sircereft to the shop and are
thus less likely to experlence any failures induced by mishandling.

Volume: Very small WRA's (under 100 cubic inches) appear to perform
bettern than the larger units., These are probably very simple units

wlth very few fallure mechanisms.

Power Density: There does not appeer to be any consistent relatlon-

ships between dispipation per unit volume and MIEBF differences. The
one observation worth noting is that, contrary to prior feeling, the
higher power density units show greater correlation than those with
lower density. This probebly results from greater design emphasis
placed on asgsuring proper thermal environment and/or in the selection
and application (e.g., derating) of components to survive in that
environment. Thie result is conaistent with the greater correlaticn
obtained Tor supplementally cvoled WRA's as digcussed below,

MIL -~ Class: The more aevere the end-usc envirdmment, the poorer the

agreement between demongtrated and fleld MIBF's. This suggests that

the demonstryation teat temperature enviromment lesg adequsately duﬁli»
cates the stresses of a MILI-E-5400 Cless 2 temperature environment

then for Cliass 1.

Cooling Reguirement: WERA's that do not have supplemental cooling have &

poorer correlation that those that do. Since supplementally cooled

WiA's are more Jdecoupled from the natursl temperature envircnment,
tliability differences are less likely to be affected by differences
between the laboratory and fleld envi:ionments than those that are
ambient cooled. In addltion, amblent cooled WRA's are also more likely
to experience the effects of molstwre since the potentiality for water
vapor migration into the WRA is greater than for supplementally cooled
items.
PropulsionWSystem: WRA'Ss inatalled in Jet alrcraft correlate worse

than those inatalled in propeller driven planes, This may be explained
Ly the fact that the vibration environment during demonstration testing
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(sinascldal) more closely resembles the environment geen in nropeller

aireraft thst than of jet aircraft (random),

Muunting Method: WRA's that are vibration isolator mounted have a
small tendency to outperform those that are hard mounted. &ince the
purpose of special mounting is to minimize the input enviromment to
the WRA, this observation is consistent with expectation bul not ag cf-
fective as one would have thought,

5.2.2 Farﬁs

A similer investigation was performed to determine if demongtration to
fleld MIBF differences were affected by the quuntity, types, or quality of
the parts used in each WRA. The measures used to describe parts character-
istics were: quantity packaging density (parts/cubic in.), percent micro-
circuits, and percent high relisbility (TX, ER or better). The values for
each WHRA are listed in Table E-1.

The significant relationships between these measures and MIBF relative
differences are shown in Teble 13 and are discussed below. No relationship
was found beticeen parts quantity and MIBF differences.

Packaging lensity: No apparent relationship between packaging density
and MTEF differences exists, However, it is noted that the units with
the highest density (greater than 4 parts/inB) cxhibited the pooreat
correlation., Thiv may be indicstive of;

e icld failures inducel Ly meintenance personnel while repairing
prior Tailuresn.

o localized thermal stresscs occurring during field usage which the
demonstrution test 1o incepeble of reproducing due to the higher
thermal inertiss and relatively ashort dwell times at terperature.

Percent Microcircuits: The better rellabllity correlation is as-
sociated with those WRA's that have a relatively high (greater than
50%) microcircuit population. 8ince, for the equipment sample of this
atudy, virtually all of the microcircult applicstious are digital, it
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'é TABLE 13 AVERAGY MIBF RATIO FUR WRA PARTS CHARACTERISTICS P
i 4 } \!
1 |
| ;
i 3
j Packaging Density 1
: Parts Density Average w ‘l
! (Parts/Cubic Inch) MTBF Ratio ! |
Under 1 " o 8.9 ' {\
1l to 2 5.1 ‘
. 2 to } 7.0 1
' Over | 13.0 |
i
|
! |
f Microcircuits |
i - T § ‘
. : Average - 4
¢ Vicrocircuits L TEF Ratio* i !
- " ; 1
0 to 50 8.9
50 to 100 2.7 !
|
4 ‘.
High Heliability Parts !
% TX, R, ) Average '
Class B or Better MIBF Ratio ‘
! 0 to 20 - 11.1
' 20 to S0 8.5
! 50 to 100 5.4
« ¥ Demonstrated MTBF/Field HIBF .
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follows that a higher percentage of microcircuits implies a higher
proportion of digital clircuitry in the equipment; consequently, since
digital circuitry 1s relatively insensitive to temperature as well as
other environmental effects, this correlation is reasonable.

Percenl High Reliability Parts: As the proportion of high quality
parts in a WRA incresse, the correlation between the laboratory resulis
and the field improves. This indicates that these parts are less
likely to be affected by the environmental differences (primarily

temperature and vibration) between the laboratory and the field than
those of lower quality.

5.2.3 WRA Burn-In

The effects of WRA burn-in requirements on reliability differences were
investigated. Specifically, WRA burn-in experience data for uniis in pro-
duction wa: collected and several measureg were defined for the anglysis.
The rew burn-in dava Tor each WRA ig presented in Table E-~2. All the WRA's
in this study were subjected to a burn-in test under envirommental condi-

tiong. This was true for all production units as well as the demonstration

~unit. The environments were limited to temperature and vibration. The

specific levels, and cycle durations were generally ldentical with those
of the WRA demonstration. test.

Two measures relating to the total duration of the burn-in test were
detined. One was simply the number of houryg of burn-in testing a WRA
experienced and the other wag the number of hours divided by the predicted
MIBF of tne WHA. The latter measure normgslized each burn-in duration to a
worresponding inherent reliability capabllity.

The purpose for using both meagures was to determine:
¢ 1f burn-in timeg affected the MIBF differences

e vwhether the absolute value or the relative length is more meaningful
in specifying burn-in duration

¢ specific limits on the burn-in time.

:
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The relationships with MIBFY differences for each of thege measgures
is shown in Table 14. They indicate that as burn-in time incresses, the
correlatior. between demonstration and field is better. Although some
point of diminishing returns must economically exist, the dats indicates
that, at least until 500 houra, the more burn-in the better. The data alsgc
indicates that poor correlation exists when the burn-in duration is.-g very
spall fraction of the predicted MIHF., It further suggests that the burn-in
duration should approximate or be greater than the predicted MI'BF. This,
of course, does not conglder economic trade-uifs that must be made for
high reliability items, The two results teken together, suggest that,
within the range of the date analyzed, a practical approach for specifying

& burn-in duration reguirement could encompess some variation such as:

e at least one multiple of the predicted MI'BF with & minimum of 200
hours for low MIBF WRA's.

e at least 10% of the predicted MIBF with & masdmwuw of 500 nours tor !

high MIBF WRA's. L

It should be pointed out that these conclusions are associated with a Co
bwrn-in test under environments where the tempersture and vibration re-
gquirements were easentislly indentical with those in MIL-STD-781. Recent-
1y performed atudies (Fef. 8 and Eef,‘l3) indicete that a more effective
and shorter burn~in test (witn resultant cost savings) can be realized by
imposing rqndbm vibratlwn and # wbwe_rnpid‘thermal cycling profile ay test !

requirements.

Data on the average number of fallures per unit burned-in was also
collected for each WBA. The original inteni was to use this data as & gauge
of the total emphesis on quality during fabrication. It was argued that
since the purpose of the burn-in test was to uncover workmanship defecté,
the defects found should be proportional to the ermphasls on manufacturing
quality and inspection during fabrication. Further, since the number of

burn-in failures should increase with box complexity, it was alsc decided
to use the number of fallures per part as a normalized measure of quality. -
The last measure defined for this analysis was the ratio of burn-in
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TABLE 14 AVERAGE MTHF RATIOS FOR WRA BURN-IN MEASURES

Burn~-In Hours (Production Units)

'Average »
Hours MTEF Ratio
Under 100 10.9
100 to 200 5.9
200 to 500 3.9

Burr-Jn Failures

Namber of Average
Failues MTHF Ratia
Under 0,5 9,5
0.5 to 1.0 7.0
1.0 to 4.0 8.0
Qver 4,0 3.3

Burn~-In Hours (Production Units)/
Predicted MIHF

Average
Interval MTBF Ratio®
Under 0,001 19.3
0.001 to 0,01 8.3
0,01 to G,10 8.4
0.10 to 1.00 5.9
Over 1,00 34

Burn-In Failures/Number of Parts

Trtearval Avefage

AIUCL Val MTBF Ratio
Under 0,001 7.1
0.001 to 0.0 11.3
0.01 te 0,10 2.4

Burn-In Failures/

{Hours/Predicted MTBF)

. Averagé
Interval MTHY Ratio*
Under 0,5 10.1
0.5 to 2.0 22
Over 2,0 8.2

 *Demonetrated UTEF/Fisld MTEF
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failures to predicted MIBF. The rationale for using this meagure was to
provide an allowance for the random failure phenomena. It was argued that
even if no workmanship failures were present in a WRA, random failurc

would still occur. In T hours of testing, the expected number of random
failures would approximate T/MIBF. Thus the measure defined would deseribe

the relative number of failures in excess of expectation.

The relationship between each of the measures discussed above and *the
MIBF ratios are also ghown in Table li. A review of these tables poin's
out that burn-in failures is, in fact, an ambiguous measure. Not only does
it reflect emphasis on quality, it also describes the effectiveness or
efficiency of the burn-in test. Everything else being cgual, the more
rigorous the burn-in teé&, the more failures it will produce., Comparison
of the relationsnip of number of failures with that number of failures per
part illustrates this ambiguity. It indicates that the demonstration to
Tield MIBF average ratio decregses significantly when the number of burn-
in tailures is greater than 4. This could be the result of such a good burn-
in test that it uncovered a significant number of problems which ctherwise
would manifest themselves in the field. Thus the WRA would fail less often
in the field resulting in a better correlation with laborstory results.
Examination of the relationsghip of burn-in failures per part to MIBF d4dif-
ferences shows the other side of the poassible interpretation. FHere, where
fallures are normslized to complexity, the more failuresg per parti the worse
the correlation between demonstration and field MIBF's. This illustrates
the peint that the degree of emphasis on quelity issues during tabrication
signiticantly impacts the correlation of lsboratory and field MIBF's.

These two posgible interpretations, acting together, could be the explana-
tion for the relationship of burn-in failures/expected failures to MI'BF
differences, For this megsure, the best correlation is achieved on thosge
WRA's that had an actual/expected burn-in failure ratio between 0.5 and 2.0.
This couid be interpreted to mean that poor reliability correlation between
the laboratory end the field ig more likely when:

e the burn-~in test 1s ineffective and does not screen out sufficient
' worrmanghip/quality feilures (ratio less than 0.5)
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e the emphasls on quality during manufacture is so low that too many
fallures result during burn-in testing (ratio greater then 2.0)

It 18 recognigzed that any meesure that uses burn-in failures directly
in its derivation has limited future application. This 1s the only data
element that is not available prior to s demonstration test since it 1s
dependent on acceptance test data of production units which ig not available
until well efter completion of the demonstration test. As previously in-
dicated, burn-in failures were selected to describe emphasis on quality, with
the expectation that, if it showed good correlation to MBIF differences, then
it wouid provide the motivation &and Justiricetion for a separate study, to
develop an expression that quantifies the rclationship among the program
elements that address quality issues.

The conclwsion drawn from the above analysis is that measurcs derived
from the mumbtier of burn-in fallures on production units do relate to demcn-
atration/field MTﬁF'ﬁifferences. The proper appiication of these relativn-
shipa, however, depends on interpretation, and it awalts some other siudy
to determire the combined effect and an overall relationship among burn-in

requirements and quality oriented parameters,

Table 15 summarizes the major conclusions drawn from the analysis of
WRA design and end use application characteristics. It identifies those
itemg which tended to produce the very strong and very weak correlation
between demonstrated and field MIBF's ?nd asgocitates a possible cause for

each such item,
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TABLE 15 WRA DESIGN AND FEND-USE CHARACTERISTICS SIGNIFICANTLY

JNETUENCING MIBE CORBELATION

STRONGEST CORRELATION

Factors

Posgible Caussz

WRA Function

® RF Equipment
More Kecent Design
Very Heavy

Very Small

High Power Density
Fo-~ed Alr Cooled

High Microcircuit Content
High "'High Reiatility" Part Content
Effective Burn-in Tests

More careful engircering atteantlon
Daprovement in reliebility programs
Special bandling in field

Few failure mechanisms

More careful ongineering attention

Mere decoupled from natural
temperature envirsornment

less sensitive to field envirvnments
Less sensitive to field environments

Screeng out Tallures before they can
occur in the field

WEAXEST CORRELATION

_Factor

Possible Cause

WRA Function
® Displeys and Controls
® Rackas and Cabinets
Ambient Cotled

Jet Propulsion
High Package Density

Poor Manufacturing Quality

Frequent on/off cycle, fleld abuse
Handling differences

Closely coupled to local thermal
environment, moisture

Wrong test type

Maintenance induced, local thermsl
stresses

Introduces additional field failures
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5.3 Environmental Analysis

£.3.1 Approach

As indicated in Section I, many reasons have been advanced to explain
the discrepencies between demonstrated and fleld values of reliability.
Although the focus of this stvdy has been on the environment, this does not
suggest that it 1s the only factor or even the cdominating factor in acccunt-
ing for these reliability differences. Each of the other potential influences
identified in peragraph 5.2 can and often are the reason for differences on
a specific WRA. The fact that the environment alone cannot be the sole
explanation is 1llustrated by the results of the Grummau study performed
for WPAFB (ref. 1). In that study a samnle of 31 WRA's were gelected for
anslysis. These 31 ltems were specifically selected because the data re-
viewed indicated thet they had experienced field fallures that were environ-
mentally induced. Even in this biased sample only 50% of the total field
fallures on these WRA's could be agsociated with environmentally related
considerations. It ig then réasonable 10 €xpect that in this study, where
the WRA selection wes much more random with regpect to environmental
influences, that something less than half of the influence on relisbility
differences is directly attributable to environmental problems.

These arguments suggest that it would be futile to expect an even near
perfect relationghip between an environmental factor and reliability dif-
ferences. In addition, any attempt to determine a precise relationship
that considers all fectors, environmental and non~envirommentsl, sim:ltanc-
ously would require a semple size and associated data collection effort that
would be economically prohibitive.

Tug, the genersl approach sdopted for this study was to search for
and identify general trends in the data. Because of all the posaible influ-
enceg on any date point, the most rational approach was to snajyze the data
with s view to identifying, understanding, and explsining any general type of
relationship between an environmental factor and reliability differences
that emerges from the analysis of the data. The direction of the analysis
was to 1déntify those general trends in the data which would provide
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indications and direction as to which environmental test parameters (levels,
durations) were the apparent drivers and how these parameters should be
modified in a Reliability Demonstration Test so as to make the results of
such a test a better barometer of the reliability of the WRA that is sub-
sequently achieved once it is in the field. '

As 1ndicated previously, the method of WRA cooling and the type of
propulsion system significantly defines the environment of a WRA. It was
thus decided to partition the data first by cooling method (ambient cooled
and forced air cooled) and then by propulsion system (Jjet and propeller)
to assure consistent environmental comparisons. Figure 20 shows the come
parison of cumulative distributions for the two cooling methods. The com-
parison for propulsion types is shown in Figure 21. A review of thege
figures indicated that for:

e Forced Air Cooled WRA's
- S0% of the WRA's in this group had ratios of 2.0 or less, and
- 754 had ratios of 5.0 or less.
o Anbient Cooled WRA's
- 50% of the WRA's in this group had ratios of 4.0 or less, and
- T75% had ratiocs of 15.0 or less
e WRA's Installed on Propeller Alrcraft
- S04 of the WRA's had ratios of 1.7 or less, and
~ T75% bad ratios of 5.4 or less
e WRA's Installed on Jet Aircraft
- 50% of the WRA's had ratios. 3.5 or less, and
= 75% had ratios of 10.1 or less

again showing the influence of cooling method and propulsion type on
reliavility difference.
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5.3.2 Environmental Parameler Helechion '

The mujor intent of this snalyels wag to deterndne which, and to what
extent, dirferences in reliability were asnociated with differences between
Jabvoratory end field enviroonzents. The peesure of sl epvirormental parameter
difference was taken ag the ratio of the fleld valee to the lsbpretory value.
Here again the purpose wag to establigh a dime r.usi‘.l‘pn}.(aga s wmweagswre that was
irndependent of absolute valaes of the pasramiter. Tnepe measures may then

in a broad sense be congliered ae the analogs to "strwss retios,”

Baged on a rewlew of the environmental detn presented in Appendicea R
and €, specific environmental perameters were zelected as the busis for
comparfsen with reliability differences,. ‘he parancters selected were those

1
that had: ‘
o & wide range of velues in the field
o 8 signiflcant range of differences between laboratory and field
e . : ‘_. o e

o could be gpecifled in & laboratory test

e congtituent fleld and laboratory elements of esch envirvonmmental
measure ased are deflined in Tabde 16 below., In ell cases the meagure wag
evaiuated ag the ratio of the field value to the laboretiory valuz. In
thoge cages where cdvialon by zerd could ocour & l.s-.ma.lJ". Inerene nt WA added

a | i
o numeratcr and denominator for sal)l WkA'a. v

9.3.3 Environmental Relationshipe

Bach of these environmentel dlffercnces was Investigated in turn, vo
determine 1f und how the MPEY diffwrences changed ag the wvelue of fhe
paraneter changed. Specifically, for each environmental parancter gtudied,
subgroups were defined, the WAA's falling into q_':m‘.,ch' sulweciy Jdentidfied,
end the average of the MIBN vrnw:l‘.-.l,oa tor those WRA's deteradned. In most
cases the clans interwvals deffred for an envivonment wore not of egual widths.
Thie was necegsery because the date was not unlformly dhatributed over tae
entire renge of values dbut tended to cluater at certein velues. Thus the
class intervals weve congtructed o reprasent the prepladerince of data
points and also eliminste empty cimys lotervelds, Sioce WRA cooling nethod

and type of propulsion aysten sre sigrndficant influenpes, 16 was declded

11)
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TABIE 16 FIELD AND

LABORATORY COMPONENTS OF ENVIRONMENTAL MEASURES

Environmental Meagure

"~ Field Environment

Laboratory Environment

Temggfaiure
Low Ambient

High Ambient

Amblient Rate of
Change

Minimum In-Flight Sompart-
ment Temperature ( K)

Meximum In-Flight gompart-
ment Temperature ( K)

Meximum In-Flight Compart.-
ment Temperature Rate of
Change ( /minute)

Minimup Chember Tempers-
ture ('K)
Maximug Chewber Tempera-
ture ( K)

Maximum Chember Tempera-
ture Rate of Change
(" /minute)

Opersting Tiue
Low Teuperature

High Temperature

Expected Operating Time &t
Low Temperature Throughout
a Time Intervael Equal to

Total laboratory Qperating
Time (Hours)

Expected Operating Time at
High Temperatures Through-
out a Time Intervel Equsal
to Totsl laboratory Cper-
ating Time (Hours)

Operating Time at low
Temperature (Hours)

Operating Time at High
Temperature (Hours)

cooling Alr
High Temperature

Low Temperature

Maximurs Flow Rate

Maximum Tempereture of o
Cooling Air in Flight ("K)

Minimum In-Flight Tempera-
ture of Cooling Air ( K)

Moximum In-Flight Cooling
Air Flow Rate (1bs/min)

Meximuu Temperature of
Cgollng Alr During Test
("K)
Minimum Tempereture cf
Cgoling Air During Test
("k)

Meximum Cooling Air Flow
Turd

Rete ne Mot (1he /min)
~8te uring L2881 o ;

—e s

Preasure

Lowest Preggure

Minimum Atmospheric Pres-
sure in Flight (psie)

Leboratory Ambient Condi-~
ticne (1L4.7 psim)

Vibretion
level (Propeller

Alrcraft)

Level (Jet
Alrcraft)

Duration

Maxiwum Meagured In-Flight
(g peak)

Maximum Measured In-Flight
Level (PSD)

Lxpected Flight Hours in
en Interval Equal to the
Totel Laboratory Operating

Vibration Level During
Test (g peak)

Accumulated Vibration
Test Time

Time (Hours)

.
Pt S W




to partition the data on cooling method for the investigation of temperature
related variables and on propulsion system for the investigsetion of vi-
bration related variables. The relationships between these envirommentel
parameters and MTBF differences are shown graphicelly in Figures 22, 23, 24,
and 25. Tigures 22 and 23 ghow the significant thermal relationships for
amﬁiently cooled and forced air cooled WRA's respectively. The relationshipe
involving vibration parameters are sghown in Figure 2k for WEA's installed

in jet aircraft while those in propeller driven saircraft are shown in

Flgure 25.

5.3.3.1 Ambient Cooled WRA's

A review of the relationships presented 1in Flgure 22 indicates the
following:

e Closer correlation between demonstrated and field reliabllity was
achieved on those WRA's whose chamber low temperature test level
spproximated the inflight low compartment temperature. The average
MTBF ratic of spproximately 4.0 in the low tempersture interval of
1.01 - 1.10 compared with average MTIBF ratio of 11,5 for all ambient
cooled WEA's indicetesg that this parameter could be & significant
driver for improving laboratory to field correlation. It further
suggests that the current low temperature test requirement in MIl~
STD-781 of just soaking the test article at -54°C may not be en
adequate low temperature test.

e As with low temperaturs, tine better MYRF coprslation uccurred on
those WRA's where the laboiwtory high tempersture extreme closely
spproximated compartment high temperature conditions while in flight.
This suggests that Jjust soaking at a high temperature limit for a
long perlod of time may not be a sufficienl demonstration test
requirement. Although the MTBF ratio at the low polnt in the curve
is higher than the corresponding polnt on the low temperature curve,

the general shape still indicetes a sizeable reduction at a retio

- approximating 1.0,
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e VYhen ambient temperature rate of Ch&ngQ\W&S at least as greut in
the laboratory as that experienced in flight the field reliability

wag closer to the demonstrated value, This suggests that the 500/

e e e

minute chamber temperature rate of change should probably be con-
gidered as an abgsolute minimum value and that requirements should f
be tailored to the anticipsted rates expected in the field. ,

a Cloger demonstration to field MTBF agreement occurred on those WRA's
whose totul operating time at low temperatures during the test more :/
closely resembled the expected operating time at low temperature in p
the field, The existing MIL-STP-781 method requires that the equip- /
ment be off during the low temperature soek andi be turned on when v

starting to raise the chamber temperature, thus never ;imulating

in-rlight operating conditions in a cold environment. This data

appears to suggest that & provisicn to operate the equipment at /
anticipated mission low temperatures be required. The accumlated '
operating time at low temperature should be somewhat in excess (but /

. .
A s o g+ sy

not grossly) of that expected in the ficld. /

e No relationship could be found for operating time at high tempers- /

ture or for the low pressure comparison. This suggests that: ]
/
- the current MIL-STD-781 high temperature operating schedule is '

adequate or, since so much operating time was accrued in the
laboratory at high temperature, differences between that and the

field are negligible in terms of their effect on rellability;

differences /
- pressure differences do not significantly contribute to reliahility !

differences
a When viewed all together, these obgervations suggest that for
ambient cooled WRA's, the demonstration test thermal environment
for at least part of the test should more closely approximate the
expected in-flight environment, The combination of more representa-
tive temperature extremes and faster rates of change implies when
viewed relative to the current method of demounstration testing

e e b i e e i b

(long dwells at extremes and moderate rates of change from one
extreme to the other), that better reliability correlation would

caprmen LR TR RS
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be achieved by more frequent cycling at a higher rate of change

between limits. This test concept would better reproduce the

thermally induced stress reversgals currently experilenced during
fleld operation.

5.3.3.2 Forced Alr Cooled WRA's

A review of the relationships between environmental parameters and the
MTBF ratios presented in Figure 23 indicate:

e The ponrer demonstration to field MIBF ratios are essociated with
those WRA's where the chamber high temperature was less than the
inflight compartment high temperature, 1In addition, the data
indicates that when the meximum temperature of the cooling alr was
higher in the lab than in the field the reliability correlation
improved. Since the requirement for supplemental cooling air ic
generally dictated by the amount of heat tc be digsipated, these
observations suggest that the high temperature environment provided

i by present demonstration tests 1s generully less severe than that

experienced 1n the fleld. This indicastes that the demonstration

gt ol

test should be structured to require, for at least part of the tesgt,

that the highest chember temperature coincide with minimum cooling
: capuclity consictent with Llue cooling limits of the WRA specification,
§ e The clcser reliability agreement between the laboratory and the field
&

occurred on those WRA's whose low temperature limit during the test
approxinated the inflight compartment low temperature. Furthermore,
those WEA's subjected to u maximim cooling alr flow rate in the

laboratory exceeding that which it experienced in the field had the
better relisbility correlation, This suggests that low temperature

ambient level, of itself, may not be a dominant influence, However,
the current laborastory requirement of having the equipment non-
operative and the cooling air off when decreasing temperature and
during the soak at low temperature (-54°C), may not be reproducing
gignificant field effects, Since forced alr cocled boxes are poorly

A R P R
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ocoupled with the amblent temperature environment, the effect of
driving the chamber temperature down without an asslst from the
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conling air 18 to produce & slow reduction in internal WRA i
temperatures (e.g., component local temperatures). Furthermore, o |
88 indicated previously, the primary thernal environment is pro-
» : vided by the cooling eir., Consequently, if the chamber temperature . i
' was not as low, and if the soak periods were shorter thar those
required in MIL-STD=781, the WRA would be required to be powered ! ,
on and operat®d more frequently. This, in turn, would require the ‘
introduction of cooling air more frequently, thus subjecting the ‘
WRA tc its normal thermal environment more frequently. Since the
flow rate in the field varies with mission operational parameters l {
and since, &g tnis data indicates,_*the greater the flow rate i1y the

E o ey i 1o U b A e A, e Al b

laboratory relative to the fileld the better the correla.‘hion‘,':\"ethe;vn\, ' }

: & test that sibjects the WRA to periodic high flow rates woul??‘be '

| more repregentatlive of field conditions. A test with these feaf.ures
would better reproduce the thermal gradients and thermal stresses ;

cauged by temperature reversals.

This contention is supported by the relationship with operating
time at low temperature, The date indicates that better correlation

. '
e -

was achieved when the accrued operating time at low temperature

approximeted total expected operating time in thie field. Since equip- ;,
ment operating time in the laboratory is measured from the end of i
the low temperature soak (when chamber temperature begins to increase), |

and since cooling alr paremeters are egsentiamlly constant, the high

MTEF ratics ot the extremes are indlcative of insufficient

iiA A Lvww Sraals L

variation in cooling air parameters during the demonstration test. .

—— e

® No relation was fourd between MIBF ratios and
4 - amblent temperature rate of change

- operating time at high temperature

: - cooling air low temperature

! - pressure

: indicating that either, these variables do not affect demonstration to

} field MTBF comparisons or, they are adequately provided for in the
laboratory.

] J20




a The above observations, taken collectively, suggest that a demon~

stiration test on forced ailr cooled items would result in closer

MTBF agreement if it were structured to provide:

- more frequent variation in cooling air parameters (temperature
and flow rate) consistent with the item's specification limits.

= thege variations should be cnupled with changes in chamber
temperature

o on the high temperature pcrtion of the profile so that the
test article will be subjected to simultaneous high ambient
temperatures and reduced cooling air capability

0 on the low temperature side to assure more repid and more

positive cooling of components

5.3.3.3 WBA's Installed in Jet Aircraft

The relaticnships between vibration parameters and MIBF ratios; are

presented in Figure 2L epd indicate:

o The greater the field vibration level the worse the correlation
between demonstrated and field MIBF's, All thes~> units were
laboratory vibration sine tested at & nonresonant frequency hetween
2C and 60 Hz yet the measured maximum field lzvels always occurred H
at frequencies in excess of 100 Hz, Thus the units were not tested

at the higher frequencies and were gubjected to an effective tast

level of zero PSD at these higher frequencles. Therefore, the
comparison is between the maximum level in the fleld and zero in
the laboratory. To avoid the difficulty of "division by zero™ the
measure ultimately used wag calculsted by:

vibration measure = (Field Maximum PSD + .0001) + .0001

Thus the conclugion to be drawn from thle data is that the vibration
test for demonstretion should more closely approximate the field
environment in type, level and frequency content.
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¢ The better reliability correlstion was assoiated with those units
whoge accumilated vibration test time more closely spproximated
the expected exposure du}ing an equivalent operating time. The
comparison of lahoratory test time of 2.2g peak sine input at a
non-regonant frequency vs. field time ot varying frequencies and
levels may be questionable, yet this very lack of asgreement in test
method may be magnifying the extremely high MIBF ratios at the
relatively long field times.

e These cbservations taken together suggest that a proper vivration
test for demonstration purposes, on WRA'y installed in jet ailrcraft,
should be to subject the test article to a variety of input fre-
quencies simltanecusly sand at levels/durqtions approximating fleld
usage. This can best be accomplished by regquirlng that the vibration
teat be random instead of sine and that duration as a minimum be

- determined so that the relationship:

Laboratory Vibration Time - Field Flight Time
laboratory Article Operating Time - Field Operating Time

is preserwved,

5.3.3.4 WRA's Instelled in Propeller Driven Aircraft

As indicated in Figure 25, the pcorer reliasbility correlation occurred
on thogse WRA's whose vibration level in the field exceeded the level in the
The

ol the field wvibretion

253% ar e eld environments were both

lmboratory . &1y ment.
simigoidal in nature, However, the maximum field levels occurred at higher
frequencies than thoge tested in the laboratory. This points out the
necessity for subjecting the test article to a variety of frequencies during
the test, rather than the contimious dwell at a non-resonant frequency as
currently required in MIL-STD-781. This can be accomplished readily by
contimous sweeping in frequency at a rete determined to assure exposure at
all frequencies. This would better assure that WRA's that experience a
significant vibration level in the field would be evaluated under similar
conditions in the laboratory. The deta further indicated that the reli-

ability correlation is good for those WRA's that experience s relatively
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benign vibration environment in the field, thus suggesting that the current
Lest method wagy adeguate for thia type of Ltem,

The agreemsent In rellebility was worse for thoge WHA's whose accumnulaeted
vibration test time was & smaller frection of the antlelpeted vibration ex-
posure in the field during an equivalent number of operating hours. Thie
indicates that longer vibration test duraticns than those regquired in MIL-8TD-
781 would be more representative of fleld conditieng and would congequently
result in closer reliability correlation. ‘

The above analyses indicate that cloger correlatlion between demongtrated
and field MIBF's can be achleved when the demonatration test envirommente )
more closely epproximates those of the field. 1Tmble 17 presents & sunmery
of recommended modifications to MIL-STD-78L which would assure thig greater
similarity in environmental exposure. The table is a listing of desireble
test features (rather than specific parameter changes) which should be ine

corporated ir. a revigion of the standard. Thus, thege recommendetlons

5.4 Regression Analysis

Miltiple regression techniques were applied to the data 1o egteblizh a
composite relationship between MTBF r&tios and those environmentel ratliow
appearing to have gome significence. The purpose of this wag to develop an
expression, having the signiticant environmental ratios as variables, that

comild be uned to daacribs the data slogals Ml aomsens

D g " A
vt Couad

e
uged to predict the ccnsequenceg, in terms of ctffect on MIBF ratio, of
alternative proposed test parameter changes,

Several different forms of a relationghip were invegtigeted. All were
linear combinatlons of the ratios or sume transformetion of the ratloz since
anything more complex would have been difficult to interpret or apply. The
expresaions considered included:

125




T T e T oA et

ros
- 1iag A,

SIS

TABLE 17 PROPOSED MIL-STD-781 ENVIRONMENTAL RECOMMENDATIONS

ENVIRONMENT

RECOMMENDAT ION

Chamber Temperatures

Simulate compartment temperature
flight levels )

Cycle frequently between limits
Change levels rapidly

Provide greater assurance that
components are tmly exposed

to indicated chamber condit.ions

Operate at low temperatures in
accordance with expected uszage

B R T T
;. AR PR SN B R

Cooling Airr ) Requlre meocLimum pérmissible
variatlon of cooling capability
® (Couple variatvions in cooling
capability to chamber temperature
variations
- —
Vibration % Rundom vivration for WRA's in Jets
® Sine sweep for WHA's in propeller
gircraft
® Levelr to approximate mission
levels
® Incrcase duration to approximate
fiight time
3
|
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+ blln X, +b.lnx. + ...
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i “; y =4a + blxl + Clxl + bzx2 + b3ln x3 + ...
| { 2

Iny +a + blxl + Xy + b2x2 + baln x3 cos

l .

‘ o ‘ 0

l b where \
| )

|

¥ = MTBFlaboratory/MTBFfield

4 Xy = Fleld Environmenti/Iaboratory Environmeuti \
; Another consideration in the development of a model was the rumber of ‘

. ¥ variables included in the expression. As & general rule, an attempt wes

made to keep the nmumber of terms 1n the expression and, consequently, the

% [ number of wvariables consldered, as small ag poasible. One can usually get

apparently good fits when the mumber of veriables iz large relative to the
number of data points,

However, the quality of the fit can be artificisl,

and iy analogous to perfectly fitting, ss an exmmple, a fourth degree curve
through five points.

Thus, the murber of variables were limited to only the previously j
! ¢ determined gignificunt e¢nvircrmentsl retios, and the "finenwss" of the

partition of the data was limited to cooling method or propulslon type to
retain at least a moderate semple slze.

None of the models attempted produced a regreassion equation that wes

considered usable as a prediction tool. This again points oul that othuer

than Just the environmental factors are significantly contrituting to MIBF
differences and evrn thet part of the difference attributable to the environ-
ment can net be characterized simply.

In geversl cages, however, mltiple
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correlation (R) coefficients of approximately 0.6 were observed. The
measure, R2, ig the proportion of the variability in the dependent variable
{MTBF ratics) that is explained by the function of the independent veriables

(the enviropwental retios). Thus, 30% of the ywriability in the demonstrated

to field relisbility differences can he explalned by the differences in the
enviromwnts. I one assumesa that varlability is indicative of fallure
frequency, then 36% of the WRA field failurcs were environmentally induced
that werv not, or could not be, detected by the demongtration tesgt environ-
ments. This, in itaelf, argues for a modification of these environmeants,

since the potential "saving" is, on the average, approximately one third the

currently experienced field failures.
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SECTION VI
DEVELOPMENT OF ENVIRONMENTAL PROFILES

6.).  APPROACH

The results of the analysis of field snd laboratory data, as discussed
in previous sections, clearly indicates that the laboratory demonstration
would be far more representative of the performance to be expected in the
field, 1f certain reconstructions and additions were effected to the test
profiles of MIL-S8TD-781. Recognizing that the purpose of the demonstration
is to provide a measure of the expected field reliability and that the
effects of neturel and induced environments are cne of the principal drivers
affecting field reliability, it follows that the most representative test

would be cne thet applies all of these environments at the level and in the

MR e

sequearice o be encountered in the field.

The revisions to MIL-STD-781 could conceivably encompass all of :She
natural and induced environments, however, this would be impractical in
terme of effectiveness, efficlency and expenge, The analysis of Section V
confirms the results of previous studies indicating that environmentally
induced failures are primarily attributable to tempersture and vibration,
Connentrated effort must be expended in these environmental arees
in order to obtain better correlation between fleld MTBF's and demonstrated

values,

e

slovment of o cont o i~
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program, appliceble to a wide wviuriety of avionles, is dependent upon certain

~e, LR 4+ nn 4 A b
& 3 VGLIMILA VG,

basgic ground rules as specified Lelow:

¢ The specified test methods and procegures must be within the cepa-
Pility of .standerd laboratory test equipment.

¢ The required environmentsal exposure mist he specified in sufficient
detail to assure that the test article receives the full effect of
the exposure.

% The method of developing the speciflc test profile should accommo-
date the use of preliminary alrcraft and WRA performance definitions.

R T S — I T
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® The developed rrogram should provide s high ratio of equipment
or. time to test time,

® The test get-up should allow adequate performance monitoring
before, during and subsequent to each environmental exposure.

® The means utilized for performance monltoring should provide
positive recognition of a failure.

L

The success/failure criteria should be clearly defined and consis-

—a)

tent with the criteria to be utilized in measuring field perfor-
mance.

T R

The selected approach to developing a lsboratory program which is
essentially analogous to the temperature, molsture and vibration environments
expected in the field, utilizes an aircruft mlssion as its base. Although
, aircraft with different misalon goals have different profiles (as described
1 by an altitude - gpeed time schedule) certain generalizations of profile

can be made. Every sircraft experiences the following sequence of events
during one nominal mission:

Ground operation
Take-off and Climb to Altitude
Mission Objective

Descent and Landing

Ground storage (Non-operation)

Utilizing thic genoral seguence, one can then identify performance
parameters assoclated with the various phaser within the sequence. Further-

more, since the parameters can be exprezsed in terms of speed, altitude and

duration, a viable approach to the development of a test program which isg
the anslog of an alycraft mission, becomes apparent.

Separating the environments of concern into their constituent parts,
the method by which the aireraft mission parameters can be utillzed in

definlng the environmental levels and durations evolves as folloys.

As discussed in Section I1I a WRBA's thermal time-history is a funec-
tion of the ambient enviromment, duty cycle, cooling method and electrical
power density characteristics. Clearly, the operational ambient environwent
18 an aircraft/aircraft mission dependent varliable, The duty cycle and
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electrical power density are fixed values, specified by the design specifi-
cation, and the cooling method effect, for WRA's other than ambient cooled,
can be defined as a function of cooling airflow/temperature.

P

If one considers the laboratory thermal chamber analogous to the

WRA's alrcraft compartirent, a chamber thermal profile can be developed bused
upon expected compartment temperstures during the various aircraft mission
pnages. Furthermore, 1f these expected temperatures are determined for hot
and cold day extremes, the chamber proflle will encompsss the full canpert-
ment thermal ambient range, Coupling the chamber profile, thus developed,
with the equipment's rnominal duty cycle and cooling schedule will produce an
exposure which is truly the thermal analog of service conditions.

The laboratory vidbration envircmmental levels and durations can be
similarly developed using those parameters assoclated with the vibration
enviroment. This vibration exposure can then be ccmbined with the previ-
ously developed thermel exposure to yle d the required mission envirommental
analog.

High levelg of moigture exlgt as & natural field enviromment and i
avionics ere periodically subjected to these extremes. Furthermore, the
results of previous studies (reference 1) conclude that molsture is one of
the prime environmental drivers of avionic failures. Therefore, in order
to correctly simulate the major ernviromments, to which WRA's are normaslly
subjected during thelr service life, a pericdic hupidity exposure must be
included in the laboratory progream.

The development of a practical and economic laboratory program is
in part based upon the congideration of &1l of the constraints and limita-
tlions assoclated with enviromuental testing. Although practically the full
range of steady state envirommentsl conditions can be reproduced singularly
ueing standard laboratory equipment, high rates of change associated with
trensient conditions and combined envirommental exposures are far more diffi-
cult to correctly duplicate.

Dividing the "environmenta) world" into its mechanical and climatic
constituents, one can readily see that the imposition of a mechanical en-
viromuent (vibretion, shock, acceleration) relles solely upon the controlled
trenafer of energy into the test article. Given then, that a specified
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mechanical enviromuent can be generated by A mechanism of sufficient force
output, the constraining factor is the force input direction; i.e., single
axis excitation. <Climatic enviromnents (temperature, pressure, etc.) how=
ever, require the abllity to transfer energy both into and out of the article.
If one assumes that gufficient energy can be ma&e avaiiable for 1nmput to the
article then the congtraining factor to single enviroment climatlc testing
i3 the capability of the mechaniam utilized as a sink or reservoir for the
storage of removed energy. Summarizing the above discussion, relative to
single enviroment testing, one concludes that the duplication of a
mechanical enviromment is limited to single axis excitation (one axis at

a time) and climatic envirommental duplication is limited by the capability
of the available energy sink,

Investigating the relationship between the laboratory generated en-
viromments and those existing within the near space of earth, one can again
determine that the mechanical envirorments are more closely coupled to the
mechanisms of the vehicle than are the climatic enviromments. Vibration,
shock and ecceleration in an aircraft are all a function of power plant,
velocity, velocity changes fluid density and directional stabllity. Each
of the resultant conditions agsociated with these parameters is readily
duplicated in the laboratory as steady state conditions c¢ne axlg/environ-
ment at a8 time. The climatics, however, are not solely a function of the
parameters associated with the vehicle, At any instant in time, each of
these climatics exists as stebillzed multi envicomuental layers within the
envelope of th: earth's atmospheric expanse. The high performance aircralt,
flying thiough these various layers, expsriences rapld climatic changes due
to ite direction and velocity nct due toc eny change within the stabilized
¢limatic layers. '

. Reviewing the foregoing paragraphs, one recognizes that the primary
difficulties associated with accurately duplicating a high performance
aircraft’'s envirommental time line within a laboratory, is:

¢ Attaining the high rates of change.

¢ Duplicating varlous climatic enviromments elther simultansously
or sequentislly within very short time periods.
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e Recycling climatic enviromments to produce an analog of multiple
high performance climbs and divea.

¢ Generating a mechanical enviromental spectrum which accurately,
simultaneously produces the multiple modes of excitation and
rapldly varying levels.

Modern laboratory envirommental generating equipment is designed around
the requirements of Military Specification such as MIL-STD-810. The docu-
ments prescribe accurately achieved and maintalned steady state conditions
or repestable spectra, The emmerated tests thereln are not constructed
to be an analog of the transients assccisted with actusl flight. Thelr
purpose 1g to provide a method of imposing "qualification"” ievel environ-
mental gtresses upon a test article to obtain a measure of its safely margin.
Since the test equipment is designed to camply with the rigid requirements
of these envirommentel test methods, rapidly changing transient conditions
may require minor alteraticn of the equipment.

The hareln presented proflles have been developed with full cognizance
of the linditations of stenlard laboratory test facilities, Within the con-
straints of economics and generally avallable laboratory equipment capabllity,
the deveioped profiles can be achieved by lncorporating the followirng recam-
merdations:

e Augment the capasbility of a standard temperature chamber by
the use of external temperature conditioning unit(e).

e Rewurk the temperati.re controlier so that it controls the external
uanit(s) in addition to the chamber's heating and refrigeration
equiment,

The effective @lunentation of the developed enviromental profiles
requires that each envirormental sequence be conducted to the high level of
excellence speciffed in the various "Envirommental Test Method" Military
8tandards such as MIL-BTD-810, In order to achieve this goal, it is recam-
mended that the sppropriate secticns of MIL-STD-781, assoclated with this
jssue, be modified and/or amplified to specify pertinent parameters as out-

lined below.
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Test Plansrand Procgdures

The approved test plang and procedures shall include specific defini-
tion of the test sequence, equipment, methods, safety requirements and dats
sheets. The document(s) shall also contain a detailed inetrumentation plan

which gpecifiea the data acquisltion requlrements and the performance charac-

terigtics of the equipment to e utilized in Pulfilling these requirements,

Test Reports

The reports shall include all supporting data collected in conducting
the tests, and analysis of all failures which ocourred. The organization of
the test report shall correspond to that of the approved test plan and the
presentation of the test report shall be responsive to the requirements of
the test plan/procedure. All test data shall be signed and dated by the
test engineer for certification,

General Test Requiramenﬁs !

All testing shall be accamplished in accordance with the applicable
requirements specified in any of the approved Military Standards for
Envirormental Test Methods such as MIL-STD-810. A1l of the general re-
quirements such as standard embients, measurements, tolerances, accuracy of
test apparatus etc., should be specified or at least referenced. The
specified requirements, associated with the generation and application of
each applicable enviromment, should elther be referenced to an Envirommental
Test Method or specified.

6.2 TEMPERATUKE AND HUMIDITY

6.2.1 Major Considerations

As previously discussed, the laboratory program should represent the
environmental stresses which the WRA experiences durling its service life
and as such should encampass the following phenmena:
thermel enviroment in flight .
thermal enviromment on the ground
high and low temperature start-ups

® & & 9

periods of operation and non-operation
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® humidity exposure

:
Although the parsmeters mssociated with flight can be defined utili- ?
zing the mission analog approach previously discussed, those parameters ;
associated with non-operating, storage perlcds must be represented by calcu- 3 :
lated equivalents. Recognizing that the qualification test verlifies the ¢ ‘
equipment's capability to successfully survive steady state envlironmental 5
exposures, the purpose of non-operating dwell periods in this program must ;
be otherwise defined. The reasons for including these dwells ere 1o assure ; i
equalization of chamber and equipment temperatures following each mission
analog and to produce an effective humidity exposure. Combining those
perdodic, non-operating dwells with the mission analog sapproach yilelds a
test cycle which in general terms represents resl time/levels during the 1
operating flight phases and effect-equivslent times/levels during the non-
operating ground phases.

The analysis presented in Section III concludes that the initisl
{ground) ambient temperatures, realized during the aircraft fileld use, fall
within temperature extremes characterized as & "cold day"” and a "hot day".
Since the WRA thermal profile is in part, a function of the initial ambient
temperature, the laboratory program is constructed utillzlng repetitive
cycles alternating between cold and hot days (refer to Figure 26.)

R EE——

Field data indicates that the aircraft Is periodically stored at
extreme moisture conditions for extended periods of time, however, MIL-STD-
781 does not reavire sn cvalustion of the ability of the design to withstand
these periodic exposures. Inasmuch as no test was performed in the labora-
tory, environmentsl comparisons, similar to those presented in Scction V,

were not performed for moisture, An lnvestigation of the field failures on
the study WRA's wrs performed to determine the extent of the molsture
problem on these items., Fleld failure reports were reviewed and a signif-
icant number of those attributable to environmental causes were due to
moisture related reasons, The predominant manifestations were shorting of
components, corrosion, water eqtrapped in the unit, and salt deposits on
cards. In view of this reault,gand the concluscions drawn in reference 1
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regarding the problems with moisture in the field, the inclusion of a
moisture evaluation as part of the demonstration test i1s considered

essential.

Ideally, any proposed humidity tesi should siyulate the full range of
moisture environment expected during service life. Realistically, this full
range, which encompnsses all conditlons between hot day - high relaivive
humidity ground storage and high speed climb/dive througn varying thermal/
pressure layers of atmosphere, cannot be practically dupliceted in & laborsa-
tory. Recognlzing these limitations, the standarc test methods, i.e.,
MIL-STD-810, base their approach upon manipulating certain of the environ-
ment's driver and driven constituents to produce the desired long term life
effects, The seme approach has heen utilized to develop a cycle for this
vrogram, however, since the reliability demonstration is an extrapolated
progran, designed to represent a perceat of real life, the total eyclic
exposure has been reduced and dispersed throughout the extent of testing

(refer to figure 27.)

6.2.2 Durations and Levels

Baged upon the conclusions drawn from the analysis presented in
Section V, profiles recommended herein, seek to vary test conditions as they
would in & true aircraft mission profile and as such, are a deviastion of
the mission variable WRA and compartment thermal parameters. In order to
assure obtaining the fuil effect of applied environmental expusures, certain

ccmpromises mist be made to the mission analog approac

The effects of high rate ¢f change thermal cycling manifest themselves
os fatigue failurcs caused by thermally induced stress reversals. The
approach to duplicating the natural pheomena in the laboratory, is to
artifically manipulate those perameters which affect the thermsl time history
of a WRA, o that the end product is an analog of the expected service

conditioig.

Thé analyt.val regults presented in Cection V indicate that‘higher
rates of thermal change than those currently employed in the tegt program
may be advantageous, Although MIJ~STD-781 currently requires a minimum
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rate of 5°C/min, this value has often been used as a maximm requirement
regardless of the anticipated field conditions, Based upon this conclusion,
the temperature rate of change is establighed at the average expecited field
rate for each change in steady stete condition., A minimum rate of charnge
of 5°C/min is recommended for dewveloped thermsl profiles containing a lessger
rate,

6.2,2,1 Test Duration

The .duration of each operating flight exposure is the real time analog
of the applicable aircraft mission (refer to Figure 26). The duration of
operating and non-operating ground exposgures is baged upon nvefage field
data and laboratory experience, The non-operating periods separating each
hot and cold day cycle are asymmetric in order to take advantage of the
demonstrated ease in achleving avionic eguipment high temperature stability.
The one-half hour non-operating dwe’l {Phase E) is considered sufficient to
achieve equalization between the chamber and equipment temperstures. In
order to ascure equalization at low temperatures, a nominal one hour non-
operating period 1s specified between repetitive cycles (portion of Phase I
and entire Fhase J). The ground operating time is specified as one-half
hour per "mission” as typicael of the warm-up/check-ous,

The duretion of the humidity exposure is the product of an approxima-
tinn of the total expected field effect and the limits dictated Ly test
equipment operation, The totel exposure, which is a derivative of MIL-STD~
810 cycle; 12 distributsd throughoul the entire test duration every tiventy
basic thermal cycles to yleld & total humidity exposure of approximately
204 of the total test time.

6.2.2,2 Test Levels

Analysis of the fleld envirommental data collected for this study is
the busis for the recammended test levels. Data provided on certein addi-
tional aircraft hao been reviewed and included to supplement data on the
aircraft in this study in order to define the minimum and maximum thermal
levels.

Cold Day Temperature Levels

Reviewing the data for minlimm temperature levels indicated a wide
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vaiiation of compartment minimm tempersture. Three digtincet bands were
noted in the vieluity of -542C, -18°C and +10°C, at sea level, The three
bands reflect the extent of coupling between the compartment and the out-
gide ambient tempernture. Compartments closely coupled with the outsilde
enviromments represent the lowest temperature bend, while the highest band
represents a minimum coupling. These minimum temperatiures represent steady
state conditions and will be achleved when the mission profile allows
sufficient time to overcame the therms)l inertie of the cumpartment.
Generally, campartmenis located close to the alircraeft gkin have the greatest
thermal coupling to the outside amblent, while those close to the air-
craft centerline have the least coupling. However, & more precise estimate
of the campartment minlmum temperature iz a complex function which Ig
ordinarily evaluated during the rovtine thermal design of the ajrcraflt

and WiiA,

Trne amount of applicable flight data at cold day conditlons was
1imited. Thus the developnent of ¢old day temperature levels was based on
a canbination of standard atmospheric conditions and engiveering judgement,

The coldest test level (-549C) wus constructed by taking the cold day
definition of temperature vs, altitude between sea level and 20,000 feet.
To complete the curve, & minimum temperature of -50°C wag established for
altitudes above 30,000 feet, This reflected the minimum cumparimert iam-
perature obaserved under field enviromments and review of additiornsl data,

1.1
[YEY

+3

4.1
vl

hen §ilsplaced lineaurly by the appropriste amountis to arrive

m

at the levels representing -18°C and +109C at sea levei initial conditions.
Tre available flight dal. wus plotted agalnet these developed curves and is
pregented in Figure 29. It shoss that the curves are remsonable repre-
gentatlions of field erpecrience and thus muy be used for *esting puipozes.
The levels are tabulated in Table 18 and ave valid for Ciasg I and Class L1
eguiyment.

Hot Day Temperature levels

The MIL~E-5400 definitlion of tamperature vs. altitude is the Mot Duy
tenperature level for Class 1 equipment (refer to Table 19.) Observution
of the fleld envirormeunt date indlcates that o majorlity of the Cless X
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equipment analyzed has a maximum temperature of 27°C. However, this tem-

perature represents the average of the cockpit normal flight temperature,

The equipment's ambient enviromment would be expected to reach the MIL-E-

5400 1imit of 55°C due to packaging considerations, i.e., the avionics in

the cockpit are closely stacked in a panel resulting in localized tempers-
tur2 higher than the average cockplt ambient temperature.

For Class II equipment, the compartment temperature date was plotted
verstus altitude and mach number as ghown in Flgure 30. For a mach number
of 1.0 and greater, the data correlated fairly well with the continuous and
intermittent operating limit of MIL-E-Sk00 respectively. Therefore, the
MIL-E«5430 curves were used for the recamnended test profiles for these two
gpeed conditions. For lower mach mumbers, curves were approximated to the
data, constrained by MIL-E-S54L0OO "Hot Dey" sea level requirements and biased
to the high gide, TFor high altitude conditions, lack of fleid datu neces-
gitated an approximstion based upon experience, The curves and resulting

test levels are presented In Figure 30 and Teble 20 respoctively.

Cold and Hot Day Ram Cooled Compartment/Equipment Temperature Levels

The presented levels {(refer to Tables 21 and 22) to be used in the
congtruction of profiles for compartments or equipment which are ram air
cooled, are derived, They are based upon:

T=Tw(l+.2rM2)

where: T = Ram Temperature ~ og
Lppp = Oulside Ambient -- ok

r = Recovery Factor

M = Mach Number

The recovery factor 1s a messure of the action of the free-gtream
dyvandc-teasperature rise recovered at the surface. The factor was assumed
to wgual 0.9 which is an accepted valiue for o turtulent boundary layer,
Table 21 prexents hot day levels and Table 22 presents cold day levels,

6.2.3 Furced Alr Cooling

One of the primary drivers to the internal temperature of forced air
conred WRA's 1s the temperature/flow characteristics of the cooling air.
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GURE 30 CLASS 1I EQUIPMENT COMPARTMENT TLMPERATURE
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. TABLE 20 HOT DAY COMPARTMENT AMBIANT TEMPERATURES (°C) FOR CLASS IT EQUIPMENT

Mach
Number _
s 0.6 0.8 1.0 High
Altitude Performance*
(X feet)
0 71 71 71 95
10 56 68 68 93
20 L0 55 63 88
30 15 36 56 80
40 5 10 46 70
50 5 10 35 6Q
69 5 10 24 L9
70 5 10 11 35

* fmbient cooled equipment must e turned offi for 1% minutes after attaine
ing these temperstures to comply to MIL~E-5400 "Intermittent Operation.”
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TABLE 21 RAM COOLED COMPARTMERT TEMPERATURER _(OC) - HOT DAY
Mech -
Nunmber
Altitude
(K feet) » 0.4 0.6 0.8 1.0
0 L8 60 75 95
10 27 38 52 7L
20 6 16 29 L6
30 =15 -6 ( 23
40 =36 -30 =16 -1
50 -30 -19 -7 8
60 ~31 -23 =11 L
T0 =30 -22 =10 5

TABLE 22 RAM_COOLED COMPARTMENT TEMPERATURES (°C) - COLD DAY

) Mach
Number
Atitude

(K feet) .4 0.6 0.8 1.0
0 =l =37 -25 -11

10 -18 =10 2 19

20 -36 -28 -16 -2

30 -58 -50 4o -27

Lo =59 =51 =h1 -20

50 82 =76 ~67 ~55

60 -82 75 -66 54

70 -65 -58 4}8 _ =35
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Dependirg upon the efficlency of the unit's cooling air heat transfer system,
it is conceivable that a WRA's internal temperature time history may be com-
rletely indepsndent of the external thermal envirorment. This condition
would, in effect, reduce the developed thermal enviromment to s constant.
The resuite of the analysis of data, reiative to forced air cooled WRA's
tends to indicasie that this conditlon may have actuelly occurred during the
studled laboratory teats.

In order to assure that thils stabllizing influence does not prevent
the correct application of the desired thermally induced stresses, the
cooling air tanperature/ﬂow schedule must be discretely specified. Since
the object is to obtain as many equimmert operating temperature reversals
as possible per unit test time,; the cooling air tempera.ture/flow schedule
must be specifiied to produce the extremes of speclfication tolerance,

By utilizing the cooling air specification curve end points, 1.e.,
maximun flow-minimum temperature for low temperature cycles and minimm-
Tlow - maximum temperature for high temperature cycles, this objective is
attained without risking equipment themmal overstress because the airflow/
temperature schedule ir within the specification tolerance (refer to
Figure 31). All changes in cooling air temperature and flow should be
accamplished at the test equipment's meximm capabllity but in no case shall
it, exceed three minutes.

If any speclal flow rates are used for ground operation, then these
must also be apecifi,ed to fall at the end points of the enveiope as outlined
above. \

6.2.4 Hmidity Cycle

As previously dlscussed, the basic thermal cycle 1is constructed as
an analog of the aircraeft's operationsl time-history and as such, maintains
a high ratio of equipment on time to test time. Furthermore, due to econamlc
and schedule considera‘bions, the overall test program and its various cyclic
parts must be g0 constituted to allow the use of standard test equipment and,
insofar as practical, autamated cycling.

In consldering various alternate methods of developing the umidity
cycle and locating it within the thermal c¢ycle, the prime objectives were

1Y
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to produce a technically valid exposure whoese duration and/or cyclic period
fit within the aircraft service life analog concept. Based upon availahle
historical data, it was determined. that a technicslly vaiid approximation
of the sverage field environment would be achieved if the mmidity exposure
were represented as 20% of the total test time. It was initielly consid-
ered that his exposure should occur during the “hot dsy - non-operating"
period (phase E) of the basic test cycle to preserve the mission anelog
concept. An in-depth study of this plecement, relative to the operation
of standaxd test equipment, revesled that substantial changes to the basic
profile would be required. Iin evaluating the technical benefits to be
derived from this placement vs. the increase in test complexity and cost,
the required Jjustification could not be provided. It was concluded that

a far better simulation of the expected natursl moisture enviromment and
its effect upon avionics, could be achieved if a variation of the standard
MIL-STD-810 exposure were conducted at digcrate interwvals separeting besic
cycles. '

The proposed humidity exposure (refer to Figure 32) is derived from
MIL~STD-810, Method %07, Procedure 1. The basic cycle has been modified to
increase its efficiency. The number of repetitive cycles during any one
exposure has been reduced to allow the exposure to be repeated every twenty
thermal test cycles throughout the extent of the test program.~ This distri-
bution more realistically simulates the field evvironment than would a long
teym exposure at any one point in the program.

The method 507, Procedure I standard test cycle has been hiodified
to extend the "rise-to-teuperature" period to three (3) hours to assure
reslization of 100% relative humidity at 65°C for the first cycle. This
extension coupled wlth the standard six hour dwell willl afford the greateat
cpportunity for moisture migration. The drying period, represented by the
reduction in temperature to 28°C, has been shortened to & nominal three hour
period for test efficiency. The recognized risk (free moisture precipitant
within the chamber) associated with reducing the drying time, 1s minimized hy
imposing the 85% relative humidity requirement which will, in actuality,
govern the duration of this period. Thus, the actual drying time may exceed
three hours depending upon the capability of the test equipment to reduce
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the absolute water content.

In order to assure obtaining the full effect of each humidity expo-
gure, while distributing the total exposure throughout the entire test
pertod, each exposure conslsts of two modified cycles, back-to-back. This
srrangement affords two opportunitics for the driver constituent (tempers-
ture) to have its full effect.

Constructing the humidity expogure and positioning it between basic
cycles, as previously outlined, requires that sufficlent time be allocated
prior to and subsequent to the Zwumidity cycle, to allow the test article to
stabllize at the deslred initial temperatures. Furthermore, an operational
check-out of the test article is considered mandatory at the completion of
each humidity exposure. Upon campletlion of phase I of the bagic cycle, the
chamber temperature is set at 28°C with the equipment non-operesting. At
the conclusion of the 1/2 hour, phage "J" dwell period, the average WRA
temperature will have stabllized at 28°C, allowing the inception of the
humidity exposure. At the conclusion of the laumidity exposure, an abbre-
viated operationsl check-out of the test article 1s performed when the
chamber temperature reaches 28°C. Following this check-out, the chamber
- temperature is adjusted to the next thermal cycle "start" temperature and
the non-operating equipment is allowed to dwell for 1/2 hours.

6.2.5 Test level Applicability

The specifled test levels which are based upon altitude, velocity
and hot and cold day temperature conditions ere applicable to the following
types of equipment:

(1) Class 1 - Equipment designed for 50,000 feet altitude and con-
tinuous sea level operation over the temperature range of -54°
to +55°¢ (+71°C intermittent operation).

(2) Class 1A - Equipment designed for 30,000 feet altitude and con-

tinuous sea level operation over the temperature range of -5140
to +55°C (+71°C iLutermittent operation).
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(3) Claes 2 - Equipment designed for 70,000 feet ultitude and con-
tinuous sea level operation over the temperature range of -5&00
to +719C (95°C intermittent operation).

(4) Equipment located in a ram cooled -cmpartment.

ot a .

(5) Equipment cooled using ram air directly or through an sir/oil
heat exchanger. .

6.2.6 Construction of Temperature-Humidity Test Profile
1 6.2.6.1 Reguired Information - The development of a laboratcry program,

directed to a specific alrcraft, required the use of certain air-
craft/equipment peculiar irformetion in addition to that presented
herein. The necessary specifics are mg follows:

(1) Fiight envelope of aircraft including cliwmb and descent retes, 1
both maximum and idle. -

(2) Missicon time line of aircraft

(3) Type of equipment to be tested (Clags I, Ciass IA, Clmss II,

equipment loceted in ram cooled corartment)
(L) Method of cooling. (Amblent, ram air, or forced air) If forced

air cooled; a specification curve of flme rate ve. inlet texmpera-

ture is required,

(5) Minimun expected steady state compartment temnerature for cold dsy.
6.2.6.2 Equipment Opersting Schedule '

In order to obtain the desired high retio 7 operating time to test
time, the schedule, which is based upon mission phases and showrn in Table
23, should be fcllowed. It should be noted that insofar a: possible the
achedule durationsz are derived from the mission profile. The excepticns

e S s s n

taken are necegsary to obteln the descired envirommental expoeare within

the constraints of test equipment and/or test time,
6.2.6.3 Forced Cooling Air Temperature/Flow Schedule

As previously discussed, the cooling air temperaturc aml flov rmust be
controlled in order to assure that the test article is ‘n fant svbjected
to the thermal envirorment exposure. The presented scheduls, Talle 23
controls the perameters such that the forced air 1s an aid to th= WRA'a

attaining the desired thermal transitions. The schedule ig retialenced to
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the established mission phase.

6.2.7 Sample Test Profile

The follwwing teat profils is presented es an aid to the reader's under-
standing of the propoged approach and its Implementation. The required air
craft/equipment information i provided, and its utilization in conjunction
vwith the data 1is shown,

In congtructing s thermsl test profile, Table 2L forms the base. From
Table 2k the fixed durations, 1.e., 3C minutes, is obtained for Phases A, E,
¥, and J., Furthermore, under the appropriate class of equipment will be
Tound either an ectual temperature or & Table rumber to be used in the
velectlion of the temperature for these phases.

Continuing in the aircraft operational phases, one can see that these
durations are bused upon alrcraft miselon time lines and the appropriate
temneratures are selected from the indicated Tables under the specific
clags of equlpment.

The repetitive period of this thermal cycle and the cyelle insertion
of the humidity cycle are indicated in Figure 27. The speclal conditions
associated with the insertion of the humidity cycle are shown in Figure 32,

Construction of Sample Thermal Profile

The "Fighter Intercept" thermal profile is conatructed ueing the follow-
ing irformation obtained from the aircraft and WRA performance specifications.
The underlined meterinl was used in constructing the profile.

An amblent, cooled unit derigned for Class T1 is to be used in a fighter

ajreraft, The aircraft climbs tc 30,000 feet in 7 minutes end js vectored
to the target in 23 minutes at & mach number of 1.0 at this time, the

fighter makes a high perfoimance dive in 2 minutes to infercept the target

at 10,000 feet. After the kill, the fighter cruises at high performance
at 10,000 feet for 5 minutes, The fighter then clinbs to hO,QQOerat in
13 minutes and cruises to base at a mach nuber of 0,6 cruise time in 35

minutes. Idle descent time 1r 15 minutes. The ptesdy state compartment

temperature ie considerad to be -18°C at weca level.

15k
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Combining the above information with the direction and informatiom
contained in Table I yleldas that presented in Table 25. The resulting
profile ig represented graphically in Figure 33.

6.2.8 Profiles for Multi-Misaion Alircraft

Where severa) types of aircraft missions are contemplated, several
alternate solutions Lo the development of a thermal test prograrm for multi-
mission aircraft have been investigated as diascussed in the followlng pera-~
graphs,

The solution which would best duplicate the expected enviromment over
n substantial portion of the WRA's life would requlre testing to as many
derived profiles as there are contemplated alrcraft migsiorns. The number
of exposures to these derived profiles would be in the same proportion
as the projected distribution of aircraft missions and the ordering could
follow a randam gelection. The m&éjor obvious disadvantages to this approach
are cost and camplexity. The automated equipment controls would require
reprogramming for each profile change, necegeltating almost continuous
attendance of tesl personnel during the full extent of the demonstration.
Furthermore, documentation for the preparatlion of the required test plans,
procedures and reports would be costly.

The mogt strirgent of the exammined alternatives is based upon conduct-
i1ng the demonstration using the most severe of the derived profiles through-
out the program. Certainly the advantages to thls approach in terms of
test cost and complexity are obvious. The dlsadvantage however, lies in
requlring the test article to survive repeated exposures to a level of
environmental stress which 1t may rarely experience during 1ts service life,.
This type of progrem could accelerate failures and/or produce failure modes
to & varlety and mix of envirormental ievels, thus rendering the demonstra-
tion a poor index of expected fleid performance. Although one could argue
that the successfuvl caupletion of guch a test buys & "safety margin" for
field usage, (which may be very desirable) the question is "at what price?".
In order to assgure a product's successful caupletion of the program, saune
possible overdesign may Vve required., Thus the reliabllity benefits for thig
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approach must be weighed against the additional design, development and

recurrent costs.

One golution which retains the cost benefits of a gingle test profile
and provides for the application of typicel expected envirommental levels
was Iinvestigated. This approach derives a final test profile as u camposite
of those derived from the expected missions. The envirommental levels and
durations associated with each mission gegment would be determined as an
average of each individual mission derived profile, weighted with respect
to the expected frequency of the misslon's occurrence. The disadvantage
t0o thisg approach in that the resultant test profile is in fact an average
(albeit a weighted one) which never exposes the test article to the

environmental stress levels associated with the more gevere missions.

Reviewing the above presented alterngtives, onhe concludes that some
carpranise approach which retains the major technical and cost benefits of
each while mirimizing the disadvantages would be an acceptable solution,
Given that & misslon time line for each of the projected aircraft migsions
is avalleble and that an accurate predlction of the frequency of occurrance
of each of these missions is also available, one can develop & program
using envirormentsl severity and freguency of occurrence as biaging pare-
meters. Thie aspprosch utillizes the most and least severe of the individual
migsicn derived profiles, in a dlgtribution proportional to expected
migeion frequency of ocoirrence, to yield a technically valid, cost effec-
tive program,

The initial phage of the zrprosch requires thetl o profile te derived
for each projected migsion, excluding ferry missions {except for transports),
es outlined in paragraph €.2.6. Each of thege derived profiles is then
ranked in order of severity which is defined as the number of significant
thermal excursions per unit time, A significant thermal excursion being
defined as one with s minimum delte of 10°C and a dwell at the new tempers,-
ture of at least 10 minutes. Assuring the expected "frequency of occurrence”
purcentage assoclated with each of these derived profiles cowpletes the
necegsary datq base,
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By inspection, one can determine the mid-rank of this list of severity

ranked profiles and uge it as a dividing line. Summing the 'frequency of
occurrence'’ percentages above this line (more severe) and separately
surming those below 1t (less severe) yields two percentages which reflect

the expected distribtution of levels of envirommental severity during the '

iife of the aircraft. The thermal test program can then be congtructed

utilizing the mogt and least severe profiles in the derived distritution.

Once having determined the two test profiles and their distribution
ratio, the temperature/mmidity sequence 1s conducted as previously de-
scribed and shown graphically in Figure 27. The distribution of the two
profiles within the twenty cycle set should Le such that at least one com-
plete ratio-set of profiles is conducted during esch week of test time.
(i.e., If the distribution ratio 1s 60% least severe profile and 40% most
severe profile, six least severe profileg and four most severe profiles
must, as a minimum, be conducted every test week,)

In gpecisl cases cf
equipment/systems with very short MIBF's, this minimm requirement mey bhave

to bLe modified to insure a valid distribution of the profiles within the
extent of the demonstration,

Rt i IRV A N



6.3 VIBRATION
6.3.1 Approach

1t is apparent, and can be verified by any study of mission profiles,
that almost all of the time durlng which the equipment of interest is re-
quired to meet specification performance is spent under steady state
conditions. It 1s reasonable to assume then that a Reliability Demonstra-
tion Test Profile should be based on steady state conditions; the short
duration transient situations being adequately covered by successful com-
pletion of the environmental Qualification Test.

During the Qualification Test, the equipment is exposed to accelerated
test levels at sinusoidal and/or random energies, as well as accelerated half
sine shock pulses for short periods of time, so as to demonstrate: (1) the
ecuipment's performance at extreme conditions, which are far in excees of any
operational steady state levels and more severe than any transients the
equipment will encounter during its operational life, and (2) to evaluate
the structural integrity of the equlpment construction.

Additionally, eince the test level is increased, it is possible by
utilizing Stresz versus Cycles (S-N) tiscry, to reduce the test time, and
still satisfy the structural design reguirements of the equipment, Howzver,
at no time during the Qualification testing have the equipment's electrical
components been exposed to any long perlods of environmental testing.

In regard to the test time associsted with the translent conditions,
i.e., catapult, buffet, sbrupt maneuvers, arrested landing, etc., it is
noted that the significant frequencies associated with the transients are
generally low, i1.e., less than 50 Hz, and are related with the major struc-
tural mod.s. These structural modes i.e., fuselage vertical bending, wing
bending, etc., have relatively high displacement inputs to the equipment;
but produce insignificant damege because the transient frequencles are
generally telow the equipment's rescnant frequencies, which therefore cause
the equipment to displace without producing any dynemic amplification. The
muwber of traneient ocourrenceg are at a level approximately 2 times the
operational level, and only represent approximately 5% of the total time or
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leas, depending on the alrcraft mission. Therefore, it can be concluded that
the combined accelerated vibratlon and shock levels imposed on the egquipment
during the environmental qualification does insure the cperationsl system
compliance in the aircraft,

Thus, if all the pre-Reliabllity Demoinstration Testing hses been com-
pleted successfully, i.e,, subjecting the equlpment to short duration, high
level extremes typical of all the transients, only the remaining flight
conditions representative of the steady state, long duration environment,
should be utilized to determine the Mean Time Between Failures (MIBF) char-
acteristics of the equlipment,

Section V indicated the necessity for the demonstration test vibration
environment to approximate field conditions both in level and frequency.
Therefore the fleld vibration data presented in Appendix C was analyzed with
a goel toward developing representative and comprehensive values cf vibrae-
tion levels and frequency for demonstration testing.

The approach in the analysls of the data was to develop an envelope
that generally bounded the data points under review. The upper limit of the
envelope was determined thrcugh the application of "Statistical Tolerance
Limit" techniques (ref, 14), This method provides the means for obtaining
an interval which covers a fixed propuortion of the population with a speci-
fied confidence. The interval is called a "tolerance interval” and the end
point is called a "tolerance limit." TFor this anslysis, the confidence was
set at 99% and the proportion set at 93.9%. These values were deliberately
selected to be conservative, Since the study concentrated on four air-
craft, yet the study goal was to have results as widely eapplicable as pog-
sible, the conservatism in approach was considered warrented,

The method of constructing the tolerance 1limit consisted of determining
the mesn (X) and standard deviation (S) of the data points under review and
then evalusting the expression:

Tolerance Limit = X + kS

where:

¥ is a tabulated value (ref, 14)
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ased on
¢ muber of data points

® desired population proportion

e specified confidence,

As previously indicated, the environment experienced by WRA's installed in

Jet aircraft was different than that experienced by WRA's installed in pro- i
peller driven aircraft. Thus, it was declided to develop separate profiles §
for jet alrcraft and turboprop aircraft. The procedures utilized and the
results are explained in the following paragraphs.

6.3.2 Levels

€.3.2.1 Jet Aircraft

An initial examination of the jet alrcraft vibration date presented in
Appendix C, Figures 1 to 1L, immediately revealed th-ee primary conclusions,
i.e.,
(1) the environment was predominantly random and can not be correctly
represented by the MIL-STD-781 fixed sinusoidal frequency require-
ment.
(2) the internal equipment vibration levels were higher in the rear of }
the aireraft than in the forward portion.

{3) the data was steady state with no transient responses,

)

Motivated by conclusion No, 2 sbove, the next step in the develorment

of the test profile was to examine the vibration environment in each of the
aircraft to determine if it was possible to consistently group the WRA's,

by levels, into general categories based on location throughout the fuseisge.
Other factors to be considered were: (1) standardization of vibration level,
(2) minimum number of zones, (3) equipment location, and (4) practical re-
location of equipment during development phase.

A closer examination of the vibration data recorded on the three jet
sircraft indicatcd a considerable variaticn in the overall level along the
fuselage, the severity increasing toward the engine and further increasing
aft of the engine, Further investigation revealed the mignitude of the
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vibration in the ares forward of the engine compartment, the engine compart-
ment and aft of the engine campartment were similar for the three alrcraft
even though their engine locations were different, and the engine thrust
varied. This observation suggested that three zones (forward of engine,
engine campartment, and aft of engine) could be a feasible partition. The
engine compartment is defined to start at the plane of the engine fan or
compressor front face, and end at the plane of its most aft portion,

whether it be at the end of the tall pipe or the after burmner.

To verify this assumption, the vibration date for 8l]l WRA's located in
a zone, irrespective of alrcraft, was plotted. Examination of the graphs
for each zone revealed the great gimilarity in values within each zone, thus
validating the cholce of zones.

A review of the level distribution in each zone indicated thrat the
frequency range should be divided into two bands, i.e., 10-100 Hz and 100-
500 Hz. The data points for each frequency band, within each zone, was
analyzed to determine gperific envelcpe limits. The commosite zone plote
and evaluated envelopes are presented in Figures 34, 35, and 36. They
indicate:

e Zone I -- (Equipment Forward of Engine Compartment)
Figure 34 represents the steady state internal vibration envirorment
forward of the engine on jet aircraft. The leveis are relatively
low, regardiess of frequency and indicate that a power gpectral
density (PSD) level of .01 gZ/Hz between 10-100 Hz and .007 32/Hz
between 100-500 Hz is representative of the operational environment
for equipment forward of the engine. The low levels indicate that
the predominant engine induced frequencies have been significantiy
reduced by the damping in the sircraft structure, and are mainly
attrivuted to the aerodynamic pressure fluctuations impinging on
the fuselage.

e Zone II -- (Equipment in Engine Compartment)

Figure 35 represents the steady state internal vibration envirorment
for the engine compartment in Jet aircraft. The PSD level is
.002 g°/Hz between 10-200 Hz and .035 g°/Hz for the 100-500 Hz
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range. The data levels indicate that there is very little displace-

' 4 ment at the lower frequency structural modes, but in the 100-500 Hz

range the englne rotational frequencies and their harmonics have .
B become significant. 11

® Zone I1I -- (Equipment Behind Engine Compartment)

G L

Figure 36 represents the steady state internal vibration environment
for the fuselage ares behind the engine for jet aircraft., Since the
measurements acquired during ground/take-off were generally con- %
siderably higher than flight meesurements, it was decided to de- }
termine separate envelopes for each condition,

The ground levels between 100-500 Hz are extremely high (l.Oge/Hz)
and are attributed to engine induced vibrations and reflection off

} the ground, i.e., direct engine exhaugt impingement on the aircrart
gtructure and exposure due to the acoustic field generated by the
engine jet exhaust. The flight levels in this frequency rauge are
,MOgg/Hz and are as previously mentioned, primarily the result of
engine exhaugt iwpingement on structuie and the engine generated

‘ acougtic field, but of course are lesser than the ground levela

due to the reduction caused by the forward speed of the aircraft,
and the elimination of any ground reflections.

It should bs ncted that in choosing the envelope of .Olgafﬂz in the
! frequency range of 10-100 Hz an exception to the statistical
gpproach was chosen, Since this frequency range of 10-100 Hz

had so few data points it was decided tc utilize dsts Irouw Zone 1
which hed a substantial data populetion. The rationale for this

3 decision was that low frequency responses are primarily due to
structural modes (e.g., fuselage bending, fuselage torsion, etc.)
affecting the entire fuselage. A high impedance structure (1i.e.,
engines) 1s in Zone (II) that does not respond to these low fre-
quency inputs but acts more llke a fulcrum. Thug the zoneg forward
and aft of the engine (Zone I and Zone III) respond similarly vith
respect “ o wach clher, It 1s for this reason that data for Zone I
fram 10-1C0 Hz is considered equivalent to the Zone III data.

168

= et




The two points falling above this .Olge/Hz were attributed to erroneous
instrumentation.

Since the vibration data analyzed representel the operational environ-
ment only for the frequency range from 10 to 500 Ez for {he three study Jet
aircraft, an investigation was initisnted to determine Low representative the
zonal concept and calculated envelupes were of other sircraft. Data repre=-

genting the Zone I and II vibration enviroment in several additional Jet
aircraft (ref. 15 and 16) was analyzed to determire if che measured fre- i
quencies and acgocisted levels {ell within the colculated zonal eirvelopes. i
Bach measurement location was examined and tlhe vibration date was plotted

i
in its designated zone. This new datu contalned fraguency infomation out :
to 2000 Nz and since the frequency ranges in all the new equipment pio- g
curement speclfications have been extended to 2000 Hz, it was decided to

incorporate this information in the investigation,

% 2 Examination of this new vibration dats showed that from 70-500 Hz, over
‘ 5% ol the data Tell within the envelope limite, indicating excellent agree-
ment and thuus further substantiating the use of the vibration zores. Data ;
below 70 Hz wis not obtainable due to the excessive bandwidths of the ‘
anglyzer filter. It was decided that becausge of Lhe excellent correlation
in the vibration data from Reference 15 and Feference 16 up to 500 Hz, it
was technically feasable to use the data above 500 He to determine the high

frequency envelop linits for these two zones, No Zone 11Y date other than
for the study elrcraft was obtainable. Therefore, available peasurement
4 : information in the high frequercy region on thess aircraft was used to

.vj extend the profiles te 2000 Hz for his zome. This sdditionel vibration
’ date and 1ts relationship to the previously celculated envelopes are shown
in Figures 37, 38, and 39 for Zones I, II, and III, respectively. It should
be noted that all the data presented in Figure 39 represents ground snd
take-off conditlons. Therefore, in order to arrive at an Intflight high
speed level for the 500 to 2000 Hz range, the ratio of ground to Tlighkt
level observed in the 100 to 500 liz range, (1.e., 2.5:1) wag utilized t¢
produce the level of 0.6832/Hz. These envelopes are then the recammended

e i kS i e

vibration levels for demonstretion testing. It should be noted that PSD
trangitions are indicated ag step functions in order to eacompasg the full
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range of data points. Actual testing will require the use of the highest
dB/octave ratic availeble from the test equipment.

6.3.2.2 Turboprop Alrcraft

Ag indicated previously, only one turboprop sircraft wes included in
the siudy. This aireraft has two constant speed turboprop engines, one
mounted on cach wing. An examination of the measured vibration envirorment,
presented on acceleration (g) reak versus frequency plots, as shown in
Figures 15 to 17 of Appendix C, describes a vibration distribution indics-
tive of a negligible broadbend random base with a series of high (g) peak
narrow hand spilkes, The predaminant frequeney content is sinusoidal and is
directly associated with the engine propeller ghaft frequency (18.4 Hz),
propeller blade passage frequency (73.2 Hz), and their hamonics. The maxi~-
mum accelerstion (g) responses are concentrated at 73.2 Hz, 146.4 Hz, 219.6
Hz, and 292.8 Hz. The higher frequency energy in the fuselage that is

associated with the engine turbines is reduced by the engine low freguency

B A O R
[

isclater mounts snd the structural alientustion in the wing and fuselage.

14

A review of the above vibration data indicates that the constant-zpeed
turboprop aircraft examined in this study is not completely chgracteristic
As stated previously, all the
vitretion energy 1s corcentrated at four or five digerete frequencies asso-

of the aircraft growp classified "turboprop.'

ciated with the propeller and do not vary with flight conditions. An
increase in forward velocity is a function of propeller pitch, whereas for

able RPM and/or Llade piteh, i.e., take-off and mexium speed occurs at a
higher engine RPF thuan crulse or loiter. Bul in either situation, for
conetant speed turboprop cr veriable speed turboprop engine aircraft, it
can be seen that the operational vibraticn enviroment cen not be describesd
by the lovefixed frequency (26-60 Hz) reguirement outlined in MIL-STD-781,
Since tMg intent of this study was to develop a widely applicable and
realistic reqigrement, it was decided to annlyze geveral other turboprop
alrcraft in an {ttempt to arrive at & universal test spectrum, rather than

to have a protily for each and every turvoprep aircrafi. Thus, the data

from the study afycraft as well as thc vibration enviromment on sewveral
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other constant and variable speed turboprop aircraft were grouped to examine
their frequency and level distribution. Results of this investigation ais-
closed relatively low acceleretion (g) peak responzes at frequencies asso-
clated with the aircraft structural mcdes (i.e., fuselage vertical bending,
wing bendlng as well as the frequencles associated with engine shaft rota-
tion), and then higher acceleration (g) responses associated with the
loculized structure, propeller blade passage and its harmonics as well as
frequencles related to the operation of the aircreft asuxiliary system pumps
and motors. %hen, based on experlence, and allowing for the variation in
winimom operational engine shaft speeds, it was decided to divide the
frequency range intc two bands, i.e., 10-50 Hz and 50-500 Hz, The data
within each band was used {o calculate envelope limits, The composite date
and resulting envelope are shown in Figure 40, It represents the steady
state internal operationsl enviromment in the fuselsge of turboprop air-
eraft. The weceleration (g) mesk level ig t .7g from 10-50 Hz and + 2 kg

from 50-500 Hz. The predominent responses are at the propeller blade passage

frequencies and their harmonics, and vary as & function of engine rotational

frequency and number of propeller blades.

The vibration data anslyzed in this study represents the steady state
enviromment for the frequency between 10-500 Hz for the gtudy alrcrafi, in
edditicn to several other constant and variable engine speed turboprop sir-
craft. The data examined, elthough limited, indicated thut there is signifi-
cant data above 500 Hx. Based on the high frequency enviromsent evaluated
o the Jjet alrcraft and since turboprop and turbofen p-wer plants heve cer-
tain dynamic similarities by nature of thelr design, it 418 recaumended that
the 10-500 Hz profile be extended to 2000 Hz, resulting in a profile de-
geribed ty * .7g from 10-33 Hz, .012" DA frow 33-62 Fe end + 2.lLg from
622000 Hz.

L]

6.3.2.3 Excluded WRA locations

The preceeding develupment for internmliy mouated equipment doer not
hold true for external and surface mounted equipuent installat ons, that sre
priwarily susceptable to the Jel noise and turbu.sat alrfiow which lmploges
on aircraft external sucfacesz. For these situatio.e, a gewerslization iz

7L
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not posgsible and requires a specific knowledge of the engine cherscleristics,
aircraft flight profile and structure t¢ which equipment is mounted. With
the above information one can predict the operationsl surfrce environment by
incorporating the procedures mentioned in Reference 17 for calcula.ing the
structural vibrations induced by turbulent airflow. To determine the struce
tural vibrations due to englne noise, one mugt firgl calculate the sound:
pressure levels using Reference 18, and then convert them imto frequencieg
and levels by incorporating the procedures cutlined in Reference 17. The
resulting levels from above method should then be converted to ISD levels
(besed on analysis filter bandwidth) ard enveloped in such & way sc as te
encompass all the maximum responses. The resulting envelops will then define

the demonstration test vibration level.

6.3.2.4 Extension to Othexr Aircraft

A review of geversl different types of aircraft concluded that the
vibration environment in jet sircraft is guite gimller and is primarily due
to the location of the engine relative to the egquipment and the flight
profile of the alrcraft. Thls is supported by an empirically derived con-
clusion that:

"aircraft structure selection and counstruction is proportional to engineg
thrust and flight envelope, In other words, the design requirements imposed
by mission, gross welght, sgpeed, etc., appearing at comparable locations
Aiffer little from aircraft to aircraft regardless of type und gize. This
suggests & relationship of the type

(THRUST) x (STRUCTURAL ATTENTUATION) ~ (Constant)”

Since the conmonality of the dynemlic environment in alrcraft exists,
the profiles developed herein wlll adequately reflect the envirorment for
any internally mounted egquipment instelled in an alrcraft whose englnes
ere fuselage mounted.

It was aiso determined fram a review of avallsble data that the vibra-~
tion enviromment for internal fuselage mounted equipment is more severe in
aircraft with engines in the fuselage, than in alrcraft with englnes mounted
on the wings or in external pods. HRecorded measurements for the latter cases
were generally observed to be no greater than 0.0132/Hz throughout the
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fuselage. Intuitively, this lesser level is easy to comprehend, since the
englne, the primary disturbing energy source in the aircraft is separsted
from the aircraft, resulting in a reduction in the mechanical vibration
level due to structural attenuation and a reduction in the acoustical level

18 a result of distance.

Therefore, realizing the benefit of a reduction in vibration level,
as well as examining the Reliability Demonstration Profiles presented herein,
it is recommended that the reliability test vibration profile that begt
describeg the operational enviromment for equimment installed in aircraft
with engines mounted on the wings or in external pods, is that of Zone I
(Fig. 37).

Furthermore, it is estimeted that the equipment evaluated in this study
is representative of approximately 90% of all current equipment installa-
tions in aircraft. Thus, the reliability test vibration profiles developed
in this study encompass 90% of all aircraft eduipment installations,

As indicated previously, the vibratlonal characteristics of the re~
meining installations (i.e., internal and/or external surface mounted)
cannot be represented by an environment that was developed for\internally
mounted equipment. The various techniques utilized to predict the relim-
bility test level for these special cases are discussed in theffollowing
paragraph.
6.3.2.5 Prediction of Test levels

M el 4 %
:Taiv wrhere the dymami

For those situations in turbojet air
desires to calculate the operationsl equipment vibration enviromment using

various present day prediction technlques, the following are avallsble:
(1) Noise Prediction Techniques:
a) AFFDL-TR-62-26 -- jet engine noige at a desired location
(Reference 19).
b) AFFDL-TR-71-63 ~- jet exhaust noise for ground run-up and
flight (Refervence 20),
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¢) AFFDL~-TR-67-167 == boundary layer pressure fluctions
(Reference 21).

(2) Vibration Prediction Technigues:

a) WADC-TR-58-343 -~ flight vehicle roise predictions
(Reference 22).

b) AFFDL-TR-71-63 -- APPENDIX V - response to aeroscoustic
excitation (Reference 20).

¢) S & V Bulletin No. 28 August 1960 -~ vibration levels in jet
powered vehicls - ‘Reference 18).

After acquiring data fro.. above methods, the levels should then be con~
verted to PSD levels and the points should be enveloped such that the meximum
points in the spectrum are covered. The resulting envelope Wwill provide

the demonsiration tezt profile.

No known enalogous approach exists for turboprop aircraft, The test

levels developed herein appear camprehensive in that when compered with
nmeasurements on several other turboprop aircraft, the levels for the same
flight conditions fell within the proposed profile, This seemg reascnsble,

- since the engines are mounted on the wings, where the benefit of structurel
attermation is present and the relationship between the propeller and the
fuselage is relatively the same.

6.3.3 Test Durations

Section V indicated that vibration test durations should be increased

from the current MIL-STD-781 requirement of 10 mimutes of svery hour. It
was argued that since the WRA 1s exposed to vibration throughout each
flight, the vibration test duration should be proportionately as long.

This can best be accomplished by requiring vibration throughout Fhases B,

C, D, G, H, and I of the basic test cycle described in Paragraph 6.2, Since

R

these phases are the test analogs of a flight and their vimes are determined ;
from the mission profile of the intended aircraft, the WRA will consequently
be exposed to ag much vibration as there are simulated missions throughout
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the entire test. A simplified graphic representation of this requirement

is shown below,

Vibration J ) —

No Vibration

Al 1 ¢V p1T g1 1T ¢V gl 1T 571

Test Phases

Since the equipment is to be vibrated constantly throughout the flight
analog test phases, the accummlsted vibration test time could be greater
than 1000 hours for higher reliability equipment. Thus, a more realistic
examination of the test level in each zomeé was necessary, to insurc that
the equipment would not be disproportionately overstressed. As previcusly
mentioned in the study, the vibratlon data examined for the development
of each test zone were acquired during the most severe steady state condi-~
tions, i.e., high speed flight (maximum q) and maximum engine power settings
during ground operstions/take-off and flight., These however, do not repre-
gsent the operational vibration environment the equipment will experience
during the entire aircraft mission, A review of typical alrcraft mission
profiles indicates that approximately 25 minutes out of any given flight
are at these severe conditions with the remaining steady state flight time
gspent at the more benign levels assoclated with the cruise and loiter por-
tion of the mission. Furthermore, it was devermined from this review that,
on the average, two of thes¢ 25 minutes are spent during ground operations
and take-off,

Examinetion of measured in-flight vitration data for the cruise
and loiter conditions, indicates that they can ve adequately represented
by a test level that is 50% of the minimum flight levels previously deter-
mined tor the frequency range in each zone, i.e., (25% of the PSD level for
random and 50% of the ecceleration or displucement values for gine).
Exceptions to this 50% reduction rule are those WRA's requiring the use

)
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ot the Zowg | profile, Thesge include:

&

Vha's ingtelled forward of the engine campartment for those jet
alroeraft where the engine(s) are mounted in the fuselage

WiA'e Installed in Jet aircraft where the engines are on the wing

ar In external pods,

wherce the date lndicates that there is a negligible change in vibration

Jeveis throvghout all the steady stete conditlons.

Thus, Lo remgonably spproximate field conditions (for those WRA's
where the reduction in level applies) it is recomended that the vibration

tegt Le

conducted at muximm levels for 295 mimtes of each flight anslog

(i.e., during test phuses B, C, and U and then sgain during test phuses
G, N, 1) with ihe remaining vibraetlon time al 50% of the muximum in-flight

level.

Te further silizulate uwigelon conditlons, it is recommended thut the

test tiwe at maximm lavels be apportleied to the phases in the following

WEIRICY !

@

Tone 113
R

vt

10 minutes at 1he maximum level to coincide with the start of Phase

E (take off und climd to altitude analog)

o Zoue 111

Two minutes at the maximum ground level and 8 minutes at the maximum
flight, to coineide with the otart of phase B (taks off and climb
to sltltude anaivg)
Zone 11 ond 1171
19 minutes at the maximumm flight level to coincide with the

r“l

“dynamic" (i.e., caubat, high speed dash, etc.) periion of Phase C,
or 15 minutes midway through hase C for thoge aircraft types that

14
do not normally experieuce "dynemic mancavering” (e.¥., trangport

eurly warning, etc.)

The: alwve ig to he repeated for Phages G and Il 4y indicated previously, no

reduction In level g required for Zone L.

It ghould be noted 1hst the partifion of tle 25 minutes at maximun
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levels into 1O and 15 minute intervals is applicable to WRA's installed in
Jet aircraft where the proposed test method Is random vibratiorn. For WRA's
installed in preopeller driven aircraft, where the propoged test method is
sine sweep, the recommended partition is 12.5 minutes at each of the phuases
in the test described above. Thir modification was necessary to achieve a
camplete sweep from 10-2000-10 Hz at a sufficiently moderatelSWeep rate

(1.22 octaves/minute) to assure adequate exposure at all frequency bands.

Thus, the vibration test is commensurate with mission tume and

anticipated level for the aircraft in which the WRA is to be ingtalled,
6.3.4 Application

Figures 41, 42, 43, and 4L present the recommended vibration test
envelores for the equirment localion/propulsici type cambinations previously
described. 1t is further recommended that the WRA's intended alrcraft
orientation and mounting (i.e., hard or isolated) be duplicated in the
vibration test. As indicated previously, the vibration test profiles for
reliability demonstration testing developed herein are applicable for all
internally mounted avionlcs eguimment. The profiles have been developed
with the objective of approximating, as clogely as peseible, the vibration
envirorment a WRA is expected to experience in actuasl fleld use. Thus,
proper application of these profiles requirec foreknowledge of those faclors,
which ihe analysis indicates principally determines the field vibration
enviroment. Specifically, these inciude:

e type of propulsion of the Intendcd aircrafu
@ location of the engines

e location of the WRA relstive to the en

ovinec
I v he éngines

e migslon profile timeline

'‘fable 26 shows the specific vibration test requirementg for the applicable
variations of this information.

6.4 AUTITUDE

It is recomnended that altitude not be included as u demonstration test

enviroment. The arguments to support thls position are:
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¢ As indicated in Section 1II, low pressure has & minimal effect on
¢20ling capabiliiy.

e low prozsure;, az an independenf, environment, has not been shown

to contribute significantly Lo equipment failure.

e Inciusion of low pressure within the basic thermal test cycle
would subs'antlally effect the test time line snd the ability

to produce rapid temperature variations.

e DPressure testing would be hanpered by the presence of humidity

TP —E S R L

in that the presence of sny residual water vapor interferes with
; chamher execution,

g ® In view of the relatively amall contribution of altitude to
] WRA unreliability, the inclusion of a low pressure test outgide

i the bagic temperature cycle does not appear economically Jjustifiable,

6.% RELIABILITY DEMONSTRATION TEST PROFILE

i The relisbility demonstratlon test profile is the result of combining
% the developed thermal profile with the vibration profile.

A composite rrofile showing the intervelationships and proper phase

E sequencing is presented in Figure 45 to illustrate the process for one cycle.
' TLe test consists of repeated applications of this cycle until the accept/

] reject criteria are satisfied. It should be noted that the humidity expesure
is an independent cycle, ingerted periodically as shown in Figure 27.

6,6 SUBSYSTEM DEMONSTRATION TESTING

This gtudy has addressed itself to analyzing the envirorment of eacl.
WRA. Congegquently, the profiles presented herein are applicable to WRA's
and single unit equipments. Although the study was WRA oriented, it is not
suggested that reliability demonstration testing at the subsystem level be
eliminated since, from both econamic as well as schedule consideratlons, it
is more desirable to test a group of WRA's than to test them individuslly.
These profiles would be applicable to systams whose WRA constituents ere
the same MIL-cless and are located in the same vibration zone. A4s system

f camplexity increases, the likelihood of satisfylng both the above conditions
187
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dc 2reases, and thus the selection of proper test levels is not apparent. In

the extreme case of a system composed of Class I and 1I WRA's located in all

three vibration zones, six different test combinations would be required.

Sceveral alternatives were investigated but no universal solution waes

Lfound.

below:

The options investigated and the disadvantages of each are listed

Thermal

utilize separate temperature-chambers for each MIL-Class (which
implies separate vitration installations for each ¢ hamber) -- high
cost

provide a separate enclosure within & chamber to isolate the diffler-
ent MIL-Class WRA's -- additional test cauwplexity and potential

difficulties in controlling the enviromment in the enclosure

test at a compromised level -- loge the associaflon with the

anticipated field environment

Vibration

utilize u separate vibration exciter for the WRA's installed in each

vibration zone (which implies separate chambers) -- high cost

test at a compromised level -- lose the associaticn with the antici-
pated field environment

test at the highest level -~ if failures occur on WRBA's that should
have been tested to the more benign levels, are the failures re-
lated to time or level?

determine the test time reduction for Zones I and II WRA's 1f
tested to the Zone III level (based on the accelerated test level
theory, i.e., stress versus number of cycles relationship (8-N)).
Perform the test on &ll items at the Zone II1l level, discounting
any failures that result in the Zone 7 and II WRA's after the
predetermined time is accomplished ~- 1t is often not clear whether
the fallures encountered after the accelerated level testing is
campleted are related to vibration or theruwsl exposurc
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® gsame as above except, remove that portioca of the system equirment
from the vitration test getup, and ingtell the equipment in a sep-
arate non~vibrating thermsl chamber sfter the equipment has reached
the determined accelerated test level period -- the major disadvan-
tage to this again 1s cost.

Trade-off analyses have to be performed tc make the proper selection
. from among these alternates. The cutcome of the analysis, however, is
f highly dependent or the specifics of the system being evalueted; viz.,
§ number of WRA's, their distribution among the different test levels, WRA :
criticality, predicted tailure rates, etec. It was concluded that since

: each system has to be evauated independently, no genersXizations can be
made and the trade-off analysis would have to be performed by the procuring E i

activity and contractor as each situation ariges,
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SECTION VII

PREDICTIONS

I secondary objective of the study was Lo identify those factors which
tended te contribute to the difference between predicted and field reli-
ability. The analysis was conducted in & manner similar to that performed
for demonstrated reliability. Differences jn reliability bec.ween the pre-
diction and the field were compared with differences in each suspected factor

to determine if any general pattern was evident.

The predictions originally performed by each equipment manufacturer
utilized a wide variety of Govermmenti sources for failure rates (MIL-HDEK-~
217, MIL-HDBK-21TA, FARADA, etc.), as well as failure rates based on the
sellers' own field experience. Further, each manufacturer also tended to
spply his own ground rules when making predictions. In order to establish
a common baseline for each of the selected items, new predictions of the
reliasbility for each WEA were performed using the same sources and ground
rules for each. This approach provided a consistent comparison of pre-
dictions with reclassificd demonstrated or field MTBF's. The selected tech-
nique utilized MIL-HDBK-217B Coordination Copy (ref. 23), since this re-
presented the most current information available at the time and would prot-

aLly provide closest corvelation with field failure rates.

A standard set ot ground rules and assumplions were established where
reference 23 éid not include failure rates for certaln parts inciuded in tlis
study. It should be noted that these criteria were applied to all-of the
selected equipments. The following major ground rules and assumptions were
mude:

¢ In several instances {capacitors and high stress ratio di.ues),
values for certain parameters (stress ratio ve, temperature) were
of a wagnitude not avajlable from the curves. The RADC Notebook

(ref. 24) was used in these cases,

For certain perts («¢.g., mechanical items), MIL~-HDBK-217, Appendix
II was used.
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& Seller fallure rates were utilized in those few instances where a i
device was considered proprietary by a seller and no information -

wag nvailable.

e

® The appiication factor for Group I and II transistors was assumed to .

be linear unless the device was used as & logic switch.

e The voltage stress for Group I Transistore was established at 60%

since precise stress values were not avallable.

¢ Insert material for connectors was assumed to be Type A unless other-

wise stated or known (coax).
® Voltage stress ratios for Group IV dicles were defined as 100%.
® Unless otherwise known, filter configurations were assumed to be Pi.

¢ An application factor of 2.0 was assigned to "CY" capacitors having

T A MNP TR e (U, s S s R S (e 1

a capacitance greater than 10,000 PFD.
# Hybrid thin film equations were used t0 determine failure retes of
resistor nelwGrks.

After the performance of this analysis, the final version of MIL-}HDBK-~

e R i
»

21TB (rer. 25) was released. A review of that document indicated significent

differences between it and the coordination copy btut, because of the cone

LT et T a3

straints on time and effort, reprediction of the relisbilitles using the
released document was beyond the scope of the contract. Thus, the results

of the analysis presented herein ac based on the pricr completed pre-

e iy

dicticns.

The reclussified fleld MIBF's es determined in Section IV were the
measures of flezld reliability used for this analysis. Teble 3 of Appendix D,
presents the repredicted and reclassified fleld MIBF's for erch WRA, The
lahoratory demonstrated MIBF for each WRA are also included for comparative

purposes.

|
|
|
|

The unalysis consisted of determining the ratio betwoen the repredicted
and the field MIEF's and to deteinine how these calculated ratios were Jla-
trituted among the categorles of each design or end-use characteristic in- .
vestigated. Two excessively large ratios (WRA's 92 and 9l4) were eliminated

192
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fram the analysis as being inconsistent with the rest of the data. The -g :
significant relationships between the averaege MIBF ratios and the factors in- é
vestigated is presented in Table 27 and the conclusions that could be drawn, f
relative to prediction technique improvement, are presented below. No signi- ;
ficant relationship was found for weight, packaging density, power density or. H
percent microcircults. Since the MIBF ratios are a function of a failure ;
rate source document that is now suspect, use of the absolute velue of these ¢
ratios is limited. If the changes between the coordination copy and the ;
released version of MIL-HDBK-21TB are essentially constant for each WRA,

then the relative weight of each category of a factor is preserved.

Function: All the functions had approximately the same average ratio with
the ex~2eption of Displays and Controls, Electromechanical Devices, and i
Racks and Cabinets. These latter three functions had an average ratio 3 to ? 1

L {imes worse than the other functions suggesting the following: |

~ Displays and Controls: The prediction technique does not make |

A

provision for high rates of ON/OFF eycling, or pericdic adjusti-

. ments thet are common for this group. Also, the potentiality for

greater field abuse exists.,
§ -~ Ilectromechanicel: The predictability of failure rates for "low

population-unique design” parts {gyros, gear trains, tape drives,

etc.) that make up this group is alvays subject to possible error

berause of Lhe l.mited data base upon which statistics can be

T 3 st £ PO, AT O 31

calculated,

-  Recks aad Ceoinets: C(onnector and harness faeilure rates should

o T P i, R

be reviewvad.

T Cosling Methad/MilL-Cless: No veristion with MIL-Class was observed which

indirgtes that the prediction tenhnigue sccurecy is not affected by antici-
. pated tempereture sltitude enviromment. Yet, supplementally cooled WRA's
: ‘ have cloner correlation than the avbient cooled WRA's, in approximately a
5:9 relationship. This osugessts that yprodictlon techniques should not have
envirommental fectors for "alrborne inhabited" and "airborne uninhabited"

but rether, "alrborue supplementelly cooled' and "airborne ambient cooled."

uartie b LSRN DY s Ay
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i T/HLE 27  AVEIAGE PREDICTED/FIRLD M. BF RATIUS FO SELECTED WRA . ,
; ] DESTGN AND END-USE CHARACTERISTICS - f
! E f
{
i Function .
o — }
' PO Average % 4
; Fun-tion MTBF Ratio i
é Reéeivers and Transmitters 3.4 {
: : Interface Lguipment 3.5 ;
; Computlers 3.5 ;
i Power Supply 2.7 z
; Signal Processing heb ,
! Disolays and Conircls 12,9 1
| Electro-Mechanicai 17.9 §
: tacks and Cabinets 15,4 i
: T ——— = . ' 1
) . i
' Cooling Method MIL Class !
! ' ' ' Average -
Type of Average MIL Class SR O | 4
‘ Cooling MTBF Ratio MIBF Ratio ?
= 1
Sunplemental. he9 1A 6’1‘ .
! Ambient 8.8 1 b.1
!
|
' fircraft Pronulsion Mounting Method
' 'I‘;,r;e Average Tyve of ) Average
j b4 MTBF Ratio Mour:t.ing MIBF Ratio i
; Proceller 6.1 Isolator 542
! Jet 7,2 Hard 8,1 .
! Nunbar_of Perts High Reliability Parts
i Quantity M’I‘g;:e;:%‘io* % 1X, ER Average
- eemerrmen - or Better MTBF Ratlio
Under 500 1.0 Under 20 8.5
| 500 to 1000 6.1 . - . -
‘ ; Over 2500 3.0 L : 1
Predicted MIBF/Field MTHF
\ A2
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TAHLE 27 AVERAGE PREDJCTED/FIELD MTBF RATIOS FOR SELECTED WRA
DESIGN AND END-USE CHARACTERISTICS (Continued)

Burn-In Heurs (Production Units)/
Predicted MWTBF

Burp-ln llours (Production Units)

Hours Average Interval :mgﬁeﬁi‘ifo
v MTBF Ratio | :
Under 100 8.1 3“38§ 2608101 Lé°§
100 to 200 5.8 0.01 to 0.1 5.6
20U to 500 5.4 0.1 to 1.0 2.8
Over 1,0 1.6
Burn-In Failures Burn-In Failures/Nuuber of Parts
Number of Average ] Average
Failures MTBF Ratio Interval VITBF Paﬁio
Under 0.57 8.9 Under 0,001 4.8
Over 4.0 1.8 2-0% L0 010 2

Burn-In Failures/
b

Ixpected Failures _

) . Average

Interval MTLF Ratio
Under 0.5 6.0
0.5 to 2.0 18
Over 2.0 7.9

“Prcdictcd IiIBF/Field ¥IBK

**Durn-ln Houre/Predicted MIHF
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Propulsion Type/Mountinngethod: Approximately the same lack of MIBF agree-

ment, exists regardless of the propulsion type. An 8 to S5 difference was
observed between hard and isolator mounted WRA's. This suggests the need

for a "mount!ing" factor in the prediction.

Number of Parts: The correlation improves as the quantity of parts in-
creases. This Just suggests that any inaccuracies in part failure rate data
get averaged out when the part population is large. It further points out
the pitfalls in making a prediction on a WRA that has & rather small parts
population.

Percent High Reliability (TX or ER) Parts: The greater the percertuge of

M1L or lower quality grade parts, the worse the correlation betwezn pre-
dicted and Tiz2ld MTBF's suggesting that the "quality factors” require

expansion over a broader range.

Burn-In: If one again (see para. 5.2.3) assumes that burn-in failures are
proportional to the emphasis on quality issues during manufacture snd ere
also & barometer of the effectiveness of the burn-in test, the date in-
dicates that the greater the emphesis on these factors the better the
correlstion between predicied and field MTEF's, Further, the datg also
indicates the longer the WRA burn-in test duration the better the correlsa-
tion, as would be expected. The reference 23 predliction technique requires
that the "quality factor" used to adjust the base failure rate be determined
by Jointly considering part quality and WRA manufacturing quality. Perhaps
some inconsistency is in%troduced by this approach since it is not clear

which of the following two situatiors hus the higher reliability:

~ high quality parts with poor manufacturing quality or

- Jlow quality parts with high wanufacturing quality.

196
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SECTIGN VIII

CONCLUSIONS AND RECOMMENDATIONS

8.1 CONCLUSIONS

This study of 95 distinct WRA's representing a cross section of avionic
types and applications, indiceted that differences between laboratory de-
monstrated and field observed reliability is attributable to a wide variety
of factors. Both differences in data, end-use application, and environments
between the laboratory and the field were found to relate to reliability

differences.

¢ Inconsistent ground rules and failure scoring criteria account for
a significant portion of the difference between demonstrated and
field MIBF's. Anomolies which should be considered countable are
often excluded by demonstration test ground rules. Current military
data reporting systems lack detell in describing malfunctions, re-

sulting in counting incidents which should be excluded.

- Difficulties in collecting WRA operating time date results in
flight tinme being used as the time base for field MIBF determi-
nation. Demonstration teats use operating hours as the time base.

- Reciﬁssification of failures (field and laboratory) in accordance
with study developed criteria and use of estimated field oper-
ating time regvlted ir, on average:

o 304 te U0Y deviamse in demonstreted velue

o 100% increase in field value

® A substantiel difference in reliability remained after the reclassi-
fication. Fifty percent of the WRA's studied had field values three
times lower than its corresponding demonstrated value. The average

ratic between demonstrated and field MIBF's was approximately B.0.

e WEA's which historically have had more design effort in minimizing
field environmental effects (c.g., RF equipment, high power density)
nad better relisbility agreement.
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® The reliability agreement between the laborstory and the field was
f poorer on those items that had a potentiality for abuse In the field
(e.g., ﬂigh packaging density, displays and controls).

e WRA's having relatively large microcircuit or "Hi Rel" part com- i :

R

plements had better demonstrated to field reliability agreement, :

; thus indicating the benefits to be gained by using these parts. : {

) : # Those itemg that had the more effective burn-in testing on pro- i j

duction units tended to have the better reliability agreement. This

° i
indicates the necessity for adeguately specifying s production upit i !
i

burn-in both in duration and in environmental exposure.

® Relationships were found betveen reliability differences and several i \

temperature related measures for ambient cooled WRA's, including:

= minimum ambient temperature

- operating time at low temperature

~ maximim ambient tempersture

~ tempersature rate of change

o et oo

indicating that the current MIL-STD-781 tests of only requiring dwells
f at the temperature extremes with moderate rates of change between the
limits is not an adequate test. No provisions exist for evaluating
| the item under conditicnz of rapid and frequent temperature cycling.

& TFor forced alir cooled WRA's, the significant temperature related

LT e

¢ measures included:

-~ meaximum ambient temperature

- maximum cooling air tempersature

-~ minimum ambient temperature
- maximum cooling air flow rates

- operating time at low temperature

indicating that the effects of field typical ccolli.ig air parameter
vaeriations are never evaluatcd during the demonstration test. Further-

j more, the effect of this lack of variation in the laboratory is to

>
ki

essentially shield the article from any temperature effects. ’

196




® The significant relationships betvween vibretion measures and re-

lisbility differences included:

- leve)

- duration

indicating thet the MIL-3TD~781 vibration test of requiring 10 minutes
of zinusoidal vibretion each hour at one nop-resonant frequency between
20-60 Hz is not representative of the field envivonment. The test

article is never exposed to those frequencies occurring in the field,

that produce failures. The vibration test duration was found to be

a poor representation of the accummulated field vibration time. The
lack of reliability agreement was more pronounced in WRA's installed in

Jet wircraft where the field environment is random.

e lMoisture, which data and previous experience indicates is a major
source of field failure, is not.a test requirement of MIL-STD-T81.

e NO evidence could be found that altitude or voltage cycling, as
independent environments, significantly contribute to field problems.

o

Although the analysies of differences between predicted and field
reliability was terminated when the released version of MTL-HEDBR-2T71B

was issued, some preliminary observations were msade:

reliability differences were better correlated with cooling
method than MIL-Class

hard mounted WiA's had poorer agreement than vibretion isolated
items ‘

displays and controls, &s & functional group, hed poor agreement
(ON/OFF cycling not properly accounted for in prediction tech-
nique)

WRA's with low parts population or specialized unique design
components had poor agreement (small data base)

WRA's with a proportionately large quantity of Hi Kel parts had
the better correlation (suspect "quality fzctors")

the more effective WRA burn-inr test, as meagsured by duration and

number cf failures detected, resulted 1n closer prediction to
field reliebility agreement

159
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8.2 RECOMMENDATIONS

The results and conclusions of the study suggest several general areas
of improvement for assuring future closer agreement between demonstrated and
field relimbility. These include: ’

¢ Revision of the demonstration test temperature profile and method of

profile construction as described in paragraph .2, This would

i v i e 1 e o4

feature:

- canes

-~ mission profile orienvation
~ verietions in chember temperatures as a function of changes in
flight conditione and thus approximating compartment temperatures

and exposing the item to more temperature cycling

- periodic dwells at temperature extremes to simulate non-operating
conditicns i

~ maximum permissable variation in cooling air temperature and flow
rates

~ coupling of cooling air variations with chamber temperature

.
DA Frm o

variations
- temperature rates of change equal to flight levels
- equipment ON/OFF schedule designed to assure that internal com-

ponents are properly exposed to temperature variations

® TFevision of the demcnstration test vibration profiles as described

in paragraph 6.3. This would feature: !

- random vibration for items installed in jet aircraft
- sginusoidal sweeps for items installed in propeller driven aircraft
- exposure to all input frequencies up to 2000 Hz
-~ levels to approximate those experienced in the field
- 1increased duration to more adequately reflect sccumaulated
flight. time !

¢ Inclusion of & Humidity test, as deacribed in persgraph 6.2, to

periodically eveluste the effects of molisture during the demonstr-~
tion.

200




e Incorporation of precisely defined failure criteria and scoring
ground rules as described in paragraph 4.2.2, These should clearly
deseribe those snomolies Lo be considered relevent and non-relevent.

45 wel) as provide the minimum conditions for reclassifying a

P e L N g

relevent failure as non-relevent. A strong recommendation is made
that procuring activities critically review and evaluate failure
exclusion groundrules in accordance with the ultimate application
of the hardware in the field,

e Ixperience and the study Aata have indicated the positive benefits

R I P I

derived from reguiring a strong end-item burn-~in test. This test

should be required of all fuiure procurements and include:

- adeguate environmental exposure (tempsrature snd vibration) !

~ sufficicent duration to screen out most workmenship failures

® The prediction technique should be reviewed with the objective to-
wards adding or changing some of the modifying factors. These in-

cluce:

replace "habitation" factor with "cooling method" factor

- include a “mounting method" factor

{

! ; - 1review numerical relationship among the quality pgrades to
i modify the "quality" factor

l

- include an "end-item guaiity assurance'" factor
8,7 AREAS FNR FUTJRE INVESTICGATICH ] !

a The tem

files developed herein ars applicable to MIL-E-

SUOD Class I and Class II equipments. Although these are the most

prevalent classes of avionic¢ equipment, temperatuwre profiles for

the applications not covered in tane study should be developed for 1

b, ‘o completeness.,

i ,jf ' e The rresent MIL.STD-T8l test procedure requires vibration testing in

a single axis. Generally, the vertical axis has been the vne used;

yet, this is not necessarily the most critical cone. Three axis ;
{ : testing might be preferred since the unit potentially experiences
vibration in all three axes in the fleld. However, this would

201
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result in additional cost wnd testing complexity. A study should

be undertaken tc investigete: the necessity for multiaxis testing,
rules for determining the best single axis tegt, and the feasibility
of "resultant axis" testing. In resultant axis testing the equip-
ment 1s oriented such that when vibration is aspplied along the input
axis the equipment experiences simultaneous excitations in three
mutually pe..=ndicular planes,

The vibration profiles developea in this study are only applicable
to internally mounted equirment. No profiles were developed for %
external or surface mounted equipment since it was felt that each '
cage had to bte evaluated separately. An investigation should be _
conducted to determine if sufficient genersliivations in terms of ; Y
engire characteristics, profiles, and alrcraft structure can be mede
to develop & set of vibration profile recammendations for these
items.

The approach to development of the profiles pregurpeses that the
intended end-use application is known. In order to use these pro-~
flles, one has to kpow: the aircraft, uisgsion profilé, location of
the unit, etc. Frofile recommendations need to be developed for
those items where thiz informstion is not known or the unit is in-
tended for reverel aircraf't applications (e.g., GFE).

A test program snould be conducted on & representative sample %o

¢t bt

demongtrate the e¢ffectliveness of the recammended profiles.

A draft revision to MIL-STu~78) which incorporates the study results . .
should be written. :

Thig study addressed iteelf to testing WRA's or single unlt systems.
It was recamended that system level testing be continued, as in the
past, on those equipments conteining more than one WRA, AlthLough
testing alternatives were presented, no guidance could he offered
for thoge situations where eusch WRA requires a different test level.
It was argued that each such gituation ghould be considered on its
ovn and 1ts alvernate solution would depend on the trade~offs among
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cost, schedules, number of different test cambinations, criticality,
etc. It is recommended that a study be perfcrmed to identify the
elements to be considered, the relationships and the logic flow for
such trade-off analyses.

The study identified the need for including & "quality assurance”
factor in the prediction technique. This would be independent of
the "parts quality" factor and wovld represent the emphasis placed
on quality issues during end-item assembly and test. A study shounld
be conducted to develop the approach for determining, and specific
values of, this factor,

This study indicated the benericial results associated with.-a strong
end-item burn-in test. 1In additlon, the data suggested a meithod by
which the duration of such a test could be specified. A study to
establish the methodology for determining burn-in requirements,
1.e., enviromments, criteria, and duration, should be undertaken.
The study identified the difficulties assoclated with establishing
demonstration test requiremcnts on u subsystem level where WRA's
are subject to different environments. Since the successful
campletion of an envirommental qualification test is a precursor

to the demonsgtration test, the results of the gqualification could
concelvebly be used as &an aid in determining demonstration levels.
A study should be conducted to determine how one might capitalize
on qualification results and/or modify qualification tests for
special eitustions to complement the demonstration.

This study recommends the inclusion of a humidity exposure.

Current laboratory practicesg prohibit the introduction of corrosive
a.d/or conductive contaminants. This method does not produce an
exposure which is campletely analogous to that experienced in the
field since it precludes the introduction of dissolvablie minerals.
It is recommended that a study be performed to develop a procedure
to include the introduction of field representative quantities

and distritution of digsolvable minerals prior to or during the
humidity exposure.

(The reverse of this page is blank)
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RFF R/T - WRA'c which either transmit or receive RF signuls are included in

thic groupling.

WRA No, 1 is an RF receiver and is located in the upper left-hand
shelf of the aft equipment bay structure. Two bolts in the front and two
gpring loaded alignment pins in the rear providce a rigid mounting for the
assembly. All fuses, connectors and an clapsed-time meter are on the front
panel.  During normal operation, cooling air i scooped into the rear air
inlet and fed out the front exhaust to maintain a proper opzrating

temperature,

WRA No. 2?2 ic en RF transmitler consisting of 19 oil-cooled ceramic
tetrodes operated us a class A distribution amplifier., They are divided
into driver, intermediate and final stages which amplify the output of the
control to the proper level for transmission. There are four basic modes
of operaticn and, depending upon the mode selected, various sub-modes wnd

routines,

WA No, 3 is an RF receiver, The unit is functionally subdivided into
three purts: transmitting, sesrch recelving, and terirain clearance re-
ceiving. The unit is located in the nose of the fugelage and is accessgible

by raising the filber glass radome. It 1s ambient cooled and heard mounted,

WRA No. 4 is an RF receiver and is hcoused in the upper right portion
of the aft equipment bay structure, Two bolts in the front and two spring-
loadea alignment pins on the rear provide a rigid mounting for the assembly.
All Tages, connectors, and an elupsed time meter are on the front panel.
During normal operation, cocling air is scooped into the rear air inlet and
is fed out the front exhaust to maintaln a proper operating tempercture,

WRA No, 5 is an RF receiver and 1s located in the left wing fillet.
The recciver hup o metal case with three electrical and six coarial
connectors. An clupsed~time indicator is vigible on the front of the
receiver unit, 1t 1s hard mounted and ambient cooled,

WHA No, € is un RF receiver and is housed in the forward portiorn of
ihe receiver compartment. Four bolts in the front und two spring-loaded

aligrment pins in the rear provide a rigld mounting for the assembly.
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All fuseg, cconnectors, and an elapsed-time meter are on the front panel.
During normal operation, cooling air is scooped into the rear air inlet
and is fed out the front exhaust to maintain a proper operating temperature.

WRA No, 7 is an RF transmitter located in the fuselage nose, which
provides continuously adjusteble high-energy pulses of selectable width
and repetition rate. The unit contains 13 removavle assemblies and three
harness assemblies with integral filters, comneztors, and relay clroultry.
It consists of two separate cast aluminum rectanguler housings secured

together to provide a single unit, and four shock mounts provide for

I s o 2 et b N M S i

installation in the aircraft. Forced air is required for proper cooling.
The forced air ic applled to an intake opening in the bottom of the hovsaing,
circulated past four heat-exchanger plateg, and exhausted through vents on
ithe top of the housing. Nitrogen or dry alr is required for proper 1

1

™

pressurization,

et

WRA No. 8 is an RF transmitter consisting of 19 oil-cooled ceramic
tetrodes operated as e class A distribuiion wmpilfier. They are divided
inte driver, intermediate and final stages whilch amplify the output of the
control to the proper level for transmission. There are four basic modes
of operation and depending upon the mode selected, various sub-modes and

routines,

WRA No. 9 ir an BF recelver-transmitter, located Iin an equipment bay,
that 1z capable of receiving and transmitting veice and data, The unit is

o S B A S B g T L S

housed in e 1/2-ATR case with the rig ,
sccegeibliity. ALl modules Interconnect through a printed circuit side-
board vhich also contains a terminal field for soft wire interconnection

to the I/0 connector, The receiver-transmitter containes mechanical filters,
crystal fllters, and wlde dynamic range front-end circmits that provide

rejection of strong adjacent channel signals,

Wi side fover removable for module

e
Q2
{
[

et

WRA No. 10 is an RF recelver and iu housed ln the forward portion of
the receiver compartment, TFour bolts in the front and two spring-loaded
alignment pins in the rear provide a rigid mounting for the asgembly., All
fuees, connectors, and an elapsed time meter are on the froat pancl. During

211




- -cd!"""‘.’f"

normal operation, cooling air is scooped jnto the rear air inlet and is

fed out the front exhaust to maintain a proper operating tenperature,

Signul Procegsing - Iltems which deal directly with electronic signals,

{ l.e., processing, modulation, amplification, attenuation or filtering,

comprise this group.

WRA's Nos. 11 and 12 are signal processing units that decode firing
| signals. Each unit contains two printed circuit curds hard wired to each
! other and an interface connector. Most of these units are hard mounted to

a weapons rall,

WRA No. 13 is a signal data converter which provides timing pulses.
In addition, the unit processes the RF returns for presentation by various
displays., It is housed in an aluminum case with four mounting brackets and
a carrylng handle, Six electrical connectors and an elapsed-time meter are
on a connector panel at one end of the unit, 1he unit is located in the

nose,

WRA No. 14 is & signel processor which generates pulsed oulputs in
regponse to an input. The unit consists ol a gingle equipment cabinet, '
hard mounted in a frame enclosure in the fuselage equipment bay, Cooling
is provided by controlled forced air from a vapor cycle system, Varioue

S ey,

connectors, controls and an elapsed time metcr are located on the cabinet's
front panel. ’

WRA No. 1% comblues HP inputs from varlous unites into one signel repre- j
seating the sum of the inputs, and applies this combined signel for further
procesging. The unit is hard mounted on the fuselage top deck and is
amblent cooled,

WRA No. 16 iz a network which suppresses transients in the 115 vac and
28 vdc aircraft power lines, The network 1s mounted in the nose of the

aircraft,

WRA Nc. 17 18 a comparator-converter which receives and processes
video signals, It is honsed in the lower right~-hand corner of the aft
equipment bay structure. The assembly 1s secured in place by two spring-
loaded alignment pins at the rear snd by two bolts in the front which
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attach to the aft equipment bay structure. An elapsed time meter, cable
connector, and fuses are mounted on the front panel of the assembly. Dur-
ing normal operation, cooling air is scooped into the rear air inlet and
is fed out the front exhaust to maintain a proper operating temperature,

WRA No. 18 is a unit that splits a combined signal sample into six
signals of equal magnitude and applies these signals to various receivers,
The unit is mounted in the tail fin area of the aircraft and is ambient

cooled.

WRA No. 19 is & control unit used to provide an RF drive corregponding
to the assigned frequency of either of two transmitters., An RF sample of
the carrier frequency produced is sent to other subsystems for sample dis-
play. A BIT feature is included to self test the unit. The unit is cooled
by liquid circulated within a heat exchanger. The exchanger is cooled by
external air.

WRA No. 20 is a signal processor contalning receiver, gate and logic
channelg, a BITE network and o power supply. Thé uindit 1s hurd mounted in

the right forward equipment bay and is cocled by an internel fan,

WRA No., 21 is a 3-~pole bandpass filter that is tunable in four bands.
The filter provides front-end protection to the receiver-transmitter from
strong off-frequency signals and also provides selectivity for the recelver-
transmitter, It is housed in a 1/L-ATR (short) case and contains four plug-
in printed circuit card assemblies, The unit is completely solid state and

no special cooling 1s required. It 1s located in an e¢quipment bay

WRA No. 22 is a broad bend filter agsembly and is located within the
aircraft wing., It is housed in a metal case with two electrical connectors
and six coaxisal connectors, It is hard mounted and ambient cooled.

Interfaces - Devices which act as interfaces, junction boxes, couplers and
converters make up this category.

WRA Fo. 23 is a display/converter vhich functions as the interface be-
cween a computer and indicator and display units. It is forced air cooled
and isolator mounted, It is located in the fuselage.
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WRA No. 2l is an analcg-digital converter and serves as the interface
between a computer and analog’data devices. The unit contains 39 plug-in
rrinted circuit caras, which are held in place by tie-down bars. To ensble
cooling of electronic components, large areas of copper extend outward from
the plug-in printed circuit cards. leat transfers from the components to
the copper pad and ultimately to the chassis walls. The front psnel of the
unit contains controls, indicators, and seven operational connectors, It

is located in the fuselage behind the cockpit.

WEA No. 25 is an interface box which provides for common distribution
and preprocessing of signals for various displays and controls, Lamp-driver
circuits provide for illumination of legend indicators on the BIT control,
and dc outputs are provided for ascemblies in the cockpit. This unit is
locafed in the cockpit and is gecured in place by two bolts which pass
through a mounting structure at the front and two holes at the rear which

mate with tapered locating pins,

WRA Nu. 26 is a converter which functions as the interface unit for
¢ontrol, data transmission, data steorage, and nevigation parameter displsy
between a computer and navigation equipment. The unit is isolator mounted
ard recelives supplementul cooling air. It is located in the fuselage
equipment bay.

WBA No. 27 is a control interface unit and is part of & computer set.
1t provides the controls, displgys and circuitry required to enter and
transfer deta, contrcl computer.operating modes, and control radar cursors.
The unit consiste of three removable subassemblies, Forced wir cooling is
supplied through a vertical air inlet manifold, It is located in the
cockpit.

WRA No. 28 is an interface unit which provides an interface between a
compuier and the zircraft navigation system. The computer interface is
locuted in the aft equipment bay structure., It 1s secured in place by two
drilied mounting plates at the front, and two alignment pin sockets at the
rear. Signal comnectors, power connectors, fuses, and an elapsed {ime
meter are located on the front panel, and a teat connector is locuted at
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the rear. Cooling air 1s ¢irculated through the assembly via four inlet
ports at the rear and four exhaust ports at the front,

WRA No. 29 is an interface unit which provides the capability of com-
nunications between digital data equipment over a radio link., The unit
converts binary information to a phase-encoded audio format suitable for
hf or uhf radio transmission and vice versa. A card cage within the case
supports up to 30 perpendicularly mounted plug-in circuit cards. Cooling
of the data terminal 13 accomplished using forced-air cold-plate technigues.
It is located in the equipment bay.

[ S T "

WRA No., 30 is an interface unit which provides computer data for air-
craft radar operation. The equipment receives selected vlideo and all re-
quired range and azimuth timing signals to digitally procegs the video into 3
computer data, The unit is housed in a rectangular alumimum case that is '
locked in place by two latch sets, Cold plate heat exchangers are utilized
with Torced-air cooling to satisfy the cooling requirements. The unit is

located in the aircraft ncse,

WEA No, 31 is an interface box which provides distribution and pre-
processing of signals for video displays and for audio signals, This unit
is located in the aft cockpilt and it is secured in place by two bolts which
pass through a mounting structure at the front and two holes at the rear
vhich mate with tapered locating pins. Except for the elapsed time meter
et the front of the assembly, there are no controls or indicators, External

B O N O

connectors are located at the front top.

WHA No,., 32 is & converter which acts in an interface capacity between
8 computer and date links. It 1s located in the fuselage equipment bay

and requires forced cooling air.

WRA No. 33 is a high-speed, automatically tuned hf antenna coupler
that transforms the complex impedence of the antennas to a value that is
suitable as a losd for a power amplifier. The unit is housed in a 3/%-ATR
case and contalns 12 removable modules, The modules are printed circuit
cards and modularized assemblies. The WRA is forced-air ambient cooled by

a blower and is located in an equipment bay.
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WRA No. 3L is an interface unit which provides signal data interface

. control witnin u computer group between the processor, computer control,

and tape tvecorder, It is forced air cooled and isolator mounted within

the fuselage equipment bay.

WRA No. 35 is an interfuce unit which accepts synchro signals from
various electromechanical sensors and supplies compatible synchro outputs
to other requiring systems. The WRA consists of three modules and a self
test assembly contained within a frame, The unit is hard mounted in the

aft equipment bay and is smbient cooled,

WRA No. %6 is an antenna interface unit which generates the appropriate
interlocks required for system and antenna protection, The unit is housed
in a 1/L-ATR csse and contains four plug-in printed circuit card assemblies,
The unit is isclator mounted and requires no supplemental cooling air, It

is mounted in the equipment bay.

Date Processing - This category includes items which perform conputational :

(arithmetic) and similar functions.

WRA No. 37 i3 a general-purpose digital computer, which processes real-
tize zontrzl applications., In these applications, bombing and navigational
computaticns are made based vpon stored and ccaputed flight data. Compre-
hengive self-test featureg are built into the computer to assist in Tault

isolation, The exterior structure provides ccoling, interface connection,

4~ S b ol A 4 it N A

and electromagnetic shielding. The unit is mounted in the cockpit,

WRA's No, 38, 39, and U0 are computers which generate roll, pitch, and
yaw control surface commands respectively, Each unit is housed in a struc-
tural box assembly and the two main structural members provide the mounting
for all circult boerd comnectors. Electronic components within each com-

puter are mounted oa clrcult boards accessible through the top cover. They

are all located in the equlipment bays.

WRA's No. 41, L2, and 43 are three types of arithmetic and control as- ]
semblies that act collectively as a central processor unit and perform five ‘

control functions: instruction, arithmetic, memory, progrem level and }
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input/output, They are forced air cooled and isolator mounted and are

located in the fuselage,

WRA No. Wi 10 u computer consisting of varicus generator nnd detector
circuits, BITE clrcuits and a power supply. The unit is hard mounted with-
in the wing and is cooled by an internal fan., Ten electrical connectors,
one cooling air intake screen, an elapsed time indicator and an overheat
indicator - reset button are on the unit's front panel.

WRA No. 45 is a computer which generates coded signals in response to
specific inputs. It is housed in a cabinet which is hard mounted to &
frame type enclosure in the fuselage equipment bay. Forced air cooling is
provided by controlled air from a vapor cycle system. Various connectors,
controls and an elapsed time meter are locasted on the front panel of the
cabinet.

WRA No. U6 is & navigation computer that interfaces between varioua
navigation subsystems and auxilliary equipment. It consists of an analog-
to-digital-to-analog converter and 2 miniature general-purpose computer,
The unit is located in an unpressurized equipment bay and is forced air
cooled,

WRA No. 47 is a core memory assembly which consists of a destructive
readout, coincident current, core stack assembly and a memory selector,
The memory selectors contain the necessary circuits for addressing the
nmemories and for providing access by two central processors on 4 time-

sharing basis. The unit is forced eir cooled and izolator mcounted, It iz

!

located in an equipment bay.

WRA No. 48 is a processor which processes data inputs from other air-
craft systems for display. Based on the mode selected and navigation sub-
mode selected the processor sets the appropriate priority for each indica-
tor and generates deflection signals necescary for dilsplay of required data.
The unit is forced alr cooled and isolator mounted and is located in an
equipment bay. TR

WRA No, 49 1s & computer containing a power supply and a memory which
operates in varlous modes, The unit 1s housed in a single cabinet which is
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hard mounted to a frame enclosurc located in the fuselage equipment bay,
Cocling is provided by forced air from the aircraft's vapor cycle system,

A temperature sensing switech is located on the top panel of the cabinet,

WA No; 50 ic & combined interface and processor unit which together
form 2 stored program, parsllel, binary computer whose purposec is to re-
celve data inputs, process these inputs with prograsmed routines and provide
capability for display and return of processed data. 1t is located in the

aft equipment bay structure and is forced air cooled.

WRA No. 51 is an air data compuier which computes true air speed, im-
pact pressure and altitude from static and total pressure suppiied by the
pitot static system. These computed quantities are supplied upon reguest
to various components, The unit is fully automatic and is completely sclid
state. It consists of 16 printed circuit cards which plug into a mother
board mounted to the chassis.

WEA No,. 52 is = LK coincident-current, random zecegs-type memory whose
function is to refresh the symbols for thrce independently cperated indica-
tors. It is located in the fuselage equipment bay and requires forced air

cooling.

Indicators wd Countrols -~ Video display, control and personnel indication

functions located in the aircrev compartment are included in this category.

WRA Ho. 53 1s a flight control panel consisting of switches and cir-
cultry wnich permit engagement of stabllity augmentation or au
modes. The unit consists of a flat, machined aluminum plate to which the
connector bracket, switches and electroluminescent panel are attached. The

case is an aluminum can which fastens to the panel with four screws.

WRA No. 54 1s an indicator which provides alphanumeric and indicator
light presentations, The unit i1s located in the cockpit at the operator
console, and is supported by owo mounting pins at the rear and eight quar-~
ter-turn fasteners on the front panel., All indicators are located on the
front panel and all connectors and elapsed time meter are located at the

rear.
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WRA No. 55 is an indicetor which provides computer readouts and con-
trols. To perform its various fUnctions, this unit provides manual display
mode control of computer date, display of system advisory flight and naviga-
tion data, and manual control of magnetic variation and display of magnetic

variation data,

WRA No, 56 is an equipment which provides the cperator with controls
necessary to apply power to various assemblies and to select modes of opera-
tion, The control is located in the cockpit at the operator console. The
assembly is secured in place by four quarter-turn fasteners on the front
panel, All operating controls are mounted on the front panel and all

external connectors are located at the rear,

WRA No. 57 1s a stick grip assembly which provides for control of the
flight surfaces. It consists of a grip assembly, strain gage and connector
assembly, electronic assembly and housing assembly. The electronic assembly
consists of four amplifiers soldered to a flexible printed tape which ter-~
minates 2t & terminal heoard. The housing assembly sunports an emergency

disengsge lever and switches,

WRA No, 58 is a unit which provides the operator with the controls
necegsary for operating various RF receivers, The control is located at
the operator console, and is secured in place by five quarter-turn fasteners
on the front panel, All operating controls are located on the front panel
and 8)l connectors are located at the rear,

WRA Mo. 5% is a control panel for ¢
tains the controls and indicators required to monitor and control the selec-
tion of stores, attack modes, and relesse modes, Lifting handles are pro-
vided on the front face, top and rear., Operating controls are on tihe front

panel; a total time meter is provided on the rear face of the panel.

WRA No. 60 is a control which provides the operators with the means
necessary to operate various RF receivers. The unit is located at the oper-
ator congsole, is secured in place by six quarter-turn fasteners on the front

panel, All operating ccentrols are mounted on the front psnel and all ex~

ternal connectors are at the rear,
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WEA Nu. €l 48 a horizontal situalion display. The display concists of
a CRT providing an approximately five~inch in diameter display format., It
provides a hordzontnl PPT or horizontal plan display as well as line written

gymbola, The unit is fun cooled,

WRA No. 62 is a BIT Control which provides the operator with the con-
trcls and indicators necessary to initiate and monitor the system built-in-~
test sequence. The sequence of BIT testing allows the operator to igolate

& malfunction to an assembly.

WRA Nc, 63 is a control converter and is utilized in the system for
control configuration of a daty terminal set. The unit is comprised to two
plug-in/bolt-in printed circuit assemblies and the main chagsis. Access to
the internal circuitry of the control is provided by means ol & removable

dust cover.

WRA No, 64 is an indicatcr which provides the operator with an indica-
tion of current system status., It contains 10 legend indicators. The unit
is located on the operator's console, and is cecured in plece by four quar-
ter-turn fasteners on the front pancl, ALl operating indicators are lo-

cated on the front panel, and all connectors are locaved at the rear.

WRA No, 65 is a 2igplav which presents navigationral and other data to
the flight crew, TYhe unit contains w CRT thet provides a five inch diameter
¢isplay, The anit 15 cooled by an irterpal fan,

WRA No, 66 is a control/display which provides visusl and sudible sig-
nals. It is hard mounted in the cockplt and is cooled by an internal fan.
The WEA is provided with an alphanumeric display which indicates the opera-
tional status of other system components. Thiree electrical connectors and

an elapsed time indicetor are accessible af the rear of the unit,

WRA No. 67 is & display which provides a video presentation of varioug
signals. The unit is located in the cockplt and is mounted vertically on
its left side and consists of & trusz grid type of construction upon which
the components are mounted, The display tube is inatalled in the center of

the front panel and all coperating controls ar. mounted on the front cover,

The urit requires no supplemental cooling.
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WHA Mo. 68 is a control set and containg all contiols for operation of
4 subsystem., The unit is housed in a rectangular, frame-mounteble slumimm
casc., Eight mounting screw holes, located along the top and bottom of the
front panel, are provided for securing the unit to the main frame. A vane-
axial cooling fan inside the case exhausts alr through a ventilation hole
in the casc bottom when the unit is operating.

WRA No, 69 is & dual control unit for two channels of & commnication
set, The unit is comprised of five printed eircuit plug-in assenmblies, two
of which are identical, and the chassis, The main chassis contains a printed
circult sideboard for all of the plug-in assemblies and the high dissipation
clements of the power supply. The front panel of the WRA contains éll the

controls Tor both channels of the system.

WRA No, 70 is a couputer control-indicator which serves as an input/
outyut device for the computer. The unit is located at the operator console
ani is sccured in place by eight quarter~turn fasteners on the front panel
and two mounting pins at the rear, All controls and indicators are located
on the front panel, and all external connectors and an elapged time meter
are located wal the rear,

WRA No, 71 is a cockpit mounted control unit consisting of a front
panel with aviation red lighting, various manually operated controls, and
& loglc card chassis. The chassis houses seven printed circuit cards which
encompasses all of the low power logic functions. At the resr of the chas-
sis is a separate enclosure wheve one power and three signal inte- face
connectors are mounted along with the elapscd time meter. Two frequency

generator modules are mounted to the removable left plate of thy chassis,

WRA No. 72 is a conirol which provides the operator the ability to in-
sert cumunds into a computer, Signals, generated within the control, com-
mznd the computer to perform various functions, The unit is located in the
cockpit at the operafor console. 1t is secured in place by »ight quarter-
turn fusterers on the front panel, All controls and indicators are mounted
on the front pan:l, and sll externsl counectors sre located at the rear.

The unit is ambient cooled,
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WiA No, 73 is a radar display which received video information, and
processes these inputs to display the selected modes on a direct view
storage tube, It also positions the true heading, command heading, range,
and time indicalorr in response to control signals from & computer and a
rivigation subsystem, The unit is housed in a rectangular aluminmum casge A
mounted on a panel in front of the pilot, An elapsed time meter is on the
right-hand side of the component. Guide rails along the top rear surface
support the component and guide it into place where it is held by three
screws that pass through holes in the indicator psanel,

-
R A Ly -

WRA No. Th is & displey providing video presentations of various sig-

IR

nals, 1t is located in the cockpit and is supported al the rear by two
tapercd mounting pins, and at the front by two bolts which pass through the
mounting structure and the bottom of the chassis. All operating controls

are located on two removable front covers and all connectors and en elapsed

R

time meter sre located at the rear of the assembly. It is ambient cooled

and hard mounted,

WRA No. 75 is a display which provides the operator with visval indica-

tions of information gathered, computed, or processed by varlous subsystems
of the alrcraft, The unit 1. contadned in a rectangular aluminum housing
having top and bottom access covers. The top cover is fitted with a carry-
ing hanw,e and a cooling air exhaust port. The unit is ambient cooled by
means of Iinternal fan and 1s hard mounted.

WRA No, 76 is a computer control and with its switches, indicators and
associated circuits 18 used to control and monitor system, processor and
tape recorder functions. These functlons Include system reset processor
selection, program ioading and manual tape coutrol positioning, navigation
function contirol, testing and fault indication. Forced air is used to cool

+he unit and it is mounted on isolators,

WRA No, 77 is & control which provides the operator with = means of
controlling the various eguipment functiong, D¢ voltages are rrovided st
the output of the assembly to implement the control functions; se well as
to provide indicator lamp illumliuation power to the other assemblles, The
contiol is located in the cockpit at the operator console and is secured in
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plare by four guarter-turn facterners on the front penel, 4ll opersting
cantrolr are mounted on the front penel and all extermil comnectors are at
the rewr. It is asmbient air cool d.

Power Deviceg -~ Power supplies and power awitching wndvs comprise this
category. T

WRA No. 78 1s an AC/DC converter power supply wiich provides unregu-
.ated OC %o computer memory power supplies and tio a control ocsseumbly for
power failure detection. The unit is shock mounted ead 1s cooled by forced
air. It is located in the fuselage. '

WRA No., 79 is a power supply cotntaivding slx volbage regulators which
operate off a common power trinseformer. These regulsters supply regulated
voltages to various asgenmblies. The agsembly contuins an sutomatic losd
sensor and protection from excessive voltage outpuh varieticons. The out-
put of each regulator is sempled by a BIT generstor which provides an
indication when & power fsllure oceurs, It 1s lsolator mounted and forced
air cooled, It is mounted to the aft fuselasge.

WRA No. 80 is = power switching unit and consists of a front panel
face, o main power switch card chaseis and a dual secondary power supply.
The power switches control 28 VIX power to several airc.saf% equipwents., 7The
power supply ls of modular constructicon and contains four (k) yrinted cir-
cuit cards and the main fraue where a capuacitor storage bank and lorge pover
dissipating elementg are mounted, The umit 13 forced aly cooled and ia

located in the fuselage above the wing.

WRA No. 81 is a power supply which provides regulated IC for Memory
Core Modules, It is forced sir cocled and isclator mounted end is located
in the fuselage.

WRA No. 82 is & low-voltege power supply and supplies, rectifiece, regu-
lates, and controls low voltages for varlcus ccugonents. The nnit is housed
in a rectangular alumirum case with four mounting brackets., Cold-plate heat
exchangers are used with forced alr cooling 1o satisfy the unit cooling re-
quirements, The unit is mounted in the nose.
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WRA No. 83 is a power supply which proviues operating power to other
asgenblies in the cockpit and contailns five wvoltege regulators which cperate
off a common power transformer, The power supply 1s located in the nose
right equipment bay of the aircraft and 1s secured by sliding the asaembly
onto an isolating tray. Mounts, fastened to the bottom of the isolating
tray, latch onto metal brackets on the nssembly In order to secure it in
place, It is forced air cooled,

WRA No. 84 is & linear power amplifier., The unit provides amplifica-
tion, gein compensation, and signal limiting of the input RF signal. The
WRA contains a power supply and a power amplifier which mount to the maln
chassis. The power supply is compsoed of two major functlonal sections;
the high-voltage section and the low-voltage section. Each section contains
its own power transformer, control interlock, and monitoring c¢ircuits, The
unit is iaolator mounted snd 1s located in an equipment bay.

WRA No, 85 1s a power supply which receives 115 volts, 400 Hz., three
phase and 28 volts DC from the aft main circuit breasker panel., It is hard
mounted in the left wheel well and hes three electrical connectors, an
elapsed-time meter, and overheat indicator-reset pusbbutton. The power
supply conslste cf & blower, & power supply circuit, and an cverheat
latching relay.

WRA. No. 86 18 » 5-volt power supply which is the voltage source for
various compuiter subafggemblies, It 1s forced ailr cooled and is located in
the fuselage equirment day.

accelerometers, etc.

WRA Nos., 87, 88 and 89 are sensors which provide roli, pitch and yew
inputs respectively to a flight control computer for stability sugmentation
snd aircraft attitude., The electronics are mounted on a printed circuit
card. Mlcro electronics and flexible printed cebles are used to reduce
#ize and welght.
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WRA No. 90 ig a digital data recorder which 15 a 9-track reel-to-reel
unit containing 630 feet of 0.5 inch Mylar-bage magnetic tepe., The unit ig
Torced air cooled and isolator mounted and is locateq in the fuselage,

unit is a conventional force rebalance unit. Pendulum apg Buspension are
fabricated of quartz fibers and a thin film of silver ig vapor deposited
over the pendulum and fuepengion. The unit ig located in the fuselage,

Enclogures - Thig group includes items guch 88 racks and cabinets, !
SLcosures

trol and Primary power connections to the rest of the system and required
interfacing equipments, The entire unit consists only of the required j 3
mechanical structural parts, connectors and interconnecting cabling and
is located in ap equipment bay,

WRA No. 93 is a cabinet which houses various components of & computer
52t. The unit consisgts of structural parts, connectors, and interconnecting
cabling and 4p located in an equipment bay,

WRA No. 9L is & rack which Provides mounting and electrical I/0 con-
nections for a commnications subeystem, The unit consistg only of the re-
quired mechanical structural parts, connectors, and interconnecting cabling.,
1t 18 located 4n an equipment bay,

WRA Yo, 95 i a cabinet which houges various components of & computer
subsystem, The unit cousists of slructural parts, connectors, and inter-
Connecting cabling and is located in an equipment bay,




APPENDIX B

- Thermal and Pressure Data

The following Tables present the pertinent thermal and environmental

data experienced durling demonstration tests and field operations for each

WRA. The air ambient temperature parameters which include the range, ex-

; - nusure duration, and rate of change for all it.ems are shown. The cooling
: air characteristics (i.e,, temperatare, flow rates, rates of change thereof

and extent of exposure) for those WRA'e that raquire supplemental. cooling are
also giwven,

Tne abasolute pressure levels experienced during Lthe laboratory
i test and in & tynical mission and the associated rates of change are sum~
' mari zed.,
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TABLKX B-3 ATMOSPHERIC PREISURE PARAMEILRS

LEVEL RATE OF CHANGE
WRA NO. ~ PSIA ' A ~ PSI/MINUTE A
LAB FIELD PSIA LAB FIELD PSI MIN
1 .7 2,14 -12,56 0 L 4
2 14,7 2.14 -12.56 0 i 4
3 .7 2.7 ~12.0 0 4 4
4 14,7 2.1k -12.56 0 Y Y
5 . h U 2.14 -12,%6 0 i i
6 14,7 2,14 -12,56 0 i L
7 14,7 2.7 -12.0 0 4 i
8 4,7 2.1k -12.56 0 4 4
9 b g.5 -€,2 o] L L
10 7 2,14 =12, 56 0 b 4
11 1.7 0.65 -1k,05 0 3 3
12 14,7 0.65 -15,05 0 3 3
13 1h.7 2,7 -12.0 (o} L L
1k 14,7 8.5 -6.2 e} i L
15 1,7 2.1y -12,56 0 L 4
16 1,7 2,1 -12,56 0 L L
17 1.7 2,14 =12.56 0 L L
i8 7 2.1 -12,56 0 i Y
19 14,7 2,14 -12,58 o) Y I
20 4.7 2.14 -12,56 0 I L
21 1,7 8.5 -6.2 0 L . L
22 14,7 2,14 -12,56 o y ' L
23 4.7 8,5 -6,2 0 L L
24 14,7 2.7 -12.0 0 4 i
25 ik,7 2.14 -12,56 0 y 4
26 k7 8.5 «6.2 0 4 n
27 4.7 7.7 «7.0 0 4 b
28 4.7 2,1k -12.56 0 L 4
29 14,7 8.5 -6,2 0 L L
30 .7 2,7 -12,0 0 Y 4
31 w7 2.1 »12.56 0 4 4
K ah.7 8.5 -6.2 0 b h
33 1,7 8,5 -6.2 0 b 4
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TABLE B-3 AIMOUPHERIC PRESSURE PARAMETERS (Continued)
' LEVEL, T TE OF CHANGE
WRA NOC, PSIA ' A PSI/MINUTE A
LAB FIELD PSIA LAB * FIELD “PSI/MIN
3k 14,7 8.5 -6.2 0 L 4
" 35 14.7 2,1k -12,56 0 L L
36 1,7 8.5 -6,2 0 L i
37 14,7 7.7 -7.0 0 L L
38 14,7 0.65 -1L4,05 0 3 3
39 .7 0.65 -1kL,05 0 2 3
Lo 1k, 7 0.65 -14,05 o) 3 3
by 4,7 8.5 -6.2 0 Y h
L2 14,7 8.5 -6.2 o} 4 ‘ b
43 14,7 8.5 -6.2 0 L L
Ly 14.7 2,1k -12,9% 0 4 4
g 4,7 8.5 -6.2 0 L Y4
L6 4.7 0.65 -14,05 0 3 3
47 14,7 8.5 -6.2 0 L P
L8 1b,¢ 0,65 ~14,05 0 3 3
L9 2,7 8.5 -6.2 0 4 y
50 14,7 2,14 -12,56 0 L 4
sl 1.7 8.5 -6,2 0 L 4
2 1.7 8.5 -6.2 0 4 4
53 4.7 5,65 -9.05 0 3 3
54 kb7 2.1k -12.56 o i n
55 14,7 7.7 -7.0 0 N k
56 14.7 2.1k -18.56 0 L b
57 14,7 5.65 ~9.05 0 3 3
58 4,7 2.1k -12,56 0 Y N
9 1L.7 7.7 ~7.0 0 h L
60 1,7 2,14 -12.%6 0 Y Y
61 14.7 5,65 -9.05 0 3 3
62 14,7 2.1 -12,56 0 4 }
63 4.7 8.5 -6.2 0 L L
64 1.7 2,14 -12,56 0 Y L
65 14,7 5,65 -9.05 0 2 3
66 k.7 2.14 -12,56 ) Y Y
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TASLE B-y ATM)SPHERI({ PRESSURE PARAMETERS ( Continueq)

LE 'EL, " RATE OF CHANGE
WRA NO. CPSIA A PSI/MINUTE ) A
" LAR FIELD PSIA LAB FIELD PSIMIN
67 4.7 2,14 -12.56 0 L y
68 14,7 7.7 -7.0 0 b L
€9 k.7 8.5 -6.2 0 4 N
70 1k,7 2,14 -12,56 0 Y Y
71 .7 5.65 -2,05 0 3 3
72 k.7 2,14 ~12,56 0 L 4
72 1.7 7.7 ~7.0 0 4 L
7h 4.7 2,14 -12, 56 ¢ 4 4 |
75 1.7 7.7 -7.0 0 y L "
76 7 8.5 -6,2 0 y 4
77 14,7 2.14 12,56 0 Y Y
78 1,7 6.5 -€.2 0 4 4
79 1.7 2.1 -12,56 0 L 4 )
8o 14,7 0.65 -14,0¢ 0 3 3
81 k.7 8.5 -6,2 0 4 4 ’
5 g2 k.7 2.7 =120 0 4 L ,
; &3 .7 2,14 -12,56 0 L L :
| 8l 14,7 8.5 -6.2 0 4 4
§ 85 U7 2,1k -12.56 0 4 4 '
: 86 14.7 8.5 6.2 0 N L
&7 1,7 0.65 -14, 05 C 3 3
&8 k.7 0.65 =14,0¢5 0 3 3
‘ 89 a7 0.65 =14.05 0] 3 3 :
: 90 1,7 8.5 -6,2 0 4 4 ]
91 14,7 0.65 -1k.05 0 3 3 '
92 14,7 - - - - -
93 1.7 8.5 -6.2 0 4 y
! ” .7 - - - - -
95 .7 8.5 «6.2 0 Y L H
= = " ‘
"
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APPENDIX C

Vibrat'on Data :

The following Figures and ables present the demonstration and field
vibration data and the results of analysis of actual flight data. Power
Spectral Density (PSD) plots for various flight stations in the three gas :
turbine jet aircraft for different flight conditions are shown. Acceleration
versus freguency plots for the turboprop (prop jet) aircraft for two flight

conditions and three {light stations «ve given. A sumrary of the type and

A g i D, g v o YT AR T

duration of each WRA's vibration snvironment. during its test and mission iu

prosentced,

T T T iL, ©
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APPENDIX D

MTBF Dat,a

e

el e

[
The calculated MTEF's of all WRA®

s for both demonstration testing and
field eper

ations are summarized in the following Tables,

These summnaries
reflect the resulis of the failure

reclassification according to the ground
rules and assumptions, described in Section Iv.

it s reliability using the coordination copy of
Flight Time Letween Maintenance Actions (MFTBMA)

The reprediction of each
MI1~HDBK--217B and the Mean
are also tabularized,
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APPENDIX E ’ ‘

Parts and Burn-In Test Data

This appendix summarizes the basic parts and burn~in information for x
each WRA. The total number of peice parts and relative percentages of micro-

circuits and high reliability parts for each WRA are shown, The results of

the burn-in teests that were conducted on demonstration and production items
are also included.

o e

The duvration, average number of failures and percentage ,
of functions monitored during these tests are tabulariged,




PAB SR U LA Al R T Sty

R SO

€ 9T ooz | 3¢ 1€ S ! €35 €1
o 98 06Ex; LE 0 0 €€ 31
1% 9T Lt 58 |t 4T ST 262t LT
0 0 cee Ge o i 0 71 91
0 g% 26E HE 0 0 15 &Y
|9 12 662 g€ 1 9 19 258 T
L } 8% 6TLY 2t ii &g at 6HSE £T
51 L o0zT 1€ ) o gez et
ot 3 629 3= 8L 0 6h T
< £z gm0z e €T 6 Tgtz 0T
1t ] 4 aT] 95 9 LOEE 6
0 24 LEQT e gt 0 08T 2
g 68" 10T S 92 2 £ 4
5T <t ufe 5z et g 6z 3
6T T €422 w2 95 € QELH S
9 59 9053 €2 0T g nEQT q
g g €49 ee g A clge £
19 £ ¢e9 12 gt 0 S03T 2
T 24 0251 o2 o1 2 W TE4T T
¥ZLIZE €0 XI, ( EYADIVE MALIIY ¥O XL ( TETMATVH
SYOLOAGNODINAS | SLINDYTOOEDTH] SIOANY TTEDSTH| YWY | | SEOIONMODTINES | SILnoHT00MTH| S OBy TTasS T | e
¥ SUOIIDVaVD . DNIQNTIOXE) | vam ¥ *SHOIIOVYD SNTIAVIONZY | vuM
*S¥OISTISHEE % ¥ SIMVd HOHTI *SY0ISISTY % e SINVd THTTc

crw

SRINSYAN XIITYNO SLodd

% TIavs

266




o e e R 8k s b+

v R B e ey .

o~ P

g gt 919 9L 0 4 ge LS
cs € eld 7 0 0 &k 35
Qe z iy i, 0 0 £ee g
14 2 165 gL 02 ge 929 ]s
SY 0 0§T cL o} o] Tt €5
29 LE 0sSnT TL 2T LT , 8L 25
g Te THOT 0L 64 52 Shel 15
ot it Zhg 69 0 Iy 3499 05
96 12 439 89 25 £q 04 &
g2 32 0oL 49 62 15 48T gt
38 0 c09 99 g a4 Lt Li
5€ 6 ens 69 oy 62 Tiee on
0 0 LT 19 69 L9 , ) an
95 o! €T €9 3T ¢ €285 h
0 0 6% 29 0 €6 oSt £
€€ 6 €9 1 0 % ity 2
€ i 94 09 0 L6 615 n
9¢ 1T €96 T 65 9 2T LELT oh
z 0 £9 a4 € 7t £9te 6t

YRIIAT 40 XL (FaVMTEVE HELLAE ¥0 XI { TEVMCYVH

SEOIDNANODTIWNES | SIINCHTIOYOIN [SNOANYTIZOSTH| HEERAN | | SNOZONANCOTWAS |SEIA0YTI0NOIN| SNOENVTTIIS IN [T WIN

% ‘SUOITOVAVD % ONIQYIOXE) | vaM % ‘SU0IIOVAaVD % ONIQNTOXT) | VeM

SYOISTISTY % SL¥yd 90dId | S¥0ISTSEE % % SIdvd 0T
(ponutauc)) SHANSVEW XIITVRE SINVd  T~F &I4vl

SR S

7 g GGt WA B, S AT A, NP it

267




— e e - - = - -

l m

»

B _ 1 ,

o} i gie 99 w

0 0 ch 86 79 € TRT ) w

0 0 L 6 79 ki ghit 73 !

0 ° et €6 62 T Ltz 9 |8

o i

0 0 f 26 5¢ T oSl 23 £

0 C € 16 1T o g1 19 m

0 6€ Z 06 49 Z Q€5 0Q m

0 9 ent 48 &2 0 ] 6L m

0 8 98 30 0 0 ShT 34 %

0 L e] L9 LS ¢ qs ids )

b

EALLET 90 XL ( T MV EELIEE H0 X1 ( ESVMISVH mw
SE0IDNMCOTAES | SIIAIUIOOUOTH | SN0ANYT IFOSTN [HFIWN | | SYOLONTROOTWES | SZINOYID0EDTR | SPOENVTIEDSTH| LW ¥
% *SY0ITOVLVO % ONTANTISXE) | vaIM % "SUOIIOVIVO % DNICOTONT) | oM £
SHOISISEY % SIMVd HOTEI SYOISIST % SI¥VA EDTI | W
1 ;

(ponuTILOD) STUNSYEW ALITVAD SINVd T~ STEVL m

i

e T DT T e e e e i e e i . i - R L X :




g B aiang

TABLE E-2 BURN-IN T#ST PARAMETERS AND TEST EFFICIENCY

oy _(HKS)

DUKAT AVERAGE # FAILURES | % FUNCTIONS
NUMBER | DEMONSTRATTION JPRODUCTION UNITS PRODUCTION UNITS MONITORED
1 Ly Lo 1.35 8o
2 55 Lo 2.00 80
3 350 L5 1.76 10
4 Ly Lo 0.90 80
5 35 Lo 2,50 80
6 L 4o 2.32 8o
7 350 L5 G.79 10
8 55 Lo 0 &0
9 150 125 1.35 96
10 L4 40 2,05 ! 80
11 350 250 0 8
12 350 250 Q 80
13 350 45 C. kT 10
14 150 125 5 0,91 90
15 Ly 140 | G.10 80
16 Ly 40 0.05 80
17 Ly Lo 1.32 80
18 i 4o 0 £0
19 55 Lo c.52 80
20 35 Lo C.50 &o
2L 150 125 0.35 98
o2 35 Lo 0 oo
23 150 125 0 100
2k 500 400 0.78 G5
25 Ly 40 0.125 80
26 150 125 0.125 100
27 130 100 0.20 90
28 L Lo 1,05 80
29 150 125 0.0k 98
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TABLE E~2  BURN-IN TEST PARAMETERS AND TEST EFFICIENCY (Con't)

WRA DURATION (HRS) AVERAGE # FAILURES | % FUNCTIONS
NUMEER | DEMONSTRAT ION [PRODUCTION UNITS | PRODUCTION UNIIS MONITORED
30 350 ¢.10 10
31 Ly 0.225 80
32 150 0.625 100
33 150 1,02 98
3k 150 0 100
35 Ly 1.00 80
36 150 0.26 98
37 130 0.55 90
38 350 0.8% 50
39 350 0,72 50
4o 350 0.h2 .50
L1 150 (0] 100
L2 150 0 100
43 150 0 100
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TABLE E-2 BURN-IN TEST PARAMETERS AND TEST EFFICIENCY (Con't) -

ST e Sk

WRA DURATION (HRS) AVERAGE # FAILURES | % FUNCTIONS
NUMBER | DEMONSTRATION [FRODUCTION UNITS | PRODUCTION UNITS MONTT ORED
; 59 0 100 : 0.033 50
; 60 Ly . ko 0.15 80
61 500 190 0.25 x
! 62 m 40 0.05 80
! 63 150 125 0.87 98
3n bl L0 0.025 80
65 500 190 0,18 Q
& 66 35 Lo 1.00 80
’ 67 i 40 1.77 80
65 350 s 0.61 10
E 69 150 125 1.26 98 1
- 70 il ko 0.0 &0 ;
71 350 250 k.50 8c
72 Ly Lo 0.35 80
73 50 45 0.47 10
. 4 Ly Lo 0.70 80
75 350 45 0.2k 1w
i 76 150 125 0.125 100
. 1* 7 nh L 0.65 80
; 78 350 125 0 . 100
i 79 Wy 40 0.25 80
: &0 350 250 3,50 80 ‘
81 150 125 0.125 100 :
8 350 45 0,11 10
83 - Ly Lo C.17¢ &
84 150 125 1.83 98
85 35 W 0.50 80
86 156 125 ¢ 100
7 350 250 0 50

271




- r—

TABLE E-2 BURN-IN TEST PARAMETERS AND TEST EFFICIENCY (Con't)

WRA DURATION (HRS) | AVERAGE # FATLURES | ¢ FUNCTIONS
NUMBER | DEMONSTRATION [PRCDUCTION UNITS | PRODUCTION UNITS MONITORED
88 350 250 0,075 50
89 350 250 0.075 50
90 150 125 0 100
o1 350 250 0.13 50
92 150 125 o 98
93 150 125 0 100
9k 150 125 0.22 98
g5 150 125 0,125 100

1
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