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INTRODUCTION AND OVERVIEW
RELIABILITY UNDER AUSTERITY

E.Keonjian
Fnginecring Consultant
P.O.Box 232, Greenvale

New York 11548
US.A.
(Lecture Series Director)

SUMMARY

Reliability is that intangible capability for future desired performance from a functional device, While
it can be promised, certified, warranted. and guaranteed, its presence cannot be really verified without exploring
or simulating future operating experienze. The general public in choosing consumer products is vastly assisted in
making selections by a particular product’s public aceeptance, acclaim, and by publicized repajr and replacement
vxperience. all this in arcas of strong product competition. The buyers of a new and unproven product belong to
the “let’s-take-a-chance™ fraternity and are closely observed by the preponderance of those in the marketplace and
also by would-be product competitors. The years spent in achieving for a product the public recognition as the
most reliuble refrigerator, washing machine, or even sutomobile are so treasured and carefully protected that the
smallest alteration in design to create a new model usually justifics unbelievable effort in life testing, trial
production, ficld test, and other protection for the reliability reputation, for a high reputation, years in building,
can be lost overnight.

The electronies field in general, and avionics in particular have made and are still making revolutionary progress
in pushing forward the technical state-of-the-art. The almost totul replacement of thermionic tubes by solid state
devices. the astronomical expansion of computing capability, the tremendously successful exploitation of digital
rather than analog design. all these when coupled with the influx of vast numbers of extremely enthusiastic and
creative electronic designers have brought the wildest fantosies of technology seemingly within our grasp.  All we need
is moice reliability which means even more money und extensive patience and thoroughness during design and develop-
ment,

Much of the magnitude of the design problem scems to be created by the spread in breadth of the avionics
state-of-the-art, more rapid than either hurried growth of academic capacity, or available apprenticeships and on-the-job
learning.  Unfortunately there has been too much of a market for inpovative but incomplete design, design which
achieves creditable performance only part of the time or unreliably. This basic problem is compounded by the high
cost of new development— costs high enough to eliminate all customers save the military who have been conditioned
over many recent years to aceept less reliability than is tolerated by the public at large. But now it appears that
this picture is changing.

The scarcity of funds for military procurement, and the publicity given to chronic unreliabilit* r-oblems are
creating procurement demands for reliability guarantees, warranties, and life cycle cost studics.

The program covered by Lecture Series No.81 addresses and discusses problems of avionic unreliability.
Described are typical methods for forcing reliability into new design and development, into new procurement
requirements. Included are typical life cycle costs as affected by the reliability achieved. The case for improving
initial designs with more background experience, greater patience and thoroughness by the designer is viewed as
perhaps the soundest and in the long run the most economical means for reliability attainment. Case historiess
involving both reliability testing and field reliability achievement will be described.  Of special interest is the
opportunity to review problems and recommendations from a muiti-national viewpoint,

As in previous Lecture Series, the last item on the program is a panel discussion which will give the audience the
almost unlimited opportunity to further explore arcas of special interest with any of the speakers.




LY

AVIONICS RELIABILITY CONTROL DURING DEVELOPMENT

®*George T. Bird
*G. Ronald Herd

SUMMARY

A comparison is made between actual reliability growth observed during recent years and the inherent
reliability potential for avionics equipment. A method of control is presented integrating preaiction pro-
cedures currently outlined in MIL-STD-756 and MIL-HDBK-217 with development testing. A nomograph is
presented for determining the amount of design support testing which will be required to achieve a desired
or specified value of avionics equipment reliability. The paper shows how these ccntrol procedures are
used for specification, design planning, testing, anc moniworing high reliability achievement in avionics
equipment,

INTRODUCTION

Recently, reliability specifications established for « new gereration of avionics equipment exceeded
the achieved reliability by a factor of ten even though the achieved reliability was a 100% improvement
over the preceding generation. The reliability desired for the next generation of avionics equipment will
be even greater because of additional automatic and self-control features. To close this broad gap between
requirement and achievernent, 2 more concerted effort on reliability control during the R&D phace is needed.

System reliability in its opera‘ional role can be defired and m:asured in terms of at least two inter-
dependent and intrarelated parameters -- functional performance ani reliability. Actual measurement of
reliability, as a compoaite of the functional parameters working in unisen over time, has not been prac-
ticable until late in the development stage. However, it is now practicable to develop an accurate deter-
mination of the reliability potential of a given system design, based upon analytical and empirical "'measure-
ments'' of individual parameters at critical decision points in both the concept formulation and the design
phases. - These measurements enable a manager to evaluate and control system reliability as an inherent
"built-in' feature of the design in the very early formative stages of its evolution, when design deficiencies
can be most economically discovered and corrected.

It is our belief that the required level of reliabi’ity can be systematically designed into an equipment
if the designer is given the time, facilities, and management support required to specifically identify and
circumvent the failure modes which, potentially, would jeopardize the inherent reliability of the design.
Reliability of some of the more complex avionics system designs could be enhanced by as much as an order
of magnitude, and more, if design verification encompassing design-proof testing were contractually stipu-
lated and rigorously applied in acquisition programs.

RELIABILITY GROWTH HISTORY

An investigative study by Bird Associates assessed reliability growth in avionics systems over the
past decade. The study consisted of a review of experience data acciued during a six-month period in
1970 on 98 generic types of avionics equipment used in a variety of aircraft, Of these, 35 types were pro-
cured with a contractually specified reliability requirement. Current reliability status of all 98 equipment
types was determined orn the basis of field data. A comparison was then made between the reliability status
of this cross section of avionics equipment, which were operational in 1970, and the reliability of a cross
section of operationa!l avionics equipment which were studied in about 1958. This comparison was made to
measure the reliability '"growth” in avionics equipment design between the two operational periods and to
evaluate the reliability potential which might be achieved in futurc acquisition programs.

The results of this study indicated that, on the average, an improvement of 2.3 to ! in MTBF was
achieved for those equipments procured with a reliability specification when compared to 1958 operational
equipments. An improvement of only 1.6 to 1 was realized for equipments procured without a reliability
specification when compared to 1958 operational equipments. The calendar time between these studies of
12 years is approximately 1.2 generations of system design, so a measure of equipment reliability growth
per system generation is 100% (2:1) for those procured with a reliability specification and 50% (1,5:1) tor
those without specified requirements. Viewing this growth another way for new systems entering opera-
tional status each year, those procured with a reliability specification will have, on the average, an MTBF
7.2% greater than those of the previous year; for those procured with a reliability specification, the MTBF
will be 4.0% greater than in the previous year's new systems. Since the contractually imposed reliability
specifications did not require verification through demonstration testing, a 15% gain per year is potentially
achievable, corresponding to a fourfold increare per generation,

Based upon the observed gains between 1958 aud 1970 for the two methods of procurement, the relia-
bility achievement of a typical operational avionics equipment is projected for a future point in time,
illustrated in Figure 1. The expected MTBFs for typical operaiional avionics equipments in 1980 are

detailed in Tabie 1 for three levels of complexity, under the assumption that the growth observed in the
1958-70 period is continued,

* Bird Engineering Research Associa‘es Inc., Vienna, Virginia, U.S.A.
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Figure 1. Avionics Equipment MTBF for Various Levels of Complexity
Observed at Four Times for Different Types of Procurement

Table 1. Reliability (MTBF) Achievement Observed
and Projected for Various Levels of Complexity (AEGs)
for Procurement With and Without Reliability Specification

Observation Time

AEG Observed | Observed | "Expected" | "Projected"
’ MTBF MTBF MTBF MTBF
1958 1970 1980 1990

With Specification

50 ) 299 598 1196
100 . 115 230 . 460
200 46 92 184
500 13.8 27.6 55
1000 5.5 11 22
------------ r—--——~—------.----------.4 R I e A e L
Without Specification
50 130 208 312 468
100 50 80 120 180
200 20 32 48 72
500 6 9.6 14.4 21.6

1000 2.4 3.8 ’ 5.8 8.6
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Extrapclation of the 4%, 7%, and 15% annual growth in MTBF postulated from the above analysis is
presented in Figure 2 for a system with the equivalent :omp exity of 200 AEGs. This extrapolation
througii one generation does rnot extend to the region w'.ere cons raints imposed by parts limitations, as
indicated by MIL-HDBK-217, woult invalidate tiie projection. From this projection, there is a range of
4:1 in the next generation MTI3Fs between tight "reliability-specification' acquisitions and those with no
specified reliability.
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Figure 2. Reliability (MTBF) Achir rement of a Typical 200-AEG Avionics Equipment in an
Operational Environment Projected One Generation Unaer Different Procurement Rules

Ev. :nce from field data indicates that current reliability maturity achieved in avionics equipment is
about one-sixth of the specified MTBF (fg) requirement, averaged across the 35 equipments studied. By
still another yardstick, MTRF of these 35 equipments (on the average) had achieved approximately one-
tenth of their predicted MTBF (ep) as determined from MiL-HDBK-217 failure-rate analysis unde' the
assumed airborne environment. Even though we have observed approximateiy 7.5% growth rate per year
in equipment MTBF, it is clear that we have not come close to the reliability design potential of any given
equipment with our initial design effort., We can improve this situation, however, through established
reliability improvement procedures applied during the development phasc -- before release of the proto-
type to production/deployment ~phases

By monitoring MTBF growth during the development phase, we can make some projection on how much
development testing would be required to achieve the specified MTBF requirement. How quickly a reduc-
tion in failure rate is achieved is a function of the effectiveness of the design/test/analysis team, since the
test time required to achieve a given MTBF goal is a function of both the spead with which the failure rate
can be reduced and the amount of failure-rate reduction required.

There are two general methcds that can be used to increase reliability in the design of a system:
(1) reduction of average stress through such effo.ts as parts selection, applications, load sharing, etc.;
and (2) reduction in variability among failure mechanisms resulting in more homogeneity in the effects of
stress. The first effort is usualiy recolved through analytical and empirical procedures, while the second
usually requires empirical results from such things as development testing.

Consider, for example, the failure rates among failure mechanisms within an equipment, as illus-
trated on Scale A in Figure 3 The spread of failure rates is typical of what e:ists within a system.
Design analysis usually shifts the total scale to the left or the failure rates to the right as shown by Scale B,
and eliminates a fe v of the lower failure rates by designing out the failure mechanism, thus shifting that
particular rate to tt > right. Development tests usually identify the hirher failure rates (illustruted on the
left) through repeated failure modes. Elimination or reduction of these modes by designing around the
mechanism improves reliability. This is the key to high reliability that is usually overlooked in develop-
ment programs.
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Figure 3. Example of Failure Rates Amu..g ailu~2 Mechanisms Within a System,
and Identification of Those That Can Be Improved Through Testing

CONTROL OF DESIGN FOR RELIABILITY

Control of the de.ign during development requires that a measure of the deviations from expected or
desired be available to furnish the fevdback for corrective actions, sources of measured deviations include
the following, among others: )

8 Quontitative design analysis
s  Pairts quali*y tests
e Inspections
® Burr-in tests
e Performance checks
» Development tests
Too frequently the information derived from these sources is not used to control reliability.

To control reliabilily achievement in the R&D phase of a system, the project manager must know how
to perform three essential functions within the framework of his selected management approach:

(1) Contractuallv Specify the System Reliability Requirement. He must know how to specifyv realistic
quantitative functional pertormance characteristics and design requirements for reliability relative
to these performance characterist'cs, and how to specify demonstration test requiremetts and
acceptance criteria to ensure cor!ormance to the specified requirements.

(2) Evaluate Progress Toward the Specified Requirements, He must know how to evaluate design progress
and probhlem status relative to specified system reliability requirements at designated design-review
and critical decision points during the development phase. and hc v to verify the correction of deficien-
cies as a prerequisite to making a design approval decision,

(3) Verifv Conformance to the Specified Rejuirement., He must know hcw to verifv conformance to the
specified reliability requirements and how o make accept/reject decisiony at designated major mile-
stones, on the basis of conformance verification test results, to ensurc that system and equipment
designs which fail to demonstrate conformance to specified system reliability requirements do not
emerge from his progra:n,

DEVELOPMENT TESTING REQUIREMENTS

In the design and manufacture of avionics equipment, many unknowns and intangibles ex1st that cannot
be analytically forecast or foreseen. FExtended product experience in the intended-use or simulated envi-
ronment is necessary to identifv the family of hidden failure mechanisms for corrective action and to
validate corrective actions; The crux of reliability ;... “ning today is the ability to determine the amount
of product experience (evaluation testing) needed.

The criteria for a successful development which satisfies reliabili v requirements consist of the
following '

{1y Inherent reliability as measured by analysis (MIL-HDHBK-217) must exceed the requirement;
{.e., therr must be a reliability design margin,

(2) Relability growth esperience must indicate realistic growth,

{(4) Time for achievement must te available,
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The successful program man: ger will satisfy tho.e criteria by  selecting a design through stmplification,
reduced parts stress, and other techniques in order to vield an inherent capability (MTBE) at least 125%
of the required MTBE, making ¢ realistic appraisal of the new design unitial reliability may be only 107
of the inherent); establishing a strong, disciplhined analysis and corrective action team, and establishing
testing schedules which recognize that growth in rehiabihity will be inversely proportional to the cumula-
tive operating (test) time,

The amount of "effort” required to achieve a specified MTBF depends on three items -- the st .ed
MTBE (8y), the initial MTBEF (81), and the rate (m) at which tn2 MTBL can be increased, as illustrated
in Figure 4. The difference between the inherent reliability which represents the potential reliabuty for
the system and required celiabilitv is the de-1gn margin.

The relationship among test time, the growth rate, and the requirements 1+ give.. by the fcllowing”
tm = (1 - m)8y/6;

where time is expressed in standardized units of €, (the potential MTBF),
m is the growth rate;
8g is thc required MTBF, and

0 is the initial MTBY measured frem test data,

This theoretical relation, which has been confirmed empirically, reflects the relution found between
cumulative test time and mean time between failures. This expression can also be written as

tM = (1 - mKy/Kg

wher Ky = Gp/dl is the rehabihity maturity ratio, and

Ko = ep.'ﬁo is the reliability design margin,

Plotting thi, relation on log-log paper results in a straight line, which allows simple comparisons
between expected and ovserved. The growth rate, m, has been determined from the study of reliability
growth in & variety of equipinent; these determinations are shown in Table 2 along with typical reliability
maturity ratios. A large value for m (m » 0.5) reflects a hard-hitting, aggressive reliability program
with management support spanning all functions of a knowledgeable organization, while a low value of m
(m < 0.1) reflects the growth in reliability that is due largely to the need to resolve obvious problems
that impact on production, and to corrective action resulting from user expcrience and complaints., We
have actually observed negative values in certain situations where engineering changes had been introduced
to improve ''performance’’, at risk of loss in reliability. The maximum value of m that could be expected
is provably no greater than 0.6 or 0.7 because of the time lag in detecting failure mechanisms, creating
solutions, ana implementing the e gineering changes, Our experience during development testing indicates
that realistic values of m are in the 0. 35 to 0. 50 range,

Inherent Reliabitity

L

Relisbility
Maturity
& Deficiency
-
-
Initial Reliability 1

TEST TIME

Figure 4. Relationships Amorg Specified MTGF (8),
Initi~1 MTRBF (0;), and Growth Rate (m)

* J. T. Luane, "Learning Curve Approach to Reliability Monitoring," [EEFE Tr.nsactions Aerospace,
Vol. 2, March 1974,
G. Ronald Herd, "The Relation Betwecn Test Time and MTHF Under a Changing System Failure
Rate During System Testing," Bird Engineering-Research Associates, Inc., 1975,




Table 2. Sample of Test Parameters Observed in Actual Test

Observed Values
- . Complevity Test Conditions ] .
Equipment/System Function (AEGs) or Life Cycle Phase Mat\:\rny Growth
: ) Ratios, | Rates,
K! m
l.ow Power Electronic Units I
Analog (receivers, amplifiers, etc.) 200-¢90 Contractor Development Test 6 0.49
Anatog Computer 400-600 Fleet Operational (ORDALT) 15 0.20
Digital Computer 3U%0-6000 | Contractor Develotsment Test 4 0. 48
High Power Electronic Units
Analog (power suprplies,
microwave amplifiers, etc.) 200-1000 | Contractor Developinent Test 10 0.30
Traveling Wave Tube (in development) 50 . | Vendor Life ? -st 10 0.65
Radar Equipment
Pulse Transmitter (new) 1000-1:00 | Contractor Development Teut 20 0.35
Pulse Transmitter (old) [ 1000-1500 | Fleet Gperational (ORDALT) 35 0. 30
Continuous VU .ve (CWI) 400-6C0 Contractor Development Test 15 0.35

Using the relation discussed above, we can now determlne for planning purposes, the testing time
required to achieve the reliability requirement. A nomograph,” shown in Figure 5, has been developed to
simplify the determination of expected test time required, given the reliability deswn margin (Kg = 9,,/00)
the reliability maturity ratio (K; = 6,/6y), and the growt: rate (m).

Assume, for example, a contractor enters the development phase with an equipment design whose pre-
dicted MTBF was determined to be 6, = 100 hours based on ™MlI -HDBK-217 failure-rate stress analysis.
Also assume the specified MTBF requirement for the equipment had beer established at 6 = €0 hours.
These two values yield a reliability design margin of K, = 9p/90 = 100/80 = 1,25, If, after the lirst 160
hours of development testing (i.e., att; = 1 x A = 170 hours), ten critical and major failures had been
observed (i.e., ry = 10), then the initial MTBF, 6 = t;/r = 100/10 is 10 hours. From this, the reliabil‘iy
maturity ratio, K; = 6 /91, is determined to be 10, The developmen* test program will require between
1,600 hours (form = 0 5) to 31,000 hours (for m = 0, 3), depending on the contractor's effectiveness 1
identifying and correcting failures during the test,

The following guidelines can minimize the amount of development testing requlred to achieve a speci-
fied value of MTBF:

(1) Provide an MTBF Design Margin. Achieve a desng-n goal MTBF (as verified by prediction analysis)
well above the specified MTBYF, A reliability desigu margin (between specilied requirement und the
inherent predicted goal) of beirveen 25% and 50% (i.e., Ko = 1.25 to 1. 5) should be sought.

(2) Perform Design Review and Configuration Analysis Prior to Release to Development., Verify adequacy
of the item (e.g., equipment) to be submitted for development testing to verify compatibility of stress
ratings and tolerances, quality of parts anc materials, quality of workmanship, etc. This helps to
reduce the reliability maturity ratio, Ky = eplel, which is measured during development testing,

(3) Assign and Follow Up on Corrective Action. Require that all failures observed during development
testing are full;" described, recorded, diagnosed, and formally assigned for corrective action. Then
systematically follow up and verify completior. of each corrective action assignment, The goal is to
achieve an MTBF growth rate to approach {or exceed) m = 0.5,

The grid in the center of the nomograph shown in Figure 5 combines the two experience variables
(Ky and m) through which Ky and T are related. Both values of Kj and m must be established cn the
basis of previous test exper.ence; or, in the ahsence cf experience, a conservative estimate can be derived
from other closely related test experience, as tabulated in Table 2.

* George T. Bird, "Development Testing Requirements To Achieve Reliability Requirements,
Bird Engineering-Research Assoclates, Inc,, 1974, Also published in Reilatility Guides, NAVORD OD
44622, Vol. 2, Naval Sea Syatems Command, 1578,




1-7

To = /%)

Ko = dolNy = Bpftg [sooo

Al 100 o
. » w‘o

B}
- 1800

1 b 1000

3
)
\
\
\
\

N/ /&

/

LAARSA R4S

z
%
N
8

3

RANGE OF TEST EXPERIENCE

—X
g

§

Ky = dgAg = 8,70,

L
L o

(7 7 7 2 o

18

/
\

T AN

T X777

77

of [ [ //V/J‘;

/

\/

\
7 A

Ty rvlvvvr MRS RS SRR AL st se sl n e dan s s s

\
A

VAV, 7/
[ ] V77577 =

-
(-]

do

04

Y 7/

PROCEDURE: m
(1) Determine Kq = 0,/’0, Ky = Op/0| snd m, 0.
{2) Enter 7 i left-hand scale of the nomograph 0
iabeler Ko at the value determined for Kg. vs
{3) Enter the center mesh at t+  point of intersectic 1
of the curves determined for the values of Ky and m.
) Join the Kg point and the Ky and m intersection
point with 8 straight edge and extend it through *he
righthend scale labeied T. Read the test time (T = v/8,)
at the intersection of the straight edge with the right-hand scale.

Figure 5. Nomograph for Determining Development Test Time (T)
Required To Achieve a Specified Value of MTBF or Failure Rate

Two cases are uscd to illustrate use of the nomograph

e Case A -- an equipment whose design MTBF margin was zero (e. g., Kg * 1.0), with a high
relmblluy maturity ratio indicating inadequate design and configuration review prior to relcase
to development (e.g., Kj = 15), and in which developrient testing proceedec without a strong
reliability assurance (follow-up) program (e.g., m - 0, 3).

® Case B -- an equipment with 507 design MTh1" margin (e.g., Kg = 1.5), an adequate final design
configuration review prior to release to development (e. g. . Ky = 5), and an effective reliability
assurance program throughout development {e.g., m = 0.5).

Assume that both Case A and Case B had been designed to satisfy the same specified MTBF = 100-hour
requirement, Case A will require approximately 25,000 hours of development testing to ach eve the
specified MTHBE. In contrast, Case B will require aj proximately 300 hours of testing to achieve the
same requircment, The range in test time (between Cases A and B) shown in Figure 5 closely corres-
ponds to the test experience over many test programs,

The effect of a high reliability design margin on the expected development test time is illustrated in
Table 8. lnrreasing the margin by 20% (from 1.25 to 1.50) reduces the expected test time by 36, 6%, as
indicated in the table, and an increase of 40% (from 1,25 to 1. 75) yields a reduction of 56. 8% in expected
test time, Doubling the margin (from 1.25 to .. 50) reduces ter time by B2, 4%,




Table 5. Development Test Time for a Typical
Situation for an Avionics Fquipment
(8p/8) = 10, m = 0.4)

Reliability Expected Development

Design Margin Test Time
8p/80 t = [(1- m)6y/6y )M Am

1.00 88.2 x 6,

1.25 50.5 x 6,

1.50 32.0x ep

1.75 21.8 x 8p

2.00 15.6 x 8

| 2.50 8.9 x 6p

MONITORING RELIABILITY DURING DEVELOPMENT TESTING

The relation among failures (eritical and major), test time, initial value of ob .erved MTBF, and tie
effectiveness of the contractor's reliability assurance program was presented earlier. These measures
can be combined to provide a graphical method for monitoring reliability status throughout the develop-
ment test program and provide:

® Current status of MTBF relative to established milestone criteria.

» MTBF growth rate. .

® Test time required to achieve the specified MTBF, , .

® An estimate of the MTBF that will be achieved at the end of the currs 1ty planned test program,
Experience, covering many test prograins, has revealed a relation between the (logarithm of the

cumulative test time and the (logarithm of the) cumulative number of failures when corrective actions
are taken to eliminate failure modes,

There are foir ways we may monitor the information that is generated during a test program; each
involves presenting the number of failures or some function thereof against the cumulative test time.
The four measurements, illustrated in Figure 6, are:

® Cumulative nu:nber of failures.

8 Cumulative MTEF,

8 MTBF achieved at a particular point in time, the instantaneous MTBF,
® MTBF during the last k time units, moving average MTBF,

To develop the expected values against which progress will be measured and to establish the test
program duration requirement, we return to the relation:

tMm = (1 -m)8y/6)

From this relation, we can determine the expected grow:h in reliability and thereby the standards against
whih the four measurements identified above are compared.

Cumulative Number of Failures

The curaulative number of failures expected during the accumulation of test time is given by.
r o= Plt(l-nﬂ
where r is the number of lailures observed during development testing;

t is the test time expressed in 8p's (inherent MTBF);

m is the measure of growth in reliability; and

r; i8 the number of failures observed during the first 8p, hours of development testing.

The value of m and ry should reflect the developer's own experience, but if that ia not known, typical
values of m = 0.4 ard ry = 10 may ve used to estahlish growth objectives so that the expected number is
r = 1010-6, Updating of rj can be accomplished at the end of Op test hours. Thus, the comparison of
achievement against expectation can be monitored by plotting the number of failures against the tota! test
time on log-log paper as illustrated by Curve 1 on Figure 6,
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Figure 6. Four Ways of Presenting Failure Data for Reliability Monitoring

Cumulative MTBF

The cumulative MTBF, illustrated as Curve 2 of Figure 6, is the cumulative time, t, divided by the
cumulative number of failures, r; a-1 usin, the above expression for r, then expected cumulative MTBF

can be written as:
6. * Ol‘m
where t is the development test time;
m is the reliability growth rate; and
6, is the MTBF observed during the first unit (8, hours) of testing time.
The value of m and ) used to establish the program objectives should reflect the contractor's own exper-
ience; however industry experience can be used withm = 0.4 and 8 = op/xo s0 the MTBF to be expected
during development testing is given by 8. = (Bp/lo)lo-“. This expected cumulative MTBF can be plotted

on log-log paper as a straight line (see Curve 2 of Figure 6). By plotting the observed MTELF (t/r) as the
development testing progresses, a comparison may be made between the objective and actual achievement.

Instantaneous MTHF

With corrective actions changing the MTRF of the system during development testing, the cumulative
MTEF will be influenced by the "lower' MTBFs attained during the early test period. To determine the
achievement in MTRHE at a particular point in test time, the derivative of the cumulative MTBF -- tae
tnstantaneous MTRF -- should be monitured. The instantaneous MTBF can be shown to be 8 = €. /(1 -m),
and we can plot the expected instantaneous MTHBF when 8. and m wre known, Since it is not poss.ble to
ohserve the instantaneous MTHBF, we can only approximate it by observing the MTBF over the laat unit of
test time (8 hours). The expected instantaneous MTHE can be plotted also on log-log paper for ease in
comparison, as shown by Curve 3 of Figure 6. The observed MTRF during the last unit of test time can
then be plotted for control purposes,




1-10

The observed MTBF for the last unit of test time will be based upon few failures; and as the attained
MTBF approaches the required MTBF (8g), the variability in observed value will increase and it may
become difficult to interpret or determine the true achievement,

MTBF During Last k Time Units (Moving Average MTBF)

Since the "observed instantaneous' MTBF is highly variable, particuiarly when the actual attained
MTBF approaches the required MTBF, it is advantageous to use a longer test period to establish the
atiained MTBF and still be more indicative of the achieved status than the cumulative MTBF., Therefore,
for monitoring purposes, we can use the last k units of test time to determine the: MTBF; and, for a
fixed k, the basec perioc of test time continually moves as the test time progresszs, yielding a moving
average. The expected "moving average' MTBF is given by:

Cl- (- pl-m 1-(1-Kk/pt-m

where 8, = Bp/lO and m = 0.4, based upon .ndustry experience; it is plotted for k = 5 in Curve 4 of
Figure 6, It can be shown that By approachr:; the instantaneous MTBF s t=»c (su.ce k is fixed),

To monitor progress then, we can ccmpute the MTBF for the last k units of time and plot this against
total test time un log-log paper for a sim.'e comparison between expected and actual achievement,

Example

Now we can utilize the information presented above in the following example of development testing
results. In this example, engineering changes were made during testing wherever failure mechanisms
were identified and solutions established. The system under test had an inherent MTBF of 110 hours and
the re ;uired MTBF was 80 hours. Prior to the start of development testing, the expected growth and
required test time were established based upon industry experience that the initial MTBF would be 10%
of the inherent MTBF and that growth rate in reliability would yield an m = 0.4, Table 4 presents the
actual observed values determined from the test results, and these data are shown in Figure 7 plotted
against the expected values established in advance of testing, Comparison of actual against expected
results as shown in the figure furnishes the monitoring capability for reliability control.

Table 4, MTRBF Calculations as Failures Occur in Development Testing

KT )
o o ot | Gm | cum. | cum. | Instene | Moving | Grovip |
Perlods nglures Time Failures MTBF MTBF MTBF R:te
Ordered| Obsvd t r 6c 01 [ m
1 11 100 11 9.1 9.1
2 4 200 15 13.3 25.0 0. 56
3 5 300 20 15.0 20.0 0.46
4 4 400 24 16. 7 25.0 0.44
5 3 500 217 18.5 33.3 18.5 0. 44
6 3 600 30 20.0 33.3 26.3 0. 44
ki 3 700 33 21,2 33.3 27.3 0.44
8 2 800 35 22.9 50.0 33.3 0.44
9 2 900 37 24.3 50.0 38.5 0.45
10 3 1000 40 25.0 33.3 38.5 0. 44
11 2 1100 42 26,2 50.0 41.7 0.44
12 2 1200 44 27.3 50.0 45.5 0.44
13 1 1300 45 28.9 100.0 50.0 0.45
14 2 1400 47 29.8 50.0 50.0 0. 45
15 1 1500 48 31.3 100.0 82.5 0. 46
16 2 16G0 50 32.0 50.0 62.5 0. 45
17 2 1700 52 32.7 50.0 82.5 0.45
18 2 1800 54 33.3 50.0 55,6 0.45
19 1 1900 55 34.6 100.0 62.5 0.45
20 2 2000 57 35.1 50.0 55,6 0.45
21 1 2100 58 36.2 100.0 62.5 0.45
22 2 2200 60 36.7 50.0 62.5 0.45
23 2 2300 62 37.1 50,0 62.5 0.45
24 3 2400 65 36.9 33.3 50.0 " 0.44
25 2 2500 67 37.3 50.0 50.0 0.44
26 2 2600 69 3.1 50.0 45.5 0. 44
27 1 2700 70 38.6 100.0 50.0 0.44
28 2 2800 T2 33.9 50.0 50.0 0.44
29 1 2900 73 39.7 100.0 62.5 0,44
30 1 3000 74 40.5 100.0 71.4 0.44 |
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RELIABILITY GROWTH MODELLING FOR AVIONICS

by

J,E. Green
Royal Radar Establishment
Great Malvern, U.K.

SUMMARY

The factors which influence the reliability of avionics are reviewed,
with emphasis on the development phase, Reliability growth modelling is
increasirjly being recogni. »d as a realistic technique for management %o use
in project planning, and a ethod for providing progressive estimates of
reliability achievement du' .ng the development phase. Reference is made to
the use of computer programmes for these purposes, and for estimating costs,.

Thae validity of the Duane Model is considered against practical exper-
ience gained during development of military avionics. Explanations are
given for observed deviatiors in the short and leng term periods, and the
need to make adjustments for different environmental stress conditions i3
noted, Further verificatior of a mathemutical law for the rate of appear-
ance of types of svstemati~ pattern) failures is reported.

The paper concludes * :h a review of jpotential avionic reliability as
more microeiectronics are ed, and considers the eventual limiting factors.

INTRODUCT ION

The interest in reliability growth modelling for avionics really began in 1968 when Codier presented
a paper at the IEEE Annuzl Symposium on Reliabilityl, and drew attention to an empirical model which
J.T. Duane had proposed six years earlier in a Ceneral Electric Yechnical Report - See Appendix 1.

The original data had been derived from test experience with complex aircraft generators, hydro-
mechanical devices and a jet engine - see Fig 1. Duane had observed that for test programmes in which s
sustained effort was maintained to introduce improvements following experience of failure, there was a
mathematical relationship between overall failure rate counting all failures, and total operating tiwme,
such that plots on log-log paper lay approximately on a straight line., Codier reported the sime law for
data obtained during the development of an airborne radar. Then in 1970 Selby and Miller of the same
company presented their well known paper® in which Duane's Model was shown to apply equally well for
several avionic equipments.

The increasing current interest stems mainly from the facility of providing management with prog-
ressive estimates of reliability achievement based on actual operating experience and an indication of the
prospects of eventually meeting the reliability target within the allotted resources. The real merit of
this modelling approach is that it requires a planned and disciplined test programme aimed at searching
out the weaknesses in a new equipment, The programme does not diminish the responsibility of the designer
in any way.

The increasing emphasis on reliability stems from the very high cost of procuring and operating modern
military aircraft. Any successful sortie is now more de: 1dent than eve before on the reliability of
. highly complex avionics, The costs attributable to the maintenance and support organisatio? on account of
unreliability are alarmingly high. In the 1971 AGARD Lecture Series it Jas stated by Baker® that the -
aircraft cperating and maintenance costs over a ten year 1if> mori~’' yere typically three times the initial
cost, The remarkable advances in electronics technology have meant that each generation of aircraft has
been fitted with radically Jifferent and more sophisticated equipment, and in wuch greater quantity. The

reliability of the circuit elements has probably increased by at least an order over the last fifteen years,

but there has been rn corresponding reduction in the contribution of avionics to the unreliability of the
total aircraft system.

It is only fair to point out that there has been some opposition to the Duzne Model. Some don't carc
for the empirical nature of the model, some fear the possibility that the reliability estimates might be
accepted in lieu of a formal compliance test at the end of development or in production, This paper will
consider experience including anomalies that have been observed, in order to promote further discussion on
the subject.

FACTORS INFLUENCING RELIABILITY

In order to complete the setting of the scene, Table ] lists the more important of the many factors
that influence the reliability of military avionics.
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1. Requirement of highest performamce for military advantage, often
resulting in complexity

2, Quality of design
3. Use of latest compcnents and constructional techniques

4, The aircraft factors; type of aircraft, installation, sorcie
duration, adverse operational environments

5. Resources allocated for development; timescale and « ney
6. Coatractor awareness of reliahility engineering

1. Number of development models

8, Total operating time during development

9. Intensity of monitoring performanre, investigating deficiencies and
taking corrective actions

10. Quality control in manufacture, including burr-in
11. Training of Services perscnnel
12, Maintenance standards and test facilities

TABLZ 1

It might be claimed that good management should take care of all these factors, however at the start

- of a project almost everyone is optimistic., There is a readiness to believe that the anticipated potential

problems will be solved and that the latest laboratory discoveries can be perfected and turned into a
production item despite any constraints of time and money. Experience shows that many of the weaknesses
that eventually cause unreliability in service have ofter not been foreseen, and have not been experienced
during the development phase. It follows therefore that quality of decign must be given greater attention,
and that there must be an extensive reliability test programme during development in order to discover the
latent weaknesses,

It is most important to staff the test activity with engineers who h1ave had design experience, and
to provide comprehensive :est equipment with which they can monitor periormance in depth. It is also
important to have a data collection centre and to ensure that ever indication of weakness in every devel-
opment equipment is reported. The data centre, staffed by reliability engineers, is responsible for
ensuring that every report is referred back to the appropriate department and that the agreed decision on
follow-up action is recorded and implemented.

U.K. EXPERIENCE OF RELIABILITY GROWTH MODELLING

I wvas in the aLdience at Boston when Codier read his paper and my interest was aroused. On returning
to the U,K. a retrospective analysis was carried out on data from the development programme for an airborne
vadar, and it was found that the plots fitted well to Duane's Model - see Fig 2. In this graph cumulative
MIBF has been plotted instead of cumulative failure rate. It shc. how the attained or "instantaneous”
MIBF, that is the MTEF which should be exhibited if no further modifications were introduced, is obtained

by simply multiplying the cumulative observed MIBF by T 1 e where a is the tangent of the angle on the

log-log paper. Plots of the attained MTBF will lie on a parallel line as shown, and by extending this
line a prediction can be made of the further improvement that should be realised as the test and modific-
ation procedure continues, In this case a further 800 hr of severe environmental test should result in
the incorporation of improvements which will raise the MTBF from 61 to 70 hr.

At this point it is worth noting that occasionally there is a misunderstanding about the parameter a,
which has always been called the "growth rate” in Duane terminology. This is a misnomer and "growth
slope” might have been more appropriate. Since o tends to be constant, some think at first sight that the
rate of improvement of MIBF will remain constant as more operating hours are sccumuiated. This is not so,

and the rate of increase of MTBF is actually proportional to (operating time)a-l, therefore it diminishes
with increasing time ~ See Appendix Eq. (6).

Data from two more U.K. projects showed reasonable agreement with Duane's Model, with "growth rates"
of 0.4 and 0.5 approximately, the latter reflecting advanced new technology. Fig. 3 shows data fo: two
development models of an airborne radar operated simultaneously in a severe test environment., The oper-
ating hours and number of failure have been totrlled., The growth rate a after 2800 hr was 0,41, which
was close to the figure of 0.4 that had been anticipated initially after an assessment of the technical
difficulties involved in the project, and previous experience with the same contractor. The early relia-
bility standard was slightly below that predicted, but in general the reliability growth plot showed good
agreement to the path that was predicted in 1972, up to about 3000 hr, Over the last 2000 hr the plots
have deviated from the previous straight lire, reducing o slightly to 0.38 and causing & deviation ir the
line for the attained MIBF, which has reached 1C0 hr compared with the 120 hr target, However it is
thought that this estimate is somewhat pessimistic because a number of repetitive failures have been
included, and this problem with Duane estimates will be referred to again later,

Prizticul aspects of a reliability growth programme will now be considered in three periods, the
early time period of the first few hundred hours, the middle period, snd the later period after several
thousand hours.




23

The Early Time Period

After an equipment is firsc assembled, it has to go thr-ugh a period of operation ir order to identify
and eliminate any manufacturing errors and to confirm that it is working satisfactorily., The equipment is
then passed to the reliadbility test section, where it 1s operated typically for a further 50 hr at room
ambient, followed by & further 3u hr during which separate tests sre carried out under vibration, and at
high and low temperatures. This is a familiarisation exercise for test procedures, a burn-in process, aad
an expeditious procedure for clearing the more obvious deficiencies associated with exposure to one partic-
ular envircnment, The equipment is then considered ready to start the accounted reliability grewth prog-
ramme, It will have operated for about 100 hr in all since assembly,

The first Duane plot ig made after a further 100 hr operation. This is the same convention as that
adopted by Selby and Miller‘, 1In the early accounting period the plots tend to be somewhat erratic, but
as testing contjiues and ioprovements are introduced they become orderly and the familiar straight line
on log=log paper begins to appear. In our experience if the line .s extrapolated back 1t intersects the
100 hr 2xis in the rsgion of 15X of the predicted MIBF, Selby and Miller reported 102, and the range
10~20% appeass to cover nearly all known cases,

With the first development modeis on a new project, another trend has bLeen observed when plotting
Duane charts, as shovn in Fig. 4. The dip is associated with the phase when an increasing proportion of
the operating time is under a severe test environmen®, This observation leads to some important practical
considerations. Firstly, when investigating the cause of a failure which has occurred at low or high
temperature, the engineers often have to operate the equipsent experimentally at room tewperature, and
“~metimes the investigation may be prolonged. 1If further failures occur, perhaps unrelated to the one
under investigation, these have to be counted in the cumulative total, But if the environmental stiess
level is low, the failure rate should be lower than that when the equipment is subjected to a severe test
condition, It seems logical to propose that operating time should be normzlised to a scandard environ-
mental stress level. This will largely eliminate the dip in the graph sh.wn in Fig. 4, Another factor
although minor which contributes to the dip is that delays sometimes o-~..: befor: a modificaticn is
finally decided. There is pressure to keep up with the schedule for accumilation of operating hours, and
incorporation of modifications is often delayed until the test is stopped by some other event, Thus there
is a reaction time before the effect of corrective actiors begins to show on reliability growth., This is
particularly so in the early time period when the failure incidence is higher. Duane assumed that any
modifications would be introduced promptly.

The Middle Time Period

For the major middle time period from a few hundred out to several thousand hours the Duane Model
fits well in our limited experience, and is most usefyl in providing practical quantitative evidence to
management on the rate of progress towards meeting the reliability requirement,

Two points are worth noting. The first is that there has been some evidence that reliability is
influenced by the rate of accumslation of operating hours. Higher reliability appeats to be associated
with faster accumulation of operating hours in a given calendar period. The evidence tends to be masked
by the smoothing effeci of cumulative plots., One explanation could be the presence of a non-operating
failure rate., The second point is that failure incidents tend to bunch together.

The Later Time Period

In the later time period after several thousand hours of operation, plots usually begin to deviate
below the extrapolation of the previous straight line, indicating that the "growth rate" a is beginning to
decrease. As an illustration, in the case of the resulte« for the airborne radar project shown in Fig 3,
the deviation was partly due to re etitive failures caused by two very difficult problems which persisted
until nearlv the end of the test programme. In such cases estimates of attained MIBF tend to be low
because both cumulative MTBF and a are reduced. Some adjustment in the number of failures may be con-
sidered when there is no doubt that the problem has been overcome.

It is suspected that some latent secondary failures occur, that is failure of components which
vere subjected to overstress when earlier equipment failures occurred, sufficient to cause some damage but
not to show up as an equipment ma'function., For example, suppose a semiconductor device fails after 2000
hr of severe environmental testing for no apparent reason. It may be difficult if not impossible to prove
that it had been subjected to an electrical overstress., It might have been a sub-standard component
initially, but burn-in plus 2000 hr seems a long time to have functioned without any indication of trouhle.
The risk of secondary damage must be a possibility.

Practical experience does suggest that the Duane graph will tend to flatten out eventually for
complex avionics because of the persistence of some failures which are related to technical difficulty,
also our inability to ensure 100X quality in components and construction, and the occasirnal cases of
accidental overstress. A good example is the high voltage transmitter and associated power supplies of an
airborne radar. Bezat et al® also observed this deviation in the plots during the later time period, and
in order to overcome the difficulty proposed that a random failure rate term should be added to the Duane
equation,

THE EXPONENTIAL LAW FOR SYSTEMATIC FAILURES

N.B. Systematic failures are equivalent to pattern failures and are repetitive or by nature likely to be
repetitive, They are identified as due to design or manufacturing weaknesases and are capable of being
demcnstrated by intent,

) én empirical law for the rate of appearance uf types of systematic failure was reported in my joint
paper with Mr P.H. Mead at the 1969 IEE Reliability Symposium’ - see Fig 5. For several build standards




24

of a complex airborne radar, subjected to a fairly severe environmental test cycle (=26/+70°C cycling,
with extensive swept frequency vibration 10-200 Hz at 1.7g), the following law was discovered:~

-t /400
Ftlo Ftlp a ¢

where Ftso = number of types of systematic failure observed in t operating hours,

)

Ft,p = total types of systematic failure present,
The 400 figure is an empirical time constant for the stated environmental test conditions. For iess severe
conditions it should increase, and conversely decrease for more severe conditions, in the limit tending to
zerc for a high overstress accelerated test condition. Experience indicates that the figure of 400 applies
consistently for the typical thermal cycling tests with vibration that are used in the development phase
for military avionics. The formula indicates that over Y07 of the types of systematic failure present in
any sample equipment will be revealed in approximately 1000 hr ie (1 -e~1000 <00y, 1t is necessary to
continue for a further period of time to confirm that modifications aro satisfactory, but in geaeral it
appears that 1500-2000 hr mig.t te a practical limit for each model unless the target MIBF is at least
several hundred hours, or there is a case for observing long term wearout failures. It is more rewarding
aud in most cases more cost effective to commence tests on a new ejuipment of improved build s.andard.

More information about the ultimate limitations of the ctherwise discarded models could be obtained
by carrying on with a deliberate overstressing programme. The overstressing could be either thermal or
mechanical or electrical, and would require close collaboration with the designers in order to provide the
most usetful information. The time constant would then be less than 400,

Now from the mathematical aspect this exponential law is not compatible with Luane's Model, By
differentiating, it is apparent that log of failure rate will be proportional to time, and not log time.
It follows that if the Duane plots lie on a straight line on log-log scales, there must be additional
failures to those classified as Types of Systematic, and these are:-

a)  Repetitive systematic failures where the complete cure has not been found.

b) 1lhe so-called random failures where the cause cannot be traced; these include possible latent
secondary failures,

¢) Long term failures identified as due to quality control lapses eg Sub-standard components and
poor assembly.

d) Wear-out failures eg Magnetrons,

It is most interesting that the numbers add up to give a good fit on the log-log Duane Plot while
the rate of appearance of Types of Systematic Failure consistently fit the exponential law.

Fig 6 shows data for an early development radar on a current project. It slould be explained that
our policy is to record every observation that might indicate a deficienzy in the new equipment, and to
check that corrective action is taken whenever posaible. Every event is classified according to the
effect it would have had in ope ational use of the equipment, for example whether it would have caused a
mission failure, or whether it would have necessitated unscheduled maintenance when the aircraft returned
to base, In less than 102 of the events is there any doubt about classification. The graphs snow that 63
types of systematic defect were observed on the radar and that 30 types would have caused an air-rafc
mission failure. The figures are related to the quality of design, the technical difficulty and the
manufacturing standards, The defect/mission failure ratio is useful advance information for the Services
about the new radar.

This exponential law seems to apply consistently, snd for different categories of events. It has
also 'e-~ observed that at least two-thirds and sometimes four-~fifths of the deficiencies found during
dev-lopment or in service use cannot be identified at the stige when the first hardvare is assembled.
These weaknesses are not foreseen by anyone at that stage, and at least one third of them have nothing ts
do with *he electronic componants or circuit design and are mainly mechanical weaknesses. This emphasise.
the quality of design factor, Computer-aided design shows some signs of improving the situation.

THE ENVIRONMENTAL STRESS FACTOR

In recounting the experience of a dip in the early Duane plots, attention was drawn to the variation
of reliability with ambient temperature, and the desirability of normslising operating time to a standard
environmental stress lavel,

A scaling factor can be derived from Fig 7 which plots failure rate against component ambient
temperature. For example, operating time at 80 C would be miltiplied by three in order to normalise to
time at 20°C smbient. The overall eflect of temperature on eqaipment failure rate has been calculated for
positive Centigrade temperatures using MIL HDBK-217A/B data on components. It is believed that failure
rates also increase with decreasing sub~zero temperatures, because mechs ‘cal stresses in parts increase
due to the different expansion coefficients nf materials and the higher moduli of elasticity. It is valid
to assume a *randard curve because the percentages of resisters, capacitors, active devices etc are fairly
consistent for most equipments,

There ir little agreed information about the influence on reliability of other environmental
stresses such as hunidity and rate of change of temperature. In assessing the results from growth
programmes where it is usual to apply severe environmental stress cycles, the Services want to be informed
about the predicted reliability under typical user conditions which are usually less severe. We agree
scaling factors for veliability to allow for differences in the .nvironmental stresses bYefore the




prograzae starts, admittedly against limited data, Even in the case of MIL-STD-781B testing there is
apparently a lack of agreement abouc such scaling factors for environment. This is a subject which
deserves more attention by reliability engireers.

On one project an unusual environmental test cycle has been used, as shown in Fig 8, where the
equipment operating cycle is not in phase with the temperature cycle. The effect is to subject the equip=~
ment to varying rates of temperature change and varying humidit; conditiors. Switching operations take
piace at various temperatures. The temperature cycle is changed at monthly intervals, one month from room
temperature to +70°C, the mext from room to -26°C. &ll this is done in order to enhance the chances of
showing up the deficiencies in the design and manufacture, eénd in the operating procedures. It does
provide some simila: ities to the changing conditions that will occur in aircraft use, although the
temperature range is increased. On this project it was provisionally agreed with all parties concerned
that reliability standards observed usxng this test cyzle would be coubled to provided estxma'ea for

. reliability after settling down in service. Time will tell how good or bad this assumption was!

PROGRAMME PLANNING USING GROWTH MODELS

The use of the reliability growth model concept in programme planning was a natural corollary and
it has made a valuable contribution by focussing attention on the importance of providing specific equip-
ments for long term testing. Fig 9 illustrates planning for a radar with a requirement for 250 hr MTBF,
Three radars were allotted and a cumulative operating time of 6000 hr was considered appropriate, that is
twenty four times the required MIBF,

The concept was Lo work back from the required MIBF and calculate the reliability levels that should
be observed early in development for various growth rates., If the first radars were poor initially then
deficiencies would have to be detected fairly quickly if a high growth rate was to be attained. A
cumulative MTBF of 125 hr over 6000 hr of test with a = 0.5, involving 48 failures, would give the same
attained MTBF of 250 hr as an equipment having only 34 failures with a = 0,3 and an initial MTBF approx-—
imately three times as good, ie 50 hr as opposed to 16 hr MITBF. A high a does not necessarily indicate a
good design effort as is often thought; it may reflect difficult design prchlems imposed by a stringent
performance requirement, or a poor effort on a straightforward design. However it does show a very
thorough effort to discover the causes of failure and eliminate ther., It is worth noting that in the
limiting case a could well approach zero with excellent decign and manufacture, and everything would be
right tirst time! Just random failures and & constant hazard rate! On this project, the technical
difficulties were considerable, and an a of between 0.4 and 0.5 was anticipated.

Decisions about the number of equipments depend at present mainly on cost, the available calendar
time and the exponential law for appearance of systematic weaknesses, Other factors are the target MIBF
and the growth rate anticipated. As a general guide from our experience to date, no single equipment has
exceeded 3000 hr of operation following burn-in, and 2500 hr per annum per equipment is a typical maximum
rate for acrumsylating operating hours, The possibility of exchanging an equipment from the reliability
test programme after 1000-1500 hr with another equipment allotted elsewhere 1n1t1a11y should be considered,
because new types of weakness are likely to be found.

Target MTBD - Hours
No. of
Equipments Factors )
30 50 100 200 300 400 500

1 t 24,0 24,0 24,0 24.0 24.0 24.0 24.0
P 0.35 0.47 0.62 0.74 0.79 0.82 0.83
K 398 274 178 131 115 107 102

2 t 25,6 24.0 24,0 24,0 23.3 21.3 20.1
P 0.42 0.56 0.76 0.94 1.0 1.0 1.0
£K 679 461 297 215 185 164 152

3 t 24.0 24,0 24.0 19.3 16.2 14.7 13.8
P 0.51 0.67 0.91 1.0 l.v 1.0 1.0
£K 938 633 405 268 217 193 178

6 t 24,0 24.0 17.2 1.1 9.1 8.1 7.5
P 0.67 0.88 1.0 1.0 1.0 1.0 1.0
£K 1664 1115 647 499 334 297 275
fK = test programme cost

-
= test programme time - months, Maximum 24
= proportion of target MTBD attained

= Duane growth rate = 0,4

nitial MTBD = 152 of target.

TABLE 2 Example of RGP Costs Analysis




In seeking to minimise total life costs a computer programme is being develo.ed taat will readily
provide comparisona of the cost effectiveness of various options for a reliability growth nrogramme (RGF)
during the development phase. The Duane Model has been .dopted for estinating growth, There are fifteen
input parameters to the computer programme, including g:.wth rate a, initial MTBD (Mean time between
defects), test duration, number of development equipments, number of engineers deployed, down time for
defects, cost of hardware, cost of - ..ivuweaco. “s-ilities etc. Printouts can be readily obtained
showing the effect of changing the parameters.

Table 2 shows an example where a remains comstant at 0.4, initial MIBD remains unchanged at 15% of
the target and time is limited to two years. Target MIBD and the number nf development models are varied,
and solutions are computed for the MTBD that should be achieved, with programme time ana ccst. It can be
seen that costs increcse with lower MTBD targets - at first sight perhaps an anomaly = but a lower target
reflects a morce complex equipment with a larger component population which will tend to be more expensive;
also more defecty are likely to occur which will require more effort on investigations, repairs and
modifications. It will take longer to accumm:late a specified number of operating hours and all this will
add to prcgramme costs, Increasing the number of models for a given target MIBD also increases programme
costs, but a higher relia“ility standard and/or a shorter programme time should be realised. In this
example the entire cost of equipments has been charged to the programme, but if they can be utilised else-
where afterwards, some useful reductions can be accounted. The cost estimates for the RGP have to be care-
fully considered against the poteatial savings for the Service life of the total aircraft fleet,

Fig 10 shows the effect on RGP costs in order to attain a given target when a and initial *TBD are
varied. The importance of a good design effort in order to acuicve a better initial reliability is clearly
evident. The higher the "“growth rate" a, the lower the RGP costs as would be eupected. The percentage
initial MTBD and a are rot entirely independent, a low percentage initial MTBD will tend to be associated
with a high a and vice versa. The more complex the equipment, the higher the proportional increase in
costs for a given percentage initial MIBD in order to attain the target. This work on cost estimates is
at an early stage, and we hope to improve the comnputer programme as more dat. on RGP's is obtained. It is
a part of a serious attempt to mininize total life costs attiibutable to avionics.

Let us return again to the question about the number of equipments for the RGP, If more equipments
are tested, then more weaknesses are likely to be found and some will be observed more quickly because each
equipment will be slightly different. Also investigations will be helped by availability of other equip-
ments for comparison purposes and for experimencal interchange of assemblies. The extent of che improve-
ment in reliability can be inferred from the Duane Model; if n equipments are used and accumulate nt
;perating hours then, subject to a and k remaining constant, the attained MTBF should then be rm*times that
for one equipment operating for only t hr ~ From Appendix Eq. (3) - eg five equipments each operating for
2000 hr with o = 0.3 should achieve an improvement factor of 50+3 2 1.62 over the MTBF for one equipment
after 2000 hr.

An important point is that each equipment should be operated for at least 1000 hr, assuming a fairly
severe test environment. This is because of the exponential law for the rate of appearance of types of
systematic weakness. For example if this condition was not met and five eaquipments were used to aggregate
2000 hr of operation, each would only show 37 of its weaknesses - ie .or a time constant of 400 hr. Evea’
allowing for some variation between equipments it is unlikely that the total number of types of weak: esses
would exceed that if only one equipment had beer cperated for 2000 hr, which would be approximately 9% of
those in that single equipment. The corresponding figure for 1000 hr is 92Z,

Reliability growth modelling murt not be regarded as a panacea for evolving reliable 2quiprent,
The quality of design must always be the prime consideration.

CONFIDENCE BOUNDS FOR DUANE ESTIMATES

The Duane Model gives the "instantaneous" or attained failure rate, but this is a point estimate on
an undefined distribution, and questions are understandably asked about upper and lower confidence bounds,
Dr L H Crow has shown7 that the Duane Model and the Weibull repairable system failure rate model are the
same, and has defined a method for calculating the required confidence bounds.

Against our limited experience, we have been a little hesitant about the best solution to this
problem. A simnle method that has been used is to assume a hypothetical number of failures given by:-

Cumulative test hours
Instantaneous MIBF

This number is entered into the usual Epstein x2 formulae for confidence limits, time terminated test,
exponential distribution - see Appendix Eq (7). Time is cumulative test hours. It can be claimed that !

the method is consistent with the Duane concept in that, if no further modifications are introduced, the F
€quipme=+ should exhit. t the instantaneous MTBF during further test. ﬁ
Whichever way the calculation is tackled, there is still the prollem of how to adjust the answars f

in order to allow for the different conditions of use when the equipment is deployed in service. That .s
the information required by the customer. Some evidence about what happens following development will now
be considered.

RELIABILITY GROWTH AFTER THE DEVELOPMENT PHASE

It is fairly common experience thit there are always teething troubles when a new equipment is
introduced into service, whc-her it i« etectronics or motor cars or washing machines! With avionics, it
takes about 18 months from tirst introduction before the reliatility standard is reported that was
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achieved on late development midels, The rrasons include a leatnirg pliase with the new production line
and a lesrning phase for personnel handling the new equipment, In other words, more reiiabiiity growth!

Fig 11 showa arn enample of such data for another avionic equipment instslled on the Lritieh
Harrier vertioal take~off aircraft end operated by the US Mari~es, Tuis data has been very carefully
compiled and all tailures have been inves'igated by the Br' ish wanufacturer, The initial reliability
reparted was not as good as expected, but it has now impr  *d to the point that it is ouch hetter than the
original prediction, A few modifications since introcuc .n into service have contributed to the improve-
ment, The slupe a4 U408, calculated by a computer prog.amme that produces an equaticy for the best fit
straight line using the méthod of least squares, with progressively reduced weighting tor the earlier
plote,

E.perience and logic support the concept that electronic reliability should continue to improve vith
time, providing transient overstress damage is avoided., When & component fails without any apparent reason,
it wiil often he one which was slightly interior initially, but good enough to survive even revere burn-in
conditions, There will be a very high probability that the replacement will be good, and so the equipment
hazard rate will have decreased,

THF FREDICTION PRORLEM

The difficulties in making 8 numbers count type of prediction at the start of s project with any
matked degree of confidence are probably greater today than ever before, S50 many factors, includi.g those
listed in Table 1, can have a profound effect on eventual reliability in service, Fxtraordinary low failure
tates are quoted for many types of component, yet slight lapses in the quality contrcl of a particular
batch could result 1n a vastly higher failure rate if the substandard parts -re not detected, Bbut the
main emphasis 1; almest invariably on performance and, (espite uncertainties about reliability estimates,
development commences, Attempts are alwavs made to predict reliability using what is judged to be the
beat scurce date. .

In roliability growth prugramme planning, there ir a similar problem of trying to predict the
initial MTBF that will be exhibited by the first development hardware, It will be necessary to attempt to
e v« 3llowances for the technical difficulty and the capabilit,; of the design team. Dr Blanks of
Austra:‘a appreciated the problems and he asked the questiond; "What vslue cf MIBF during the MIBF-growth
phase, wnich can extend well into the equipment operating (tield use) phase, is the reliability prediction
process supposed to predict("”

The thought is beginning to emerge th.t estimates based on reliability growth modelling, once some
operating experience has been accumulated, may be more acceptable than the traditional prediction, The
MIL-HUBM-2178 type of failure rate data will still have a useful role to play in discirlining the checks
by designers that components should always be operating at conservative electrical and thermal stress
ievels, 't is also the only basis at present for sttempting to quantify logistics for spares holdings,
and for appsrtioning reliability targets to sub~systems,

FUTVRF AVIONICS RELIABILITY

Looking to the future, with & further increase in the use of microelectronics, it is envisaged
that the factors of quality control in manufacture and of burn-in will become more and more important.
Given & perfect design, delivered equipment could be quite unacceptable if these factors are not afforded
the right emphasis, . )

The quality of design is most important and should improve as computers are used increasingly as an
aid to design. The more that processes can be automsted to reduce the possibility of human error, the
better the prospect of achieving high reliability., That is what microelectrenics offer. Circuit
redundancy te hiques sre likely to be used more widely,

There are grounds for believing that the overwheiming majority of modern components are putentially

failure-iree for the service life envisaged, Most failures onlv occur because of poor quality or over=

stress, Reliability of future avionics will still depend on the degree to which environmental conditions
at t.o» installation can be alleviated, and on the prevention of damage through human error or transient
electrical overstress,

There will rema’'n & continuing need to carry out extensive environmental testing of prototype
equipment in order Lo obtain confidence that it will meet reliability requirements, It seems probable that
teliability growth modelling will become the accepted mechod for assessing progress,

CONOTESIONS

i Feitubility growth modelling is a vaiuable technique for management in project planning, arld for
monitering progress during the development phase,

2 keliahility growth modelling has proved very useful for avionics, and with slight reservations the
Duane Model appears to he valid,

3 The alight reservationa ahout the Duane Model are for the esrly time period, and for the very long
time peviod,

[ The rate of appearsnce of types of systematic failure follows an exponential law,
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5 More attent'on must be givew in modelling to the variation of reliability with different
environmental stress levels, :

6 Some useful progress has been wade with & computer programme for costing reiiability growth
programmes,

REFFRENCES

1 F.0. Codier, Reliability Growth in Real Life, Proc 1968 Annual Symposium on Reliability, p.438.

2 J.D. Selby and S.C. Riller, Reliability Planning and Management 1970 ASQC/SRE Seminar, Niagars
Falls,

3l B.E. Baker, Ope-ational Considerations and Systems Reliability, AGARD Lecture Series No 47 on
Reliability of Avionic Systems, 1971,

&4 A. Berat, V, Norquist and L. Montague, Growth Madelling Improves Reliability Predictions, Proc 1975
Annual Reliability and Maintairability Symposium, p.3l7.

5 J.E. Green and P.H. Mesd, Experience Gained frem Reliability Trials on an Airborne Radar, Proc 1969
1EE Conference on Reliability in Electronics, London, p.53.

6 J.E. Green, The Problems of Reliability Growth and Demonstration with Military Flectronics, Proc
1972 NATO Conference on Reliebility Evaluation, The Hague. Also teproduced in Microelectronics and
Reliability Vol 12, Pergamon Press, UK 1973, p.51%.

7 L.H. Crovw, Estimetion Procedur:s for the Duane Model, Proc 1972 Reliability Growth Syaposium,
AMSAA, Maryland,

8 H.S. Blanks, A Review of New Methods and Attitudes in Reliability Engineering, Proc IREE April 1972
p.121,

ACKNOWLEDGEMENTS

The author wishes to ackrowledge especially the contributions by Mr P.H. Mead of Ferianti Ltd to
the subject of Reliability Growth Modelling.

Copyright () Controller HMSO, London, 1976,



PARURE RATE
0o

AIRCRAFY

l I GENERATORY
L
100 1000 100CO 100000 1000000 10,000 000
CUMULATIVE OPERATING NOURS
FIG |

DUANE'S ORIGINAL DATA

sor
10
PR IS A =70
OBSERAVED CUMULATIVE gl
s \ .
MTBF X (_.) -
- =
42
s}
MTRF
HOURS
800 MRS
20}
¢y FOR TARGET OF 70 HOURS MTRF,
AN ADDITIONAL TEST TIME OF
800 HOURS WAS REQUIRED.
‘o 1 1 1 L4 !
100 200 200 300 80O 1000 2000 3000
CUMULATIVE TELT HOURS
FiG. &

OUANE CHART FOR RELIABILITY GROWTH OF AN AIRBOANE RADAR

MTBF-
HOURS
120

oo}
20
80

40

20

10 i 1 1 i i
100 200 SO0 1000 0G0 5000
CUMULATIVE OPERATING HOURS
£1G 3

DUANE  RELIAMLITY GROWTH CHARY
FOR CURKMENT AVIONIC DIVELOPMENT




210
N FAILURES #I 1 18 bl 42 €0
CUMULATIVE pdllot b S L N — )
MTBF-MHOURS
sor ENTRY INTO SEVERE ENVIRONMENT
ac A A A A A A 3
100 200 400 oCO 80C 000 1500
CUMULATIVE OFERATING HOURS
FIG 4
INFLUENCE OF ENVIRONMENTAL FACTOR
0 p TRIAL A SEPARATE LAUS
é .} EARLY DEVELOPMENT MODEL
C LATE DEVELOPMENT MOODEL
Bg 0} .
z N Foxli-em )
» o
kol J ]
55 :ﬁ () r.:a(u-a'i‘ﬁ)
< S
3
= 20 P
b3
= !
!g o fooli-« - 30)
o A A A. e A A A A J
200 400 8600 800 1000 1200 1400 w00 800
OPERATING HOURS N SEVERE ENVRONMVENT
£G. 3
EXPONENTIAL LAW FOA SYSTEMATKC
FALIED
10
]
1]
L
[
A 7
3 ;-
0 N b "
DY t1 odWN <
2 e AnAR AEFECTIVE ..
¥ o Oon mETUAN TOBISE ]
-
§ fstamatep ervecr @ l‘
Lo OM ARCBAFY SORTHE
y -
] g 4 W S
!m MISSION Faipiieg vy ’
P (DY el — 1 ’
;on} -
: 5
F13 —g ;/ - .
o} \ /1
g \4 ,/‘A '
t—-4+—4 —
e 150 PO Y P oo
OPIRATING HNAUAL AFTER Bulin W i
" g 20 0 20 'Y) 00

APPEARANCE AMD CLASSIFICATION OF SYATEMATIC WiAWMESSLY COMPONENT AMBIENT TEMP *C

FIG 7

FOUIPMENT RFLIARILITY voa YEMPERATURE




COsT
UNETS

e ——

eronc| oo o onnn orecw o om o
' ( *.
[ ‘, Won TEMPERATUNE
Ha o =

TV B

cLock
Tk
. 15%

LOow TUERatUNE
(2. % §

CMAMUER TEMPERATURE

- %

FULL LINLS INUICATE EQUIPMENT OPFAATION AND VIBIRATION
LIHOURS OM. | LOUR OFF )

FIG
NOVEL ENVIRONMENTAL TEST CYCLES

B8Y DUANE
ATTAINED MT8F « (L) xcummTer TARGET

Ne OF FAILURES
178 ANTICIPATED IN
'”}mar OPERATING PERIODS

el
PERMOD o~
HOURS 03 ]04

3

100

0-100} 2

MTBF - HOURS

3

L]

s
7

FEE BN BEJ

CUMULATIVE

[ BT

®{Jlea{als

1 1 H
s 2
'o)
CUMULATIVE OPERATING HOURS

J Oo00 36 [40|s8

=
— e v o - —

-
[ 3 =

2
8

FIGY
BROGRAMME PLANNING USING DUANE MODEL

mYBe -
TARGET MTBD -IOOHA HOURS

Y ORIGINAL PREMDCTION
x D cwmm
/
m.--- ;--c-...._..._, .'

GHOWTH SLOPE " 0’:“

o "‘,‘t

n 4 'y —d
000 2000 OO0 OO0 000
MAINLY COST OF CUMMLATIVE  FLYING MOURS

HARDWARE
S _ ]
RELIABILITY GROWTH IN SERVICE

i A A A A -

o] 20 30 40 %O 100

INITIAL MTRD - PERCENTAGE OF TARGEY

ALl
PAOGRAMME COST VARIATION




s
‘e

AFPENDIX 1

THE DUANE MODFL

J.T. Duane of the Ceneral Electric Jompany discovered an eapirical relationship tetueen failure rate
and testing time for programmes wvhere a continuous effort was maintained to improve relisbility by intro-
duction of modifications following experience of failure, The diacovery was first reported in an internatl
GEC paper in 1962,

The mathematical form of the Duane Mudel is given by the expression:-

[ T : (1)

s

Where 3 = cumulative failure rate at time t.

= congtant
® total operating time
® & weasure of reliability growth, commenly called "growth rate”.

- o~

In calculating cumulative failure rate, all failures are counted,

If cumulative failure rate is plotted against total operating time on log=log paper, the plots
should lie on & straight line having slope t-1),

The instantaneous attained failure rate at time t will be lower than the cumulative failure rate
because improveaments have been introduced.

(1) can be vritten as

-a
3

) ?% LI 23
where F = total failures observed in time t

CF ekt )
The instantaneous failure rate is obtained by differentiation

Hence 3, = (1 - a)ke ? (&)}

It follows that plots of instantaneous failure rate against test time on log-log paper will also lie on a
straight line having slope (-a). This line will be parallel to the line through plots for cumulative
failure rat2,

Combining (1) and (3) gives Ao (- 0)1t »)
Since MTBF cen be considered as the inverse of failure rate, equation (4) can be changed to read
(]
13
% 1= ®
where ﬁ‘ ® instantaneous attained MTBF
PI ® cumulative MTBF

Fquation (9) provides a simple marhematical model by which management can quantify progress.

The rate of change of MTPF is ottained by further differentiation.

[+}
t
From (1) and (5) 9i - m——-—‘:-y
d9 -1
. i, at (%)
T *(1 - )
Fplteinz developed the folloving formula for the single sided lover MIBF Confidence Limit Ao
assuming an exponential distributiou.
2nT
A
Lt " 22 (asir ¢ 2) 7
where n = number of equipments on test
T © test tine for each equipment, same for each
a = 1 - Contidence Coefficient
t = total number of failures
1 Dusne J, T, Technical Informatinn Series Report DP 61 MDY, Ceneral Electric Company, DOMeGC Dept,

Erie, Pa,

2 Fpatein B, Statistical Techniques in Life Testing PB171580, US Nepartwent of Commerce.
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ILLUSORY RELIAIILITY GROWTH

%, T. SUMERLIN
Engineering Consultant
P. 0. Box 181
Katelwood, Missouri 63042, U.S.A.

UMMAR

The present meaning of Reliadbilily Crowth is identified and contrasted to earlier
concepts. Present need to devise effective means fo. administering the later phase of
avionic development is recognized., It is during this development phase that an abundance
of system fallures caused by shortcomings of deaiagn, workmanship, and parts selectiocn,
mask more or less completely the inhecent reliability achievable upon development comple-
tion. The mathematical uncertainty of prognosticating a valid schedule for elimination
of all pattern fallures and achievement of required reliability on the dasis of early
test experience is examined, It is concluded that accepted means muat de used for quan-
titative ¥TBF measurement in the absence of pattern fallures, and that quantitative
values for MTBP produced by typical growth ronitoring in the presence of an abundance of
pattern failures can be Jangerously misleading.

" INTRODUCTION

The term "Reliability Growth® in the lust few years has assumed a meaning somewhat
different than in earlier yearr, In the lave 1940°s when reliability as an engzineerirg
snecialty first emerged, the failure rate of electronic and avionic systems was gener-
ally found to be relatively constant during the useful life of the syatem, and constant
failure rate mathematics (probability and utatistics) quite adequately sufficed for reli-

. ability prodlem solvinz., With the emergence of solid state circuitry, come eviderce
began to appear here and there o the effect that the fallure rate of solid state ele-
ments (notably transistors and diodes at the time) simetimes decreasead scmewhat during
the life of the system, This decrease was more a gradval and uniform change over the
entire useful 1ife, rather than a rapid decrease during early life and relatively con-
stant failure rate thereafter. Ths existence of thia phenomenon brought forth identifi-
cation as "reliadbility mrowth®. The extremely low fallure rates of the more successful
80lid state elements, easpecially integrated circulty, rapidly led to the development of
inecreasingly complex avionic syatems and the estadblishment of design guidelines for solid
state circuitry and digital design consideradly different than the customary design ap-
proaches of the past. The lure of expanding vistas for electronics and avionics brought
large numbers of appruntice desligners into the profession. Understandably, the characterw
istic that frequently brought u) the rear of the development procession was reliability.
Unfinished developments sometime i were released for production because of overly opti-
mistic development time tadlea, The frejuency of fallure in operating hardware that had
not been meticulously shepherded through to the proper end of development was intolerably
high but could be made to dacrease to varying extents in responss to development "clean-
up®, Agzain, and understandably, the term "re iability growth® now appeared more and more
frejuently in programe going through the final stages of development after production had
already begun, Reliadility growth in this application can not imply that any slement of
the avionic design has a fallure rate which will gradually decrease over its useful 1life.
Rather, the implication 1s to unfinished development, suffering from an unnecessarily
hieh fallure rate because of deaieon error, workmanship insufficiency, and/or poor parts
selection. The improvement in fallure rate can only come about because of significant
affort on the part of davelopment personnel to rectify these shortcomings. The signifi-
cance of identification of such so~called reliability growth is that it is difficult to
ascertain before hand as to just how much the fajilure rate can be reduced with effort
1imited to practical bounds. This paper is then chiefly concerned with reliabtility
growth and presert approaches to its control when considered in respect to failure rate
reduction by specific effort in the areas of design, workmanship, and parts selection.

HISIORICAL BACKGROUND
*n the early days of reliadblility, equipment and syastems for which high reliadility

was ! portant received very close development scrutiny, Labdoratory procedures fostered
the emergence and identification of failuvre mechenisms. Those judged to be likely fre-
quent repeaters were sliminated through design, workmanship, and parts selection efforts.
With some patience, a aystem would reach the point where the last hundred or so failures
would include no two like failure mechaniems. This resulting heterogeniety of failure
mechanism guaranteed that the exponential distridution would accurately descridbe trs
probadbility of future failure, and it ylelded constant failure rate reliadility, Por a
system which had reached a condition of unrepeating (even though frequen:) failures, it
was found that further psrmansnt alimination of failure mechanisms 414 not produce meas~
uradle reliadility improvement .1 near future operation. If reliadility was still too
low (unrepeating fallures too frequent), major redesign often involving basic change of
deslign approach was Judged essential,

¥ith constant failure rate ejulpment and systems, techniques ror relladbility (MTBP)
measyrement were developed und improved to permit maximum confidence in minimum tast
time!, Such messurement via test is well known, 1% ls important that most such proce-~
dures insist that if pattern fallures (reneating fallure mechaniems) appear, the test is
invallidatei, .In othar worcds, the test is valid only so long as heterogeniety of failure
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Today, in the presence of hizh compleaxity, solid state, digital avionic design, some
Aevelopers can te found who succeed in perranently eliminating all failure mechanisms of
high repetition frequency during their scheduled development, and who then perform a etand=-
ardired constant failure rate relladbility verification test and establish the presence of
adequate reliadbility without need for post-test remedy, While such a feat for a develop-
ment which departs but slightly from a design of lonx standing and great experience may be
Judged nc” especially exceptional, there have been cases of such accomplishment with radi-
cally naw design. Probadly, however, the majority of developments are forced to choons
tetween minimal departure from past adequate design, and extended efrort to obtain nesded
reliability. Unfortunately the need for devel-rment business and the large number of would-
be custorers with limited funds and high reliability demands leads to many perplexing

situations,

In the last ten yesrs there has been an ever increasing iechnical press addressing the
aforementioned nost recent concept of reliability growth, Some customers are proposirg
means to hopefully assess reliability very early in the development evolution of tunction-
ing hardware, and then to follow the apparent reliability during a protracted testing pre-
gram in order to measure reliability growth. From such findings it is hoped to be possible
to predict further future reliability erowth against futurse schedule and available funds,
in order that decision may be made as to ultimate relladbility succees, and appropriate
action taken enrly if necessary. Thus it would seem vital to scrutinize popular techniques
for supposedly measuring reliability growth to determine whether the calculated growth is

f{l1lusory or real,

The bdbasis for one of the more :f not the most popular growih measuring technique is
the 1970 reliadbility cpproach Edvocated by Ganeral Electric and identified as "Reliability
Planning ard Panarement (RFM)"<, This technique in turn is based on a 1962 paper by g G.E.
employee, ¥r, J. T. Duanel, and further elaborated in 1968 in a paper by E. O, Codier®,
also of G.E, Nessrs. Selby and Filler characterize their RPM theory by using the "Duane
Plot” to track reliadbllity arowth over an extended development test period which typically
accumulates ten thovsand operating hours of test. They note that reliadility at the degin-
nina of the Duane Plot (usually after one hundred hours of test) is typically ten percent
of the predicted MTBP, and most often can be expected to rise at a rate proportional to the
square root of the accumulated test time. In 1973, G.E. concluded a study which applied
the Duane method of growth assessment to several mul<i-year equipment developments. In the
final report5 it 1s noted that evidence of reliability growth depends on the distribution
of fallure mechanisms, the detection of failure mechanisms, and the rate of failure removal.
Typically, newly developed equipment exhibiting FTBP at ten percent of the predicted value
was found to be constrained Yty problems equally divided among design, workranship, and parts,
If design, workmanship, and parts were all less deficient inftially. then the MTBFP would
initially de closer to the predicted value. Obviously if failure odbservations enter growth
calculations before very much development clean-up has taken place, failure frequency will
decrease as clean-up progresses., However, as G.E. has observed, the distridbution of failure
mecharisms must include a significant proportion of high failure rate mechanisms (to provide
the easy to recognize pattern failurea?. which are relatively eas; to detect (thus recelving
specific attention) and quick to permanently eliminate (in order to provide readily recog-
nizadle reliadbility growth), Many case histories confirm that this situation is frequently

encountered,

If MTBP calculations must awalt completion of most of the design and workmanship clean-
up, and it is then found that the rermaining observable fajlures do not readily respond to
further clean-up effort, and this failure rate is unacceptably high, it is very late in the
program to begin the needed dasic redesign. There is 1little question as to the desirability
for some means to assess the level and rate of decrease of fallure rate at the earliast
possible moment in development evolution, provided such assesament can lead to a correct
hypothesis concerning the possidbility of reaching the required reliadility within a critical

schedule.

MATHEMATICAL VALIDITY
Probability is the mathematical means for progzrescing from general laws of physice

(nature, etc.,) to specific circumstances when it is desiradble to predict ths future. Thus
if we have the true MTBP, ard know that it will remain constant in the intended application,
it is possible to calculate the protadbility of future failure, Statistics, conversely,
embrace the mathematical means for progressing fror specific observations to general laws,
and induction is required., Because of the nature of the universe and our limited knowledge
of it, statistica is a wmuch broader field of mathematics than is prodbability. Hopefully

we 1imit the uce of statistics to: 1) the situation where we are unfamiliar with the
phvsical lawe that pertain, and/or 2) the situation where the detalla of all controlling
factors are known but so volur inous that a detalled exact calculation is not justified in
the presence of avajlable statistical accuracy. In reliability we may be adble to mathe-
matically describe sufficiently one or more actual failure mechanisns, but in general we
cannot begin to deacridbe any significant quantity of failure mechanisms to permit exact cal-
culation of fallure protability. Generally, where enough is known of a particular mechanism,

it becomes practical to eliminate it.

The fact that a haterogeniety of fallure mechanisms permits them to be considered with
the exponential distridbution has more than anything else made it possible to measure MTBP
and calculate probability of futurs fallure with useful accuracy. Knowing lnclusion of any
failure mecharisms whose prevalency upsets this heterogeniety princliple, leads to error and
gross error in the computation of MTBF based on ohserved frilures, On the other hand,
repetitive (pattarn) failures are bound to exist to some extent during a development, and
such mechanismas muat be eliminated. Hence clc3e scrutiny cannot be deniad them. Thua the




yet taken place, and MTBP assessment is based on an "if they are eliminated® basis, then the
Accuracy of MTLP assessment will hinge on adequacy of later slimination, abaence of any
related design deterioration or introduction of new failure mechanism, and similar considere
ations.

DUANE PLOT
The Duane Flot, as illustrated herewith, at the time of each failure takes a measure-

ment of the total operating time of the system on test, and divides this time accumulation
by the total number of fallures observed up to that time., This quotisnt, as so-called cumu-
lative FTBP, i{s plotted verius the aforementi.ned total mccumulated time on log~logz graph
paper. It is customary to recommend *hat the first plotted point be at one hundred hours
time or at the time of the next failure thereafter, FPor typical equipment the test may be
contirued if all goes well until as many as ten thousand hours are accumulated, in order to
display all the significant reliability growth to be encountered., It is usually expected
that the ecne hundred hour cumulative MTBP will be approximately ten percent of the predicted
FTBF, and that the slope of the plot as more and more points are plotted will approximate
the one-half power of accumulated time,

3.3

IDEALIZED DUANE PLOTS
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During the one hundred initial hours of operaticn consideration can be glven *o just
what rules will govern data ccllection. Decision must be made as to what time to count and
which fajlures to count. Unnecessary inflation of the failure count will yield low MTBP bdut
more significant positive reliability growth. Austere fajlure counting may lead to admin-
1strative difficulty concerning whether to count certain future failures. Generous decision
for time counting makes possidble reaching the end of the test (ten thousand hours) by an
earlier date but it may raise administrative question as to the adequacy of performance
e during all counted time, In any case is must be noted that MTBF in the presence of pattern
failures cannot be used to calculate aystem reliability, and thus the MTBF plotted on the
Duane .:raph early in the test period ls indicative of growth but not of reliability, |

Scrutiny of the above illustration of hypothetical Duane Plots for three different also
hypothetical equipments can offer wome insizht. The upper curve illustrates reliadbility
growth proportional to the 0.6 powsr of time. Pailures number ) (at 275 hours) through
number 12 (at 8800 hours) are plotted as if they occurred at the prucise moment to mathe-
matically make the plot follow a straight line. In real 1ife the actusl time of each fallure
occurrence would be far more randomized, and a plot 1ike that illustrated couid only be
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expected 1f a large number of aquipments were beinc temted simultanscusly, and the plotted
point representes the average time of fallure occurrencs.

: The middle curve is for the highly touted growth characteristic where KETBP is propor-
tional to the square root of accumulated test time. The lower curve is for MTBP propor-
tional to the 0.4 power of time, On the horizontal SO-hour calibration line are marked the
time of occurrence of succesaive fajlures as would be expected if no growth took place (a
fallure every fifty hours on the average). With the sequence number of each failure iden-
tified for aach of the four conditions, the 1llumtration makem {t possible to see how much
the failure rate is apread out or closed up for a 2iven chanze in slope. In an actual test,
the randomized time of occurrence of each fajlure distinctly separate early in ths test
permits considerable option on just wkat slope straight line is judged best fit for the data.

This type of plot can be seen to smooth initial data least and final data most,
Initial data reflect MTBF calculations with greatest departure from true MTBP bacause of the
presence of pattern failures in large measure. The randomized time of their occurrence
sreatly obscures early slope indication. The smosthing effect on final data trought about
by the mass of early data still included in each calculation tends to negate the increased
value of MTBP evaluation based on data with most of the pattern fajlures =liminated. The
close spacing of failures toward the end of test make the plot quite insensitive as an indi-
cator of change of slops as could be dbrought about by exhaustion of the supply of pattern
fallures, with the result that the test is likely to continue for gome time unnecessarily
after reliability growth has stopped. In summary, the Duane Plot may be more an indicator
of aki'l in estadblishing optimum rules for data cnllection and starting the plot to yield
& desired slops than an indicator of how much developrent clean~-up is needed, when it isa
likely to be finished, and whether the then resulting reliability will be sufficient,

¥athematical evaluation of the cumulative log-log plot shows that the instcntaneous
value of the ordinate (instantaneous rellability) can be calculated by multiplying the plote
ted cumulative ordinate by 1/(1-a) where a i{s the slope of the best fit atraight line
through the plotted pnints. PFor the middle curve where the slop ic §, the instantaneocus
reliability FMTBF) i3 twice the plotted value, However, since the slope is so dependent on
early plottinz technique and data processing rules, true MTBF should be determined by ac-
cepted verification test means rather than by assessment of the Duane Plot,

CONCLUSIONS ’
The need to devise and employ means for early assessment of reliabllity during the

development cycle is real, The existence of a proliferation of pattern failures is usual,
Reliability prediction if properly performed has specific value, and standardized relia-
bility verification tests can be valid for measuring true reliability is properly performed.
Fonitering the process of pattern failure elimination can be an administrative necessity in
many situations, The banmic darger in popular reliability growth control methods is in the
assumption of accuracy of MTBF when calculated in the presence of many pattern failures,

and in any assimption that reliability growtn can be counted upon to follow strairht line
properties, to have a pariicular slope (or even a positive slope), and to be predictable
for identifying end reliadbility within a particular schedule.

REFERENCES

1, MIL=-STD-7R1B *Military Si~ndard Reliability Testss Exponential Distridbution®,
U.S. Government Printing Office, 15 November 1967,

2, Seldby, J. D., & Miller, S. G., "Reliadbility Planning and ¥anarement™, 1970 ASQC/SRE
Seminar, Niagara Palls.

e Duane, J. T., *Learning Curve ApEroach to Reliadility Monitoring”, iEBE Traneactions
on Ae ace, Vol. 2, No. 2, 1964,

b, Codier, Ernest 0., "Reliability Growth in Real Life®, Proceedings of 1968 Annual Sympos-
Jum on Reliability, IEEE, Boston, Mass., January 16-18, 1948, <
S+ Reljability & Quelity Assurance Staff, Aerospace Electronic Systers Dept., General

Electrie Company, "Rasearch Study of Radar Rallability and Its Impact on Life-Cycle
Costs®, Aeronautical Systems Division, U.S. Air Porce Systems Command, ASD-TR-73-22,

April 1973,

- ’ faams b




41

EXPERIENCED IN-FLIGHT AVIONICS MALFUNCTIONS

George T, Bird
G. Ronald Herd

SUMMARY

The status of current avionics reliability in the field has been evaluated by a study of 98 types of
avionics equipment uscd in a variety of aircraft during a six-month period in 1970, The MTBF3 were
analvzed by aircraft type and by equipment category (i.e,, communication, radar, flight controls,
computers, etc,) to reveal correlations with functional complexity, About 4,000 in-flight malfunctions
from one type of aircraft covering 28 different equipment types were investizated to shcw failire modes,
repair actions, and probable design causes.

INTRODUCTION

In order to satisfy demands for increased operational capaoility in high performance aircraft,
avionic systems are necessarily becoming {unctionally more complex. This growing complexity has led
to more reliance on computer techniques for the automation of sys*em operation and control, particularly
in special purpose aircraft. Although reliability of systems (given the level of complexity) b improved
in recent years, the increased compiexity required in new systems may compromise tha. reliability
achievemert., The tradeoff between coniplerity and reliability leads to critical questions for aircraft
system project managers and avionics equipment designers undertaking a new development program:

(1) Will the proposed new avionics design satisfy the specified inean-time-between-failures (MTBF)
requirement ?

(2) In what technical areas (e.g., failure modes) should design effort be emphasized to achieve the
specified requirement ?

(3) How much development phase design evaluation testing should be expected to actually achieve and
demonstrate the specified reliability requirement ?

This paper deals with the first two questions and provides a basis for another paper responding to
the third,

AIRCRAFT PROBLEM AREAS

The avionics subsystem is involved in more aircraft failures than any other subsystem, as shown in
Figure 1. The distribution of "problem areas" within major subsystems in several types of military
aircraft (attack, fighter, helicopter, and special purpose transport types) is the result of an analysis of
field failure reports for 1.2 million aircraft failures observed during more than a miilinn flight hours,
Avionics subsystems experienced one failure in about 2, 8 flight nours. Because of differences in avionics
complexity and other factors, the proportion of avionics failures to total failures ranged from 27% in
helicopters to 52% in supersonic fighters.

UTILITIES AND
- MISC. OTHER
(AS A SUBSYSTEM)

BASIC AIRCRAFT
SUBSYSTEM

POWER PLANT
SUBSYSTEM

AVIONICS
SUBSYSTEM

Figure 1, Aircraft Problem Classificatic ,
All Aircraft Types Combined
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Some of the avionics equipments observed were procured under contracts that included a reliability
specification (R-Spec) as part of the overall design specifications, The observed MTBFs 'ur those
avionics equipments purchased under R-Spec conditions are plotted for each aircraft type ir. Figure 2
agairst complexity, for comparison with average past MTBF experience represented by MIL-STD-756
predictions (8,). Overall, the mix of installed R-Spec avionicg equipments across all types of aircraft
shows MTDBFs higher by a factor of better than two-to-one than would have been predicted by MIL-STD-
iou, based on equipment failures reported in approximately 285,000 flight hours,
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- . o
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| @ Helicopters (Transport/Assault)
1 ‘ . 10 100 1000

| EQUIPMENT COMPLEXITY IN AEGs

|

Figure 2, Observed Avionics MTBFs of "R-Specified" Equipment
| Installed on Various Aircraft Types
\
A direct compar\ison between R-Spec avionics equipment and equipment without contractual reliability
requirements (Un-Sprc) is presented in Table 1, by aircraft type. The last cnlumn of this table gives the
ratio between speciﬁ%d and unspecified MTBFs for each type of aircraft. One should note that complexity

of the typical equipments is not the same for each, and an adjustment for complexity is made in the later
analyses.
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Table 1. Avionics MTBF in Military Aircraft

A Typical Equipment

No. - L
Aircraft Avionid ’Zozt:acx;l in the Avionics System
General Category Equipt ™) AEG 8 @
(n) (Avg P Q/ep Ssléu

N/n) | (hrs) | (hrs)

(A) Subsonic Jets (Attack - 3 Basic Types)

R-Spec 1 19 | 4%9 | 300} 10.5 27 | 2.56
Un-Spec 5 487 97 | 46 70 | 1.54
Total 24 | 6196 | 258 ) 12.5 31 | 2.47] 1.67

(B) Supersonic Jets (Fighter - 3 Basic Types)

R-Spec 7 1000 143 | 28 40 1.43
Un-Spec 8 2546 318 9.1 36 3.92
Total 15 3546 236 13.3 38 2.82 ] 0.37

{C) Turbo Props (Transport - 2 Basic Types)

R-Sp.c 9 1192 132 | 31 52 1.65
Un-Spec 31 5617 181 | 20 35 1.76
Total 40 6809 170 21 37 1.74 | 0.94

(D) Piston Props (Transport - 1 Basic Type)

R-Spec 8 1144 143 | 30 39 1.34
Un-Spec 8 997 125 33 34 1.03
Total 16 2141 133 | 31 37 1.17 | 1.30

(E) Helicopters (Assault - 3 Basic Types)

R~Spec 6 800 133 38 62 1.61
Un-Spec 13 1681 129 33 35 1.07
-
Total 19 2481 131 34 40 1.18 | 1.51 -

CURRENT RELIABILITY STATUS OF AVIONICS

A total of 98 different avionics equipment types (predominantly analog-function) in 9 basic functional
categories were involved in the analyses shown in Figures 1 and 2. Cnly 35 of the 98 types had been
developed under contractually specified MTBF requirements. A 130% improvement (2. 3-to-1) in analog-
function avionics equipment reliability (MTBF) appears to have been achieved, on the average, in avionics
equipment developed under specified requirements. Those developed without specified requirements
achieved MTBFs approximately 60% higher than predicted by MIL-STD-756. A graphical comparison
between the achieved reliability and the avionics reliability prediction curve of MIL-STD-756 is shown
in Figure 3, based on numerical data presented in Table 2.

The MIL-STD-756 prediction procedure was developed in the late 1850s on the basis of data compiled
from in-flight experience on predecessor avionics equipments of similar functions. The predecessor
equipments were operational in 1958, and the current data apply to equipment operational in 1970. Thus,
the 2. 3-to-1 MTBF improvement in R-Spec avionics equipment was achieved in 1.2 generations (i.e., 10
years per generation) of equipment design/development during a period when reliability was receiving
considerable attention but had not been uniformly converted into design specifications. Overall, a relia-
bility requirement contractually specified resulted in MTBF 45% higher than that achieved by systems
without specified requirements.
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Figure 3. Typical MTBF for 9 Basic Equipment Categories, Based on
35 Avionics Equipments With Contractually Specified Reliability Requirements

The scattergrams of average MTBFs and functional complexity (in AEGs®) for the 35 avionics equip-
ments (within the 9 categories) show both "observed' achieved MTBF's and their corresponding specified
MTBFs. Specified MTBF requirements, on the average, generally fall between the upper "inherent"
MTBF boundary predicted by MIL-HDBK 217 part/stress analysis (for aircraft "inhabited" environmental
conditions), and the lower MTBF boundury predicted by MIL-STD-756 AEG analysis (for aircraft "uncon-
trolled' environmental conditions). It can be deduced from the scattergram that the relative complexity
of the equipment was not always considered in specifying the particular value of MTBF, However, using
the average "specified" MT3F line in Figure 3, it would appear that a 10-to-1 improvement over previous
MTBFs (as predicted from MIL-STD-756) had been desired.

* An active element group (AEG) is defined as a circuit function comprisinz one active element
(transistor, electron tube, integrated circuit, relay, etc.) and its associated passive elements (resistor,
capacitor, inductor, connector, etc.), as defined in MIL-STD-756A.




4
Table 2. Avionies MIBE/Complexity Analyaia~
d - -
@
§ T 2| z
L R o3
» » ¢ N % 3 " v & 2
v & F ;C' g X 5 g . s S &
' - " S Y - > » 4
ftem P M 2ol w8 |82 ez | ¥
" 2 2 w s L el En B >y W B o €
o ) o X el 4% 2 0 L -0 3 = &
ool X — LW oo (SN7 - O FA ) < o o £
Tzl a4 s s vy E
b e R
R-Speried
N Fogup i) 3 3 i 5 6 2 9 2 T4 35
Avg ALGs (N) B3 HaQ 225 445 140 25 270 70 240 270
Spec MTRE (A))] 450 100 125 50 167 300 247 167 430 145
Pradicted ‘“l" LR 4.7 18 6.8 12 10.5 11 83 15
Ohaerved @) 54 13 91 62| 44 6 33 83 42
Aﬁ/.l‘ 0.9 .8 5.1 Co 1.4 6.° 2.9 1.0 2.9 2.3
678" 127 | s | oren | 12% | 26| 21% | 13% | som | 107 ) 1n
Bo/ﬂp bl 21 7 1 5 27 22 2 29 15
Unepe: fied _
No. Fquip {(n) 4 6 2 2 12 15 8 7 7 63
Avg AEGs (N) 103 410 80 360 140 145 275 50 210 190
Predicted (Rg) 42 7 63 5 31 30 11 111 18
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Nev Eagquip (n) 7 9 3 7 18 17 17 9 il 98
Avg AbEle (N) s 465 130 480 140 170 27, 55 220 220
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Values of 8 H < 1 0 mas be due tH one or more reganns:
8 Infterencea o turctongl perfornanc e requirements not adequately
refiected in o= predgoction methods of MIL-STI- 756 A,
® Diferences i equpment on-flight opefating duty cvole (not reported from
the field 4t d hence nat compensated tor in the data analvsis),
& MIBF tegquirementd cont a. tually specified too late 1n the acquisition
program to have anv sigmficant influence on desiym,

Thiz stody reveals that MTHE aorirvements to date are still far short of specified requirements - -
Le , decs than 277 of the specified MTBE was actually achieved in the field. To illustrate, assume that
3w tem OF Avianic 8 Egquipment s to he procured to satisfy a specified MTBF -+ 200 heurs. Asaume the
desrgn will reguire approxamately 200 AL Gas to perform specified functions, From Figure 3, it can be
deteymoased that thia ttem will achieve anar -fhight MTBE of approvimately 45 hours, based on current
average experience. Thus oar experrence indicates that the ttem will be designed, developed, manu-
fatured, and delivered to the customer, where its observed MTBY under service-use {operation and
maintersine €) conditions will be 45 hours -- i. 6., lexs than 257 of the specified 200-hour contract

tegquirement,

Achienement of specifisd MIRVs correspoanding to the average specified MERE line in Ficare 3 s
fewa bl of mufficaent desipn e dduaton testing as performed during the design/development phase to identify
toae batlare mode s and corre i the unteriving fatlure cavsea,  This must include erough environmental test-
g unaer n utated aircraft ainstallation to verify adequacy of each corrective action to pirevent or minimize
recutrencs af the se faslure modes,
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CLASSIFICATION OF EQUIPMUNT FAILURE

A atudy was performed on the avionics equipment (or a aingle type of rircraft, The vehicle for thie
detaded inveatigation was a turho-prop special mervice type aircraft hecaune it carried the first large
aviontea subsystem (28 different AN/ equipmenta), including an inte g1 ated electrontcns central computer
for system operation and checkout, Operaticn of much of the installsd avionice equipment was controlled
and monitored by a central computer, A very important part of the system was the software {(computer
programas) by means of which data from various system elemerta were coordirated and controlled for
nerformance of aubaystem functions. In eddition to the operational program, there were neveral teat
and diagmoatic programs which perform system and equipment teats ¢nd provide trouble diagnosis for
maintenance and repair purposes.

In general, failure modes (except software fatlurea in cne item) did not vary appreciably among the
28 avionics equipment types studied. Resulta of the failure analysis are presented in Table 3, uging the

fotlowing definitions

(1) Hardvare Failurcs

opens, fluctuating or unstable performarnce ctaracteristica, fatlure to tranafer (i.e., switch) to
redundant element, etc.
#& Mechanical -- broken, jammed, bent, looze, binding, or damaged mechanical parts, fastenera,

® Envir.unent -- exposure to excessive vibration, temperature, humidity, or other ambient

cunditions which could have induced the ohserved failure,

® Oiher -- failures due primarily to defective or burned out light bulbs in indicator lamps and
panel lampa, and blown fuses or defective circuit breakers,

® Unknnwn -- observed and verifiable equipment furctional failures (e. g., failure to opera‘e) nnt
traceable to specific failure cause, remo' ed and replaced (or adjusted) to return the equipment

to operational status.

(2) Software Failures  Malfunctions traceable to faulty input parameters or conditions due to s rong
logic prugram for computers or faulty tape or card for program or che: kout,

(3) Ancinalies Operating in-flight maifunctions or failures to pass diagnostic automatic test criteria
which could not be verified in maintenance checkout, these are classified "No Defect' and returned

to service without repair.

Table 3, Number of Equipment Failures by Failure Classification
and Repair Actions in 28 [ypes of Aviorics Equipment

Repair Actions
Equipment Faillureal in Percentage of
. . Faillure C ss8
Failure Classification _
Mumher | Percent | Replace/{ Aduat/
Reported| of Total Reparr [Ahigrment
(1) Hardware Fallures
Ele tronic 760 107, 59% 41%
Mechanial 420 10 33 87
Environment (Induced) 103 3 25 %
(ther (LLamps, Fuses) 452 8] 18 82
Failure Cause Unknown 106R 28 66 34
All Hardware Failures 2812 6u% 50% 50%
(2) Software Failures 84 2% 15% 85%
(3) Anomalien 1m 20% 1% ERELY
Total 4075 100% 35% 6%

* Pacept for nne avionuca central computer wherein 17% of
total fatlures were due to aoftware failurten,
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As indicated in Table 3, 45% of all malfunitions were traceable to specific hardware and software
causes. Unidentitied hardware problems (26™) und anomalies (29%) combined produced 55% of ali reported
malfunctions, these two failure classifications represent ail the "mysterious’ unidentified interactions,
interface tolerance incompatibilities, and interference problems,

About 65% of all malfunctions were corrected by alignment or adjustment (A&A) actions not involving
repair or replacement (RAR) of hardware or software elements. The ratio of AMA to RAR corrective
actions servea as another indicator of interface tolerance and instability problems not identified, since
about 50% of these AAA corrective actions were spent in chasing the anomalies described above,

For immature de.igna, the anomaliea usually contriLute about one-third of all failures, and this
pattern has been consistent over the years among all types of electronic equipments in all kinds of
r-vironments and/or functional applications,

HLURE MODE ANALYSIS IN TYPICAL AVIOMCS EQUIPMENTS

v
»
-

For design correction of specific failure modes ohserved in avionics equipment {during flight or test),
it is necessary to first identi{y the failure problems having significant impact on reliability and then
determine the failure causes underlying the observed failure modes.

(1) Comparison Between Ohserved Failure Rates and Predicted Values

For example, beginning with the lower level of configuration (e. g., umit, component, or part),
observed failure rates in critical failure modes are computed and compared with predicted failure
rates for the same elemernts, For the purpose of illustration, consider a typical avionics ejuipment
which had experienced 48 failures in 2,000 flight hours, As shown in colurn (3) of Table 4, the
observed failure rate was aivided among 28 urits making up the equipment. The predicted failure
rate for each unit, shown in column (4), is based on reliability stress analysis performed in accord-
ance with MIL-HDBK-217, and thus represents the theoretical "inherent' fxilure rate of each unit
attributable to parts and components making up the unit, The ratio of observed failure rate to pre-
dicted failure rate, k, is recorded in column (5); this ratio indicates the degree of improvement
potentiai by correction of design probiems associated with individual units,

Table 4, Observed and Predicted Failure Rates

4 in a Typical Avionics Equipment
Observed Predicted 'Fai:‘ure Rate
Unit Failure Rate Failure Rate atior
Identification Nl\::::):rre:l | (Failures P:fal{:’\érle‘:s, . Observed
Per 108 Hrs) Predicted
n (2) ) 4 ()
100 1 500 80 8.3
200 3 1500 3200 0.5
300 0 0 300 0
400 13 8500 200 32.%
500 _/“-—(L/“‘ 0 500 | 0
~ 0 1 & ] 300 1 166 T 0.0 )
2300 2 1000 1000 1.0
2400 1 500 1000 0.5
2500 8 4000 400 10.0
2600 ) 2500 1200 2.1
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Failure rate ratios (h valuee) are plotted by relative order of magnitude, as illustrated in Pigure 4,
The "expected paryge of k valueg 1n thia example extenda from ratios of less than are to retios of
Problem units are ide itifiedd am unity 400

between thiee and tour, with an average ratio, k = 1 7,
wrnd 2:00, whoswe obaerved fatlure cates greatly exceed predictionn (e g, by approximately k > 30),

with units 100 and 200 tertat.vely identified as suapected marginal applic ations,

Unit 100, baued

on anfy one fatlure, would he clasaified av a "suspected’’ problem until further flight teat time 1n

accruwd before mitiating any correct,ve action,

Hy reducing the failure rated an amte 400, 2200,

and 2500, a 2 to 1 unprovement should be achieved in overall equipment MTEEF (e, g., from current

MIRBE & 42 hours, to MIBE > 80 hours),

This justifien an engineering tovestigation of thene few

problem areas to determine the underlying fallure caures needing corrective action,

This ilustration of empirical leatgn evaluation indicates the vahidity of reliability improvementa
through the reduction of higheat unit failure rates,

FREGUENCY IN PERCENY
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Figure 4.

(3) Investigation of Failure Modeg

Hardwaare Failure Modes

Diatribution of Units According to
Observed Veraus Fxpected Fai'ure Rate

In general, hardware failure modes and causes do not vary appreciably ymong analog functions of
different types of avionics equipment, {. e., in distribution among component (unit, module, assem-
bly, part, etc.) failure modes manifeste? 1n performance malfunctions obs rved as "outside of
Thegse failure modes are due largely to inadequate deaign safety

tolerance limnits” or "inoperative'’,
margins because of insufficient "derating
to application or environmental stresses,
underlying most avionics hardware failures.

of parts {or their protection) against excessive exposure
Figure 5 represents a tvpical design margin problem
Even though the initial (tg) distribution of design

characterintica may natisfy equipment performance requitrements, variation of the design charac-
teristica (during operating time) ia reflected in equipment performan-e variation and performance

failure,

Perhapa about half of these fallure modes have been correctable by o1 ganizational main-

tenance through altgnment or adjustment, half by repair or replacement of the responsible item
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Figure 8 illuatrates this type of problem related to a simple amplifirr clrcuit where voltsge gain
(Vo) is primarily dependent on stability of load resistor (R ) and tranaustor collector current
(1CFR), to indicate "circut” failure rate related to part characteristic variation during normal
equipment operation, Variability in circuit gain in this illustrative problem might be minimized
through feedback stabilization of IR, choice of negative temperature coefficient resiator (Ry),
or tighter tolerance (e, ., ¢ 1%} on design value of resistance used in the circuit,
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Figure 8. Characteristic Behavior of Parts Ry and Q)
Under Circuit Conditions, as a Function of Time

Failure modes due to stress-induced part degradation are commc in power generators and ampli-
fiers (e. g., power supplies, RF oscillators, power amplifiers, etc.). These failure modes usually
show high relative failure rates (’\/lp). particularly in radar and communications avionics equip-
ment. Failure diagnosis of these failure modes often reveals high power devices (transistors,
raagnetrons, TWTs, klystrons, RF tubes, and associated prssive elements) operating near or
exceeding their maximum ratings. A conventional derating curve for these types of devices is
illustrated in Figure 7, showing the distribution of applied stresses due to variation in parts char-
acteristics (relative to average design values, S and T). In this illustration, about half of the parts
in the representative samples used in the regreasion snalysis fell outside the permissibie operating
region, as allowed by the part specification, Design correction of these types of problems may
involve redesign of electronic circuit, use of alternative choice of parts, modification of thermal
control subsystem (e. g., heat sinks to eliminate "hot spots'), or all.
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Figure 7, Conventional Derating Curves for Power Devices




|

410

® Software Fatlure Modes
So-called "software " interface problems are often encountered in central avionics computers used
for programmed system operation, sensor data procesming, and sy«tem chechout, Some software
problenis are not easily wdentified in field fatlure reports. For example, memory deverioration
in the computer may be related to harmonic content, apiken, etc., of the primary power source,
active memory may be completely loat of sircraft generators are switched in flight or if generutors
drop lead.  In some aystems, the operational programs have no "malfunction’ readouts, so mal-
functions can only be detected by go/no-go nights or hy incorrect display of tactical information,
In these (anen, the computer will attempt to "'play'’, even using erroneous input data from an equip-
ment which had malfunctioned, In aome cases, tapes may not be interchangeable among all satreraft
due often to differences between tape and equipment timing, {.c,, certain osciliator and flip-flop
modules raay work with one tape and not with another.

& Anomalies
Failures classified as "'anomaliea’ are often traceable to inadequate design tolerance margins at
internal input/output interfaces (e. g., between parts, rircuita, units, etc.} within the equipment,
and Interactions with externally fiight-induced environmental or operating conditions which exag-
gerate the inadequacy of these tolerance margins. If these "interactive' coaditions disappear on
landing, the related tolerance problem alao disappears and usually cannnot be repeated in post-
flight checkout or maintenance. For example, in a typical avionic equipment, approximately £5%
of observed anomalien were found "non-defe .tive' by post-flight checkout (in the absence of tle
in-flight interactions)., About 10% of the reported anomalies were attributed to errors in diagnostic
test procedures (and thus not chargeable to the basic avionics equipment). Approximately 5% of
all anomalies were traceable to procedural errors in equipment operation. Thus, the vast majority
of anomalies are caused by equipment {output) performar..e variation (inciuding intermittent per-
formance} and are best identified through adequately .nstrumented flight tests or ground-based
equipment testing under simulated flight-test conditions.
In the past, most anomalous failures generated under flight simulated environmental testing were
traced to the same types of failure causes described under the hardware failure definitions given
earlier, Moreover, we have also otiserved that anomalous failure rate decreases in proportion
to decrease in hardware failure rates as the latter underlying causes are corrected.

In concluasion, significant improvement in avionics reliability (e. g., upwairrd of 10-to-1 growth in

MTBF) (¢ feasible in future equipment, However, conventional analytical design procedures alone are
not yet adequate for precise identification and drastic reduction of potential equipment failures and toler-
ance/interaction problems in new avionics designs. More extensive (and intensive) empirical design
evaluation techniques must be applied in a formalized, iterative design-verification-design approach to
failure-mode/cause detection and correction, The major effort in this empirical design approach should
be corcentrated :n development testing where ''feedback’’ is most effective., Thir approach should con-
tinue in production and operational phases of the life cycle, througn the use of feedback from operational

data (failure reports).

The amount of design evaluation testing required to achieve a given level of specified reliability

(MTBF) beyond the current reliability (MTRBF) status in a program can be accurately estimated (within
bo'nds) for purposes of acquisition planning and program control in future syatems,




PANNES AFFECTANT LA FIABILITE
DES EQUIPFMENT ELECTRONIQUES DE BORD

Ingénieur Principal de I'Am_\emcnl J A.Gamier
Service Tachnique des Tekécommunications de I'Air, Paris-F RANCE

0- INTRODYCTION -
On sait que pour obtenir des équ.pements de dbonne fiabilité, on doit faire

des efforts A tous les nivewux de 1. wie de 1'équipement 1 conception et dAéfi-
nition du projet, fabrication du matesiel, utilisation opérationnelle, Cep.n-
dant ces efforia ne doivent pas &tre faits de fagon 1scléa § 41 conwient de
connaftre le résultat de ces efforts ; autrement dit, le syatdme doit fonction-
ner en doucle fermée, I1 faut donc mettre en place des moyens permettant de
connaltre la riabilié réelle en exploitation et les pannes affectant rette fia_
bilité.

Dans 1'Armrée de 1'Air francaise, i1 a été ~is en place un Syetd-se Automa-
tique d'Information Technique (SAIT) dont le document de base, la PIT (Piche
d'Intervention Technique), eat étadli chaque fols qu'une panne ou une anomalie
quelconque apparait lors de l'utilisation d'un équiperent. Entre autres applica-
tions, ce systéme d'information facilite 1'introduction de Qlauses de fiabilité
garantie dans un certain nombre de contrats d'achats d'équipements électroni-
ques de bord., L'application de ces clauses a été une occasion renarquable d'a-
nalyse de la ficbilité réelle en exploitation.

Fous allons donc décrire ce systime automatique d'inforration technique,

indiquer le principe et lea conditions d'applications des clauses de fiabllité
rarantie, Noua pourrons enfin examiner les principaux résultats que cela a
permis d'obtenir au niveaun de la fiabilité réelle des équipements et de 1'ana-
lyse des pannes affectant cette fiabilité.

1 - RECUEIL ET EXYPLOITATION DE3 PAITS TICHNIQUES =
I.1. Les faits techniques ,

Les informations concernant 1'exploitetion des équiperents électro-
niques en service dans 1'Armée de 1'Air sont de plus en plus prises ¢n
compte par un Systime Automatisé d'Information Technique (3AIT). Ce sys-
téme repgroupe tous les Falts Techniiues intervenant pendant 1a période
d'exploitation opérationnelle des systimes mis en oeuvre par 1'Armée de
1*Alr, C'eat donc le systiéme d'information permettant de cornaftre les
défaillance des équipements électroniques. On a1t qu'il y a "Fait Tech-
nique® chaque fols qu'une intervention a lieu sur un matériel, A titre
correctif ou préventif. Les informations correspondantes sont recueil-
lies sur un document de base, la Piche d'Intervention Technique (IT),
C'est donc grice A ce document de base qu'il est possible au technicien
de connaftre les informations relatives A la flabilité réelle de 1'équi-~
pement auquel 11 s'intdresse, Ces informations mont indispensables pour
1'amélioration de la fiabilité de 1'équipement considéré ; 1ls donnent
éralerent des informations indispensables pour Je nouvelles géndrations

d'équipenent. Nous allons donc examiner successivement comment s'effec-
tuent le recueil, le traitement et 1'exploitation des
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I.2.

Paits Technigues, permecttant l'étude des pannes en fonctionnement
réel.

Auparavant, i1 faut expliquer daventage ce Gu'on appelle
"Paits Techniques”, et comment ces faits techniques sont identi-
fiés et claosds,

Pour ce qui intéresse le dcmaine de la fiabilité, on appelle
"Fait Technique" un événement qul nécensite une intervention cor-
rective pour éliminer une anomalie constatée dans la vie d'un ma-
tériel et pouvant compronmettrc soit son utiligsation (par exenple
priseunter un risque au plan de la sécurité), solt oes performances
(par exe ple, rendre le natériel incapable de remplir sa miunion),
soit na maintennnce ( par exemple, en augmentant les ch-rges de
celle-ci).

Le frit technique est idoentifié de ia fagon gulvante @

. L'identification précise du matériel concerné,
. 3a localization exacte,

* La nature de la manifectation (rupture : dérive des
performances ; ...

. Sa cause (connrorant défaillant ; délaut de febricotion 3
sa caune exlérieure ; ...

. Ses conséauences.

Les faits techniques sont auasi classés par leur cravité.
On distinmue ) niveaux de gravité i

. Gravité 1 : le fait tcchuique met en cauce la sécurité des volc
ou des rersznnels, ou a des conséquinces rraves au
plan opérationnel.

. Gravité 2 ¢ le fait t:chnique met en cnuse la disponibilité des
matériels

« Gravité 3 : on rerroupe so's cette rubriquec tous les autres foits
techniques relatifs A la vie ou & la maintenance du
matdériel, et dont les coniéquences sont moins inpor-
tantesqu'au niveau 1 et 2.

Recuell den faits techninues.,

Le recueil des frits techniques est la fonction aui con-
siste en la salsle des inf>rmations tectniques élénentoires au
nivenu de 1'utilisateur, Ce rccueil a une pgrenda importance car,
dr lui, dépendent 1'nboutirce-ent et la qualité des études tech-
nicies, en particulier en mzotidre de fiabilité, par 1'analyse
qualitative et statistique des defaillances. En particulier, il
doit 8tre syotématique et précis,

Ensuite, par exploitation et trnitc-ent ultéricurs, on
étnblira des infnrmations plus €laborées (états d'analyse ct de
synthése) 4 partir de cea frits techniques éldventnires.

Le docum:nt de rocueil den faitn techniques et 1a FIT
(#iche d'Intervention Technique). C' st un i7primé fornnt stan-
dare (21 % 29,7 cn) présenté sous forme de liasse de 4 feulllets




autocoplants, qui auront chacun un destinataire différent ; en
particulier un de ces feulllets sera adressé au Centre de Calcul
responsable du traitement automatique.

La FIT comprend 2 parties :

. = partie de gnuche : on y trouve des informations écrites en code,
pour &tre mises en mémoires et traitées automatiquement comme on
le verra plus loin. Lee informations comprennent les éléments
suivants 1

« date ot unité opérationnelles concernée,

« type et identification de l'aéronef support de 1l'équipe-
ment,

« équipement concerné, avec identification et temps de
fonctionnement,

« circonstances de 1'avar1e (en vol, su sol, ...) et nature
de 1'intervention (dépose, test automatique, ...)

. constatations, gravité, conséquences pour la mission
(annulée, retardée, ...

« causes de la défaillance.

Ces éléments sont donnés par la PIT "initiasle” émise par
1'utilisateur dds 1l'apparition de l'anomalie ; quand il y a ré-
paration, le réparateur établit une FIT Yréponse’qui dorne, en
complément des informatioas précédentes, les éléments suilvants :

. rengeignenents relatife & la réparation, par exemple
panne imputable ou non au matériel,

* nature des modifications apportées.

- partie de droite : cette partie "observation" est réservée i la
description détaillée (non codée) des constatations faites, des
recherches de panne effectuées, des causes présumées de la panne,
des mesures prises, des suggestions ... les renseignenents sont
particulidrement utiles pour une étude ultérieure de fiabilité
par analyse des défaillances.

I.3). Traitement et exploitation des faits techniques.

Le traitement des faits techniques est de plus en plus
effectué de fagon automatique & 1'aide de calculateur. I1 a pour
objet la centralisation, la mise en mémoire et le tri des infor-
mations techniques recueillies grfice au FIT et d'en déduire des
informations plus élaborées aux plans techniques, opérationnels
et logistiques. Ces informations sont regroupées dans différents
documnents, qul peuvent &tre pcriodiques ou établisz A la suite
d'une demande particulidre.

Pour ce qul concerne la fiabilité, deux documnents {(ou
%étateh sont pricipclement utilisés :

« Etats de synthdse
Ils sont établis selon une périodicité trimestrielle ou

annuelle. Ils donnent une vision globale de la fiabilité au
niveau d'un systdme d'armes (avion par exemple). Pour chaque
équipement ou sous-ensemble important, on trouve : le nombre
d'heures de vol, le nombre d'équipements en fonctionnement, le
nombre de PIT émises et de défaillances confirmées, le MTBP

5-3

=
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"apparent” (relatifs aux heures de vol) et le taux de détail-
lance.

nombre d'heuren ds vol x quantité par avion
XTBP apperent = nombre de défalllances conllrmdes

Ceo fiats sont diffusés 3 1'Etat-Mejor et aux Services
Techniquee, pour connaftre la fiabilité des équipements sur les
différents aéronefs. Ile permettent :

. de comparer la fiabilité (MTBP) des différents équi-
pements d'un avion,

. de connaftre 1'évolution avec le temps du LTBP de
chaque équipement.

. Etats d'analynse

Pour 1a fiabilité et l'analyse deas pannes affectant les
équipements, 1'état le plus communément utilisé est un docurent
intitulé "CLASDEP" ou "état de classement des défaillances par
csuse de panne", Cet état regroupe dans un seul dccument les
différentes PIT émises pour un équipement donnéd. Pour chaque
équipement, ontrouve donc des renseignements sur les constata-
tions feites et la (ou les) causes de la panne ; ces infcrma-
tions ont été tirées des FIT que 1'on a décrites précédemment.

L'état de classement des défaillances par casuse de panne
eptutilisé par les Services Techniques, en lirison avec lea in-
dustriels,pour examiner les circonctances des avaries, les csu-
ses de ces avarieset déterminer les éléments critiques d'un é--
quipement. C'est donc le document es entiel permettant 1l'analyse
des pannes en exploitation des équipements électroniques de dord.
C'est aussi le document de base pour 1l'introduction des Clauses
de fiabilité garantie dans les contratu.

En effet, A& 1'aide de cet &tat d'analyse, une Commissi-

on composée de représentante de 1'Etat-ilajor, des Services

Techniques et de 1'industriel fabricant 1l'équipement, examine
les interventions effectudes et détermine en particulier si les
pannes esont ou non imputables A 1'équipement. Connaissant par
ailleurs l¢ nombre d'heures de>vol des avions sur lesquels 1'é-
quipenent est monté et compte tenu d'un coefficient heures de
vol / heures de fonctionnzment, 1l est aisé de déterminer le
MTBP du matériel,

2 - CLAUSES CONTRACTUCLLES DE FIABILITE -

Le Systdme Automatique d'Information Technique, partant de 1l'in-
fornation élémentaire donnée par la FIT, aboutit & des informations
élaborées consignées dans des Etats de synthiase et d'analyse, et con-
cernant la {iabllité en exploitation et 1l'analyse des pannes. Gréce &
ces informations, 11 a été possible d'introduire des Clauses de fiabi-
11té garantie dans des contrats d'achats d'équipements électroniques
de bord. Les conditions d'applications de ces clauses ont été l'occa-
slon d'analyser finement lespanues, qualitativement et quantitative-
ment, apparalssant en exploitation réelle.




r-""1rIlIlllIIIIIIIIIllI!uI-Im-n-IrA*

2."
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Principe des Clauses de fiabilité gnrantie.

Par les Clauses de fiabllité, 1'industriel fournisseur de 1'équi-
penent s'engage A cbtenir une valeur N de MNTEP en exploitation ré-
elle (par exemple N = 500 h pour un Tacan). Cette valeur contrac-
tuelle est fixée aprés discuseion entre fournisseur et client ;
elle est souvent de l'ordre de 80 % de la valeur obtenue par le.
calculs prévisionnels, Parfois, elle est fixée aprés des essais

de fiabilité en laboratoire,

Dane le cas ol la valeir contractuclle N n'est pac obtenue
en fonctionnement réel 1'industriel doit effectuer gr-tuitement
toutes les corrections et modifications néceassaires pour atteindre
1'objectif, sur les matériels A livrer et épgalenent sur ceux déja
livrés 1§ ces modifications ont pour but de remédier aux pannes
systénatiques,

D'autre part, si ia wvaleu~ obtenue réeliéﬁent est inférieure

a N - 20%, 1'industriel s'engage a4 effectuer toutes les réparations
gratuitement (pidces de rachanges ; mains d'oeuvre ; déplacement..)

Cette garantie de ITEP est agsurée en principe pour 5 ans
A partir de la livraison.

Conditions d?’application.

La fiabilité de 1'équipenent est représentée par son MTBP opéra-
tionnel. Ce UTBPF opérationnel est établi péri-dique-ent (tous lees
3 mois en principe) A partir des états d'analyse et de s;nthése
de PIT, sur tous les équipements en service du type corsidéré.
Une commiselon de spécialistes composée de représentants des uti-
lisateurs,du Service Technigque client et de i'industriel fournis-
seur, retient les pannes directement imputables su matériel et
établit le MTBF opérationnel pour la période considérée,

L'établis ement du MTEP demande la connaissance du nombre
de parnes et du nombres d'heures de fonctionnement.

Le nombre d'heures de fonctionnement est celui réalisé
par tous les équipements en service. Il est lu sur des compteurs
horaires ; dans le cas ol 11 n'y a pas de compteur horaire, on
détermine les hcures de fonctionnement & partir des heures de vol,
par ap-~lication d'un coefflcient fixé & priori, et qui dépend du
type d'avion et du type d'énquipement considéré.

Les pannes prises en considération sont celles qui sont
imput-bles asu matériel ; elles englotent toutes les anomalies et
fonctionnements défectueux qui emp8chent i'équipenent d'avoir des
performrnces opératiornelles stisfaisantes et de remplir sa mission,

Les pannes imput-bles comprennent donc 3

. Les défaillances techniques de pidces ou composantm, nméme
si les pléces ou composants satisfont aux exigences qui leur sont
impoaées par le dossier de fabrication.

- Un mauvais fonctionnemnent qnelconque’décelable au banc
d'ecsal, dans les con ditlons extrBues d'utilisation prévues aux
clauses techniques et dont la cause directe est intermittente ou
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2.3.

inconnue,

. La défaillance imputable & plusieurs pidces de types dif-
férents qui doit 8tre considérée comme constituant plusieurs dé-
faillances, sl chaque pldce considérée séparément emplche d'atte-
indre les performances eatisfaisantes, En revanche, elle doit

8tre considérée comme une défailllance unique si chaque pldce ne
peut & elle seule, provoquer la défaillance de 1'équipement .

. Les défesillances entrainéee par une mauvcise conception,

. Les défaillences entrainées par une fabrication défectu-
euse,
. Les défeillances imputables A tout défaut des riglages

effectués en usine,

En cevanche, on ne retient pas pour la détermination Cu UTEP

. Les fonctionnements défectueux ou anomalies dls a des
erreurs de manipulation, a4 des procédés de contr8le, de reglage,
df'installation non conformes,

. Leo défelllances résultant directement d'une autre dé-
faillance dé3jd décomptée, si elles apparaissent avant un délai de
50 heures apris la premi2re défaillance.

Le MTBP est garanti dans les conditions d'utilisation
suivantee :
. L'équipement ne doit pas 8tre utilisé de fagon continue
dans les conditions climatiques extrémes.
pas excéder des limites autorisées,

. La compétence du personnel effectuant les opérations de
détection de panne et d'échange de sous-ensembl doit Btre suffi-
sante pour qu'il A'y ait ni fausse maznoeuvre ni insuf’isance dans
le travail effectué.

. Les composants dont la durée de vie arrive a expiration
doivent 8tre remplacés.

Résultats obtenus.

Cette clause de fiadilité garantie a déja été introduite
dans de nombreux contrats d'achat d'équipementsde radiocommunica-
tion ou de radionavigation. L'expérience est encore récente et on
rencontre quelques difficultés au nivesu d~ l'epplication. 71 y a
pratiquement deux types de difficultés : les premidres viennent
du fait qu'il est trés difficile de connaftre le nombre exact
d'heures de fonctionnement : par exemple, difficulté de relever
des compteurs horaires sur des équipements installés au fond d'une
soute, probléme pour noter les heures de fonctionnement au bunc
d'ersal, varlation selon les types d'avian et les profils de mis-
slon ; les secondes difficultés viemnnent du fait que, lors de la
discussion entre utilisateur et fournisceur pour savoir si une
panne est imputable ou non A l'équiperzent, certains cas litigleux

Les tensions d'alimentation et les transitoires ne doivent




sont difficiles A tranchen Mals globalement le bilan est trds po-
sitif ; i1 semble en particulier que l'intéressement financier

eat un argument décisif pour sensibiliser les industriels aux pro-
blémes de fiabilité ; de plus, l'analyse trés détaillée qui est
faite pour chaque panne est un facteur d'amélioration de la fia-
bilité, tant pour 1'équipement considéré, que pour de futurs
équipements,

2.4. NMaintenance forfaitrire.

Outre cette clause de fiabilité garantie dont on wvient
d'expliquer le principe, les modalités d'aspplications et les ré-
sultats, on a essayé, pour d'autres équipements, d'introduire une
clause dite de "maintenance forfaitaire"™, Le principe est de fixer
forfaitairement le montant annuel des colite de réparation et de
maintenence ; ce montant annuel est établi en fonction d'un cofit
unit-ire de réparation, du nombre d'heures de fonctionnement an-
nuel et du TBP contractuel . Si le MTBP opérationnel est supé-
rieur au TET contractuel, le bénéfice de 1l'industriel est aug-
menté$ dans le cas inverse, bien sfir, 11 est pénalisé, Ce type de
clause pareft séduisant car i1l allige les formelités administra-
tives et est stimulant pour obtenir des efforts en vue d'une meil-
leure‘fiabilité. Cependant, ce type de clause en est encore au
stade de tentative préliminaire et nous ne disposons pas encore
d'expérience suffis:nte pour Juger de son intéré&t réel, de ses
résultats et de ses difficultés d'application.

3 - ANALYSE DES PANNES EN EXPLOIT'TION RELLE -

‘ Comme on vient de le voir, les clauses de fiabilité ga-
rantie ont été Jusqu'a présent surtout a-pliquées dans les contrats
d'achat d'équipements de radionavigation et de radiocommnication
{TACAN, VOR-ILS, Emetteur-récepteur V/UilF, liarker, ...)

Gréice & 1'analyse des :tats d'analyse de défaillances et
de leur examen lors des réunions de la Commission de spécialistes,il
est possible de beaucoup mieux connaftre les types de pannes affectant
12 fiabilité des équipements électroniques de bord.

Il f=2ut donc revenir sur la notion de pazane., Pour &tre
prise en compte pour la d‘termination du ..TBF, la panne doit avoir &té
détectéc chez 1'utilisateur et entrafner une intervention : ce premier
point aboutit, comme on 1'a wvu, & 1'établissement d'une PIT. Ensuite,
elle doit &trc imput-ble au matériel : c'est le travail de la commnis-
sion le spé ialisten. On distingue donc pannes "imputables " et pannes
"non imputables". Seules les premiéres sont retenues pour le calcul du

L3P,

3.1 Pannes non imputables & 1'égquipenent.

On peut avolr une panne non imputable & 1'équipement con-
£idéré lorsqu'elle est provoquée par d'autres équipenents ; c'est
un probléme d'interface, et on a rencontré effectivenment auelques
cas ou la panne d'un équipement peut entrafner celle d'un avtre
équipement. V

- -MMA
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Mais, le plus souvent, les pannes non imputables sont
ddes 4 des conditions anormales d'utilisations ; probladme d'ali-
mentation électrique ; température anormalement élevée ; condi-
tions de vibrations ne correspondant pas au profil théorique dé-
crit dans les spécifications, ... On peut citer un exemple parti-
culier : A la suite de litige sur la température de Jonctionnement,
on a pris le mesure suivante : des pastilles "Thermocolor" ont été
fixéee & certains endroits de 1l'équipement ; on a ainsi constaté
que 1la température relevée était supérieure & ce qui était spéci-
£ié ; en conséquence, les pannes correspondantes n'ont pas été im-

putdes & 1'équipement,

Il existe aussi des interventions techniques sigrialées
par les PIT qui ne sont pas retenues dans le celcul du WTBF car
elles sont dfies & des erreurs humaines de manipulation, soit au
niveau de l'emploi opérationnel, soit au nivesu de l'inuvtallation

ou de la maintenance.

Pannes imputables su matériel.

Ce sont bien sir les plus nombreuses et celles qui nous
intéressent ici. Le systéme Automatique d'Information Technique
que nous avons décrit est un puissant outil d'analyse et de syn-
thése pour une meilleure connaissunce de la fiabilité et 1'examen
des pannes qul l'affectent. De nombreuses études statistiques sont
possibles, On ne donnera ici que quelques exemples illustratifs.

Par exemple, 11 est toujours intéressant de connaftre
les statistiques donnant 1'origine des pannes. On ¢ trouvé ainsi,
pour un émetteur--réceptevz :

« 78 % des pannes proviennent de composants défectueunx.

« 17 % des panres proviennent de défauts de fabrication
ou de conception.

« 5 % des pannes proviennent de déréglage.

On peut également obtenir unerépartition plus fine des
défaillances, Sur un asutre équipement on a constaté la répartition

suivante 3
-~ 56 % des pannes sont dfies & des composants
. 8 pannes dfies A des circuits intégrés

. 121 " " aux transistors et diodes

. 18 " eux quartz

« 13 " " aux selfs

. 47 " " aux condensateurs

« 15 ® " aux potentiomdtres et résistances
. 26 ® " & d'autres composants

-~ 30 % des pannes sont dfles & la fabrication
o 47 pannes dfles & ..s soudures

« 34 " " 3 des contacts
« 20 M " & des courts-circuilts
. 30 n " aux cédblages

- 14 % des pannes sont dles & des déréglages.
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11 ent intireraant da noter, et ce fait ent mrsez rénéiral
gue 1'on conntnte uce certaine mstoh'’ité dana la répartition de
1'ort sine des pnrnea entre 1t com osarta, fabrication, déréglaces.

11 ert aua-i jonaible de connaltre la ripartition par sous
~enrenhle d'un équipe -ent | on a trouvé la répartition sulvante
pour un é-etteur-reécepteur V/U ¥ 1

<¢ .. t chassim élecvir.que

13 t etisdard Jde fréguence

29 4t bloe éetteur

3 t oacill iteur Jde tranano:ition

t prianslificateur de modilatien

4 , ¢ bloe ricepteur

13 # t bloc baase=fr ' quence et ~ilencieux

& ' 1+ eonenrie par varicap

4 ° ¢t alimentation

A partir de ces raultate, on a pu rorter une attention
o particulidre au bloc €m tteur dans leaurl un traraistor caucait
20 ~ des pannes totales,

L'exploitation dea faits techniuea, avec ce quelle donne
. pour la conralasance d¢talllde des pannes affectant la fiabilité,
g'cet révélée étre 4'un intérét trés grani, Outre la finalité pre-
mibre qul $talt la vérification de claures de fiabilité contrdlce
elle ajporte des avantased cux planc suivants 1 elle permet de
mieux cornaftre lea coniitions A'e-plol et d'environne-ent rdels,
et ninal d'en €liminer les anomnlies ; elle met en £vi ence les
pannes rpétitives, les modiles particuliére ent critiques, les
co~praints mauvais, les ddfauta de fauricitions ou de conception,
«t alnni, aprés y avoir apporté les remédes ald~unts, permet d'a
méliorer la fiabilité., Par 2illcurs, elle donne de nonireuces in-
rormations qui seront utilisdées avec profit pour la conception, le
Adveloppe-ient et 1a fairication dea équipemento frturs.

4 - CETTICNT -

'n gysthqe d'information donnant une connalccance swloba-
le et analytique de 131 fianbilité en exploitation cat un outil indis-
penanble ce jronotion de la qualité, Il per et 1'introduction ‘e clau-
req Je fi2i11ité parantie, 1 ment ddéeisif pour intircazer le¢ fournis=-
seur, ~t moyen efficace pour optisiser le critore "cofit-flabllfitén,
Ponlamentalement, un tel pynténe d'inforaation permet de toacler le
plan de con-tractior de la fiabilité, cn donnant l'ori-iue et la na-
tore lea pannen rencontrées en fonctionnement réel,

Leas causea d'une mauvaise fi-.41ité pour les dquipenents
dtaviontiqie ge nitiaent an nivenu de la concepticn, de 1i falricaticn
et e 1'utilination, Flus pr’cis’~ont, on rencontre sartout 1

- an nivert concention ¢ prdoccapation de la perfernance au dftrizernt
de 1a f1a04118¢ § recherche de 1o nouvesuté plutdét que de 1a sicuri-

~ té ¢ ite et i:rcxpirience,

~ i niveau o rication 1 outli de la fiatilité rour dirinuer le prix
fraufficnce da proorazme de fiabilité 3§ d4ffronto facteurs huains,
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- au uiveau uttliestion ¢ anuzi du codt initial plun que 4 coft total

mravalae définttion dee conditiona J'emplois et méconnal.pance do

ivenvironnenent ¢ intarvention inalaptée,

-yoo-

trautenr rorercie 170 nivur de 1' Arenent A LAUASNIOU pour sen aide dans

Ta priyaration deoce toxte,
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0. INTRODUCTICN

It 13 now a proven fact that the development of high reliability equipment
demands  offorts at all the stayes of the equipment 1ife project denipn and de fini=
tion, manufacturing of the material ovperational use, However, su b «ffo:t: nunt
rot be made reparate’y, a5 their r1esults have to be known § in oroder wordns, the
syetem must cperate on g cloured<loop busts, Thearefere, means of deterninila,, the
a_tual relfabiltty of a system under operational conditions und of detecting the
Jadlures affecting reliability have to be implemented, Luch means e indispen-atle
to improve thie reliability of the equipment considered § they wlso provide informae-
tisn which {2 indi-penrable to develop new jeneration: of equipmont,

Aithin the French Al rorce, an Automatic Lyostem of Drotmicel Information
(French acronym ¢ CAIT) nas been cet up, ond o banic dorument, the Trohnicul Ation
torm (irench acronym @ FIT) fs drawn up every time any Jallurc or snomaly iz ob erve
el when an cquipment i~ bain., ured. Ament other apnlizutionz, this information
syctem hne permitted the dutroduction of juatunteed e liability Clausee {nto a num-
er of ontrocts for the pur chaoe of Girtrne avionfe equipmenes, The anplication
¢f suh clauses provided an excelliont opportunity for wnnlvsing actusl rolibiliey
during, the operation cf ¢ quipnerts,

hiconatmatic ovveten of telknicn) information will be dencribed, and the
srinciple and conditions of wpplication of guarintee! reljab, Ittty lou o i3I0 b
Vimouroeds oinally the main teruits cLteined thoou b thils cyctem o s pards 1y
2o tual Telinbility of equipmont and *he v lysis o the failuies affc tune fells-
tility, will be seviewed,

e CuluoCTivhy, AGALYLIO ALD USILIZATIUN ur TolIDIILAL L ACTC

1et, Teobni 0l Fact.

The handling od inforna jon on tho utiliostion of [
within the Jir Frree £ more and nere frejuently o cracted b Loautomatio crrten
0. Techrinal infrr~-tion ( AI0), Shi rycter caade e nd o nte T, e DN AN
Technical racts occurring Jdurin the ervice 14fe of the ~vioteno uted by the A4
rorce. Thiz te therefore the Informrtinn Cystem throu b obi:h the failures -7
clectronic equipnints (on bl kno m.

A teohnical Fast ie =aid to take pliace ever p time pie tive o -
ventive acticon i+ .arried out cn a piecs of equizment, The coire pondine fnf-rm.lion
{s recoidead on a basic docunent, the Tr:ohnical Antion Form (FIT). It fc the . - p¢
this basic document which nupplies to the techniclan the {nformation relative to
the actual reliability of the equipment with which hc is con.ernid, ¢ will «»umine
successively how Tochnical Facts are collicted, procussed and used, thus making it
pocsible to inveotionte failures accurring in the cource of altual operation,

First of all, the above mentioned "Teclniczl Facts™ should be Jdefined
with mere accu.acy, as well &s the methods used for their fduntification and f1ling.

In the Jield of reliability, we call a "Techaical ract" an event which
rejquires corective 2ction to eliminate an anomaly observed durin, the service life
of 4 piece of equipment and likely to impair eithe. it: use (for instance by endangeo-
ing 1t cafets), or itz performance (for instance by makTng the eguipment uncsulted
to\its misrion), or its gmaintenarce (for instance by increasing the workload involve
1Y,

Wlo st onic vqulsmente

[ 2K1

N

At rnical fast is identifierd according to the fallowing Process

o« Alzu 'ty identlfication of the equipa.nt conrurned

. Durerniinction of its exact location

. UAtuo o of the breakdown (fracture, serlommance varicts n, otel)

 ITts cause (4 fo-tive compaent 3 manufeotucing defent o ovstornll our, ted

. Its consequencer

Te-hniecal facte e oalqc st e cording v wnedr lewr Do f seveority

tehni-al Jaot enduncre fUI0LY ot
oty o le attended by cericus cperatinnal
SNl hLes,

! eroonnel

o0t tevel of cevesit,

R

e end 1 vl of wrverity oo othe technicul fast dmperils the avaflobitity
Dotk cqulment,

o Ord level of soverity ¢oihis level dncluders a7 e oth o e thnt
Duotr orelated to L ItT e omiintenarn e ol
cquipaent, and whose Soncequen oo e
inpartant than those ofF Tove e nd ¢,
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e e ol tion ol Tovhnical dacte

Hllretine e hntoaY faots conntsts In acqutring «lementary technical
ntort tion rom e ou o cuch o data ol tien s esnentis for the achicevoment
vl qun oty of te bt al stutdos, copecially g far as teifabilite s concermed,
oAt pormtts quadatative and statastical fatiure snndlysen.s It should, above all,
B ateastic and aovun ate,

The cub vwent hantline and reduction of the data derived {rom these
clhemertary technioal facts leads to more elahorats information (analysis and
svntteeis report Y,

The dovument used for the colleation of tuchnical facts i3 the FIT
CTe hind- 3 A tiorn ¢ o, Mty rtantad cice printed form (20 x (9.7 cm) includes
w urovants Jduniication chests, fach meant £or a different addrersee ; one of thece
ste oty widl be T owaerded to the Computation Centre in charge of autamatic data
LT T PO

T FIT L composad of two noats

- e febant ot g ot cuntalas codad (rformation to b ctored and

el Mgt cas s raov s o, as Wil beeaniatned further on, Tris infor-

Setion o an luaes tne tollosin, itens
o aate and onerational unit concerned

< trpe and fdant i fication 9f the airceaft on board of which the
eviipaont o ouned

o fguivment  on_orned, with identification und time .n rervice

o <irtcunstances of the damage (in flight, on thkc sround, ...) and
tope of actinn takuen (removal, automatic test, etc,)

. fa 'ts nbrervel, rcverity, concequences for the mtzcion (cancell-
o, poctaoandd, 2t c,)

ooa v of the faflure

The atove duts oure provided Uy the inatial FIT filled in bty the
Lo 5l Lo 3 s n ot 47 abzeovad 3 when repairs ere carried out, the reyairer
res a ceply ¢IT whilh, ur g oonplement to the preceding infoimation, gives

. information on the repaulr carricd out, for instuance : faflure
aseribable or naot to the ejuipment

. nuture of modifications made

- bt kang oart ot This cection, entitled "remarkc®™, §s reserved for
o Jetailo § description (uncoded) of the facts observed, the trouble
Lontin, carried out, the ancunmed caurez of the failure, the meacures
taken, the ~u,,eciinne made, eto. This informution is extremely useful

foro1 cubrunt reliability invecstication with failure anaivels,

‘Wi, Proceorin, und Analyris of Tochnical racts

7o hnical facts are mors i more frejuently camputer processed. The
ing, is to ialize, store and sort out the technical data

purnooe w0 ruh proce

give ted through the riT's, then to dertive {1om these nmore claborate vechnical,
o rational and Dooinstic data, Thege data are in turn recnrded in several documents
Giih o are opublich g either riodinelly or at specifi: requests,

In the fi012 of reliability, two Jdocuments (or "reports®) are essentially

. Zynlthosis reports

Thene ave prep et vver tern or every vear, They provide a general
sutvey of tee reliability H>F a weapon syctem (afrcraJt, for instance),
The ftemr listed f0. ear

L]
~h miin cqutnment o' cub-unit are : nunber of
equlpments in oreration, numnuer ol FIT's produced
Ty

:
£
+
Dlving hour o, nuanber o
u “"apparent® NTB (with regard to flying hours)

ind Hf confirmed fuil
ant Suflure rate,
nurber of f.ying hours x number of device per aircraft

:
re

annarent MTBE =
aumber of failures zonfirmed

Thene seports are circulated to the General Staff and the Technical

ODopartniente, fn order to deternaine the preliability of equipments on the
virious afrveraft, They provide the means cof



. comparing the reliability (MTBF) of the various eqguipments of
an aircraft

. knowing the development of the MTBF as a function of time for
each equipment

. Anulysis reports

As regards reliability, and the analyzis of failures a!fecting
the equipments, thc most commonly used report is a document entitled
"CLALDLF" (acronym for the Frerch phrase : report oa classification of
failures according to their causes)., For each equipment, information
is provided on the observations made and the cause(s) of the failure ;
this information is extracted from the FIT's deccribed above.

The report on the classification of fallures according to their
causes is used by Technical Departments, in coordination with industrial
firms, to investigate the circumstances end causes of damages and lden-
tify the critical elcmaents in an equipment, It 15 therefore the essential
docwient used as a basis for the analys.s of airborne avionic equipment
feilurers occurring in the cource of operation, as well as for the
intrcduction of cuaranteed reliability Clauses inte contracts,

As ua matter of fact, with the help of this analysis report, a
Cecamittee consisting of reprecentatives from the General Staff and the
Technical Depurtments, and of the equipment manufacturer, considerc
«11l the action taken and deci .s whether the fallures are, or are not,
ascribadble to the equipment. , ~win, the number of flying hours of the
a2ireraft on which the »quipment is irstalled, and tasking into account
a flying hours/houres in service cocfficicnt, it is ecasy to determine
the ATBF of the equipment,

<. et IABILITY CONTLACT CLAUSLS

Cturting from the elementary information provided by the FIT, the Automatic
<ysten 0 Technical Informution leads to elaborate information recorded in the
crnthecie and znalysis reports and dealing with rcliabilitv in service and failure
sn.lveis. Cuch information permitted the introdu-tion of puaranteed reliability
ciiws o ointo contracte for the purchase of airborne avionic equipments. The condi-
tions ol apnlication of these clauses provided the opnortunity of cirefully analyz-
irn, failures occurring in service, from both qualitative and gquantitative stand-

neinte,
. Uineipsle of puaranteed reliability Clauses

Throu h rvliability clauces, the equipment manufacturer undertakes to
achicve s value N of NTBF in actual service (for instance, N = b00 hourc for a
*Ta_an"). This contractual value 1s set after an agreement between the supplier
and the curtomer ; it is often approximately 60 % of the value obtained by predict-
ion calculations, Sometimes 1t is set on the basis of reliability teste carried
out in laboratory.

If the contractual value I 1s not obtained in actual operation, it falls
on the manufacturer to carry out, free of charge, all the corrections and modifi-
cations necessary to reach the objective sct, both on the equipment to be delivered
and on that alrecdy delivered ; the purpose of such modilications is to remedy
cystenutic failurea,

Desides, should the value actually obtained -be lower than N - 20 4. ,
thr acnafactured muct undertake to carry out all repairs free of charje (spare
parts, man-power, travelling, etc.).

As a rule, this UTBF juurunice coavers 5 years from the date of delivery.

2.2. Conditions of Application

The egquipnent roliabi [+ 15 1 sresented by its operational MTBF. This
operaticonal LTBF Lo determined o ;v 1.1y (as a rule, every thrcec months) on
tnc bacsls of ¥IL synthesis and - 1. veports, for all the equipments of the
type concidered which are in ¢ - A opeclallsts! committee including represen-
tatives of the users, firom th: © Tcchnical Cervice, and the supplier, de~
termines the operational [LTBE “iod considered, on the basis of the fai-
lurcs directly attridbutable t: ‘ial,

To determine the .IT: necessary to know the number of failurcs
and of hours in cervice,

The nunmber of hours ... secrvice is that covered by all the equipments

in zervice, It ic given by a time meter 3 when there is none, hours in service
are deterain.d {rom flying hours, by applying a coefficient set a prio,i, which
depends on the tyne of alrcraft and equipment considered.
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Whe faflures which are tuken into naccount aie thone ascribable to the
components, They dnclude all the anomalies and nalfun tions which prevent the
cquipment frea achievin, o satt: “uctory operationsl performance and Julfilling
LU mlration,

Tievelory, such Zailuivs fnclulde

Part or componint [latlures, even L{f parts and componrnts moet the
tequirasonts formulated In the noenatacturing specifications,

Aany malfunctionin; dctectable on a test bench, under the extreme
conditions of use provided fo. by the technisal clauses, and whorce
dirtvct cause fin either inteirnittent or unknown,

sailures asc.ibable to siveral parts of different types, which should
be regarded as constituting several failures if the part, considered
indiviudally, cicates un obstacle to saticfactory performance. On the
contraty, it chould be regarded as a single faflurc tf each part,
considered sepurately, cannot bring about a failure of the whole
cquinment @

o Failutes induced by defoctive desion,
« Failures induccd by delective manufacturing,

. fallures ascribable to any error in the adjucstments car:ied out within
the plant, towever, the followin, delectc ure nol taken fnto account
when determining the LUABY

Halfun<tionin: or anomalies caused by handling criors, or incerrect
checking, adjuctaint o sctting up piocedures,

ratlwres resulting directly from another failure already taken into
account, even if they take nlace within 50 hours followinp the first
failure,

The ITDF is guaranteed undcr the following conditions of use :

The equipnent must not be used continuously under extieme climatic
conditions,

. Power supply voltages and transitory phenomena must not exceed the
authorized limits,

The personnel in charge of trouble shooting and sub-unit replacements
must be competent enough to avoid wrong moves and to perform satisfactory work.,
The components whose service life comes to> an end must be replaced.

2.,. ntesults Obtained

This guaranteed reliability clause has alrcady been introduced into
many contracts covering the purchase of radlotransmission or radionavigation
equipment. However, such expericnce 1s still recent, and a few difficulties are
encounteired us regards details of application ; some of them result from the fact
that 1t is very difficult to know the exact number of hours in service : for ins-
tance, difficult reading of time meters on equipments located at the bottom of a
cargo~-compartment, problems involved in recording hours of operation on a test
bcneh, variation with atrcraft types and mission profiles., Otlier difficulties arise
from the fact that when a user and a supplier arguc to determine if a fallure is,
or is not to be ascribed to the equipment, some disputable cases are difficult to
rsettle. However, on the whole, recults are very positive ; financial involvenent,
in partlcular, seems to be a decisive argument in increasing manufacturers' concern
for reliability problems ; besides, the extremely detailed analysis which is
perforned for each failure contributes to improving reliability, as regards the
equipment conzidered as well as future equipment,

2.4. Contractual Maintenance

Besides the guaranteed reliability clause whose principle, methods of
application and results have Just been prescnted, attempts have been made to
{introduce a so called "contractual maintenance" clause for other equipment. Its
principle consists in setting, by contract, the yearly amount of repair and main-
tenance cests ; this yearly amount is determined on thc basis of the unit-price
of repairs, of the yearly number of hours of operation, and of the contractual MTBF,
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If the operatioral MIBF is higher than the contractual MTBF, the manufacturer's
bencfit ic increased ; on the contrary, should the reverse be true, the manufac-
turer is penalizced. This type of clause seems attractive as it reduces administra-
tive procedures and stimulates efforts to achieve higher reliability. However,
this type of clause 18 still at the preliminary and tentative stage, and we have
nct yet acquired sufficlent expericence to appreciate its real value, its results
and the difficulties involved in its application.

3. FAILUKE ANALYSIS IN ACTUAL SERVICE

As stated above, up to now suaranteed reliability clauses have been applied
essentially to contracts for the purchase of radionavigation and radiotransmission
equinnents (TACAN, VOR-ILS, V/UHF transmitter-receiver, Marker, etc.).
Through the analysis of failure analysis Reports and their discussion at the
meetings of the Specialists'Committee, it is5 now possible to get better acquainted
vith the types of fuilures affecting the reliability of airborne avionic equipments.
Here, the notion of failure should be further specified. In order to be taken
into account for determining the HMTBF, the failure must have been detected at the
user's and must rcguire action ; as mentioned previously, this first step leads
to the draving up of a FIT. Then, the fallure must be ascribable to the components
this decision rests on th. Specialists'Committee. Thus "ascribable" failures are
dilflerentiated from "non ascribable" ones. Only the first group of falilures is
takcn into account for the calculation of the MTBF.

3.1. Failures non ascribable to the chipment

A Jailure is not ascribed to the equipment considered when it is created
by other ‘equipment ; this is an interface problem, ana there have been a few cases
when the failurc of a given equipment could involve that of another equipment.

However, most frequently, non ascribable failures are due to abnormal
conditions of use : powe:r supply problem ; abnormally high temperature ; vibration
conditions deviating from the rated profile described in the specifications, etc.
A particular cxample can be quoted here : following a dispute on the operating
temperature, the following action was taken : "thermocolor" patches were fixed
on to some noin-s of the equipment, and it wac possible teo verify that the tem-
perature recorded 2xceeded the specified temperature ; consequently, the corres-
ponding failures w re not attributed to the equipment.

There are also some types of technical action, reported by the FIT's,
which are not taken into account wvhen calculating the MTBr, as they result from
human errors in handling, either in the field of operational use, or in the setting
up and nmaintenuance.

3.2, Failures accribable to the equipncnt

These tfailures, the most frequent ones of course, are those with which

-we are concerncd here. The Automatic System of Technical Information described

previously is an extremely valuable analysis and synthesis tool for getting a
better insight into reliability and a better undcrstanding of the failures which
affect it, ilany statistical studies can be carried out. Only a few examples will
be siven here foir 1llustration nurposes.

For instunce, it is always interesting to know the statistics regarding
the origins of failures. For a transmitter-sender, the findings are as follows :

. 78 &« of fallures result from defective components,

. 17 % of failures result from design or manufacturing defects.

. 5% of failures are due to msladjustments,

A more accurate distribution of failures can also be obtained. On another
equipment, the following distribution was found out :

. 5C ;. of failures are attributable to components.
. 8 failures due to integrated circuits
» 121 failures due.to transistors and diodes
. 18 failures due to quartz
. 13 failures due to inductance coils
. 47 failures due to capacitors
. 15 failures due to resistances and potentiometers

. 26 failures due to other componcnts

y—am
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.30 % of failures are attributable to faulty manufacturing
» 47 failures due to welding
+ 34 failures Gue to contacts
. 20 failures due to short circuits
» 30 failures duc to wiring
.14 % of failures are attributable to maladjustments

It is interesting to note - and this is a rather general fact - that
a certain stabilit" can be obse¢rved in the distribution of failure sources among :
components, manufacuuring, maladjustoents.,

It is also possible to determine the failure distribution among the
sub-units of an equipment ; the following distribution was found for a V,/UF
transmitter/receiver :

. 22 % nechanical frame

. 13 5% frequency source

. 29 % transmitting unit

+ 3 % transposition oscillator

. b6 Y% modulation preanplifier

. & % receiving unit

« 13 % low-frequency unit and silencer
. 6 ¢ varicap rontrol

.« 4 y. power supply

In view of thece results, sprcial attention wes devoted to the transe
pitting unit in which a trancsistor caused <C ,. of the overall failures,

A5 it provides the means ol getting at a detailed knovledze of lailures
affectin; reliablility, the analysic of technical factz hac proved to be of consi-
derable Interest., Apart from its prirary purpsce, vhich was the checking of
controlled reliability clauses, it offers advcntagers from the follewing viewnoints
it lcads to a better knowledge of rcal use and cnvironmental conditions, and,
consequently, makes it poscible to eliminate anomzlies ; it :reveals repeated
failures, particularly critical modules, defective components, design or nanufac-
turing defects and therelore provides the means of improving reliability by
applying appropriate remedies, B cides, it supplies a large acnount ~f information
which can br uscd Iruitfully for the design, development and nmunufesturing of
future equipment,

b, CONCLUSIONE

An information system providing a general as well ag an2lytic knowledge of
the reliability of equinment in service is an indispencuble tool for promoting
quality. It enatlcs one 1o introduce [uarantecd reliability clauses, a de~isive
clement in arousing the supplicr's interest, and an cfficient neans of optimizing
the "cost-reliability" ciiterion, Fundanentally, such an information system rakes
it pocsible to close the loap of the reliability developnent programme dby giving
the origin and nature of failures observed ir actual operation,

The causes of poor reliability in avionic equipment can be found at the desipn,

manufacturing and utiliza*iza stages. iicre precisvly, these cauces are escentlally
Rhc following :
\
- at the design stage : corcorn Lo performance to the prejudice of
reliability ; pursuit of novelty rather than safetr ; haste znd la-k
of expericnce,

- at the mcnufacturing ctage ¢ dicrcgard for relicbility in oider to
reduce conts 3 insulficient relfabtility programaes § various humun
factors,

™
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~ at the utilization level : care for the ianitial cost rather than for
the total cost ; faulty definition of the conditions of use and misap-
preciation of the environment ; inadequate action,

The author acknowleges with thanks the assistance of Fr. A, Laurtnson in drawing
up this text.
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IMPACT OF RELIABILITY IMPROVEMENT WARRANTY (RIW)
ON AVIONIC RELIABILITY

by

C. A. Hardy
Group Engineer, Research and Engineering Department
General Dynamics Corporation, Fort Worth Division
Fort Worth, Texas 76101, U.S.A.

SUMMARY

The Air Force has provided incentives to contractors of new systems to design and
produce electronic equipment with low failure rates and low repair costs in operational
use. These incentives are included in procurement contracts as Reliability Improvement
Warranty (RIW) provisions. The RIW provisions obligate the contractor to accomplish
repair and replacement of failed equipment at a fixed price during operational use of
the equipment by the Air Force. The contractor also guarantees the mean~-time-betwcen-
failure of the equipment during the warranty period. RIW is projected to have a signi-
ficant impact on avionic reliability.

INTRODUCTION

Reliability Improvement Warranty (RIW) contracting is being billed as a new
concept in airplane hardware procurement that will lead to improved reliability and re-
duced support cost, thus putting teeth in the Department of Defense's life-cycle-cost
comnitments in acquisition contracts, This paper describes

o What Reliability Improvement Warranty (RIW) is

o Why the services are promoting RIW

o Where RIW got its start

o To what equipment RIW is applied

o What an RIW contract contains

o A contractor's response to RIW during proposal development and production
phases

o Alr Force areas of study toward making RIW a viable concept.

RELIABILITY IMPROVEMENT WARRANTY (RIW) DEFINED

An RIW contract ... ==~ the U, S, Air Force and a contractor obligates the con-
tractor to accomplish repair an. -eplacement of failed aeronautical equipment at a fixed
price duri- operational use of the eq ipment by the Air Force. Under RIW, failed
equipment (s returned to the contractor, au? the repair and replacement are accomplished

at no expense to the Air Force Zor .: specified duration of flight/operate time or calendar

time. The manner in which 2 typ‘.al RIW contract functions is depicted in Figure 1.

Inherent .. the fiied-price contract, the Air Force provides an incen..‘: .ur the
contractor to improve the reliability and maintainability of the equipment. 1If during
the course of the warranty period the contractor determines that an equipment change
would reduce the number of future repair actions, and that this change coaupled with the
less frequent occurrence of repairs in the tuture will result in less contractor monev
being spent during the remaining warranty period, he can submit this change in a no-
cost-to-ULSAF equipment improvement engineering chaange proposal (ECP).

Another provision which can be imposed under the RIW contract is the RIW/MTEBF
guarantee provision. Under this provision the contractor gudarantees the equipment Mean-
Time-Between-Failure (MIBF) experienced during Air Force operational usage. During
designated time periods, the MIBF of tha equipment is assessed. If the assessed MIBF is
less than the guaranteed MTBF during & time period, the contractor is required tr insti-
tute corrective action at his expense until the MIBF improves. (Reference 1)

Y"m
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Figure 1 TYPICAL WARRANTY PIPELINE

THE NEED FOR RIW

With Air Force Operations and Maintenance (0&M) costs rising rapidly at a time when
the defense budget is being constrained, it is imperative that the Air Force find methods
of cost reduction. In the fiscal year 1964, Air Force O0&M costs accounted for 217 of the
Alr Force budget, while in fiscal year 1973, these tosts accounted for 27%. The O&M
costs are projected to continue to grow and will take an increasingly larger percentage
of total Air Force dollars. As more dollars go to 0&M costs, less doilars are available
for weapon system research, development, and procurement. To slow the trend of increas-
ing O&M costs, contractors must place greater emphasis on cost-effective methods of
accomplishing support activities and on increasing the field reliability of equipment.

The concept of RIW was presented to the assistant secretaries of the Military
Departments (Research and Develcpment and Installation and Logistics) in August 1974 in
a memorandum entitled "Trial Use of Reliability Improvement Warranties in the Acquisition
Process of Electroni~z Systems/Equipments - ACTION MEMORANDUM". The memorandum was released
by Arthur I. Mendolia, As.istant Secretary of Defense (I&L), and Malcolm R. Currie,
Director, Defense Resea.ch and Engineering. The memorandum stated that as part of the
Department of Defense's effurts to reduce costs and improve operational reliability, trial
application of RIW should be utilized in the acquisition process to help determine the
scope and benefits that RIW might have for the Department of Defense.

The objective of the RIW as set out by the Department of Defense is to motivate
and provide an incentive to contractors to design and produce equipment that will have
low failure rates as well as low repair costs after failure due to field/operational use.

For some time, the Air Force has been trying to get improved reliability and main-
tainability through procurement methods that include reliability/maintainability programs.
These have worked to some extent, but, despite the use of these methods, the Air Force is
still plagued with poor equipment reliability and high support costs. Under these methods
of procurement the contractor's responsibility for all practical purposes ends with the
delivery of the equipment to the Air Force. These methods also put much importance on low
procuresment price, thus causing contractors to design and develop equipment with the
lowest reliability that will pass contract requirements.

RIW represents a new trial concept in Department of Defense contracting with the
primary objective of extending the contractor's responsibility to include operational
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reliability of equipment during Air Force usage. Past experience indicatcs that there is
reliability growth from time of the initial design to the maturity of equipment in opera-
tional usage. With the appliration of RIW, the contractor is directly involved during
this period and should be able to accelerate reliability improvements and minimize the
cost associated with incorporating these improvements.

Imposing RIW can serve as a most effective method of closing the information gap
between the Air Force usage of equipment and the contractor who controls equipment design.
With RIW, the contractor is motivated to find out a lot more about what his equipment {is
doing in the field and to initiate changes tc decrease future failures and thus, to decrease
his cost cf meeting RIW responsibilities. Under RIW, the contractor becoues actively
interested in asset mdnagement and the control of problems which are usually thcught of
as Air Force responsdbilities. Turnaround of equipment, which is always vital to the Air
Force, is now vital to the contractcr also, Under RIW, with ccontractor direct involve-
ment, the lead time associated with reliability and maintainability improvements should
be greatly shortened since further capital investment is not required from the Air Force
and the contractor will push the .mprovement change to decrease his future repair costs,

Departuent of Defense guidelines for the trial use of RIW during procurement spell
out the following potential benefits to the Government and to the contractor:

"Benefits to Government

a. Incentives and responsibility for field reliability are assigned to
the contractor.

b, Jireater emphasis is placed on the life-cycle-cost approach,

¢, The contractor is responsible to keep all units up to the same
configuration.

d. There is an increased incentive for the contractor to introduce
design/producticn changes that will increase the MIBF of the equipment and
result in reliability growth.

e. An incentive for reduction in repair costs is provided, since any
reduction in labor hours or materials used in repairing equipment will
increase the contractor's profits.

~ f. Minimal initial support investment is required by the Governmen*,
since the contractor is to provide repair services during the warranty period.

8. RIW usage may reduce re;iirements for skilled military maintenance
and support manpowe.,

Benefits tv Contractor

2. Increased profit potential when field MTBF is improved above pricing
base.

b. Multi-year guaranteed business,

c¢. The contractor becomes more familiar with the operational reliability
and maintainability characteristics of his equipment which should help him in
obtaining follow-on contracts."

Thus, under RIW procurement, the objective of both the Air Force and the contractor is tho>
same - to reduce the rate of equipment removal and repair. If successfuvl, the Afr Feice
will have a more effective weapon system and the contractor will have reduced the cost of
meeting his RIW obligations. The RIW concept provides a means for continuous product
improvement by having ''reliability" be of equal importance with "functional performance."
(References 1, ?)

THE START O: RIW

The forerunner of the RIW concept was the U. S. Navy Failure Free Warranty (FFW)
program with Lear Siegler on a two-gvro platform in 1967.

Lear Sivgler designed the two-gyro platform for the Navy, and production quanti=-
ties were delivered in the late 1950s. In the early 1960s, Lear Siegler and the Nivy
were both overhauling the gyroscopes. In 1967 Lear Siegler proposed the failure-free
warranty concept to the U. S. Navy and was put under contract. The propousal
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centered around a fixed price to cover overhauls required during & long-term field
operating period, The contract included the following:

0 1he overhaul of inservice gyroa = 800 gyros guaranteed for 1500 hours or 5 years
whichever occurs first,

o A fixed price based on 33% of reliability {mprovement over the contract period.

o A specified turmaround time,

Resuits of the FFW contract were that the gyro's reliability had exceeded expectations
and the Navy saved approximately $2 million,

Since the FFW contract with lLear Siegler, the services have Infitiated RIW contracts
on such {tems as the ARN-XXX TACAN and the major avionics on the F-14, Application of the
RIW on the F+16 will be discussed latir in this paper., (References 2, 3, 4, 5)

EQUIPMENT TO WHICH RIW IS APPLIED

Not all equipment types are likely candidates for RIW coverage., For example,

equiprent whose construction precludes the installation of seals or other control mechan-

{sms to prevent unauthorized field repair may not be good candidates. Direction from the
Department of Defense as to what equipment types should be considered 1s included in the
RIW guidelines, which were an attachment to the memorandum entitled "Trial use of Relia-
bility Improvement Warranties in the Acquisition Process of Electronic Systems/Equipment."
Selected equipmente-related criteria for likely equipment types to be covered by RIW

contained in the guidelines are presented below:

0 The equipment is readily transportable to permit return to the vendor's plant
or, alternatively, the equipment is one for which a contractor can provide for
field service,

o The equipment {s generally self-contained, is generally {mmune from failures
induced by ocutside units, and has readily identifiable failure characteristics,

0 Moderate to high initi{al support costs are involved,

o Equipment application in terms of expected operating time and the use
environment are known,

o The equipment 1s susceptible to beirg contracted for on a fixed-price basis,

o The equipment has a potential for both reliability growth and reduction in
repair costs,

o A sufficient quantity of the equipment Js to be procured to make the RIW
cost effective,

o The equipment !s of a configuration that discourages unauthorized field repair,
preferably sealed and capable of contain-ng an Elapsed Time Indicater (ETI) or
some other means of usage contrel,

0 A reasonable degree of assurarce exists that there will be a high utilization
© of the equjpment,

o The equipment {s one that permits the ccentractor to initiate no-cost ECPs
subsequent to the Government's approval,

EQUIPMENTS INCLUDED IN PRESENT RIW CONTRACTS

The F-16 aircraft contract serves as a good recent example of the application
of the RIW concept, A summary description of %the F-16 aircraft and a list
of that v-16 equipment {nvolved in the RIW provisions of the contract are given in
Figure 2, All the equipment listed is electronic equipment, and its selection for inclu-
sion under RIW meets the general NDepartment of Defense selection criteria. Another
criterion used in the selection of the F-16 equipment to be included umder RIW was the
equipment's projected logistic support cost during Alr Force usage. A brief presentation
of the use of the cost criterion i{n the selection of F-16 RIW candidates i{s given in
Figure 3. Detailed discussions of logistic support cost analyses on the F-16 are given
in a later paper {n this volume,
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THE CONTUNT OF AN RIW CONTRACT

USE OF LOGISTIC SUPPORT COST CRITERION FOR SELECTION OF RIW CANDIMWTE

Because specific RIW provisions should he tatlored to the weapon system or egquip-
meat being warranted, a standard set of specific terms and conditions do not exiat,

However, the warranty section of the F=16 contract csn be reviewed,

This review consti-

tutes a sumary of the salient terms and conditions of the F-16 contract and will serve
to outline the basic ingredi{ents contained in present-day RIW contracting.
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F=16 RELTARILITY IMPROVEMENT WARRANTY

The contractor agrees to provide TABLE 1, FLU LIST
(at firm fixed prices included {n the
contract) etther of two options: FLU FY = Dollars

RIW__TRIW/virE

o A 48-month (or 300,000-flight
hour) reliability {fmprovement
warranty on any or all of the
First Line Units (FlUs) listed
in Table 1. (This option wi‘l
be referred to as the RIW op .on.)

Flight Controt Computer
Heads=Up Display
Heads-Up Display Electronics
Fire Control Computer
Inertial Navigation Unit
Radar E/O0 Display

Radar E/O Electronic
Radar Antenna

Radar Transmitter

Radar Digital Processor
Radar Computer

Radar Low Power RF

0 A 48-month (or 300,000-flfight
hour) relfability imprcvement
warranty with an MTBF guarantee
on any or all of the FLUs listed
in Table 1. (This option will
be referred to as the RIW/MIBF
option,)

AIR FORCE EXERCISE OF OPTIONS

Any of the options can be exercised on or before production go-ahead, The warranty
period starts at delivery of the first production airplane and continues fcr 48 months of
300,000 flight hours, whichever comes first., In addition, t'e contractor agrees to nego-~
tiate extending the warranty period for additional 24-month periods at the option of the
government,

WARRANTY AND REPAIR STATEMENTS

The contractor warrants that each FLU delivered under the production contract or
associated separate spares contract will be free from defects in design, material, and
workmanship and will operate, when required, in {ts intended environment in accotrdance
with contractual specifications, for the warranty period set forth, Any FLU that fails
to meet the warranty will be returned to the contractor (at Government expense) and will
be repaired or replaced (at contractor expense),

The contractor shall not be obligated to repair or replace at no cost to the
Govermnent any warranted FLU that is lost or damaged by reaon of fire expiosion, sub-
mersion, flood, aircraft crash, enemy combat action, or tampering by Government personnel,
provided there is clear and cinvincing evidence of such cause, In addition, the contrace
tor shall not be obligated for repair of physical damage caused by mistreatment or tamper-
ing by non-contractor personnel. The countractor {s not liatle for special consequential
or incidental damages.

Any failed FLU not covered by warranty that {s returned to the contractor will bde
repalired as directed by the Government for an equitable price/cost adjustment.

CONTRACTOR OBLIGATIONS

In addition to the basic warranty and repair statements mentioned above there i{s a
list of comprehensive contractor obligations included !n the contract. These obligations
are surmmarized below,

o All contractor~initiated ECPs for improved raliability and maintainability
approved by the Government will be incorporated at no cost to the Government.
As each FLU is repaired by the contractor, it will be brought up to the latest
configuration, Xits will be provided for unm . ified Fll's at the end of the
warranty,

0 A suitable and prominent display of warranty informat{on will be placed on tie
surface of each FLU,

o At lesst one fully operatifonal warrantverepair factlitv will be maintained at
8 location to minimize pipeline time, The facility will include a secure
storage area for spares.

o Sealswillbe installed onall warranted Fils tominimize unauthorized maintenance,
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When a FILU' fatla, the Covernment notifies the contractor {n writing or by
electronic message, Shipment of & replacement spare will be within one work{ng
day, but not later than 7. hours after notificatjon,

The repair, replacement, and/or incorporation of approved reliability and
maintainability modi{cations on all returned Flills must be completed and FlUs
stored in secure storage on a turnaround time average of & specified umber
of days, .

Actual average turmaround time will be computed in 6-month {ntervals, 1If the
actual value during a 6-month period {s greater than the specified average
turnaround time for returned Fil's, a4 penalty will be assessed, The contractor
will lend the Government consignment FlU's {f spare shortages occur, The maxi-
mum mmber of consignment spares that are to be provided are determined by an
equatfion in the contract., If consigmment Fll's are not provided, a dollar
penalty {s incurred in accordance with the contract,

The contractor will include applicable warranty information {n all pertinent
technical manuals,

GOVERNMENT OBLICGATIONS

There are also Government obligations written into the contract, These obligations
are summarized as follows:

(o]

Failures will be verified by the Government, using appropriate procedures and
test equipment.

The Goverm. ' will provide the contractor with failure circumstance data,
MIL-STD=794 p: kaging will be used to the extent possible on shipment of FLUs,
Failed FLUs will be shipped promptly to the contractor.

The contractor will be notified of a failed FLU, and shipping instructions will
be provided for deliverv of a replacemen® unit,

The Government will provide the contractor information on accumulated flight
hours on F-16 aircraft.

No-cost Reli{ahility and Maintainability Engineerinz Change Proposals (ECPs)
submitted will be incorporated {nto the contract '"X" days after receipt unless
the contractor receives written notification of non-approval by the Government
prior to that date,

WARRANTY DATA REQUIREMENTS

The contractor will develop and maintain a data accumulation, processing, analysis,
and repor {ng svstem capable of providing the data {tems necessary for implementing any
of the provisions of the warranty and capable of providing to the Government data and
information on the reliability of a warranted FLU. The internal contractor data system
should provide data such as shown in Table 2,

RIW/MIBF GUARANTEE OPTION

1f the Government declides to exerclise the RIW/MIBF guarantee option, the following
provisions apply in addition to those of the basic RIW option stated {n prior paragraphs:

(4]

The contractor guarantees that each FLU delivered under the production contract
or assocjated spares contract will achieve un MTBF equal to or greater than
that shown {n Table 3,

For this guarantee, MTRF i« defined to be total operating hours sccumulated on
all units during a specified period divided by the total number of failires of
all such units during that period,

For purposes of the MTRF measurement, faflures will {nclude all replacement or
repair actions performed under the RIW provision except thos repair and replace-
ments covered under the exclusion clause and except anv FIU' wvhich is returned



TABLE 2, RIW CONTRACTOR DATA ELEMENTS

RIW AND RIW/MTBF DATA

o CONFIGURATION CONTROL DATA
o Configuration Control by Serial Number
o All Changes to Configuratiou, Design, Part, T.0., or AGE that
Affect Form, Fit, or Functiion
o Changes that Do No Affect Form, Fit, or Function

o FLU INITIAL DELIVERY DATA

o THE FOLLOWING FOR EACH RETURNED FLU

Date Received by Contractor

Seriul Number

ET1 Reading

Condition of Unit Based on Ini‘tial Inspection
Failure Mode

Probable Failure Cause

Action Taken for Repair

Manhour3s Expended by Labor Category

Parts and Material Usage

Test Results

Date Stored in Secure Storage Area

Hour and Date of Notification of a Failure
Hour and Date Replacement Unit is Shipped from fecure Storage

C0GCO000CO0OOOO0OOO

and tests out well at the repair facility.

o For purposes of MIBF measurement, total operating hours will be computed by use
of equai.ions in the contract. These equations are based on elapsed operating
time from failed units,

o For each type of FLU, the contractor will make semi-annual measurements of the
FLU MTBF achieved over the previous 6 months, The first measurement will be
made & months after the initial anniversary date. The contractor's obligation
termis ites when two consecutive measurements yield FLU MTBF values that equal
or ext °..! the guaranteed MIBF values for Period 3, but in no event will the
obliga <« - terminate earlier than 18 months after initlal anniversary date.

o In the eve... measured MTBF for any measurement period {s less than the
guaranteed value, . contractor wil! furnish to the Government the following:

a, Engineerirg analyses *» determine causes of non-conforming MTBF,
b. Corrective engineering design changes.

¢, Modification of the FLUs, spare FLUs, and/or spare parts, as required, at
_contractor expense.

d. Pipeline unit spares as needed hy the Government on a consignment (no-charge
loan) basis but no greater than a quantity computed by an equaticn in the

contract,
TABLE 3, MTIBF GUARANTEE VALUES
FLU MTBF*
FLU PERIOD 1 PERIOD 2 PERIOD 3

1_THRU 12 MONTHS 13 THRU 24 MONTHS 25 THRU 316 MONTHS

NAVIGATION UNIT

FLIGHT CONTROL COMPUTER
RADAR/E-O DISPLAY
HEAD-UP DISPLAY

HUD ELECTRONICS
RADAR/E~0 ELECTRONICS
RADAR FLUs

* For calendar time from initial anniversary date




69

CONTRACTCR'S RESPONLE TO RIW DURING PROPOSALS

One of the biggest realizations for the weapon system contractor vhen he receives
a Request for Proposal (RFP) that contains an RIW requirement {s that the customer {s»
asking him to delve into an area that historically he has not been directly involved in,
That {s, his responsibility i{s being extended to include nperational or field perf mance
with the major objective of demonstrating higher operational reliability and reduc supe
port costs. In developing his proposal, the contractor looks to prior contracts anc tees
little precedence and historicai information on this tyge of contract., Not withstand) g,
industry is fully aware of the dilemma the services are i{n - they are troubled with equ.p-
ment having low reliability and high support cost and, at the same time, they are trring
to reduce these problems with a new concept. Industry realizes that the services are
taking a new approach toward {nproving thes total support posture of a weapon system. This
new approach is RIW, which, as a main ingredient, includes the involvement nt the cor -ac-
tor and Covernment as a team, both with the identical aim - to reduce the rate of eg.iipment

removal and repair,

One of the most important elements in the building of the RIW responte {s that f
prezerly pricing the warranty., All activicies projected to be accomplished and all t!.
major factors that influence these activities must be identified, analy.ed, and conve: -ed
fnto costs =costs that are projected far enough into the future to cover the time bas: of
the contract. Items typical of those to be included are: '

o Projected unit returns - failed units, good units

o Repair time/failed unit

¢ Test time/good unit

o Repair and test hour costs

o Material costs

o Asset control

o Test and repair equipment and facilities

o Data collection

o Engineering analysis

o Failure-rate improvement trend

o Modification costs

o Reporting to customer

o Direct labor rates

o Overhead costs

o Profit

The determinatic 3 of the projected return rate and of the proposed guaranteed MTBF
of warranted equipment are two of the most difficult parameters to quantify. In the F-16
contract, the avionics that were under consideration for the airplane were generally
derivatives of avionics already in operational use or derivatives of avionics that had
undergone some type of prototype testing. Since the return rate and operational MTBF were
to be a function of the equipment in Air Force use, being handled and tested by Air Force
personnel and controlled by Air Force data systems and asset control, the projected rates
of return and MTBF were determined by use of Air Force data (e.g., AFM 66-1 data), The
fajlure rates of same family and/or similar equipment were modificd as a function of pro-

jected simplification, design changes, state-of the art improvements, environmental
differences, etc., to derive estimates of the projected return rates and operational MTBFs

for the F~=16 program,
CONTRACTOR'S RESPONSE TO RIW DURING NDEVELOPMENT
Contracts such as the F-16 contain the RIW provisions as options to be exercised

during the development phase prior to production go-ahead or spares provisioning. The
contractor's response during the ‘evelopment phase will be prompted by the timeliness and
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sincerity of Alr "orce decisions and actions on RIW,

Prior to the Air Force exerci:ing the RIW, the development contracts will by neces-
sity be executed on the basis of trad tional and conventional contract provisions, New
weapon system contracts have a rigoro s, formal reliablilicy and maintainability program,
which includes requirements for R&M design reviews, parts selection and screening, pre-
dictions, failure modes and effects analyses, and formal reliability testing of contractor-
furnished avionics in the laboratory under environment during development and production
phases, Under this traditional contracting method, if the RIW provisions are not involved,
for all practical purposes the contractor's liabflity extends to delivery and acceptance

of equipment,

On the basis of some studies that have been completed, it appears that to accomplish
the objective of RIW, which is to improve reliability and reduce support costs, it would
be most advantageous to exercise the RIW as early as passible during the development phase,.
These studies indicate that over 907, of the decisicns that determine life cycle cost are
made by the end of Full Scale Development. When the RIW options on a contract such as
the F-16 are exercised, these options will be exercised before production go-ahead, This
means that part of the design and development phase i{s still being accomplished., Ouce
the RIW options are exercised on a contract, the contractor has a definite incentivs to
change his business-as-usual design methods to methods that investigate, identify, and
reduce the number of potential removals and repair through design innovations.

Instead of trying to design the lowest-cost equipment that will meet engineering
and reliability qualification, the contractor's objective will change to that of designing
to the lowest cost per operat~ hour, which allcs/s him to use more expensive materials and
components in areas that will improve MIBF., If the contractor determines that a more
rigorous and costly quality control effort on particular components would offer a signifi-
cant improvement in MTBF and at the same time be cost-effective in terms of maximum number
of equipment operate hours per dollar, he could and would institute such an effort,

Even the performance of all reliability program tasks would be influenced. For
example, during the conventional contract reliability test, the contractor is vitally
interested in the relevant failures that occur during the test. With RIW, emphasis is put
on all failures that significantly influence return rates and guaranteed MIBF, and correc-
tive action would be taken to preclude their occurrence in the field,

Under conventional contracting, engineering efforts associated with support problems
are not well organized, With RIW, as a function of management necessity, engineering and
design is thrust more directly and with full involvement into the arena of problem solving
to improve the support aspects of the contractor's product,

During development flight testing, as the weapon system is being flown by both
contractor and Air Force personnel, the contractor has his first opportunity to establish
a tracking system on RIW units in an environment similar to Air Force operations. During
this period, reliability and design engineers, coupled with quality control and logistic
personnel, track the performance and problems of RIW units and evaluate asset and inventory
control processes, Actual performance of RIW items during flight test are compared with
those projected during contract negotiations to find problem areas and initiate corrective
action as required. (Reference 2)

CONTRACTOR'S RESPONSE TO RIW DURING PRODUCTION

With the Air Force commitment to production go-ahead with RIW, the contractor is
signaled to begin putting into effect the RIW provisions of the production contract. On
contracts like the F-16, the contractor puts into effect the individual equipwent subcon-
tractor's RIW provisions.

Within a period of several months from contract go-ahead, the contractor submits a
plan to the Air Force detailing the contents of two reports to be submitted to the Air
Force - one covering RIW, the other covering RIW/MIBF:

o Under RIW, the Warranty Data Report is provided semi-annually. This report
covers the warranty experience over a 6-month reporting period.

0 Under RIW/MTBF, the MIBF Data Report {s provided at the end of each measure-
ment period. This report covers the information pertinent to the MIBF
guarantce clause,
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The contractor installs two items on each warranted unit prior to delivery: a seal
to prevent unauthorized maintenance and a placard with the information that the unit is

under warranty.

Test, repair, and modification facilities are activated to implement action on all
returned units, Under RIW, certain activities are added to those performed under conven-
tional overhaul contracts. Examples of some of these activities are as follows:

o Engineering is involved in tear down, part replacement, and assembly. Engineer-
ing performs inspection and analysis of faulty parts to determine failure moles
and of selected other parts to determine probable future failure modes,

o Rigorous technical analyses are performed with fleet data on failed units and
with in-house data from repair, overhaul, and test to determine changes that
would decrease the return rate of units -changes in design, parts, quality
control procedures, or overhaul procedures.

As design improvements are indicated as a result of field performance feedback and
in-house evaluations, the improvements are made., Under conventional contracting these
improvements would be delayed or never made because of the long process of paper work or
of additional funding requirements,

Asset, configuration, and inventory control processes are implemented commensurate
with the higher administrative and technical attention that is required under RIW contract-
ing. These controls are vital to the operation of RI'\. A plece of equipment that is
sitting in a receivirg area or delayed in the repair cycle or belatedly modified to the
latest configuration is a detriment to the successful accomplishment of turnaround time
within the specified time in the contract and within b 'seted dollars.

A system of quantitatively tracking all parameters that critically influence RIW
is implemented. Technical and administrat{ve management must know the status of RIW, the
problem areas, and the impact of proposed design or procedural changes on RIW performance
so that comparisons can be made of actual performance versus required MIBFs, turnaround
times, replacement response, etc, (Reference 2)

AIR FORCE-INDUSTRY STUDY KEY ISSUES

Since RIW is a new procurement proca2ss for the services and there i{s little prece~
dence or historical data on this type of contracting, the Afr Force is particularly inter-
ested in some elements of the implementations of RIW. This interest {3 centered about the
;roper application of some of the aspects of RIW so that RIW as contracted will be viable
and will properly attain the objectives of {mproved reliability and reduced support costs,
Some of the key issues requiring Air Force guidance that are being studied by the Alr
Force and industry are summarized below:

MTBF Requirements

o Should the Government specify & minimum MTBF?

o Should a joint Government/industry group review these requirements prior
to RFP release?

o Should the MIBF he as defined in MIL-STD-781B or should {t be an operational
value?

0 When should the MIBF requirement be applied and should it be related to
growth or a point estimate value?

Failures

o Is a feilure defined as a removal for any cause or should there be exclusions?
What cxclusione should be taken?

o How should turnaround time be defined and applied?

Timing of RIW Application

o When and how should RIW be applied? (parallel development, competitive
development, competitive ,roduction, optiona, tie to milestones)

o How long shouldthe duration of the warranty be?




612

RIW Contracting Basis

o What type of a contract should it be? {(RDT&E phase with designed-in
reliabilicy, production with reliability and maintainability improvements)

o What type of an incentive structure sh&uld be applied?

o What should the reward-penalty relationship be?

CONCLUSIONS

Reliability Improvement Warranty contracting provides a new viable concept in

fixed-price procurement, which, when executed, extends the contractor's responsibility

for the performance of his equipment into the operational phase and can result in iwmproved
reliability and reduced supply cost, Reliability Improvement Warranty {s now being
applied on a trial basis and will require a new type of innovative management and techni-
cal administration of cont~acts =~ by the Air Force to assure attaimrent of the objectives
of RIW and by the contractor to assure that reliability efforts do provide a reduced rate
of returned units and result in the company meeting its RIW commitment at or less than

the negotiated cost.

)

(2)

3)

(4)
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SUMMAR

Comronplace design techniques can be applied to a development program with the con-
straints of holdirg a normal cost ceilins and schedule, and these techniques can skillfully
be controlled to provide hisher reliability than would otherwise be expected. At the other
extrer., special and unusual desiam tech-!ques can greatly extend costs and schedule, but
with praper application they can procduce much higher reliability. This paper addresses the
general situation between these two extremes, wherein a difficult reliability objective can
be considered and techniques applied which will attain a preferre? balance between relia-
bility ané® all cormpetineg factors such as performance, cost, schedule, etc,

Por this consideratinn much must be done before development contract award, including
thoroush understanding of the neel for the desired reliadility and the probability of its
attajinment under various trades and compromises. Aareement must be reached on the assign-
rent of the firat few functional models, the availability of sophisticated facilities for
failure analysis, and the provision of close techrical supervisicn of circuit design and
analysis and mechanical laycut. Freferred sources for all critical parts and materials must
be both known and proven. It is the author®s contention that adherence to the discussed
techniques ard their intent will generally lead to the attainment of optimum rellability
prior to the need for a quantitative reliability verification test, and the question of
reliability #rowth during the developrent prroesram will be academic.

INTRODUCTION

Any of several different apprcaches might be selscted and identified as special effort
to desien for hiszh reliadbility. The level of effort will vary consideradbly arong these
chojices and mo probably will the results. At the minimum effort extreme management can rut
a celling on design costs and enccurace anv and all special desion effort so long as it does
not increase the cost or delay the schedule., With such limitations the rost productive
effort micht well be to e~rloy de«igners with the sreatest successful background of design
exmerience who valued their reputation for sound design, Then ensure that they are not
aseisned that which they feel thev cannot accerplish, Frequently the need for high relia-
Piv'ity ia recognized to he warth an added ircrement of cost. Perhaps the greatest benefit
. then might be tn encourare the dexisn team ¢n de more theroueh and recheck its werk with
cere, but all within the new scmewh=t increased budret and schedule.

This paper addresses the development proeram wherein specific high quantitative relia-
bility §is felt easential, and cost ceilinegs and schedule extensions are iters for negotiatior
during which, if necessary, the quantitative level of rrquired reliadbility is traded and
corprorised with other performance factors and with cost and schedule. Under these con-
ditions it becores iwmpertant to review all those desian technijues which show any promise of
imrreving the relistility otherwise attained. In a civen proeram then, those technijues
which arrear t~ have a high ratio of reliatjlity yield to design effort can be adcpted.

RELIABILITY REJUIRENENTS
Becaune of the mscertial nature cf atrong certirurus motivation for the design team,

the cuetomer®s need for reliadbility rust be thoroughly understocd. Just what drives his
requirerant? It may be 1ifs cvcle coat, It wmay be a apecial importance cf high product
availability, or the penalizire cocst of unavailatility. Reljability may even be essertial

to the custemer®s econoric survival, QJuite likely it way have a specific relati-nship to

the profi+s ~f hia epterprise, And of course it mav directly threaten the exiztence of hisa
profect, Reliability's rcole mav be obecurely interwoven with maintainabilltv, survivadility,
safety, or n*her cortiticue svecinlties. An underatanéing of all rélating factors is vital
te optirizine trades becween reliatility an® other performarce criteria, an¢ maintainability,
orcAucidiity, scredule, cost, and production future,

With a valid urderstarding ~f the cuetover'e need for reliatility as a background,
proooaed contract covmitments, exrlicit and inferred, which also identify related rewards,
penaltieq, ~eans for ‘ater adiustwment and adjudicatior, and rmeans for adrmiristering, judeing,
and orlicine can be ccnsidered, reviewed, and horefully firalized into an efficient workable
contract arrarnverent, Nundane a= {t may seer, the crntract should make very clear what c-r-
stitutes a failure r-levart t~ reliability, Cnce a contract is in hahd it beco~es vital tc¢
identifv exactlv what certract statersrts srecify reliability rejuirerents, what cortract
verbiage muat be juired te make further imrlication corcerning reliability, a~* firally just
what contract lorp-heles parmit exactlv how ruch reliadbility flexidbility. This total infore-
matiorn shruld te trth breadly Aisseri-aced an”® accurately urderstocé by all rerbters of the

Apajign ‘*ear,

The ertire develapmant ~rzanizati-n rust e exarined to verify the rcle that each member
will rlay in arder te achieve reliability objecrives. It is essential that responsibility
ree an'y ba asaioned ar? accepted, bu* *hat the close rela~ionship between desiesm responsi-
tility for achievin~ rerfereance require~en*e ard for achieving reliability rejuirerents
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(as well as those for maintainability, survivability, safety, etc.,) be recogr' ., be
appreciated, and be efficiently functional. PFurthermore, in an overall con-’ .ation,
required reliabllity must be a basic objective of an authoritative membar . management
in order to guarantee that attention that is vital to its achlevement.

CONCEPTUAL DeCISIONS AND RELIABILITY

Many conceptual decisions concerning the development of a new complex avionic product
are made both consciously and subconsciously long before a customer is identified and long
before commitments take shape. Many if not all of these early decisions affect reliadbility
in a minor or often major way, affect the maximum quantitative reliability that is achieve
able within the state of the art, or within a practical limited extension of the state of
the art. Unless quantitative reliabllity receives appropriate consideration, and unless
this consideration i{s realistic for potential customers, wuch development time and expense
may be lost before a satisfactory product emerges from the development process. Once con-
ceptual decisions have been made, almost any chan-e thereto is very painful because it

becomas ma jor redesign.

Typical conceptual decisions for our attertion are the following. Analog electro-
mechanical desisn may be supvlanted with solid-state digital design. Should environmentzl
control of avionics be achieved with hermeticity, with multi-staze cooling and heat exchang=-
ers, or with conductive cooling deypendent on external envirrnmental dean'an? Should the
de=ign be keved to recrntly developed components where hich confidence liability experi-
ence is 3till lackinz, or to older less ideal components whose reliabi. .y is known?

Designs keyed to components which do not have multiple sources for ready avallability must
be assessed for reliadbility risk avainst alternative design or means for avoidance if the
supply pipeline shuts down for any reason during production.

Early conceptual decisions can often be made which provide later options for deciding
approaches to reliability. However, during conceptual decision making scmeone has to keep
at least an approximate running roueh estimate of the reliability to be expected from each

alternative,

RELIABILITY ACHIEVEMENT RISK

Before siening a contract for developrent with a custorer who insisis on a quantitative
rorl1iability requirement, some assessment of the probability of its achievament must be made.
If the development will be chiefly limited to prior proven and well understood design con-
cepts, then a total understanding of all performance aspects, all operating facets, of a
closely similar desien will provide the best estimatine background. Especially valuable
will be current exercising of a functinnal model. If such a background is impossible then
all available laboratory data pertinent to the fortherming design should be collected and
studied in an attempt to equa'~ theoretical design performance and laboratory observation.
There is ever rresent a sisnificant risk that total hardware functirning is not totally and

corpletely understood and that laboratory data are not corpletely relatable tc design values.

In fact one frequently firds the latter portions of a design being accomplished experimen-
tally on the lahoratory work bench, even with cut and try technigues. Such orissions in -
theoretical understanding increase the risk of unexpected failure mechanisms and less than
expected reliability. The desired tota. understanding becomes the bdbasis for identifying the
total verformance requirements and the prob=ble local environment for each plece part to be
emploved in the proposed desien. In turn, reasonable reliatrility estimates can be calcu-
‘lated, required reliadility apportioned as desired to concentrate expected difficulties in
preferred circuits, Then the risk of insufficient reliability, or conversely probability

of reeded reliadbility achievement can be calculated.

During concertual decision making, the manner of inserting juantitative reliability
inte the trade decisions rejuires that running estimates of probable reliability be main-
tained, When it comes time to assess the achievement risk, thege estimates become the starte
. ing voint, and they are updated with every bit of refired thinking that relates to total
plece part performance, total local envirrnment, and operational expectation. The selected
piece varts with their refired estimates are cormpared to expectations from availatle (hope-
fully rultiple) par*s sources, and adjustments made in expected failure rates if necessary.
Prom these failure rates are calculated reliadility values for functicrnal assemblies, units,
ejuiprents, and the overall system. End figures are compared with customer expectations,
the 1atter i= dbroken down to set an ot jectiva for each portion of the end product, in order
that the allowatle marein between expectation and requirement can tecome known. If there is
little, ~r no, or a negative marsin between expectation and rejuirement, then the require-
ment is so apportioned among the various units of the end product as to assign the greatest
reeds for reliabllity improvement to those places in the design where the expectation for
improverent is fudsed sreatest, When it is possible to go throizh this process before s
contract is sirmed, final e~ntract decision can take into account the expected risk of reliae
bility accorplishment, Even if this risk assessmen* cannot be reached urtil after contract
sirnineg, it should still be made as soon as possible in order that the risk guide contract
administration and later c¢ontract amendments,

Risk assesswent can be a process of centinuous refinement from the tire of earliest
design consideration. Rough reliahility estimates based tolel; on aprroximate parts count
are excellent as a atart and have been descrited in the literaturel, The degree of refine-
went thereafter is limited only bv the degree of detail availahle concernirg .. rt useage,

madels of the end oroduct, Accordingly, prior to finalizing a development contract, careful
thousht should be given to providine for reliability study in the assismment of esrly
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functional models. Much experience seems to dictate that the first final configuration
functioning unit off the productior line should be assigned back to the development ladora-
tory. This unit should be operationally scrutinized with utmost cars to verify that every
pertion of every circuit oroperly functions exactly as expected for all variations of envie
ronment (electrical, and non-electrical, and in the total system) and for all modes of
overation. If this is not so, then complete understanding wust e achieved for the func-
tionire ~bserved and appropriate revision made to earlier theory so that expectations are
then validated, This means that the laboratory must have a suitable environmental chamber,
dedicatad instrumentaticn, and replacement assemblies avallable as needed. With any degree
of modern avionic system complexity, several months will elsps> before unanawered questions
concerning the new desisn begin to be worked out. Further, the crew assigned to this inveas-
tigatirn must be rendered free from other priorities, and must have ready access to all
portions of the developrent team in order to rapidly resclve misunderstsndings and aiffi-
culties, Progress must be monitored on a daily basis, and manarement assistance provided
for adequate supprort. Note that esszentially all of the testing perfcrmed on this first unit
should be verification of early subassemdbly development tests and thelr findings. Under ne
circumstance should large surprises because of enexpected difficulties at environmental
extremes be expected. Obviously erccuntered failures should receive prime attention and
this attention should nct be relaxed until a complete understanding of the ccrrect failure
mechanism is acquired,

The second vroduction model off the production line is usually demanded by the customer
for form, fit, and function study, If this is so, then the third production unit (at the
latest) should be assisned (for six months cr mcre) to reliability assessment. Some care
should be exercised with this unit to avold introdicirg any failures non-relevant to relia-
bility determination. An operating profile consistent with later official reliability veri-
fication should then be established. The prime objective of the testing exercime for this
third unit is to 1) uncover design shortcomings and oversights pertinent to reliability
2) identify wrrkranship oroblems and inspection difficultiess 3) spot'ight parts selection
shortecomings including omitted speciflicaticn, insufficient inspectic inad¢quate source,
and n~2d for burn-ing 4) expose fa‘lure mechanisms of those fallures ¢hich possibly will
not be enaily permanently eliminated; S) provide indication of probable reliability varia-
tion among otherwise similar future producticn units; and 6) indicate the reliabdility and
reliadility variation to he expected for various opticns of design remedy. The proaress
made with this reliabilitv test rcdel may surgest great value for an cption for assigning
additional early models to reliatility.

PAILURE MCDE, EFFECT, AND CRITICALITY ANALYSIS, (PMWECA)

Frllure mode, effect, and criticality analyses have teen amply described in a prior
report’. Such analyies deserve —enticn at this point because 1t is important to begin them
immediately after siening a development ccntract. Initial analysis effort shculd be based
on considerations that went into conceptual design decisions and early reliability estirates,
so that {f errors in these estimates are to be uncovered, mcdifications can be considered at
the earlisast poesible moment. These analyses should be rade by thcse responsible for design
in order that they recoenize the effect of their design decisions cn reliadbility. Assist-
ance from reliarility speciulists is valuatle vrrcvided the desisner ia not decoupled too
far from the analysis, The FFMECA shculd be revise¢ and up-dated on a continuous basis as
desjgn details are resolved and as parts sources are identified and test data acquired,

PIECE FART PRCCUREMENT

Inevitadbly every developrent will include a few cr manv long-lead-time procurement
parts and corvonents. Becauce of need for this long lead time, occasion will arise when
subcontracts and rurchase orders are placed immediately upon signing the development con-
tract. Thus there is i~portant early homework to accomplish in the procurement area in
order to rrotect the achieverent of hrigh reliatility acainst the pressure and sequence of

ticht develrpmant schedules.

A number of recommendations are to be made in t-is section for close scrutiny of piece
part sources, Noat of these recommerdations aprly regardless cof whether the preferred
source is a subsidiary of *he developer's orranization, even a contiguous department in his
orzanitaticn, or an unknown manufacturer, 5Siven a checice, the dest source is likely to be
a stable ~rsanization with a long hist-ry in its protuct line, ancd a long history of very
satisfactory rracure~ent relationships for pas=t development prozrams. In this ideal situ-
ation there is 1ittle need tn study the s~urce organization especially ‘or the current pro-
curement need. At the nther extreme is the situation where the source organizaticn has had
no rrevious contact with the developer, ard has not rrevicusly marketed (to any significant
extent) *he j+em to he vrocured,

Becauae rore than a single scurco should be identified and verified for every procure-
ment item gning into a hish reliatility development prosram, all likely sources for the tvpe
ef rvimsce rarts and materials custo~arily used in typical developments srnould be extensively
surveved rricr to any specific rrocurerent rejuirerent. An adequate survey made by a team
from the developer®s orcanizatinn should view ard review the sutcontractor or piece part
manufacturer and his facilities with an experienced eye with respect to adequacy of design
capability (varsus state ~7 the art), adejuacy of quality centrol, reliability awareness,
resea~ch backsround and desism evaluatien, vermanency of optimum design techniques, pro-
ductior cava™ility, cost ard4 aschedule rerforrance, personnel stability and longevity, labor
relations, an® financial sclvencvy. While trese criteria way seem remote from reliavility,
anv interuction i~ procurement durins rrofucticrn leads to sulstituticns and the need to
re-evaluate ‘he relia*ility c” the Adeveloped vroduct, Prospective scurces for piece tarts
who rate hishly ir the <urvey dut ha'e nnt rrevicuslv supplied the develcper shculd be given
trial orecurerments for at le-at vartial verificaticn of the survey findings.

T
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History contains many instances of reliadbility difficulties that have ariaen and then
been trac~d to lack of tizht control of a procured piece part. No specification, practie
cally speaking, will spell out in detail every characteristic vital to a complex system.
Actually procurement specifications with special language apecify certain critical ram-
eters, Other parameters are covered by standard specification practice (fine print). Still
other factors are irplied by customary procurement practice. And finally, inevitably a few
factors, nowhere specified, are established by habit or the custom of the piece part manu-
facturer. This looseness of specification is usually found at every lsvel of procurement.
Thus the plece part manufacturer has only semi-complete control over the sources of his raw
material, He may be forced to change sources and in all good conscience estadlish to his
own satisfaction that his new sonurce provides everything needed and previously provided by
the o0ld source. Surprisingly these substitutions often lead to difficulties and all con-
cerned then learn of unknown dependence on unspecified parameters.

Standardization of piece parts to be employed in develcpment while never completely
inclusive is a great asset for source selection philosophy. Por instance, proper control
of procurement of high reliability parts nearly always requires a specification znd special
drawing by the procuring developer in order to not only specify any parameters ovzrlooked by
a standard specification, but to identify precise acceptance inspection equirem.v.ts (in
terms of hoth source®s and developer's test and inspection facilities) and statistical
acceptance plans if acceptable, reliability evaluation requirerments, basis for re’eztion
and return for credit, constraints on material substitution, burn~in if any and othrer

special screening.

CIRCUIT DESIGN
At the tor of the list of high reliability corsiderations for circuit design is the

need for a standard rarts list (SPL) or handbock and a ricgorous autheritative orzanization
for its enntrol, While the gradual acquisition of preferred parts for irclusion in the SPL,
based on successful experience, is perhaps the most painless means for the creation of an
adejuate SPL, other shorte-cut means have been quite effective. One such means is the

following.

With aporopriate anticipatory language in subcontracts and purchase orders, a Parts
Control Board (PCB) compes2d of a chairman from the developer's organization, and a parts
specialiat (member) from each sienificant supplier is organized and begins its meetines on
a frequent (monthly) schedule immediately upon award of the development contract., The FCB
by majority vote, but with the chairman®s power of veto, azrees on a preliminary SPL that
is to rovern all suppliers, Any additions (and deletions) to the SFL are made subject to
discussion and vote by the PCB, Any and all piece parts to *e used by the developer or any
subcontractor must either be placed in the SPL, or ‘e specifically approved by the PCB for
the singular use and effectivity upon which the vote is taken. Often special verification
tests are demanded, and later experience may then warrant inclusion in the SPL., The col~
lective experience and intelligence brousht together by the PCB levds rapidly to a practical
SPL., The frequency of PCB meetings is adjusted to needs and early reduction in meeting
frequency is expected, The desirability for special drawines, special tests, and acqui-
sition of special data can be reviewed by all and discussed, Above all, the parts sources

then readily recoanize the pervasive irvortance of reliability in the mind of the developer., .

The next most important consideration for high reliability circuit design is ecircuit
analysis. In this computer are much has been done toward standardized computer analyais
of electronic circults, Initially, it is well to note that if there is to be anything like
an extensive investisation of an electronic ciccuit, a design which minimizes the number of
different tvpes of circuits (maximizinz the repetitive employment of a minimum number of
circuits) will toth ease the analysis burden and increase the likelihocd of total evaluation
of the circuits used., The desiem of large scale dizital computers has been a classic
example of an extremely complex large system which employs an amazingly larze quantity of

but a few different circuits.

Computerized circuit analysis beeine with the creaticn of an accurste equivalent cir-
cuit. The value of all subsequent results will be heavily devendent uron the assurptions
emploved in claimineg accuracy for the ejuivalent circuit used. The writing of circuit
ejuatiens tr cover circuit rerforrance in terms of rarts carameters can benefit today from:
the increasine emphasis on mathemarics broucht arout by the computer age. The circuijt
equatirns will usually ircorprrate into one or another of various existingz aeneral corputer
crograms, which can then be deburpred, run, ard the co-ruter cutput analvzed.

Because prorrammed circuit analysis by corputer requires as inputs variovs voltages,
values of resistors, capacitors, rarameters for transistors and integraizd cireaits, and
the like, it is convenient t~ intr~duce the-a2in initial tolerances, value variations with
temverature, humidity, 2nd life, and all the ¢.:ft and aging factors that affect Froger
functi~ning of the circuit,

Worst case analysis is made when all circuit parareter values for computer input are
sirultaneously chosen at those tolerance ard drift extremes that abridge proper oreration
the mrst. Werst case desiosn is achieved if desired functioning prevails with such extremes
of parameter values. Obviously the frequency with which a repetitive circuit conficiration
is repeatedly eroloyed in an overall sys°em can provide strong influence in the directicn
of worst case design.

Studies have been made wherein the statistical distridbution of tolerances is considered
80 that calculation of the probadility of proper cperatinn can be made for somethinz less
than werst case desiem, However, it is usually found that with highly replicated circuits,
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the savines in circuitry, svace, weight, power requirement, and cost is minor for statis-
tical design over worst case design when corrared with the rapid drop in reliability, The
great advantiee of worsest case design (other than its greater reliability) is tha? it can

be prerfrrmed with a minimur of parameter design information, ard it avoids need for assump-
tions or voluminous data for the assiemment of statistical distributiors to the tolerances
an® Arifts. In any case, the opportunity to explore circuit function as parameters are
varied thrrurh use nf a vprogrammed computer, can provide tremerdous insight toward effective
total understanding of the desivn of hieh reliability c.rcuits and thus high reliability

avionics,

The need for useful tclerances for the parareters of plece parts is easily accommodated
for parts that have been in rezular hiesh volume use and procured from steady sources. On
the other hand, rew items, or sisnificant chances to old itemsa can raise new questions as to
expected tolerances, While collection of quantities of measurement and test data, painful
as {t may be, is undeniably most valuable, a first hard understandine c¢f the part manufac=
turer’s production process, in detail, and especially if it is highly r~chanized, can permit
the specialist to make quite useful assurptions as to tolerances, with at most, attreviated
test and measurement of selected parameters on small samples.,

If second and third sources for various viece parts exhidbit parameter tolerances or
Arift behavior markedly different than the preferred source, the computer analysis program
can quicklv evaluate the effect on circult rerformance, and thus verify the adequacy (or
inadequacy) of selected alternate sources, and possiile reredy.

LAYOUT DEVELOFNENT

The remarcarle ororress in solid state developrent of large scale and medium scale inte-
gration has the effect cf comrressing rore and more avionic comrlexity into smaller and
smaller vnluie, The lawer power rejuirement of solid sta-e active circuit elements no
lonoer protects the desigrer arainst cocling problers. Means, anc rreferably skillful
efficient means, for heat removal must he crnsideraed from the very teginning of concegptual
Aeaisn, and attentiecn to this dare not be relaxed until hardware mccdels permit valid meas-
urements of temperatures and ther~al gradients un“er all possible conditions. Unmistakable
evidence as to the adequacy of cnoling must be develored.

The coolirg problem must be addressed not only for system oprration in the intended
application, but also for operation durineg all levels of maintenance, for accidental unin-
tencded operation in cornjunction with other repairs, and for emereency checking. The cool-
ine oroblem must be considered for all possitle environments from tropical sumrer to arctic
winter (if that deployment is possible)., If cooling under scme conditions such as during
maintenance force dependence on auxilliary units (viz., portable refrigeration units), thea
reliability of these auxilliary units must be sufficient.

If cooling is by air flow, then extremes of alr density, flow rate, humidity, thermal
gradient, and carried ccntaminrstion must all be cornsidered. Ailr flow cooling raises the
need for a decision on what prrtions of the design to make hermetic to protect against con~
tamination. If coclinz is by a 1iquid refrigerant, can all the imrortant therial gradients
between the cocling 1iquid and the mcst distant sensitive plece part be adeeuately estimateu?
Are those temperature tolerances essential for proper effectiveness of the coolirg air or
1iquit really practical? Can they bds adejuately estimated for all conditiorns of operation

of the system?

Pathematical computation cf heat flow is complex but extrerely valuadle if the needed
parameters are known. The thermodynarics involved with derse avionics tecomes so sophis-
*icated, that a successful desizn is only considered achieved after thoroush laboratory
measurerent of an extrerely accurate anc repre<entative operational model. Accordingely,
hardware mndels nf propesed ccoling desiens are nften the earliest items for model shop
farrication, and adequuts environrental test facilities for such models often see contin=-
uous assismment to cooling nrodlems from beginning to end cf the centract.

¥any reliability problems have arisen because a new desisem was not properly evaluated
Aurinrg non-operatine exposure to low terperature extremes., Failure mechanisms related to
therral exrarsion and centracticr, and the rate of exransion and contraction are too often
overlo~vred, The mechanical effect of start-up after extended cold=-soak can easily be ob-
aerved cnce the har'ware exists, but difficulties found so late in the development program
are ,=nuallv ro-t incenvenientlv dealt with,

Susceptadility to shock and vibration usually is ccntrolled in large part by the
designer’s cast exrerieance, Yowever, with the excansion of other horizons, has come expen~
sion ~f tre shock and vibration srectrum that can scmeti~es be encountered. Specialists in
shock arnd vitration, if they are «iven the oppertunity, time, and funds tc design suitably
represertative testirg fixtures, snd 7 they have neceasary laroratory exciters and sensors,
can de quite well in evaluating s-stem perforrance in a shock and vibration environrenc,
Afrain, bv the t'me such evaluatica ean occur, developrent pro-ress is far beyong the con-
verient roint for structural remedy. The answer ia tc inveatigate mechanical desien early
through sivulacien anA si-~nlified wodels, to ausment past experience to the extent necessary,

FAILURE ANALIYSIS

Ladrratery facilitios adaptable te the study of any tvoe of system failure shculd be
estarlianed close by the “eveulooment laboraterv. These facilities sheild then be employed
te aa*arlish or verify the rhyaice of failure in every ins*ance cof otserved failure where
such understadinz does rot pos;tively exist, It is only with recoenition of the detailed
faillure machaniam that decision can be made as to the value %o reliability of its elimin-
atior., Because ranv of the clues needed for effective failure analysis exist only at the




\nt Af fatilure, and in the mindg ~f thoee o =srying the fijlure, {t j4 suamert ;2] that thre
tayelnpment tean operate ceorprpativaly i ths Failare aralysia proress, It 13 ugually of
ft*le hanafit o asnd a T3] 4 teem hack toite ~arufacturer for failure apaiveis, ir larpe
“Mrt hecayas the mativation §a wronply directed then, |(f warranties tec~~e ot tacles, trer
.eranee to invite thrae rervonailRle ta came te the fajl.re aral,asin Jar-rat-ry ftnat ;s
iacent ta the ajte A* failure and ta actively rerform the aralviia trere (rather tra- |-
“tolr own facilitv) in crllaberati'n ~ith *he developrant team,

ralne

Intuatrial axreriaonce has shrwn that an effective fajlure aralysia lakr-ratary oat
{~clute npr have local accras to facilitisw for radiograthice/xeray study, ~icroacrpy, phoe
tesravhy, chamical aralyale, and cnmrlete slecerical ard vachanic3l measurersent in arite
rrrw enviprrnreant, Aprrepriate furdine moat eviast, bocayca fyilures cannet te 3elac-ively
aralvrzed t~ fit a 1imi.e? h:drat, Tasfyl aralvses Yeadirg to a3 unefyl rarnsrt ~? careluci-ry
averace hetween twsnty and one hundred rarhours each,

Whila it is quita cucterary, {t {o atill {rrertant to mertisn the necessity tec veeg
th~rouch Aata files of obasrved failurea, from the very beginring of Aeveleopesnt orward,
¥any achemea feor achievirg this by cerputerized methods “ave teen descrited, .r» rrir~iple
valus ie¢ to 1) quickly recever vast data ~p similar or arparently sivilar fallure= arg
. fallyre mecharisms, and 2) to Aevelrp at least 2 rcush index cof the reliability cr cc~tara-

tive ralia*ility t~ he expected for *he failed item,

MANAGING YIGH RELIABITITY DESIGN

}erhare the m~at tvrical vethnd fer ranagement®s contrel ~f a develcoment tro-rar s
via “esign reviews, Fkefrre discieaine deajon reviews, let us ln kK at prasitle ~esns Zor
the leaders nf the Aevelooment team (rather than non-techriical ~ana-erunt) to keep treva
selves 9p to date and to rrrrerly advias Jower echelon mem'ers of their team,

Farts annlication data sheets can be Aesirned tr keer riunnine accounty cf esarriially
211 i~vortant sovrlication informatien {includire deratine) for every piece rart to ercer
Aesien cansideratisrn, Tvrical data aheeta have already been descritedl, Trese data sheets
at firat g¢,arce may seem to crnatitite corsiderable extra work fer a circuit designer,
However, on clnger irepection it will he found that essentinlly all the cdata for entry are
Aata that the designer already muat no=saeras if he ie to make a favrrable decision or the use
of 3 ~articular rlece rart, The data sheet just conveniently ccllects in one lccatirn on
a routine format theae data otherwise often exisztine on'y in the desivner®'s nctebe~k, or
onlv in b * head, and sometimea eiven a prrprietary clrak of secrecy by him until he can
varify the wiadem of his chnice, When such rarte apnlicatinn dm*a sheets are reitinely kept
bv 211 circuit designers, and kept up to date, supervisory desien rersonnel can review them
on 23 freqruent a basis as seems necesaary without tyines up the circuit desivner with
1ueatiens, Concurrently, those with responsibility for reliability can also review the
applicati~n Aata mhoets, and therefrom rake preliminary calculatirns tr indicate trends ard

axpected vroblems,

Deaisn reviews for the benefit of supervisory desisn personnel (and not higher manage-
ment) shnuld he held vericdicnlly and. frequently. Care has to be taken with respect to those
invited to he the sudience, and with reerect to those invited tn offer critijues ard criti-
clams, t~ make sure the responsible desiecner dces n~t withhold early considerations for fear
of criticism or of aprearing to exhibit stupidity, A true team atmoaphere rather than
anceuraced competition amone desieners will ge further to yield high reliability, Homewcrk
shculd he arasioned in advances of a desion review s0 that cother unrelated impartial desicners
witheut cenflict c¢f interest can study to their own satisfaction thoxe portliors of a cesien
intced ready to release (or under criticiem for seme difficulty), and then report their
findines or cancluaiona at the Araipn review, It is irvortant to realize that design reviews
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ABSTRACT

For high reliabilaty applications rules are given for the selection of components.
Determining the sultabie technology, part derating factors and then the selecticn or
writing cf frecifications for paits procurement are described. The necessity cf precap
visual 1uspection and screening of compc ents as well as incoming inspection by the
user for high reliability applications . emphaatsed. The use of plastic IC's for
HI-REL applications and a new develupme .t in this field is discussed.

The se—~ond part 1s concerned wi.th the design of reliable circuits. Precautions to
Le taken against voltage and current overstressing and the selection of the proper
supply voltage are described. The use of MSI and LS1 and synchronous operation is
sugyested to increase the reliability. Noise immunity and its influence on reliable operation
1s discussed. Finally redundancy versus screening and the cost of reliability are considered,

1. INTRODUCTION

The first thing to do in the design of an electronic circuit is to establish the
requirements of the mission and the anticipated environments. Then one can define the
components compatible with the circuit parameters and the environment. In the following
guide lines are presented which are intended to heip in the selection of components for
high reliapility applications. In a second part circuit design rules for reliable
operation are given based on problems which are frequently encountered. Some basic prin-
ciples important for reliable circuit operation are presented with emphasis on active
semiconductors because most of the problems encountered are connected with these.

2. COMPONENT SELECTION
2.1. CHOOSING THE RIGHT TECHNOLOGY

For the selection cf a suitable technology one has to know the requirements of the
application and the environmental conditions first. Table I gives for instance the
standby power dissipation of several families of IC's. Fig. 1 gives the dependence of
the power dissipation on the operating frequency and also the maximum frequency of
operation for these IC's. One has to take care that both in the power dissipation and
the maximum operating frequencies including aging and component tolerances there is
still enough safety margin that the application can be implemented. This will be dis-
cussed in more detail in the paragraph on part derating factors.

Table 1: Standby Power for Several Technologies
Digital Logic Type Standby Power
Drain / Gate

CMOS 1,uW
PMOS (Static) ) 0:5 mwW
PMOUS (Dynamic) so/uw
DTL 4mw
TT7L (54 series) 10mwW

ECL (Y0 F series) 25nmW




Moat important then is to choore a technolugy the reliability of which has been
pruoven. This can be verified by usiry Mi. Standard ot space-qualified components. It can
tor new devices alao be done by performing life-time tests oneself and by evaluating the
quality of the compunents to be used by the means of destructive physical analysis as
will be dencribed in the paper on Reliability Testing of Electronic Parts. In any case
however 1t 1s most important to procure the parts to definite specifications.

2.2. WRITING AND SELLCTING SPECIFICATIONS

If posaible parts sheould be procured to already existing Hi-REL specifications
such as MIL-Specifications, GfW or RAL specifications, This simplifies the procurement

of parts because the manufacturer already has test facilities and proyrams ready.

If a part shall be procured to a new specification, the user should negotiate with
the manufacturer, sometimes a minor change can result in a considerable price and/or
lvad-time advantage. ¥Yor mission critical parts SiM quality evaluations on samples of
vne lot may be required [1] . All the inspections and tests done by the manufacturer
must be performed to documentvd procedures. Included in the specs should for critical
parts be the pre-cap visual inspections by an independent inspector after the component
ranufacturer has completed his inspections (sce below), Also the witnessing of a

cratical parameter test may be called for.

In MOS and linear Jdevices a test of the innput protection system may be necessary
because as will be shown a lot of failures are due to electrical overstressing at the
input. The specified burn-in time varies very much between specifications. Some speci-
fication systems call for double delta measurements, for relays sometimes an ultra-
sonic foreign particle monitoring procedure is specified. All this has a drastic in-
fluence on the price of the devices, so one should really take good care in the defini-

tion or selection of specifications.

Table I1 and III show the tests called for by GfW, MIL STD and MSFC 85 MO specs

for transistors and IC's, respectively [2] .

Table II: Screening Tests for Transistors and Diodes

to be made in Several Specification Systems

Requirements Specification System
Gfw JANTXV MSFC 85 MO

A B
Lot i{dentification x x
Internal visual X x
Se.ialization x x X
Hich Temp. Storage 48 48 48 48 & 24
Temperature Cycling x x x x X
Thermal shock x x x
Acceleration x X X x X
Mechanical shock x x x
Leak test x X X x X
Burn in 500 168 168 168 240
Double drift A x
Drift A x
High Temp. Reverse PNP and JFET
Bias Transistors only
High/Low Temperature
Mcasurements Sample Sample Sample Sample
POA D 1) 54 104 -
fPercentadge befects
Allowed)
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Table II1: Screening Tests for IC's to be made in
Several Specification Systems

Regyuirements Specification System

GEwW CLASS A "MFSC

A B [y 883 85 MO
Lot identification X x x ¥ x
Internal visual x x x x x
Serialization x x x x
High Temp. 48 48 48 24 24
Temp. Cycling _ 10Cy 10Cy 10Cy 10Cy 10Cy
Thermal shock x X x x x
Acceleratioan x x x x p
Mech. shock x x x x x
Leak test - x x x x
X-RAY INSP, x x x
BURN-In 500 168 168 240 240
Double Drift A X
Drift A ' x x x
High Temp. Rev. Bias x x x
High/Low Temp. Meas. X x x x x
PDA Electr. 10% 10% 10% 5%
Other 5% 5% 5% 5%

SEM : x X

GE Nimbus and the international MAROTS Specifications for instance also call for
SEM inspection of Microwave Transistoue.

As one can 'see in the tables the specification calls for rejection of a whole lot
as the Percentage of Defects Allowed (PDA) is exceeded. This PDA limits are different
for particular components, for transistors they vary from 5-10% whereas resistors have
PDA limits from 3-5%. If exceeding of PDA limits is considered as absolute rejection
criterion this can have dramatic influence on costs and delivery times. General Electric
[2] reports that if the amount of rejects is within 50% of the specified PDA then by
come retesting and categorization of defects 6% of the lots otherwise rejected can still
be saved.

2.3. PART DERATING FACTORS

The part selected for a specific high reljability application must be chosen so
that it will not be operated at or near its maximum specified rating. For reliable
operation the part his to be derated. For individual components the stress to be derated
is different. In the case of semiconductors it mostly is the power to keep the tempera-
ture down, whereas in capacitors it is the voltage stress on the dielectric which is
most critical. In the case of relays or for r.f. transistors which are operating at very
high current densities the current must be derated, Table 1V gives some part derating
factors which are generally agreed on [2] . For semiconductor devices a maximum junction
temperature of 125°C should not be exceeded.
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Table IV: Part Lerating Factors
Part Type Parameter to be derated Derate to percentage
0o maximum ratings
—t
DIODE POWL R 20= 5008
TRANS1ISTOR POWLR . 15-50%
1C-Diyital FAN-OUT : 40-80v
IC-LINEAR CURRENT e
THERMISTOR POWLR 500
CAPAUITOR VOLTAGE 30-704
RESISTOR POWER 20-50%
TRANSFORMLR TEMPERATURE 2SOC-JUOC
INDUCTOR TEMPEKATURE 257¢-30%
RELAY CONTACT CURRENT 0%
CONNECTOR CURRENT 50=701
FUSE CURRENT 20=50%

2.4, EFFECT OF PRECAP VISUAL INSPECTION ON THE RELIAPILITY OF IC's

For everyone who has ever performed failure analysis of (C's 1t 1s striking how
many of the failures (even of High-Rel devices) can be traced to causes which could

have been detected by a proper visual 1nspection.

Failures aetectable by means of an optical microscope include:
. Oxide defects (indicated by different color)

. Metalization defects (voids, scratches, bridging, corrosion)
. Mask misalignment

. Cracked dice

. Poor bonds (misplaced, bad wire dressing, double bonds)

. Poor die bonds.

Fig. 2 shows a double bond on a post which is cause for a reject . ecause the tail
might come off. There is a strong tendency to use precap SEM inspectio:. for tihe detec-
tion of possible metalization defects ir mission optical parts. Fig. 3 shows a metali-
zation discontinuity at a window in the oxide which can only be detected in a SEM. Speci-
fications for SEM inspection are available [1] . It has been shown [2] that even after
the manufacturer's precap visual inspection as much as 3,7% of IC's have still had to be
rejected by a customer inspector. This stresses the need for visual inspection of criti-
cal parts and also the presence of an inspector ac the manufacturer at the time the

parts are manufactured.
2.5. SCREENING OF COMPONENTS

The basic philosophy of screening is that potential failures are detected by means
of testing. Testing may include the application of certain stresses which will cause
weak devices to fail, but will not weaxen good units. The amount of stress applied and
the kind of rests performed during screening has to be determined for each specific
part. For different technologies different stress must be used. For plastic devices
other tests have to be used than for hermetic ones and for ceramic packages some stresses
cannot be used that are good for metal case,

The major causes ot failures {n IC's are given in Table V fer bipolar and MOS
IC's, respectively. 1t is also indicated in the table by which screen this failure



mechanism can be detected., The statistics are from two sources [3 bxpola:] and [4 HOSJ

¢~d some of the failures i1n one source are n¢* distinguished 1n the other. But 1t can

‘be clearly seen that surface problems and electvical overstress prevail in the MUS

technoloyy and sc specific screens for this failure mechanism have to be used.

Type of Failure

Table V: Statistics of Majur Causes 0Of Failure

Percentage 1n

Screen used for determinaticr
of weak IC

Wire bona

Metalization

Photolithography

Surface problems

Package defects
Parameterdrift
tlectrical
overstress

Miscellaneous

bipolar technology { MOS tecnnology
33e S
264 23
18 not distinre;:
Al 18
10% B
not distinguished 7,54
" 10%
6% 8,1%

Vibration, mechanical shocx,
thermal cycling
Thermal cycling, mearurenents
at ! temperature,
preceay SEM oinspection

visual
Power cr high Terperature
Rev. Bias (HTRB) burn-1in
Visual inspection, leak tests
Burn-in either power or HTRB
Test of input protec:iion

circult on sample kasis

The cost of screening 18 given in an RAC publication [3] . For MIL Std 883 ¢ s A
devices the bids for the whcle spectrum of tests ranged from $2.60 to $7.90. For
Class B devices it ranged from $1.36 to $4.75.

Especially important during the screening of components is parameter drift. The
established limits of parameter drift drastically influence reliability but also the
cost of parts. Typical values for the maximum allowable parameter drift published by

GE[ 2] are given in Table VI.

Table VI: Maximum Allowable Parameter lcift

Part Type Parameter Maximum Allowable Drift
from the initial value
Transistors Gain <HFE) +20%
leakage ICBO +100% or 10/uA
whichever is greater
FET's Transconductance +20%
Signal Diodes 'Leakaje I, 1008 or 10,uA
forwarl voltage V. +10%
Zener Diodes Leakage IR +100% or SO/uA
breakdown voltage +2% of initial
Digital IC (TTL) VOH +10%
VoL +20%
I +10%
Ty +10% or 4/uA
Film Resistors Resistance +0,2% + 0,00
Wirewound Resistors Resistance +0,2% + 0,05
Capacitors Capacitance

Ceramic
Glass
Plastic

Thermistors

Zero Power Resistance

+10%
+2%
+51
1




eb. INCOMING INSPECTION AND SCKJOENING BY THE USER

That even aftter all the screening performed by the manufacturer of a component
an lhcoming 1nspection by the user 18 necessary has been often stressed. We have once
nad the case of a space Jualified component stamped as a digital IC which actually had a
linvar device 1nside the package. Recently published data also indicate this need.
Table VII shows the information that Goddard Space Flight Center has publxahe&[ 5].
indicating that after i1ncoming inspection and additional screening even for JANTX

transistors the rejection rates were as high as 204,

Table VII: Incoming Inspection and Sc cening Rej)ection Rates

Type of trangistor ] Scr 12ng Test Rejection Rates tn @
JANTX ‘ 20,3
o 34.4

COMMERC [~ 63.8

So for mission cricical parts (and preferably for all others too) there should
be an incoming inspection and as the Goddard report has shown also some limited amount

of additional screening,

2.7. USE OF PLASTIC IC's

There has been a lot >f discussion on the use of plastic IC's for Hi-Rel applica-
tions [6] . A new development by RCA shows good promise of overcoming the major problem
encountered in all plastic IC's namely that of hermeticity (see fig. 4). A passivation
layer of silicon nitride is used to protect the silicon surface. The junctions are
contacted by means of a platinum~silicide contact. Then a three metalization consisting
of Ti-Pt-Au is used with Ti used for good adherence, Pt as a diffusion barrier be-
tween the gold and the titanium and Au for good conductivity. On top of the metalization
there is another passivation layer consisting of phosphosilicate glass. Fig. 5
shows the Weibull Probability Chart for standard Motorola C-MOS plastic devices [7] .
After a little more than 2-103 hours 50% of the devices have failed in 85°C/85% R.H.
environment with a bias of 10 V. Also indicated are the results of the same test on
the RCA TRIMETAL Plastic IC's [8] which show no failure even after 5+10° hours of
operation. But up to now only few types of IC's are available in the new technology.

3. DESIGN OF RELIABLE ELECTRONIC CIRCUITS
3.1. HANDLING OF INTEGRATED CIRCUTS AND STATIC OVERVOLTAGE PROTECTION

In failure analysis statistics it has been determined that the failures due to
mishandling of the devices is in the range of 10% [4] . Especially sensitive to mis-
handling are M0S IC's but also bipolar linear IC's (especially with high input impe-
dances or circuits with low output impedances are in danger [9] . Besides overstressing
by exceeding the rated values during tests and in operation, the device might be in-
serted in a wrong way. Most frequent however are defects by excessive static voltage
at the input of MOS devices with insufficient protection. Fig. 6 shows a typical input
protection circuit for C-MOS devices., Fig. 7 shows the implementation on an IC.

Table VIII shows GSFC results of failure analysis on C~MOS devices [10] « The
failure mode of 44 V¢ of the total amount of failed devices was electrical overstress.
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Table VIII: GSFC Results of Failure Analysis of C~MOS

Failure Mode Number Failed Percent Fallures
electrical overstress 63 4.7
contamination 19 13.5
gate oxide defect 18 12.8
nnt defective 17 12.1
open or discontinuous )
metalization oxide steps 6 4.3
'radxatxon damage 4 2.8
rot determined 3l 2.1
mislabeled k] 2.1
hole 1n field oxide 3 2.1
smeared or scratched metalization 2 1.4
defective bonds 1 .7
cracks in die 1 .7
mechanical overstress 1 .7
141 1004%

'purposely exposed to radiation

For High Reliability applications certain handling precautions must be taken:

Besides the measures described above it is very important that in the design

MOS devices and high impedance linears should be shipped
with leads shortened

The surfaces of working benches, chairs and handling
equipment as well as the operator should be grounded
Control humidity to no less than 50 % R.H.

Clothing should resist static charge build-up

Avoid power transients (no insertion or removal of
circuits with power on)

Soldering irons are to be grounded and tenperature
controlled ones checked for spikes during temp. control
Ground unused inputs ‘

Check power supplies and testers whether they have

a voltage spike as the mains is switched off or

during power failure. This is especially important

for burn-in racks (use crowbars if possible)

of circuits care should be taken to avoid overstressing. For instance, due to the
particular protection circuits, very high currents can flow if the power supply of
C-MOS circuits is switched off and a low impedance source is still connected to the
input of that circuit. In this event the high current will flow through the protection

diodes and can lead to damage of these. So whenever this can happen a resistor limiting

the current to a safe value has to be added. Especially in multiplexers, where

external sensors are still connected, this kind of failure is quite frequent. Also

additional capacitors after this limiting resistor are sometimes advisable to integrate

voltage spikes on long wires from sensors to the electronic package (as frequently
found in airplanes) if the speed allows it. Some of the C-MOS devices oscillate if

inputs are left open, because the complementary output transistors float through

the active region of their characteristic.
the inputs of the IC's on each printed circuit board would best be grounded by a high
impedance resistor because during servicing the previous card might be removed and the

inputs would be floating.

So unused inputs must be grounded and even
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and therefore the switching times 1hcrease,

Another problem encountered in IC's .3 ths* of PNPN latch-up. It has been reported
[11] that a number of C-MOS circuits of the (D4 3, CLC4C'D type had been destroyed by
PNPN latch-up. Every IC with an isolation diffusion shows a PHPN structure and 1i1f the
number of current carriers in the IC 1s high enough, then the device will latch on
like an SCR. Due to the lack of current limiting resistors this will lead to the
destruction of the device. So care must be taken to avoid too high output currents.
No PNPN latch-up occurs for the CD4009/10 1f UDD<1O V and CL<200 pF.

3.3. SELECTION OF PROPER SUPPLY VOLTAGE

In most technologies the supply voltage to be used is fixed. In technologies such
as MOS and C-MOS however, the supply voltage can in some instances be chosen over a
very wide range of 3 V to 18 V. The supply voltage first influences the speed of
operation. Fig. 11 shows the dependence of the rise and fall times of the output
pulses on the supply voltage for the IC CD40VU1 for a capacitive load of CL = 50 pF.
The output impedance also depends on the supply voltage as shown in Fig. 12. The
AC and DC impedance decrease with increasing supply voltase. As lateron shown, the
noise immunity also increases with the supply voltage. It would therefore seem that
it is best to operate near the maximum specified voltage. There are some drawbacks
however. First as already described abovzs (see rig. 10) the power dissipation in-
creases with the supply voltage.

A much more important problem is however illustrated in Table IX which is based
on the results of Motorola f12] and SSS [\3] veltage stress lifetime tests at several
supply voltages. It is seen that Motorola unit: show a failure rate at 18 V, which
is higher by a factor of 16 than that at 10 V. The factor is still 13 between operation
at 10 Vv and 15 V. Similar measurements by SSS show a failure rate which at 15 V is
three times higher than that at 10 V. Therefsre, in order to keep the failure rate low,
a compromise between increase of speed and the need for reliability has to be made.
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Table IX: 1Influence of Voltage Stress on Failure Rate
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3.4. IMPACT OF MSI AND LSI ON SYSTEM RELIABILITY

The failure rate for SSI and MSI circuits is basically the same and so because
of the much higher number of equivalent gate functions, the failure rate per gate 1is
lower. Table X illustrates this for a typical case.

Table X: Respective Approximate Failure Rates of SSI and MSI
failure rate / 1IC Complexity failure rate/gate
at 5SS °C in ¥ / 1000 h number of equiv. gate function| at 55 S¢c in & / 1000 h

ssI 0,010 5 0,002
MSI . 0,015 50 0,0003

Ratio . o~ 7

So either the same problem can be solved more reliably or considerably more complex
problems can be solved at the same reliability.

With the availability of single chip LSI microprocessors a new era of circuit design
has arrived. It is no longer necessary to implement different circuits for control,
computation‘or experiments in ailways changing hardware designs. Using a microprocessor
it is only necessary to change the software and use different read-only-memories and
perhaps some additional analog-to-~digital or digital-to-analog converters. With the
possible use of the same circuit for different applications this minimizes the amount
of different parts and thus increases the reliability. Besides the experience with
previous designs, using the very samo IC can be fully utilized. In addition the high
complexity LSI circuit of course has an even lower failure rate/gate.

3.5. SYNCHERONOUS OPERATION

Almost all asynchronous pro -lems can be solved by synchronous operation too.
First synchronous circuits are much easier to test and service because cane has a
continuous clock which can be used to trigger oscilloscapes etc. If, for instance, one
has to control the sequence of some operations a chain of univibrators can be used as
shown in Fig. 13. Each univibrator in turn triggers the next one and so each of these
adds to the possible error in timing. Besides. this approach can be very exp:nsive and
uses more components for complex applications.




Fi1g. 14 shows the synchronous sclution of the same problem. In this case the
accuracy of the circuit is only determined by the clock generator which can be crystal
controlled. The parts ccunt 1s less for complex protlems and sc of course the reliability
also gous up. And as already mentioned testing and servicing 1s Juite simpler too.

(23

There are a ot of examples where synchroncus operation vffers greaw advantages as far

as the reliability of the circyits is concerned
Joo. NOLISE IMMUNITY

If reliatle operation at o138 nolse levels 1S necessary, one would use the slowest
pessitle lojic tamily Or one o o the nidn nolse UUnlty loglc families sach as the
Stemens FIITOO series. However, even a1%0 trose specially desianed tamilies, standard
JeMOS Compares Julte well o8 tre sapply voeltase 1s projerly chosern. The dynamic cross

coupling norse aremunity 1s shown oo bogl 1o [14. 15] tor rcth the "CY levei (Fig. 1da

and tne "1T jevel Foas YR, Fris e stows the teSt CLrcult, The nolse imrunity an-
Sredses &1t the J=MOS sJpply veodltare Lor Lonh states. Sooin order to oktain a high

nUlse ammunit; tne sapely voltade sreaid te gt oagain. Below 2 nF cross ccupling

CARACIty thir ordh o nolse (mMULItY Logld 15 Letter as £ar as nolse 1TWURLtY 1S concerned.,

3.7 RLDUNLINCY VERHS! S SIREENING

By usirg standard components 1n garallel or serial redundancy single defective
parts have o effect on circuylt cperation. However, cne has to know the most probable
farlure mad. , namely stort Ccirouilt or open or use guadruple redundancy. If the i
moust probal.e case of fairlure 1s a short, then, for oxample, two dicdes 1n series :
could be used (one would still cut off). If the most prciable failure i1s an oper,

then connecting two diodes 1n parallel would be the solution,

Since 1n must of the cases one does however not know the type of failure one would
have to use quadrhplc redundancy, namely two diodes in series and two in parallel.
This 1s quite cxpensive toco and also very bulky (4 times the parts count), SO except
for a few rare cases where extreme reliability is needed and where in addition the

parts are screened the redundancy method is hardly used.
3.8. COST VERSUS RE! TABILITY

'f a higher reliability of systems is needed, the necessary screened components
are more expensive than those for commercial applications. An idea of the additional
prices is given in the RAC report mentioned above [3]. If, however, one takes into
account in the case of plares the cost of the overall system including service, then
the secemuingly more expensive Hi-REL unit may prove to be less costly after alil.

There is a certain amount of fixed costs per IC package which adds to the actual
price of IC's anyway. According to *his TI publication [ 16] the fixed costs for

- Incoming inspection

- Storing

- Handling

- Insert..n on p.c. board
- Wiring

- Soldering

- Testing

- Packaging

- Service




amount to about $1.-- to $2.--. This fixed price is already quite high compared to
present day prices for SSI circults. SO because these costs are not to be avoided
anyway, some additiornal screening may not make the overail system much more expensive
at all. It has bevn shown that an order of magnitude less factory line repairs may

be achieved by using screened parts in place of normal military types [17] . Since
the reliability of the circuits is increased by going to MSI and LSI, both costs may
be decreasec and vreliability increased at the same time by a lower number of parts.
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SUMMARY

The use of lifescvele=cost/desigm <toscost comritments on new woapon svstems
contracts has Lecome necessdary as a resudt of the high cost of acguisition and ownership
of these svstems, life=cvcle=coct analvaes are being performed during preposal, develop-
rment, and production phases of contracts to control patential weapeon and avionic svstem
co.t problems, The cost analvses use life-cvecle and logistic-support cost models as
evaluation tywls, One of the major contributors to the life-cvcle cost of a weapor system
is the operational reliabilitvy of the avionics., The interface of avionics reliabilfty
with life-cvcle cost is discussed in this paper,

INTRODUCTION

The inclusion of life-cvcle-cost/design-to=-cost concepts in major defense sviter
contracts is being emphasized to provide a cost discipline for use throughout the acquisi=~
tion and operation of the svstem. Operational reliabilitv of electronic equipment {s one
of the major parameters that influence life-cvcle cost. Since the interface of reltability
and cost under these concepts is rather new, it is the purpose of this paper to describe:

o What life-cvcle cost is,
o Whv the services are promoting lire-cycle cost,
o What ‘analysis techniques are used to evaluate life-cycle cost,

o What life-cycle-cost/design-to-cost requirements are contained in present
contracts,

o The reliability interface with life-cycle cost during proposal, definition,
and production phases.

\ LIFE-CYCLE COST DEFINED

life-cycle cost of a system, as defined in Department of Defense Directive 5000,28,
is the total cost to the Government of acquisition and ownership of that system over {ts
full life, Life-cycle cost covers the cost of development, production, operation, support,

and, where applicable, di-posal (see Figure 1).

Develnﬁment costs are all the research and development costs associated with the
weapon system prior to production - the design, the hardware development, and the verifica-
tion of the design,

Production costs are the costs associated with procuring the basic unit with pro-
pulsion equipment, electronics, armament, Government furnished equipment, and other weapon
system {tems such as peculiar ground support equipment, peculfar training equipment,
technical data, and initial spares.

Operations and support costs are those resources regquired to operate and support the
system uvuring its useful life {n the operavional {nver.ory,

THE NFED FOR LIFE-CYCLE COST IN PROCUREMENT

The cost of procurement and operation of a weapon system has increased dramatically
at the same time that defense budpets are being constrained. On the basis of historical
trends (Figure 2), present projections into the future forecast an even worsening DoD
budpet squaeeze, 1If the cost of all successor weapon systems continues to rise, there
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simply wil) aot be enough money to fulfill
the requirements of these future programs.
The services must obtain tools whereby they
can estimate how much a weapon system is
going to cost so that umaffordable systems
can be rejected, In the present cost-
squeeze environment, the services can pro-
cure weapon systems only {f they know the
cost = not only of the infitial purchase, but
also of the cost of owning the system.

Department of Defense Directive
5000,28, dated May 1975, eatablishes policy
and guidance in the application of design-
to-cost principles to the acquisition of
defense systems, subsystems. and components,
The design-to-cost concept contained i{n the
directive states that the following will be
accomplished:
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Figure 2 PERCENT OF FEDERAL EXPENDITURES
ALLOTED TO DEFENSE

o Life cycle cost objectives shall be established for each acquisition and
separated into cost elements within the broad categories of development,

production, operation, and support,

As system definition continues, the

cost elements are firmed into cost goals to which the system will be designed

and {ts cost controlled.

o During design and development, cost requirements and the achievement ot cost
goals will be evaluated with the same rigor as technical requirements and the

achievement of performance goals,

Practical tradeoffs between system capa-

bility, cost and schedules must be continually examined to fnsure that the
system developed will have the lowest life-cycle cost consistent with schedule

and performance requirements,

0  The cost goals established and "designed to" in the development phase will be

extended {nto subsequent phases of the system's life cycle.

Production cost

will be rigorously controlled to the production goals,

-
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0o A« the svetem is introduced, operation and support cost yoals will be utilized
to control inftial outfitting cost, personnel, sparvs, rrwork, etc. In the
operational feedback process, change requests generated by operational usage
and feedback design engineering will reflect the use of designetoecost principles
and tradeoffs necessary to fonsure the lowest cost is obcained to achieve
acceptable performanie.

LIFE-CYCLE=COST ANALYSIS THECHNIQUES

Since the scrvices are requiring that lifeecvcle cost be given equal consideration
along with performance and schedule, both Government organizations ard {ndustry are obli-
gated to create techniques and methedologles for use in quantitative evaluation and control
of this cost during definition, design, development, production, and operational usage of
a weapon svstem. A technique that is being developed presently is that of evaluation of
lifescvele cost bv use of analvtical models,

| e
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Figure 3 WEAPON SYSTEM LIFE CYCLE COST MCDEL

The analytical model of a weapon system life-cycle cost can be described as a set
of mathematical equations whose solution represents a close approximation of the true
life-cycle cost for that system (Figure 3). Thus, tie task of model development in this
case is one of deriving a set of equations which are a function of those parameters that
influence the life-cycle cost of the weapon system, (One of the major parameters that
drives the life-cycle cost model {s the operational relfability of equipment,) Such a
model can serve as a tool to evaluate and control costs at the weapon system level by:

o Maintaining up-to-date estimates of weapon system cost during all phases
of the program,

o Determining individual equipment and function cost goals.

o Evaluating impacts of proposed design operational or reliability {mprovemrent
chinge on life-cycle cost,

o Identifying equipmant and function cost problem areas and determining
fmpact on weapon system life-cycle cost.
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0o Providing life-cycle cost data ror design, tradeoff and reliability
improvement studies,

Life-cycle cost can be expressed mathematically in terms of all functions that
penerate cost (Figure &4). Because the cost of any one function adds to the total cost,
the life~cycle cost equation (in {ts most yxeneral form) consists of the sum of all cost
generators, Even though the weapon system equation is simply the sum of all costs, the
cost expressions of the lower tier functions can take various forms as shown in Figure 4,

WLAPON SYSTEMS m COST OF ALL FUNCTIONS
LIFE CYCLE COST  ® LCC = X C; 4 FROM DAY OF PURCHASE

iTh 10 DAY OF DISPOSAL
DESICN FLIGHT TEST PRODUCTION LOGISTIC FUNCTION m
FLYAWAY SUPPORT
cosT COST A PPORT L1 ost
C C; C
1 ¢ Ca m

EXAMPLE BREAKOUT OF A
SUBTIER FUNCTION UNDER
SUPPORT COST

C4 4 = Intermediate and Depot Maintenance Costs

m
Caae N (TFFH) (UF) (QPA) (1-RIP) [(RTS) (BMH) (BLR + BMR) o]
447 ') MTBF (NRTS) (DMH) (DLR + DMR)

WHERE :
RTS = Fraction <! Nemovals Repaired at Base Level
NRTS = Fraction of Removals Returned to Depot
MTBF » Mean-Time Between-Failures
BMH =+ Average Manhours to Perform Base Shop Maintenance

TFFH = Total Force Flying Hours
wlly o wlhiwdur By

Figure 4 WEAPON SYSTEM LIFE CYCLE COST MODEL EQUATIONS

Other models for items below the weapons system level can be used to obtain certain
aspects of life-cycle cost, One of these is the ORILA (Optimum Repair Level Analysis),
whose primary object!ve is to determine the recommended repair level of an item (any shop
replaceable unit or repairable part), This objective is reached primarily as a result of
economic decisions made in the analys.s portion of the model, 1Item data (item spare cost,
repair manhours, parts, cost and failure frequency, support equipment costs, training re-
quirements, data requirements, non-economic factors, and operatinnal data) are input to
the mnodel. Repalr level costs for discarded-at-failure, base repair, and depot repair are
calculated and compared so that a recommended repair level and alternatives can be obtained.
A parametric sensitivity analysis is also performed for use as a design tradeoff aid. The
optimum repair level output allows the determination of logistic support costs and sparing
requirements, which are significant portions of the item life-cycle ccst,

LIFE-CYCLE COST IN PRESENT CONTRACTS

Because specific contract provisions for life-cycle cost should be tailored to the
weapon systems or equipment being procured, a standard set of specific contract terms and
conditions do not exist., However, one can review the design-to-cost/life-cycle-cost
(DTC/1CC) sections of the F-16 contract as an example of what ic being included in present-
day afrcraft contracts., The F-16 contract includes lifes-cycle-cost related comu.*ments
associated with

o Design-to-Cost

o Alr Vehicle and Support Cost Reduction Trade Studies
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o lopistic Support Cost

o Relfability Improvement Warranties

F=16 DESIGN=TO-COST COMMITMENT

The current contract for fullescale development of the F-i6 contains a section
specificaily for desigu-to=cost., The sallent items of the section are surmarized below:

o Definjtion: Unit pruduction flyaway costs are defined as the recurring and
non-recurring costs (excluding all development coets) necessary to producz a
complete aircraft, These costs include costs of airframe, nropulsion,
elactronics, armament, other CFAE/uri, engineering change orders of a
recurring nature, and non-recurring production costs,

o A prime objective of the development phase is to design to a curulative average
unit production flyaway cost of $3,842,525 expressed in FY 1975 dollars for
1000 production aircraft, at a maximum production .ate of 15 aircraft per month,

o The contractor shall control and track his portion of the design-to-unit=-
production flyaway cost of $2,323,074 throughout the development cycle., This
figure excludes engine, radar, and Government furnished equipment,.

o The contractor is also expected to include as a management objective during
development the control of future downstream operating and support costs. The
Government will entertain requests for adjusting the design-to-cyst goal at anv
time during the contract for real or demonstratable costs of ownership savings
which would result in an overall life-cycle-cost benefit to the Government.

o Twu design-to-cost demonstration milestones are included in the centract with
achievement dates of 19 months and 25 months after contract award. The
objective of each milestone i{s to d2mcnstrate the extent to which the contrace
tor's portion of the flyaway cost vill meet the goal of $2,123,074,

AIR VEHICLE AND SUPPORT COST REDUCTION TRAPE STUDIES

Two separate sets of life-cyclescost/design-to=-cost design trade studies are to be
performed by the contractor - one on the air vehicle and the other on supportability. The
detailed definition of these trade studies is included in the contract. Award fees can be
payable to the contractor by the Government in connection with these trade studies. The
award fee will be based on an evaluation of the completion nf these trade studies and the
vse of the results in the design of the air vehicle and support equipment,

LOGISTIC SUPPCRT COST COMMITMENT

The contract contains two types of logistic support cost commitments = one on
selected electronic equipment and one on the total afrcraft minus the selected electronic
equipment and minus the engine, The two commitments are called Target logistic Supp-rt
Cost-Correction of Deficiencies (TLSC-COD), and Target Logistic Support CosteSystem .
(TLSC~-SYSTEM), respectively, These commitments are sumarized in the following paragraphs,

TLSC-COD Commitment

The contractor guarantees that the total Measured logistic Support Cost (MLSC-COD)
will not exceed a specified total Target Logistic Support Cost (TLSC-COD) for selec d
electronic First Line Units (FLUs) when the measured values are obta ied (by a test pro-
gram described below). The FLUs that are included in the TLSC-COD . 2 shown in Figure 5.

The TLSC-COD value (one value for the total number of FLUs) was computed by tne
Alr Force cduring the proposal phase on the hasis of the contractor's estimates of FLY
parameters such as mean-flight-time-between failure, base repair manhours, depot repnir
manhours, manhours expended for preparation and access, etc, The TL3C value was computed
by inputing these parameters into the following abbreviated Air Force equation:

TLSC=COD = ﬁ Cll "Czi +C][ 4 CSi
-1
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where Cy = initial and replacement spare costs
C7 = on~equipment maintenance coats
C3 = off-equipment maintenancc roets
Cg = support equipment costs
n = FLU types svlected for 1nciuslon tn TLSC-COD,

The detailed formula for each "C" portion of the equation is included in the contract.
The contractor's estimates for all pdarameters used are also contained in the contract.
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Figure 5 FLUs TINCLI'DED IN TLSC=COD

For purposes of determining the extent *a which the TLSC-COD commitments have been
realized, the Air Force will conduct a verification test to demonstrate operational suit-
ability, The cperational test will be conducted at a single base location no earliet than
six months after full activation of the first operational squadron. The Air Force will be
responsible for organizational-, intermediate=-, and depot-level maintenance and will
supply support for the selected Fils Support assets will be acquired bv the Air Force in
sufficient quantity on the baris of the original estimated equipment characteristics and
the anticipated levcl of program activity during the test period. Maintenance procedures
will conform with those prescribed ir Air Force approved technical manuals. The test pro-
gram will continue unt{l 3500 total flying nours have been accumulated in alrplunes from
the squadron, All equipment maintenance actions will be recorded during that time,

The data collected on individual FLUs will be used in the same logistic support
model formula to establish the measured logistics support cost (MLSC-COD). In the event
that the total MLSC~COD exceeds the specified TISC-COD by more than (5%, the contractor
{s required to indicate actions to correct the demonstrated support deficiency. If the
MLSC-COD {8 less than or equal to TLSC-COD, the contractor is eligible for a separate
award fee,

Turing the verification of MLSC-COD on selected electronic FlLUs, one of the factors
to be verified by measurement {s the Mean-Flight-Time-Between-Failure (MFTBF) of each FLU,
MFTBF {8 defined as follows:



total reported flyirg time during the te-t period

a!
nunber of failures on each LU

METRE =

The definicion of a tailure will be consistent with that used for ~eporting and
consol{dating under the AFM th=l Maintenance Data Collection System, A tailure will be
considered as any departure from the required performance in excess of the allowable
tnlerance defined {n specifications, A test failure will bhe defined as the following
"how malfunctioned” codes and "action taken' codes (per definftions from Volume XI,

AFM 3004):

1. Anv tvpe 1 how malfimctioned code (item no longer can meet the minirum
specitied performance requirement due to its cwn internal faflure pattern
in combination with an action taken code F (Repair), K (Calibrgted-Adjustment
Required), L (Adjust), or 2 (Corroscion Repair),

? Any type 1 how malfunct’oned code in combination with an action taken code P
{Remove an? Replace), or S (Remove and Reinstall), provided the jtem was not
found serviceable (B action taken code) at the bench check station,

3. Anv tvpe 1 how maltinctioned code where the removal of the FLU was required
hecause of the failure cof associated components attached or connected theretc,
Action taken code G (Repairs and/or Replacement of Minor Parts, Hardware and
Softgoods) will normaily apply.

4. Any tvpe 1 how malfunctioqed code for which the FLU is subseguently found to
be serviceable at henchecheck or depot vecification and the erroneous failure
identification is due to inadequately described test procedures or test equip-
ment developed, procured, or prescribed by the contractor,

5. Any tvpe 2 how malfunctioned code of 553 (does not meet specifications, draw-
ings, or other cenformance requirerents) or 602 (failed or damaged due to
malfunction of associated equipment or item). A type ! failure {s when an
item no longer can mest the minimum specified performance requirement due to
some induced condition and not due to its own internal failure pattern,

6. A type 6 how malfunctioned code of 80U (No Defect=Component Removed and/or
Reinstalled to Facilitate Other Maintenance), where such procedure {is
prescribed by a contracto. -recommended test procedure or documented technical
order,

TLSC=SYSTEM Award Fee

The contract contains a value f(r Target logistic Support Cost=-System (TLSC=SYSTEM).
This value is the logistic support cost "airget for tte total airplane minus the selected
electronic FlUs and minus the engine. Th: value was computed during the proposal by the
¢ sme methods used to compute TLSC~COD.

Puring the 3500<-hour test on the first F-«16 squadron, data will be gathered for
verification of the TLSC-SYSTEM. In the event the total MLSC-SYSTEM is less than the
TLSC-SYSTEM the contractor is eligible for an award fee.

RELTABILITY IMPROVEMENT WARRANTY (RIW)

The contractor agrees to provide (at firm fixed prices) either of the two nptions
described below:

o A 48-month (or 300,000-flight hour) reliability improvement warranty on any or
all of the First Line Units (FLUs) listed in Figure 5. (These are the same
FLUs covered under TLSC-COD,)

o A 48-month (or 300,000-flight hour) reliability {mprovement warranty with MTRF
guarantee on any or all of the FLUs listed in Figure 5,

Any of these options can be exercised on or before production go-ahead and before spares
provisioning. In the event that the Alr Force elects to exercise the RIW options on any
FLU, the total TLSC-COD for all FLUs will be reduced by an amount equal to the assoclated
legistic support of each FLU placed under RIW, Full discussion of the RIW is contained
in an earlier paper in this volume.
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LOCTYTIC YUFPORT COST=RIW COMMITMENT SUMMARY

The logistic support cost comritment contained in . e contruct {s {n terms of
logtstic suppoct ¢ st taryets for the system and for the critical electronic Fil's
Fieure 6), 1f these tarrets are met the contractor qualifies for avard fee, If the
tarvet for the critical electronics {s not met the contractor can incur a correctfon of
deficiencies, The RIW clause provides as an option cancellation of the logtstic support
¢ st commitment of auv or a'l of the FlUs and replaces cuverage of these selected FLUs by
either a repair warranty (RIW) ur a repalr warranty with MTBF guarantee,

ANY OR ALL ELECTRONIC FLUS
CAN BE SELECTED FOR-

/
v *RIW
" ® R'W MTBF

TRONIC ¥
300+ AIPPLANE ELECTRONIC FLUS
FIRST LINE UNITS (FLUS ® BADAR ANTERNA o RADAG TRARSMITTER
® RADAR COMPLTER ® HEADS # DISPLAY
® RALAR L0 POAER BE ® RLUAL £ C DISPAY
B ® FIFE TONTROL COMPLUTER
EXCLUDED EXCLUDED- ® INERTIAL KA IGATIDN UrT
® FLICHT C rIRTL COMPLTER
2 Pronutson L icoe A2 § ST
l ® RATAR DIGITAL SIGNAL S $%19)
e Myisc System Support _‘ FLUs 1 ® RADAR £ C swm,umcv GENERATOR ELECTRCNIC URT
!/ j f \
TISC-SYSTEM TLsc-coe MLSC-COD
GLEATER THAN GREATER THAN GREATE™ THAN
MLSC-SYSTEM MLSC-Cou TLSC-COD +25%
AWARD FEE AWARD FEE CORRECTION OF DEFIC!ENCIES

Figure € LOGISTIC SUPPORT COST = RIW COMMITMENT SUMMARY

INTERFACE OF RELTARILITY WITH LIFC-CYCLE COST

Hardware failure frequency is one of the majur elements chat drives up the life-
cycle cost of a weapon system, The failure rate of the hardware impacts corrective
maintenance costs, base and depot support and t st costs, initial provisioning costs,
reprocurement costs, transportation and packaging costs, and maintenance training costs,
Any type of life-cycle-cost evaluation, tracking, and control must of necessity {nvolve
evaluation tracking and control of reliability., Any type of life-cycle-cost analysis must
include reliahility as one of its major inpats, As the services promote the use of new
concepts in the ar2a of life-cycle-cost procurement, new concepts in the area of relia~
bility control will foll~w, A gcod example is the inclusion of reliability {mprovement
warranties as a major life-cycle-cost reduction commitment.

RELIABILITY INPUTS INiO LITE-CYCLE COST DURING PROPOSALS

During the proposal phrse, reliability aralyses are performed to determine the
reltability characteristics of the various design configurations being evaluated prior to
submittal of the recormended configuration with the proposal, Mission and hardware reli-
ability predictions are accomplished at the system, subsystem, and lower levels, These
predictions serve as inputs into reliability requirements analyses, design and technical
trade studies, and life-cycle and logistic cost determinations,

The life-cycle-cost related effort by contractors during the proposal phase is &
direct function of what {s included {n the contract, Over the last several years, mujor



emphasis has been placed on new concepts of procurement throuph designeto=-cost/lifeecycle
cost, Contractors are responding, A good example of this response i« the Ve'h contract,
which {5 the tesult of seven vears of cost-reducing activity, as sbown {n Fixure 7, This
activity culminated {r the Request for “ropesal (RFPy for what (s now the Fe-lo,

When the RFP t.r full-ccale development was recefved {t reguired that cost data be
Cprovided to establish the unit production flvaway cost, The production relfability pregran
costs were included in the establishment of this cost, Production reliability tosting and
the associated burn-in testing of the avionlc equipments were priced at severa! million

dollars, The results of the flvaway cost analysis are presented in Figure 8.

The RFP alsc required that the logistic support cost data on about J0u tirst line
units (FLUs) be provided., These FLUs include all hardware, from aviunic FLUs to hydraulic
pumps to temperature contr ) units., These data were required so that the; cruid serve as
{1puts into an Air Force pistic support model. The model vutput results established the
top contributors to tot. aircraft logistic cost. A working sheet presenting sorme of the
top 20 contributors is wown in Figure 9. The top of the list was made up predominately,
of ~viorics (since the engine was not included). The logistic suppcrt cost for the top
contributors was established and put into the contract as the Target lo.istic Cost -
Correction of Neficiencies (TLSC-COD) for the avionic equipment listed in Figure 6, Tie
purpose of the TISC-COD was to place major contractual emphasis on tnat equiprent which
was projected to contribute over 507 of FllU-related iogistic support cost.

The main reacon that the avionic FLUs .ere top contributors to the logistic support
cost was the high fre w.... of failure of theusc units. Ome of the major tasks of relia-
nility engineers during tne proposal phase was to make estimates of the czerational
reliability of the avionics to serve as inputs into the logistic support cost model
Since TLsC=COD was to be verified during Air Force usage and the measurements were to he
based on information from the Air Force AFM 66-' Data system, it was decided to use 66-1
historical data as the btase from which to make projections on F=16 avionics reliability,
Predictions based on 66+1 data .ere thought to be the most representative of that which
will be experienced in the field., Historical data were obtained on current airplanes such
as the F-111, A7D, and the F4E. Extensive studies were performed by reliability and design
engineers to determine the operational reliability of existing types of avionics from
which the F-16 proposed avionics were derived. These operational reliabilities were
established in accordance with the definit ion of faflure given in the contract. The oper-
ational reliabilities of the similar or same-family avionic equipment (baseline) were then
modified by cercain factors to predict the reliability of F~16 avionic equipments. These
factors are

o A complexity ratio -~ baseline equipment to F-16 equipment
o Expected technology growth
¢ Correction of known problems of operational hardware,

The RFP also ccntained a requirement to commit to reliabilitv improvement warranties
(RIW) with mean-time-between-failure (MIBF) guarantees. A full discussion on RIW {s con-
tajned in another paper in this volume,

In summary, the contractual cost commitments are centered about design tn cost,
logistic support cost, and RIW, A quantitat’ve overview of the relationship of these
costs is presented in Figure 10, :

RELIABILITY IN.UTS INTO LIFE-CYCLE COST DURING DEVELOPMENT

huring the development phase, the important tasks to be accomplished {n the area of
life=cycle cost are those related to tracking and control, Weapon system contracts such
as the F-16 have unit production goals, logistic support requirements, and potential award
fees tied to completion of trade studies, The successful accomplishment cf these commit-
ments requires full management attention., Cost tracking procedures such as shown in
Figure 11 are 1nitiated,

During F-16 development, the unit production flvaway cost goal of $2,323,074 {s
allocated down to all {ndividual hardware and function element maragers, Each element
manager is provided with the allocation he is responsible for and with the up-to-date status
of predicted cost. Reliability program costs are inherent in these cost targets,

Trade studies performed during develcment are used to evaluate opportunities for
cost reduction or increase in system effectiveness, A system engineer design:%ed leader
execute. a budget and time-limited task for each study. Study programs are milestone-
oriented to allow progressive examination by engineering and program management, Reliabf{lity
engineers input reliability impacts into each hardware-oriented trade study,
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loglstic support costs are tracked and evaluated by use of the Afr Force lLopgtlstic
Support Cost Model, Predicted values of logistic sapport cost as compared to the specified
J1SC values are penerated, and potential problems are highlighted., Model analyses aid in
the evaluation of (1) the avionic FiUs having the greatest cost {mpact, (2) trade-study
alternates, and (3) life-cycle cost,

Fariy in the development phase, the MFTBFs that were used as inputs to the cost
analvses are updated as the hardware becomes better defined, During development flight
testing, as the weapon system {s being flown by both contractor and Alr Force personiel,
the contractor has his first opportunity to establish an MFTBF tracking system in an
environment similar to Alr Force operations, During this time reliability engineers cone=
pare actuai performance of the hardware during flipht test with that included {a the
Jogistic support cost model and RIW commitments to uncover problem aceas and initiate
corrective acticn as required,

Past experience indicates that engineering change proposals (ECP3) can significantly
increase production or support costs. Formalizing the cost evaluation and nlacing the
designeto-cost/life-cycle-cost impact in earh ECP assuces proper recognitirn of cost
impacts (Figure 12), R:liubility is one of the main iaputs associated wich alterna*es
that significantly charge life-cycle cost or logistic support cost,

During .he development phase the contractor selects subcontractors for majur afr-
plane equipment like the avioni-s, On the F-16, life-cycle-cost evaluations were part of
the source selection process, Reliability and design engineers made a reliability predic~
tion on each major avionic equipment proposed by a vendor, These predictions served as
inputs into life-cycle-cost evaluations, which were then used in the source selection
procesy, Extensive contact was made with subcontractors on life-cycle-cost contractual
commitments (see Figure 13).

RELTABILITY INPUTS INTO LIFE-CYCLE COST DURING PRODUCTION

Reliability involvement in life-cy~le-cost processes during the production phase of
the F-16 centers mainly in the areas of rccomplishment of RIW commitments and participation
in the verification of the logistic support cost requirements, (The involvement of relia-
bility in RIW during the production phase {s discussed in another paper in this volume.)

The verification of TLSC-COD an)] rLSC-SYSTEM on the F-16 i{s to be accomplished by
the Air Force with data accumulated du-ing 3500 squadron flight hours. The contractor
will supply representatives during the verification test to verify the authenticity of the
observed data, Failure data obtained ‘rom the test will be analyzed by contrector design
and reliability engineers, If the totul MLSC-COD on the avionic FLUs exceeds the prescribed
range in the contract, the contractor will investizate and formulate a corrective action
plan which, when implemented, will bring logistic cost within the prescribed range. If
the cause of failure to meet requirements {s due to low reliability, the necessary hardware
changes will be made to incorporate the necessary improvements,

CONCLUSIONS

Life-cycle-cost provisions in current weapon system procurement contracts are
establishing cost as a parameter equa! in importance with technical requirements and
schedules throughout the design, development, producticn, and operation of the system,
Since hardware failure frequency is one of the key parameters that influences life-cycle
cost, any evaluation, tracking, and control of life-cycle cost must by necessity involve
evaluation, tracking, and control of reliability,
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Figure 7 F-16 REFLECTS SEVIN YEARS OF MANAGEMENT DEDICATION TO COST REDUCTION

The fundamental low cost features of the F-16 have their basis in General Dynamics'
work under Air Force funded FX studies initiated in 1967. In these studies, many varia-
tions were subjected to performance, flyaway cost, and life-cycle-cost analyses. From
these studies it was determined that the F-16 design concept offered both performance and
cost advantages over other approaches. Because of tiie potential of this design concept,
General Dynamics continued work with company funds. The Air Force also saw the potential
of this concept and funded additional studies in 1971, Subsequently Ceneral Dynamics'
YF-16 proposal activities developed additional cost-reducing design features, After
receipt of the YF-16 contract, General Dynamics instituted a two-year producibility program
aimed at improved production management procedures and production cost design features,
Both prior and subsequent to the flight test program, support/design studies were initiated.
In summary, General Dynamics management emphasized cost as a factor coequal with perform-
ance and, by careful selection of design features, an inherently low-cost airplare design
of small size, lightweight, simplicity, and low-risk technologies was produced.

UNIT PRODUCTION FLYAWAY COST ‘ :
Goal : Basis

o Total Air Vehicle _____ __$3, 842 525 ‘ e Cumulative Average

o General Dynamics . __$2,323,074 © 1000 Airptanes
Contrclied €xi. Eng, Radar, GFAE} ® 15 Per Month

® "Desigr-To" Objective e FY 75 Dollars

eControl and Track

DEMONSTRATION MILESTONES
Demonstrate the Extent to Which the Airframe Manufacturer's Portion of the Cumulative
Average 'init Production Fly-Away Pro uction Costs for 1000 Production Aircraft at a
Maximum Rate of 15 Per Month wilt Mee! a Goal of $2,323,074 or Les< Expressed in FY 75

Doltars
COST TARGET BREAKOUT ENGINE!NNG 59
= TOOUNG___ 2%
WNUFA@/ GA —
GO VERNMENT w 4
. B5YST
GEneRaL MATERIAL & i”&'.éﬂ.‘c‘s
DYNAMICS FURCHASE PARTS a3
0% 2%
® 43 842 5¢5 ® 32,323,074

FIGURE 8 F-16 FLYAWAY COST CONTRAC™ TARGETS

The F-16 design-to-~cost goal {s a joint commitment, with both the Govermment and
General Dynamics participating tc control the average unit production cost of the aircraft.
General Dynamics' portion of the cost target is a contractual commitment, and the ability
to meet the commitment must be demonstrated during full-scale development, In order to
meet its goal, General Dynamics has imposed a target on each of its cost-contributing
de;lagrtmentq, and they are obligated to spend no more in support of the production of the
F L
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FIGURE 9  Two.NTY TOP LSC FiUs

Logistic supporti cost evaluation was part of the F-16 proposal procecs. High-
logistic~-support-cost FLUs were made visible., Responsible hardware and element wanagers
for high=-cost FLUs were briefed on reasons why FLUs were expensive (low reliability, high
repair manhours, unit cost, etc.). Top management was briefed and improvement objectives
Lwere formulated.
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FIGURE 10 F~16 CONTRACTUAL PROVISIONS RELATED TO LIFE CYCLE COST

A variety of contract provisions were aimed at life-cycle control rather than a
single control plan. Contract provisions apply to specific aspects of life cycle. TLSC
applies to spares, support equipment, and repair cost., RIW applies to repair cost and
reliability improvement. Design-to-cost applies to unit production flyaway cost.
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FIGURE 11 F=-16 COST TRACKING AND CONTROL

Cost tracking and control for design-to-cost, logistic support cost, and life-~
cycle cost all follow the basic pattern shown above. Costs are assessed and targets
established., High-cost items and associated drivers are identified., Hardware and function
element managers identify cost-reducing trades and enginee: ing changes. Management decides
if recormendations on trades will be implemented, Costs are tracked to determine if cost
is in control and if cost reduction measures are effective,
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FIGURE 12  COST EVALUATION OF ENGINEERING CHANGES

All prop-sed engineering changes are processed on a F=16 Change Request as shown
abovr:, The change request is tochnically reviewed and an assessment of the design-to-cost
and life-cycle cost is made. The Estimating Department makes a cost estimate of the
change's i »act on development and production, A preliminary estimate is made of logistic
support cost based upon design information on the new characteristics of the FLU's lower

level components and of the ground support equipment requirements,
L .
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CONFERENCES

GENERAL DYNAMICS
Fort Worth Di-isfon

9 April 1975
LWTjr: £b-085-0042

To: Jerry Wooley, W.M, Powell, Dick Allen, C.A. Hardy,
G.A. Hewitt, G.A. Cude, H.K. Darby

From: L.¥W, Taylor, Jr,

Subject: Meeting with Radar Representatives Reference

TLSC/COD, RIW, RIW/MTBF, LCC and Design to Cost
3 April 1975

——

INPUTS TO SOURCE SELECTION

Anai.ses Completed

e|nertial Navigation

® Heads Up Display

o Fire Controi Computer
® Radar Display

® Hight Control Computer

Analyses Pending
® Avionics AuE
® Jet Fuel Starter
oEmerg- <y Power
®Radar

FIGURE 13  SUBCONTRACTOR LIFE-CYCLE COST EVALUATION

Life-cycle cost was a key criterion in major subcontractor selections, Each
potential subcontractor's equipment was evaluated for life-cycle cost. Rellability was

one of the prime inputs into this evaluation,

Prior to the final evaluation, considerable

time was spent with subcontractors to assure proper input data for evaluations.
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METHODES CONCRIETES DE FIABILITE AVANCEHE
POUR LES LQUIPEMENTS ELECTRONIQULES DE BORD

Ingénmeur Prncipal de FArmement J A GARNIER et Mme D RENERIC
Service Technique des Télécommunications de 'Au, Panis-F RANCEL

0 - INTRODUCTION -
Pour odbtenir des matériels de haute fiabilité, 11 ent néeessaire d'uti-
liser des méthodes adapties et des moyens spécifiques, Au Bein du Service Tech-
nique des Télécommunications de 1'Air (STTA), lea différentes étapes de 1'é-
laboration de la fi2b11ité sont men’'es de la fagon suivantes ;

« composants t on cherche & obtenir des proceasus de fabrication con=-
duisant 4 des dispositifs de fiabilité élevée.

. £1abilité privisionnelle 1 les calcule correapondants sont effectuds
pour analyser les contraintes subies par les co-posants; anéliorer
la conception des circuits.

. easaip de fiabllité et de déverminage s ils ont pour but de m:ttre
en évidence lea défa ts de jeunesse et les pannes systématiques et
de donner une estimation de¢ la fiab1lité proche de la valeur opéra=-
tionnelle, . .

» clauses de fiabilité : 11 s'agit de s'assurer que 1l'objectig vied
est atteint par des clauses de fiatilité ,arantle ou de nmaintenance
forfaitaire,

Ces méthodes ont é*é appliquées récem-ent sur des mnatériels dtavioni-
que développés sous responoubilité du STTA. Nous décrirons ¢'abord ces diffé-
rentes mdthodes et nous illustrerons par des applications 4 des cas concrets;
ensuite, nous donnerons leo. résultats essentiels d'une ¢tude qui avait pour
but d'analyser sur un exemnle porticulier; l'efficacité de ces nlthod-s du
point de vue "colt-fiabili1té", Irfin, nous dé. arcerons les enscigne-ents essen-
tiels tirés de l'application de ces néthodes 4 ces équipements conrnus,

I - POLITIQUE GCONERALE =
Décrivons d'atord les di:férentees méthodes appliquées pour obtenir
des dquipementc de haute fiabilité,
I-1.Niveaux compnsants.

Dans les marchéa d'études et de dlveloppne-erts des com nsants élec-’
troniqnes nouveaux, i1 est syatératinuement introduit des clauses de fin=
bilité comprenant des ecsais en contraintes clirmat:ques et mécanigues oé-
vires, On trouvera un exemaple de telp essais au tableau 1, Le but de ces
espals est de faire apparaltre lec causes possibles de 2<4falllance et de \
vérifier que les processus de fabrication ccnluisent i des disprsitifs de
fiabll1té flevée.

Tour la falrication d'un natdriel, 1'apyrnvisi~nnc~ent des corpcsant
eat bien slr de la reasponsabllité de 1'industriel § mais celui-cl loit
choisir en priorité les "composants - 'CQ" ("Contrdle Centrilisé de Qualitén
c'est-A-dire ceux dont la q'alité est contrdldée par un orr:niave acrée,

le Service Nationel de la Qualits (34Q), ou ceux ayant falt 1'objet A'un
prosra me de sélection particulidre chez le fa“ricart de composants, Mals
ces derrlers sont Ad'un prix de revient plus élevd,




I-2. Piabilité prévietonnelle .

I-Jo

I1-4.

Le STTA demande en principe des calculs de fiabilitd prévi-
sionnelle dana le cadrc des marchés d'étude de matériels ou sys-
tdmes nouveaux pour plusieurs raisons

=~ ce calcul nécessite une décomposition compldte du systéme
et implique une analyse des controintes de ciiaque compo-
sant aprés 1'établissement des plans au bureau d'études,
c'est donc une vérification supplémentaire.

~ les premiéres estimations obtenues peuvent eusciter des
modifications pour améliorer les récultats (choix des
composants, conception des circuits ....)

- les résultats peuvent servir aussi de base A un plan de
maintenance.

En ce qui concerne le choiy des donnéea, on procide de la
fagon suivante 1

Si une information s.tisfaisante concernant l'utilisation
d'un module dans les n8mes conditions que celles du sujet & 1'étu-
de est disponible, elle doit 8tre utilisée en pre-.der.
En dehors de cette posaibilité, les donnéea des taux de défail-
lances provenant de sources pgénérales peuvent ftre utilisdes,
mais doivent &tre précisées et justifiées. L'utilimation du
HDBK 217 ou d4'un document équivalent établi par le Centre Ratio-
nal d°'Etudes de Télécommunications (CNET) est recommandée, Quand
cela est possible, on s'efforce de reprendre les calculs selon
des sources différentes, afin de mettre en évidence la sensidili-

té dea résultats,

Espaie de Fiabilité .

Les essais concernent les matiriels prototypes su de série,
Ils ont pour but d'améllorer la fiabilité par la mize en évidence
des défauts systématiques A une période ol il est encore possible
techniquement et firanciérement d'y porter reméde, et de donner
une estimution de la {iabilité plus proche de sa valeur opérati-
onnelle,

On cherche A réal.ser en laboratoire des conditions ~'en-
vironnement climatiques et nécaniques proches des conditins rd-
elles d'utilisation,

Les essais effectués sont comparables A ceux d’crits dans
1a norme {IL 781 A ou dans la apécification francaime écriwmlen=
te (rCT 190), '

On indigquera plus loin un exemple Ad'application de ces es-
sais A un répond.ur de bord (IFP)

Déverminare .

Le déverminage eot Topération qui consiste A faire foncti-
onner le¢ matériel, sous contraintes ou non, avant la recette pour
élimiqer les défauts Am jeunssse, I1 eot tria soivent effectué por

1'indus .12l sol! pour avoir ,lus de chances de satinfaire aux con-

‘itions de recette, solt pour éviter d'avoir A& -~roccier A trop de
réprrations sous garartie, soit sur demande du service tecnique.
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La durée de ce déverminage est variuble d'un industriel A
1'autre et dépend de 1a complexité du matériel.

I1 semdle qu'un essal d'une vingtaine d'heures sous con-
traintes thermiques et mécaniques prolongé jusqu'd 100 heures par
un rodage (fonctionnement simpie) solt ansez effica:e pour élimi-
ner les défauis de jeunesse,

‘als certaine industrisls le prolorge jusqu'A 200 ou 3%50
heures. On trouvera plus loin des exemples particuliers de dé-
verminage,

1.5, Plabilité garantie
Afin dtobtenir des équipements de haute fiabilité un pro-

grurme ¢ 1t intrcduire uns Clause de Piabi111té Carantie daus le
contrat achats., Ce probléme particuliérauent important sera

abordé dans une autre conférence,

APPLICATIONS DES METHODES =~

Pour illustrer ces méthodea généralea, nous allons décri-
re une application dans le cas d'un radiocaltimétre, le matériel est un
bon exemple d'une part parce qu'il présente une excellente fiabilité
(I'TBF supérieur & 2000 h en exploitation); d'autre part, i1 se préte
A une analyse de rentabilité ncn seul ement parce que le colt des opé-
rations de promotion de la fiabilité n'est pes négligeable dans le
prix de revient, mais susei parce qu'un véritatle "puivi® de 1la fia-
bilité ¥ tous les stades du développe~.ent et de le production a édé
ingtallé, ce qui .Jonne une source trds importante de renseignements et
a permis une critique sur l'efficacité de ces procéddés, coume nous le
verrons plue loin. Nous illustrerons égal_ment ces méthodes par leur

" application sur d'autres matériels, en particulier des vépondeurs de

bord IFP,
2.1. Le matériel .
Le matériel de référence est le coffret émetteur-récepteur
d'un radio-altimétre,
Pour en donner une bréve description, nous dirors qu'il
comporte essentiellement un générateur "esolid-state"hyperfréquen-
ce modulé en fréquence (module Z1), un récepteur homcdyne 22 sui-
vi d'un amplificateur 2) commandant un discriminateur 27 ; le si-
cnal du discriminateur, aprés identification du signal regu par
un module Z6 de logique de recherche-poursuite, commande le modu«
lateur 25 (donc fonctionnement en woucle ferméde);les modules 24
et 28 transforment les signaux internes en signaux d'dtitude ex-
ploitablee et 1'alimentation 29 aélivre & 1'ensemile les tensions
utiles. 5a complexité peut &tre dérinie par les chiffres suivanto:
600 componants, dont 70 trancistors, 30 circuits intégrés linéai-
reas et 5 circults intégrés logiquesn,

2.2, Piabil1ité prévisionnelle ,

Deux méthodes ont été utilisées pour prédire la faabilité,

Au stade développement, la méthode maximum-minimum décrite
dans le HDBK 217 A a permis de prédire une gamme de valeurs de
WTEP alora que 1'étude .'était pas terminde.
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Une fols connus les achémas retenus, une deuxiadme évalua-
tion a ét4 faite A partir des données du RADC 68. Dans ce but une
analyse des contraintes réalisées sur chaque composant a permin
de s'assurer que les limites dangereuses d'utilisation des compo~
sants n'etaient pas atteintes,

Cen seconds calculs ont révélé une augmentation d'environ
30 £ du NTBP par rapport A la premidre évaluation, et une répar-
tition différentes des pourcentages d'influence das divers types
de composants, no*anrent l'importarnce prépondérante des meni-cone
ducteurs et circuits intégrés (70 <), dans le taux de pannes,

Les calculs ont bien sdr montré la répartition par modules
de la fiabilité, comme indiqué dans le tadbleau 2,

choix des composants .

Le calcul de fiabilité prévisionnelle ayant fait ressortir
1'importance des memi-conducteurs et 1'expérience ayant montié
que lea diodes étaient généralemert bonnes, un effort particulier
a été fait sur les transistors et circuits intégréa, Ils ont été
ap,rovisionnés sur programmes ds sélection particullers effectués
chez le fatricant dont les rapports font état d'un taux de déchet
trds variable d'un lot A 1'autre ; la moyenne générale est de 23%
de déchets aux essais de sélection avec des valeurs extrémes va-
riant de 1t X 70% .

En dehors des semi-conducteurs, on a considéré avec atten-
tion la fiabilité les condensateurs chimiques et des r:lais élec-
tro-magnétiques. Ces deux types de compoaants ont cgulement été
vieillis artificiellement, sous tension. Par exemple, pour les
condensateurs chimiques, le critire de sclection était le courant
de fuite aprés vieillisscment 3 pour les relais, on s'assurait
dfun fonctionneient correct.

Pour les autres comnosants, dont 1'influerce sur lua fiadbl~
11té est moindre, comme le montre l'analyse de fiabilité privie-
sionnelle, 118 ont été approvisionnés sur listes reconnues par
1'admini.tiration militaire et par les orgnnismes d'état de contrd-
le de qualité (cCCQ).

2.4. Dévernminage .

2.4,%. Radioaltimétre .,

Pour ce radioaltimdtre, les opérations de déverminage ont

été faites A 3 niveaux .

a) Aprds ciblage-montage, deux modules subiscent un vieil-
lisaement en cycles thermiques d'une centzine d'heures.
L'un des modules, 21, générateur hyperfréqueace, doit
subir une stabillisation sous tension avant réglage fi-
nal § cette stabllisation joue uy réle important de dé-
verminage car elle élimine les transistors UlP défec-
tueux et certaines capacités céranique,

Un autre module, 29, 1l'alimentation, mérite un dévermi-
nage A p rt et avant enrouage dana le vernis, vu son
taux de déchet élevé.

i
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b) Aprés an:enblarse et réglnge, len ensembles complets
subiscent, sous tenslon nominale, un déverminapge en
cycles thermiques (-408C, +708C) d'une centaine d'heu-
res, et en vidrationa,

c) Le matériel subit enfin un rodape de 200 h dana le la-
boratoire.

Une expérience plus récente de déverminage porte sur un

répond ur IF? de bord,

Le but de 1'étude était de procéder A des eczsais pour dé-

terminer le temps de diéverminage que doivent subir les é-

quipements pour avoir une fiabilité opérationnelle optimum

dés le début de leur utilisation.

On a utilicé la méthode suiva-te @
24 appareils ont ¢ét4 pr-'levés sur la production et ont su-
bl des essais de 800 h dont 40C en fonctionnement,

Le cycle des essais a été bati a partir des essais de fia-
bilité ddécrits dans les normes MIL 781 A ou CCT 190 : soit
ur cycle de température de = 558 i 558C et des vibritions
de O A 100 Hz & 2 g appliquées 10 mn par heure,

Pour le test des édquipements, on a utilisé le test interne
du répondeur commandé toutes les 30 secondes, et on a pro-
cédé A des vérifications bi-quotidicnnes pour ddlceler les
éventuelleg décradations de performances des principales
fonctions.

Une fiche individuelle était établi: pour chaque équipemert

#nalysons les résultats.obtenus ¢
L'eusemble des équipements a totalisé environ 10000 beures
de fonctionnement et ces essais ont conduit a deux types
d*action.
a) D'une part le tracé de la courbettaux de défaillance en
fonction du teups,8 permis (tableau 3) :
-de mettre en évidence les 2 preritres parties de la
"courbe en baiznoire", caractéristique des équipements
électreaiques,

~de procéder A une estimation du NTRP a-.nt dévermina-

ge selon les régles bien connues des lois d'interval-
les de conflance., Les valeurs correspondaient d'aille.
urs aux premiers résultats obtenus en exploitation.

~de déterminer le temps de déverminage nécessaire , our
atteindre le "fond de baignoire™; ia courbe étant bien
caractéristique 11 a été alad de voir qu'au bout de
100 h on avait é1iminé les principaux défauts de jeu-
nesae,

=d'estimer le LTBP aprés déverminage, I1 s'avire que ce
dernier permet d'augmenter de 70% le WTBP initiel.

b) D'autre part le dépouillemnt des types de pannes a révé-
1é queQues pdnts faibles de 1'équipement, notamnent des
manvals tonetionnementsd'éléments mécanijues au froid
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et quelques types de compomants défectueux,

Des remddes ont 6té étudiés, certalns allant jusqu'd la
refonte totale de certains circuits, On peut ecpérerwde

augnentation trds substantielle du MTLP aprds 1l'sppll
cation deas modifications sur les dquipementa A produire,

Les modifications et enseipncments techniques tirés de
ces esnails ont €été les sulvante t renforcement des mé-
ta’lisations des #rous de connexions de circuits double
fac: et utilité des essais de sélection pouw '1n type de
circuits intégrés., Il est intérespant de noter que l'aug
mentation du prix des composants sélectionnés cheg )-=s
fabriconts de circuits intégréa n'a pas été répercutée
sur le prix du matériel ; 11 semble qu'elle ait été
compensée par une diminution du cofit de fabrication-con
trile-réparation des cartes en cours de production oi le
nombre de défaillance était tris élevé avant le dévermi-
nage des circuits.

Ces actions ont été tris efficaces puicelaucune panne de
métallisation n'est apparue lors des essais et que les
circuits intézrés ont montré une meilleure fiabilité.

2.5, Essals de fiabilité .

On effectue assez souvent des essais de fiadilité selon
lee rormes IL 781 A ou CCT 190. '

On va décrire une application particulidre de ces essais
de fiadbilité A un autre tyne de répondcur da bord IPP,

Un des buts de cet eascai de fiabilité était d'obtenir, ou-~
tre 1'amélioration de la filabilité, la meilleure connaissance pos-
sidble du KTCP en exploitation réelle. I1 a fallu donc faigse plu-~
sieurs adaptations des cycles d'mscais décrits dans la norme KIL
781 A pour se rapprocher au mieux des conditions réelles mécani~
ques et thermiques (cf.tableau nt 4),

Les principaux résu. tats obtenus de ces essais sont les
suivants
«~ comp. raison des .IBF obtenus par le calcul prévisionnel,
par les emsais de fiabilté, en exploitation réelle:

« par le calcul (RADC) 1@ 600 h
+ pOr les essais ' 470 h
. en fonctionnement rdel 660 h

= On a pu égalenent obtenir d'autres renseigne-ents @

. trés grande influence de 1a loi de variation
du cycle de température et de vibration.

+ détermination de la durée optimale du déverminage
(30 heures dans ce cas particulier)

« une connaiseance slre du comporte-ent de 1'Squi-
penent, prrmettant 1la népocilation de Clause de
fiabilité garantie.
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De fagon trés giénérale, le ITTA conalé;e comme trés [ruce
treux len essais de fiabilité en labor~tolre; au niveau des proto-
types et de la présérie, ils permettent de détecter les "erreurs”
de fiabilité; au niveau de la sdérte, 118 donnent une approxima-
tion satisfaisante du MTBP opérationnel, qui peruet une neilleure
maintenance (calcul des rechanges) et donn¢ des éléments indlapen-
sables pour 1'introduction dans un contrat d'une clause de flabi-

14té rarantie.

3 - EFPICACITE DES LZTHOLES =

3-1.Géné!311té8=
Nous venons de voir que, pour obtenir une bonne fiabilité,

11 faut des méthodes A tous les niveaux : lors de la conception

de 1'équipe-ent, dans le choix et la sélection de ses com, osarts
constitutifa i travers les procédés de fabricatiocn retenus, ausei
bien qu'a l'occasion d'essais de toutes sortes ou d'une politique
Je contrfle de nqualité; ausel, chaque phase de la vie A'un équipe-
~ent électroninue permet des actions en faveur 4'une neilleure
fiabilité; A ch cu-e de ces actions correspond un codt accessitle
A partir de la comptabilité analytique de 1l'unité industrielle qui
produit 1'équipememnt mais 11 est le plus so:vent impossible *'as-
gicler éralement une efficacité A chacune des actions considérées.
Cette situation tient i la nature probatiliste de la fiabilité -
et des r~randeurs qui lul sont assocides (MTBP, taux de panne) -
qui en rend 'alaisée la mesure et i )'insuffisance des .2étrodes

mnalytiques de caractére général,

Une étude spécifique a été lancée et avait pour objet d'ex-
traire, & partir de données réelles, deas rclations quantitatives
liant 1'a~élinration de la flabilité d'un équipe-ent électrorique
A 1'accroissenent correspondant de son colt. Ces relations devai-
ent déteriner, en quelque rortz, 1: "colt-efficacité" des Jiffé-
rents noye~s que 1'on peut mettre en oeuvre Jdans la rénlisation
i'un éduipe ent électronique pour en augrienter la fiabilité ;
leur utilisation per et ainnl de choisir le juste poids a douner
A chacun e ces noyens afin d'atteindre le plwr économiquerent pos-
sible un olLjectif de fiabilité fixé, Four que cette étude soit con-
créte, elle a été appliquée au raitoaltimétre dont nous avone dé-
Jh prlé.

3.2.'rocédé d'analyse dea méfpdes,

L'¢étude utilisait les informitions recueillies sur chaine
de production du ralJio-altinctre qul a fourni en trois ans plus de
un millier A'$quipenents ce qui a permia d'accumuler un trés grand
nombre de données 1

. des donnéen de 14faillance survenues A4 l'équipe-ent ou a
1'un de ses aous-enserbles lors d'essais de roda-e; nous
admettrons en premiére approxi~ation que le .TLF ainoi
eatimé est un indicatcur suffisament fidéle de 1a fiabi-
11té opératinnnelle de )'équipement ce qui a été vérifié
par ailleurs,

« des données d'identiflcation de toutes les opdérations
effectudes sur la -hafne de fabrication depuluy son dé-
marrare (approvisionnenents, essals, contrdle, etc...)
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} Len renseignenents disponibles sur 3000 interveniions ont
été transcrits sur un fichier d'environ 20000 bloce de 80 carac-
tires. ‘

| Pour juger de l'efficacité des méthodes d'auzmentation
de la fiadilité on m utilisé toutes les ressources de 1'analyse

statistique et facbriells,
L'analyse d'efficacité des opirations de fiabilisation s

été d'autre purt facilitée énormément par la qualité des répara-
tions A chaque stade :

une premidre aralyse montre qu'au niveau de 1'équipement
il n'y a pas d'influence murquée d'une intervention sur la vie ul-
téri-ure de 1'équiperne~nt et donc que les traitements de fiabili-
sation ont des conséquencea indépendantes au niveau d'un équipe-

ment donné.

J.)Critinue des méthodes,

Les différentes actions exposées précéderment conduisent
a une analyse critique A tous niveaux :

=Critique du Joesier de fabricailon et du calcul de fiabilité
preévisionnelle-

On peut d'abord contr8ler les prévisions de fiabilité.

Les gemi-conducteurs font effectivement l'essentiel de la
fiabilité A long terme de 1'équiperent, mais les circuits intégrés
Jouent un r8le primordial, d'autant plus que dans ce cas la procé-
dure de sclection en fiabilité est ascez peu efficace.

La répartition des pannes suit relativement bien les prévi-
sions 1 les modules 1, 26 et 29 sont effectivement les plus fragi-
les mais si les 1é“aillances de 7! et Z6 sont neutres pour la fia-
bilité A long terme, un teux de défaillance élevé iem dlddesde puis-
sancedans l1'alinentation est sisne certain de fragilité et de fati-

N

gue vraise :blable & une échéance plus ou moina bré-e.

-Critique de 1a sflection des co-posants =«

Four les .apacités chi-iques, le vieillismement avec surve-
illance du courant de fuite a «<té efficacc, d'autant plus que la
l.ngie p‘riode de repos qui a suivi ce vieilliosement, avant monta-
gc et re-ise fous tension, a permis A norbre d'éléments douteux de
continuer A évoluer et 1'8tre cli~inés 1 pour ce type de composant,
1'action des cycles de vieilliesenent est muintemant bien connu et
periet d'envisacer un node de aélection du énme type, ﬁlua rapide,

Pour les circuits intégrés et les trannistors aieffet de
cha=ps, le mode de sélection s'es® révéld peu efficace,

Les lots sur lesquels le fabricant donne un taux| de déchet
en esmais de fiabilisation supérieur 3 la moyenne ont lors les
opérntions cuivantes et en exploitation une mortalité supérieurs
¢gale.ent, lr renforcerent des essals de fiabilisation et des con-
tr3les a augienté le taux de déchet lors de ces essals sans que
1*influence s'en fass sentir par la suite,

I1 n'eut toutefols pus certain que cetie sélection n'alt
cu sucun effet béndfique 1 \ cause des déchets importants en fiadi-

,,,, . ! , R N . / .
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lieation ~t ausai de doléancea répitées, le falricant a livré, sur
la fin de la période de fatrication, des lots trés netle-cnt meil-

leurs,

Pour les transistors bipoloires, 1'"nalyse factorielle
ne per-et pas de tirer de conclusions : en exploitation comme en
fetrication, le taux de d¢faillance reste bas et semtle con erver
un c.ratére parfaite~ent aléatolre.

~ Critique deg déverminc-esg -

e Des opérations de déverminage cnt <té effectuées sur domx
modules 2! (générateur UBP) et 29 (alimentation). Les anal,ses mon-
trent le résultat su.vant :

le comorte-ent de ces deux modules est trés dilférent :
autant le déverminage semble e"ficace sur le ~oluie 29, autant le
rérultat setble peu conv incant pour le module 21 Lien qu'un
vieillisserert nous tenclor soit absolument ndcessaire avant ré-la-
ge fin.1, pour pallier la dérive (souvert de tructive) des caracté-

ri-ti-ues de. trancistors.
» Pour lc 4 verminage des ensemblea complets, on constate
cue prés de la moitié des défaillances des 20 premiéres heures
correspon:lent 4 des iéfants de fabrication qui, dans ce cas, sont
parfaitecent éliminé: et n'ont plus d'incidencesur la suite ; 1la
conclusion gqu'on peut en tirer est que ces 20 premiéres heures de
1éversinage ont permis de diminuer d'environ 40 1le nombre de défmts
prié-aturds en exploitation : ces 20 premitres heures jouent
tier le rAle de 1évermninage qu'on attendait Je 1l'easai.
l.es autres 3éfauts ddtectés pendant cec heures initiales
de déverminage sont du =mé~e type que ceux détect’s par la suite le
“tessal. L'action de ddéver-inaze rn'est évidente que pour les in uc-
tances, les capacités chimicues et pour les diodes redresseuses de
1talirentation,
P~ir les circuits intézsrés et les transistors 4 effet de
chanps, le taux de 1éfaillances pendant 1'essai est un inlice de
la qualité du lot.
Restr A int:rpréter 1'action glotale de l'essal : a-t~on
é1iminé par cet essal la majeure partie de défaillances 3 plus
ou moins court terre en exploltation ? i on anclyse leg Adirf&d.
rents acpectas, on peut conclure que 1'efficacité “u déverninace
east certaine, mds qu'en coroBaire on provoque des défaillances qui
n'on aueun rapport avec la fiatilité lorsque e dévernminage pra-
tiqué est trop dur, surtout ‘i on le prolonge au dely de 20 heures.

= "ritique 3. nrocessus industriel de rérmulaticn de la J10p1.11t€ =

Deux boucles de contre-rdaction principrles étaimt cenaces
asrurer une certaire stabilité de la qualité et de la fiatilité 1
produit fini : une conire-réaction basée sur la qualiaitrie du con-
tréle industriel d'une part, et une geconde baxée sur la -ecure 'e
~TTLT en essals 4 ddverminace d'ensexble, I.%analyse du processus a
montré que la fonctisn de transfert des boucles de conire-réaction
€tait inadaptée, notan-ent A cause de Ba constantn de terps

“n effet urn contr8le irdustriel Jont les riactions inter-
vicrrent trop lon~tuapesapeds la falricution est inefficace si
penirnt le te pg écould entre la dit-ction des pre-~iors dé auls,

10-9




10-10

3.4

la Jdtermination ue leur caunse (outillare 1/ frctueux, personnel
fnal . ptd) et 1o re . de, ‘e noslreux dquiperents continuent i gue
vir leg ~&e Nfoat

Tour in to clz de Tiatilit® bauce sur les r'sultats en dee

verainute, son effcet r’sulateur v court ou moyea terme est nul puk

que le taux de 47.ailluce A ce nivean ne reprdsente pan la flabi-
1ité 3Ju mat.'rie”,

SLo TS 'Y 70UT DES CPESATIONS DE FIAGLILISATION o

La pri~e i payer pour proluire un ra‘ioalti-etre de bcnne
fiali1lité avec le processus de fatrication initial était d'envi-
ron 30 < du prix de revirnt de 1'(rwui_e-ent, le colt de la silec-
tion des composants y intervenant pour 15% et les opcrations de
dévermina~e et de contr§le pour un pourcer*age a peu préc identi-
que,

A titre d'exemple, on peut faire un tzbleau (cf,tabkau §)
de la relation cdut-efficacité des opirations de fialilisation
des semieconducteurs nctifs, dont le taux de diéf:illance est in-
portant par rapport au taux d4faillance global de 1'équipement 1
ces semi-conducteurs actifs sont en cause dans deux défaillarces
sur trois.

En moyenne, la formule d'ap.roxination d=2 la sur-prime 3
qui a 4té payde su fo urnisseur pour les opdrations de asélection
peut s'écrire

S =18 + P/3

L'analyse d'efficacité a suggéré un moyen dc di-inuer no-
tablenent le budget "f1abilité" et sans doute de le limiter A une
sur-prime de 1'ordre de 107. En effet, 1'analyse montre que malgré
toutes les précautions, la fiabilité 4du matériel resteune fonction
directe de la qualité des piéces détachées.

La procédure i relenir pour cbtenir le meilleur compromis
prix-fiabilité serait la suivante,

- ri8me 81 1'efficacit! réelle des opérations de sélection

des conposants est faible, c'est 4 dire si on élimine au~

tant de "bons™ composants que de®mauvais’ toutes celles

qui ont été failtes se justifient (par exemple, pour les

transistors et circuits intéc-rés, 11 faudrait que plus e

80’ de. déchets A ces essais solent artificiels pour que

le procédé perde de son intirét),

= le déverminage du module 29 aurait pu 8tre remplnc‘ de fa-
gon économinque par cette sélection des diodes de puissance
au stade du composant ;

- le taux de défalllance des corposante " & la mise sous ten-
sion " doit 8tre retenu cowme critdre pour décid:r s'il
fant renforcer ou au contraire relicher la sévérité des
opérations de sélection en umont.

«~ un déverminage d'ensenble d'une vingtaine d'heurss est ef-
ficace t la plupart dee défauts constatés A ce stade au-
raient entrainé un défaut de jeunesse en exploitation ;

par contre, i1 n'est pas utile de prolonger le déverminage
on fait alors apparaftre, en plus de défaillances sans dou~




10-1}

te 1idea A des défauts de jeunesse, trop de défaillances
artificielles pour qud le procédé soit justifiable dans
Ia cas général i

- le rodage au banc, suns contr 3 ‘es climetiqueép, est inté-
ressant pour se faire une 1d‘e . alable de la fiabil1té d'ex
ploitation, mais en tant qu'outil de fisbvilisation, 11 ne
faudrait y faire passer systématiquenemnt les équipements
que sl la WMTUF sur un prélévemennt est nettem.nt inférieu-
re A la WTBF objectif.

- enfin et surtout, une politique :constante de haute fiabi-
11té pour ce matériel donne de .agon gratuite un excellent
résultat a4 long terme : les réacticns chez les rornisseurs
de composan® ont abouti & la f< rniturede piéces de -eil-
leure qualitd et de meillcure fiabilité.

4 - GOUCLUSION -
De 1'cnsemble des tr: vaux qui viennent d'8tre décrita et
en particulier de 1'étude de "colit-efficacité” des méthodes de fiabili-
té appliquée 4 un rs?iv-altiméire, on peut tirer quelques conclusions
simples,

La plus grande conclusior est une conclusion de bon cens
(et ce n'eat pas décevant dans la mesure o) le bon sems a'est pas
dévident): on ne Tait pas de la"hauvte fiobilité"™ avec des movens "arti-
ficiels"; 11 faut de "bons compo.ants™ et un "travail propre" pour les
asgembler. En effet, i1 serait illusoire de vouloir rattraper par des
essais de déverminage ou autres une fabrication imparfaite avec de
mauvais conposants,

L'autre grande conclusion est que pour appliquer ces mé-
thodes si:ples e’ s%ascurer de leur eflicacité, i1 faut intervenir 3
touc les tades de la vie de l'équiperient : développement et utilira-
tinn de bons composants, analyse détailléde du nrojet pur des calculs
de fiabilité prdévisionnelle, fatrication soignée, vérifiée et complé-
tée par des déverminages et des essais de fiabilité judicieusement
choisls, au niveau de leur durée et au niveau des contraintes ap li-
quées,

Ce texte enst partiellement Yasé sur des travaux rdéalisés par TRT aous contrat
STTA 7286087 et avec Li.T sous contrat STTA 7481017,
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Table 1
ESSAIS E CONTRAINTES ECHELCHNREES
Conditions lionbre de c¢,cles d'e.rals e
Besais Nombre d'essals ou contrainies {chelonndes | Clo-rvations
Etanchéitéd [Totalit& Détection Lee essals d'étanchéité poure
de fuites ront d¢ventuellerent Gtre re-
-par Hélium | pris uprés une série d'essais
-par liquide | nécaniques et climatiques
Varations CCTU 01=01A .~agures ayres
rapides de 5 par 5B 5 = 10-20-40 chaque série
température (. (thole A) de cycle,
~-558C +12581C
0 + 1008C . .
Chocs CCTU 01-01 A “goure apreo
therniques 5 ar 5.B 5 - 10-20-40 g:agu:lzurie
Viéthode B) 4
Température 10 4 H de gtoc | Température échelonnées \iesure a la
kare A cha- 258C 1508C températyre
que tempéra- 1008C  1758C de 258C -28C
ture d'essai 1258C  2008C apr.s chaque
au-deld, de 258C en 258C reprise
L 2l de reprise Juoquh deatruction
P G . ——— e e
- - - mesure aprés
Chocs S 0,5 ms 1500 « 2000 ~ 2500 = 3000 g chaque essai
0,2 ms
bibrations DBalayage de
-£asals 5 100 2000Hz
croissant :::izggélé- 1 cycle de durée de 15 minutes
successives
10-20-30g
Z-Sgcé:g' 5 Balayage de |..esures aprés 20 cycles
P 10 & 2000Hz 30-40-50cycles
A g constant
(par exenple
2055
Accéleration 5 CCTU 01-01 A jLesures aprés 10000 g
constante 15000 g - 20000 g et au-dela
Jusqu'a 100000 ¢
Table 2
Sub-units o _}nf{ggycerpercentagfa due to [
R 1 Semi- (] Cow Irt] Poten | Lacne| Conne | Divers |& Totay
(%) () () ) () (~) () .
/A ] 006 ‘-3 9‘03 0.0 V.V 207 V.2 v.0 “';
22 | c.0 e.c| 99.1 | 0.0 .0 0.0 | 0.9 c.0 6.0
z’ 409 404 JOI‘ 57!0 '07 1.0 0.6 0.0 305
24 1.2 0.8 | 75.) 21.4 1.2 0.0 0.1 0.0 10.1
5 1.5 0.8 64,2 32.5 0.4 0.3 0.1 0.0 15.4
26 2.0 0.7 30.0 66.1 1.0 0.0 0.1 0.1 12.7
27 2.4 1.7 94.1 0.0 0.0 1.7 0.2 0.0 8.5
28 1.4 0.8 72.4 23.2 2.0 0.0 0.1 0.0 9.3
29 2.4 Te2 48,2 37.8 0,0 0.5 Co1 .8 7.6
210 1 0.0 0.0 0.0 0.0 { 0.0 0.0 0.1 9%.2 1.0
’\ 2 //" \ “'.
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% number of faliures Table 3
within each 20 hours interval
g
74
6
5
4
3
2 o
1 [ ] v L4 hd I ad
A Y A »
1C0 200 300 400
) number of hours in service
Teﬂfératurea Tadble 4
131¢P| .
(+55¢C)
I 4
1h
«GTSTF
(-5390):
]
- when vnltage applied
\
Qest 68f30s cens
Tilrations 10 =n/h - e e e e = e .
th ¢
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Table 5

hole warranty in
. comporents | applied v <
100 semiconductors |CCQ 7 equipment | opirational total
silection | voltage |y nnyp phage
cost price 300 22% 150 Q0 60 €25
waste rate 23 . 2% 0.6 .. 0.2, (26 .))
process g5 -
effectiveness ell (burn-in | 5° S 100 %
. \ -
ninated component nf 21 and
29)
mean coat of an elid 3 ~
~inated co-ponent 10 a4 25 90 300 300

:’77
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(VN INTROLUCTTON

Ty obtain hipgh reliabllity equipment, {1t {5 nice cary to use aporoprizte
me thods nd spocific technique sy At the "lervice Technigque des T7 LS comuntcntions
de o 1raie® (STTA ¢ ALlr rorer T locomnuntcations Tedhnioal Deparinent), the -aiious
phaces of reliability divelopmen. are condu. ted an Iollows ¢

= comnnents @ oefforts are dicested towards L achicvenent of manufacturing
Jtoccants 1oading, to hi_h reliabiiity devieern,

- reltubrlity predtetion @oapn-opciais caloulutions are ciarried out to analysc
tire stre..vs to which ceupon nt: are submitted and improve circult desicn.

= relfnhility and burn-in teots @ fhedr parpone 45 to reveal early operation
defeots and systenatic failures, oo well as to give an ootimation ol rolfau-
bility close to the operationsl value,

= reliubility clauses @ punranteed seliability o econtractuil maintenance
Ciauses vncusc that the aim dn viod has heen tea hed,

The above methods, which have born apnlied recently to avionico equinment
developed uriier the sponsocshiy of JT0a, i1l Be Jirst drsoribed and {lius'rated
by apali-atisne Lo conercte cases 3 then, vwe will present the main resul of a f
study wilch aimcd at analyiin, the eflicivncy o0 such methods, fron the "Ioot- v
“reliebility® stondpoint, Jor a purticula erimnle, rinally, we will bring out
the essintinl lessons learnt fron the +pplication of there nethads to bnown equip=-
m nt,

1. Glivan AL POLICY

ve 411 first _ive 2 deziiiption ol he veeriows methods used to obtain high
veliabiiit s cquipment,

1.1, Componcnt Level
;v liability  lauses includin, e st conducted un'er nevere <limatic and

mechanical conditions are cystematically introduced int ner electionic conaponeat
deston anl develooment contrescts, An oxanpl= »0 culh tootre {e siven in table 1,
The purpnre of theve tects 127ty brin, out the s2enible caures of failure
Nt ot ensuce than the monulactuing proceroes 1oad 4 hioh relinbilit: devices,
AL dav as e uenulacturing of 0 Diece o7 cul ent it concerned, the -
recponciLility 0 ouechaoing, ¢ anonents fevolve z obriouczly on the manuflacturer
however, tio- laitcr nust pive oofconce to "2 0 componensc®™ (Cla @ Contidle Cen-
tralind de walitd = Centralirved aunlity con'2ol), that fc to sar omponents whoce
quality is controlled B o a nattonal or_anirvation called “Lervice Nitional de 1n
sualitd” (L. ¢ hationsl uality Desartrent), or to thoyoo selrcted thiough a
specific pro ramme b toe conponont menu Cturee.s o devrer, the Tatter ore more
costly.
"
Tede o linDilit brediction I
deonocontrus ting Jor tho g Lo T now e coowstems, (TTA tequest: !
soocotule, o relibitiley oredi ction o laletic ever sl
[ACEET OUE) J Sal ‘x
= cu bk osudlalotiong rogadc Ut U snonoa B el el rrahon v int i
ite conssituent nar*: ant {3010 1 Strorc L irris L v noLouTone Y,
following the drasing a:» Yoo dn e deston oo tant g thora Do,
(Ao e e sddicionsl ohe Lin,
\
|
A A SRR & 8 ms ook el ol o wo aHTietin Tar th Imee e ‘
ot o, v o ylme {set ettt n w8 mavnnte, fratt bt n,, e
- e orezylto obliined on o ured e [ Al nan
LEREE R T
oot S rction ST iRl ooty the Dol Tvin oo s us Dellol - -
|
\.
P PR AR
Lionn s tia SN e
STRN i o iR E T
Y I T VO A S T L
ool wen ol hed ooy w
crad D Wation Lowentes Jor Ltuif.
pve Tule, the ot avions derived
o to choen Ui mepoitteite
/ - - i' N ‘ .Y - / - . .
/,v' - “’ -~ 4 g
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1.3, inliability Teating

These tests are conducted on prototype or mass-produced material, Their
obJective 18 to imorove reliability by detecting systematic defecls at a stage when
it is still possible to remedy them from btoth technical and financial standpoints,
and to give an estimate of reliabllity closer to the operational value.
’ Lfforts are made *o achieve, in the laberatory, climitic and mechanical
environment conditions closc to those prevailing under operational conditions.

The tects carried out are simjlar to those described in the specifications
MIL 761 A or in the equivalent French spccifications (CCT 190).

As example of the application of such tects to an airborne transponder
(Ir0) will be given latur on, :

.4, Durn=-in Phase

Burn-in concists in running the material, with o~ without stresses, prior
to acceptance, in order to eliminate the early operational defects. This operation
is very frequently performed by the manufacturer, either to have morc chance of
meeting the acceptance conditions, or to avoid making toc many repairs during the
seriod of warranty, or it the request of the technical service.

The durution of the burn-in period varies according to the manufacturer
conzerned and depends on the complexity of the material,

A tcost nerformed under thermal and mechanical stresces, lasting approxie-
mately 20 hours and prolenged up to 100 hours by a burn-in period (simple opera-
tion) secms %o be efficient enough to remove early defects., However, it is extended
by some manufacturers up to 20u or 350 hours, Cpecific burn-in examples will be

" presented further on,

1.%. Guarantecd reliability
In order to obtain high reliability equipment, a Guaranteed Reliability
Cliuse rmust be adcded to thc purchuse contract. This most important problem will be
discussed in another paper.

2. APCLICATION OF [HL MLTHODC

I order to illustrate these general methods, we will describe their applica-
tion to a radioaltimeter. This type of equipment is a good example because, on the
one hand, its reliability is excellent (MTBF over 2000 hours) and, on the other,
it is suited fc~ a coste-efficiency analvsis ; as a matter of fact, not only can
the cost of reliability promotion not be uJisregarded in the calculation of the
overall cost, but also an actual reliability "follow-up" has been set up at all
the developnent and production stages, which constitutes a considerable sourcc of
information as well as the means of assessing the efficiency of these methods, as
will be scen further on. The application of these methods to other material, in
particular to If¢ airborne transponders, will alco be described, for the cake of
illustration, .

2.1, Descrintion of the equipment

The reference equipment is the transmitting-receivirg unit of a radio-
~altimeter,

This unit consists e¢scentially of a solid-state, hyperfrequency,
frejquency-moduluted. generator (Z1 module), a homodyne receiver 22 associated with
an anplifier £3 actuating a discriminator 2Z7. After identifying the signal received
by an acquisition-tracking logic iodule (26), thi discriminator signal actuates
the modulator 25 (therefore, closed-loop operation). Modules 24 and 28 transform
the internal signals intd usaole altitude signals ard the supply unit I6 provides
the overall cystem with the appropriate voltages. The complexity of the system can
be defined by the following figures : 600 comprnents, out of which 70 are transic-
tors, 30 linear integrated circuits and % logic integrated circuits,

Z.2. tcliability Prediction

Two nethods were used for reliability prediction.,

At the development stage, the maximun-minimum method described in document
HOBR 217 A was uted to predict a range of NTBF values while the study was still
woing on,

Once tho l'inal patterns have been selected, a second evaluation vas
catried out on tite basis of the data provided by nADC 68, For this purpose, a stress
analysic was performed [o ecach componcnt in order to make sure that the danger
limits of use of these nmpounents had not been reached.

This sccond set of calculations revealed a 30 % increase in the MT2F over
th  [firct evaluution, and a different distributicn of the percentages of influence
n. the various types of components, bringing out the prominent part played hy
solid=state component end integrated circuits (70 %) in the fallure rate.

As indicated in table £, the calculations also showed the distribution
nl reliability by module,
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2.3. Celection ol Components

Zinzc reliability prediztion calculations pofntad out the {mrortince of
solid=state components, and expestoence demonstrated that diodec ore Cenc:illy pood,
a particular effort was devoted to transictors and inte tated circults, Th e wezc
purchased followin, vpecific selection pro;raanes carried out by the manufiturearc
whore reports reveal a reje tion rate vooying considerably frem orne batch to the
n:ut, The averuge percentage L5 23, of T(jLCt? in selcction tests, with extrenac
valuen ranging from ot 7L ).

Apirt frem colid=ctate rownonents, ch(ﬁi al caprecr” .o and electro-
magnc tic relave weore calse fully studied Do thetd Ag‘ialillt Thuese to tvpes of
compenents were also ag,ed artifizially with volta e applicd, In the case o0 chemical
capavitors, for exanple, the selection criterion was the lcakage curront aflter
a_c¢ing ¢ in that of xcla"n, the criterion was correct operation,

A3 to the other cemponent., whose influence on reliability is less {umpor-
tant, ¢ shove b the relladbility prediction analyois, they vere acquired acceordin:
La o litts aporeved by thie nilitary administrative services and by *Le¢ gove "nmeatal
quality control orsaniza*ions, .

2.4, Burn=-in
2.4, wndionltineter
£~ this ragiocaltineter, burn-in opcrations were cenduct-sd en throre
level,
a) Aftor the wiring coaenmblin: phane, tvo modules ate rubmitied
to thermal cycle ageing for approximatcly 1CO houv.s,
One of the nmodules, a hirperlicoguency penerator 2%, nmuct be
stabilized while charged »rior t5 ‘In~l adjucstnent ; such sta-
bilization plays an imnortant part in the burn-in phase when
it eliminaces faulty UHF transistors and some ceramis zapaci-
tors,
The cupply module, 29, hias to be burnt-in separately and prior
to being coated with varnish, in viev of it high lojoctlnn
1ate,
b} snliovin, “""“bltn and dd?u'*ﬂent, the complrte packs are
subjectcd to thrxnal cvyelz (- 40°. 4 70°C) burn=-in ‘i»u rat.2
v- _taje and vibratisns apnplicd, for approxinmately 100 hours
c) Finally, the ccquinment is cubﬂitted to biceking-in for «CoO hou"*
in the luborator Ve

2.4.2, A burn-in test vas conducted morc recently en an zcirdorne IFC
trancpenders, :
Tre purnpuse o the study vaz to carry out tests to determine the
daration o the bJrn-in opeiration necrszarmt to en*urc amtiuun
operctionsl veliobility IZrom the very 1niti¢1 stage of operatinn
of th: cquiparnt, '
The folloving method vas applied
24 devicers veve saapled [rom the mass-produced items and sub-
mitted to tests Ta: vCO hours, out of which 400 hours vere in
opelation,
The test cycle vas worked out on tae basis of the reliability
tests dessribed in spocifications FIL 75t A or CCT 190 : that is
to sars, a temperature cycle ranging fron « 53°C to + 95°C, and
vib:rations ranging from 0 to 100 Hr, at 2g, applizd for 0 minute-
in every hous,

As far 1s cgquinment tc stl n; is conccrned, the internal te .t ol
the transpondrr whicth -us operzted ¢very 30 secondn, wan usod,
and chiochs ore made tice 2 dar o doitect e oeventunl poerfor e

mon e decsadotion of the main Justtinna,

An index card 5 sace Joo oith equinment,

Lel un analv-e the rosuliz obluined,

The overall ecquipments went throu !, appro.imat 1y 70, 0OCO hour~
o operation, and these tests led o two Ay of ‘-.*Jn :

a) On the onc hand, plotting the fatlurs 1 te curee ac 4 function
of timc aude 1t possible %5 (tadle 3V

- brin, out the [ivst ¢vwo onrtion~ o the "hath tub ~urve”,
traleal of electronie ojuf ments,

- estimite the |'T3r prior to burn=-in, accordin_ to tie
~wellewnom rule:n ol the confidence intcrvnl la.z. The
valucs obtaincd coiresponded to the rarly oneration resulte,

- deceonine the burn-in Sine F'u(""r? to r¢n1~h *he "bath tubd
bottion™., As the 2ursve was Jlearly churactortztiz, 1t anvear-
+d with evidense that the =1in carly Oﬂrr1tian drfecte had
been clinminated afte. 100 hou.n

- estimate tac TBF after burn-in. It 1= d monrctrated that
the initial &TBF can be incrrased br 160% throush burn-in.
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P) ¢Cn the other hinnd, the reduction of the data on the variaug
tvpes of fulaue revealed & fed ik ncints in the equin-
mont, mainly the mallunctioning of mc.obinical clemuents at
loew temneratures, ond a fow types of defective comnonrnt-.,
Posiible remedics were connidercd, sonce of them extending,
as far as the complete vemaking ol certai- otrcutts, A
very substantial impoovement of the NTBr -an be expected
after tne o apolitation of the modilizations to th. equipT nt
to be produced,

The techni. »* 1 ssons drawn {rom these testn zuplcerct the
following modifi atisns ¢ reinforccm - nt of cetallization

in conn.otion halers for double~sicded citcuits, and useful-
ness of selection tests for a tyne of integrated circuits.
Iv is warth noting that the coct insreaze of Lthe sompononts
selected o odnto_rated cireult producing Jirnac has not
been reflected (n the cost of *Yc equinneont 3 it zerro that
it was counterpalanced by a reduction in Ltz cost ol the
manufactu: ing, <contiol and ceprir of circuit cards in the
production process, where the number of failuies was very
kign prior ¢5 sircuilt turn-in.

Such action proved to be very efficiont, since no metalli-
ration failu:e occurred during the tests, and the relia-
bility of integrated circuits was improved.

<.95,. ineliablility testing

nweliabilivy tests in confermity with tihe specifications MIL 761 A or
CoT 'G¢ are cenuducted fairly often.

A particular application of these reliability tests to another type of
al borne Iee trancpoender will be described,

One of t.e purposes of theaz 1eliability tests was to improve relia-
bility as well as to et a better knowledge of the HTBF under actual operating
conditions, Thercfore, in order to upproach as closelv as possiblie to real mecha=-
nital and thermal conditions (ref. tadle &), it was necessiry to effect reveral
adaptations of te test cyzles described in the specifications MIL 701 A.

The main resulte of thece tests are the [alloving

- comparison of the iiTAFs ~btained through predictive calculatione and
rcliability tests, under =ctual operating conditions :

. throuzh calculations (IIADC) 600 hours.,

. through tests : 470 hours,

. under actual operating conditions : 650 hours,
- additional info.mation w.is obtained :

. very strong influence of the temperature and vibration cycle
variaticn law.

. detesmination of the optimum duration of the burn~in phase (30
hours in this particular case),

. sure knowledge of the equipment behaviour, which provides means
of negotiating the Guaranteed Reliability Law,

feliability tests conducted in laboratories are generally regarded by

CTUA as very valuable ; at the prototype and pre-production stages, they provide

the means of detecting reliability "errors" ; at the mass-production stage, they

“tive a good approximution to the ogerational MTBF, whi:h permits improved main-

tenarce (calculation of replacements) and pravides indispensable information for
the introduction of a juaranteed rcliability clause into a contract.

3. eFPLCTIVENESS OF MLTHODS

3.1. Generay

A3 stated in the above chapter, achieving good reliability requires the
apnlication 5f .aethods at all levels : at the equipment design stage, in the
selection ol comporents,in the manufasturing wethods chosen, as well as during
tests of all types or when drawing up and applving a quality control policy :
thercfore, cach phase in the life of an electronic equipment provides opportunities
for improving reliability through specifieation. To each action corresponds an
accessible cost which the analytic accounting of the equipment manufacturing firm
makes it possible %to know, but, most of the time, it proves impossible to associate
also each action with a given level of effectiveness.

RO O - / o ; .-
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Thic t6 du o the probabilisntic nature of reliability = ind of r lated juintities
(MT3F, fetlwie ratts = which maker U ditlicult to aessure and to thie Lhortoge of
analytical methods of a gene~ul naturc,

A specific study wus undertaken, tt3 purpn-e as to dotive frem real
data quantitative roloations between the reltabiliry toprovemont o an clectroaic
cquipaent ani the correcponding co<t dncrease, These rolaticonrs we o to ueterrine
the "cost-eflectivenvsa®, 5o to speak, of the various means which can be Inpluemente
vd in the development of an electronic ejulpacnt, to inprove roltabilitv 3 theretore

(3} r

these relations make {1t nozanible to choadre the rignt wei hte o vty oocn ol
these means in order to rrach a sct reliavility ov)e itive as coonanmtoclly ar
possitle, To pive a conereto character to *rnic o tuijy, 1L was apolic) tn the rod o=

altimeter already mentioned.

3.2. Method Analysis Process
For the study considered the dats collected on the ratioultimeter pro-
duction line, which produced over on: thousand piccr o of ejuipnent over three yeais,

were used ; thus, a considerable amount of dat. wuc accunulated

. data on fallures occurring in the e uipm nt or one of its sub-unitn
in the course of breaking-in tests. AL a [irst aporoximaticn, we will
admit that the MTBF resulting froa thi< estim.tion provides a sulfi-
ciently accurate idea of the operiticnai reliability of the equipment,
as was verified through other meanr,

{dentification data on ail the opevratione ~arried-out on the producticn
line since its inception (zupplivs, teztn, zontrol, cte.),

All the information available on 3000 o rationr was rezordcd on a2 data
file including upproximately 20, COO blocks of cu chaaracters,

In oider %o appreciate the effestiven.ss of reliability improvencnt
methods, all the resources provided by statistical :nd faztorial anuaiyris vere

rescorted to.

Besides, the analysis of the effictiveness ol 1reliadility improvemcnt
operations was considerably facilitat.d by the quality = (epairs at cach stage
it is demonstrated by a first analysis thet there oper-tiony do not affect markedly
the subsequent iife of the equipment and, therefore, that :eliability immrovearnt
processes are followed by independent conscguinces ac r1¢_ards u glven equinment.

3.3. Critical review of methods
The various actions described previcusly lead to o ceriticul reviewv at

all levels :

Critical review of the marufacturin- ~cecord »nd ¢ retd biljty prediceiong

a a +* .
F.rst, reliability predictions cen be cc trolled,
Colid-state components play an essential part in the lons rongc 1elia-
bility of the equipment § however, intc_rated circuit:s also play a leading rolce,
especially as, in this case, the reliability selection method 13 not very effective.
The distribution of failures is ir rather ;j0od agreement with the pre-
dictions : as u @atter of fact, modules .1, <0 and <9 are the moct uelicate, but,
whereas the failures of Z1 ard Zt do not affect long-term reliabilitv, a high
failure rate of the power diodes in the supply module ic the certain cign of
probable fatiguc and weakness in the near future.

Critical review of componert selection mrthods
As far as chemical capacitors ar: concerned, ageing with mengtoring of
the leakapge current proved eff{icient, especially as the long rect period which
followed this ageing phasc, prior to assembling; end re-appl:in, voita,e, alioved
meny dubious elements to continue their evolution and to be elininated. For this
type of component, the act.on of ageing cycles is now vell-known and a similar,
but faster mode of selcctior can be contemplated.
- As regards integraied circuits and ficld effect trancictors, the zelec-
tion method proved rather inet‘fective,
The batches w#hich the manufacturer indicates ac offering a higher
rejection rate than the average curing rcliability improvement tests, also offer
a higher mortility rate during th. subsequent operations and under actual aucrat-
ing conditions, The reinforcemrnt o reliability fmprovement tects and checks
resulted, during these tests, in a higher rcjection rate, althou:h thfs waz follcw=-
ed by .o subsequent effect,
However, this selection may have had a tereficial impact : due to the
considerable number of rejects in the course of reliability imnrcvement testin,,
as well as Lo repecated complaints, the manufacturer delivered bat:ches of a mariedly
better quality around the end of the production period,
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~ even 10 the real «Ifictiviness © the cowpenent selectinn ozeraticrs '
i5 low, that 15 to 3ay {f "_oou" and “bad® components are elioinated :
in cjqual numbers, all the operations which were carried uvut are justiff-
+d (for inrtance, in the case 07 transistors and integrated circuits,
over tU .. of the rejects would have to be unjustified for the =ethod
to lose its interest).

= the burn-in of module &9 could have been replaced, with financial
ardvantage, by this selection of power diodes at the component stage.

- the fuilure rate of the componints with vnltage applied should be re-
taincd as 3 critezion on which ro base the decicion for increasing,
01y on the cvontirary, reducing, the strictne-s of the selection operat-
fons "upstrcun", .

= an overall burn~-in 3¢ L0 bou:s duration is-efficient @ most defects
detocted at that Stage would have brought about failures in an early
operation phasc,

- on the other hand, it ‘s not useful to prolong the turm-in phase, as
becides fallures prohably related to inftial defects, thic reveals
too many artificial .allures {9 the method to be wurrantabdble in
soeneral, .

-+ b:eaking=in on the test bench, vwithout any climatic stresses, {.
valuable insofar as it gives a cod 1dea of operational reliability :
however, all types of equipment should not be systematicdally submitted
to> such testing, unlecec the NIBF of a cample i markedly lower than
tihhe MWTBI® set as an ovjestive,

- {inallw, und ubove all, a conctant hign reliability policy, for this
raterial, vicld:s en-+1lent long term recult., at no cost ; it has led
+n the production of bettur uulity und hi_her reliability parts by
coNpoOnInt U 1iers,

CONCLU L TN

From the averall rovk described in this naner, and in particular from the
"cost-cfficieacy® study conduct.d on relinhility methois as aprlied to a
radio=oltimcte., we can draw a few sinmple -onslusion:.

The uost cooential conclusion i ore of common sonse (and *his ts not
itz2po0inting {nasnuch oo wommon sence i not evident) @ "high relfability®
annss e acnteved with adtifi.ial moans § "_ood components® and a "clean
Joh" [for aasuerbling then ave regquired., As a matter of fact, attempting to
comp n3ate 3 dolective production including faulty components ty burn-ln .
< =ould b errons sus, N
Aot ronas s faptrt.nt contlusion czxn be drLwn @ %o apyLiy these cimple method: .
und enouve thetr elfcctivenr 53, Measures muct be tokon 2t all the stages of N
e ptipment 1ife @ devedovient and ucte of o0 coranent~, detalled project AR
‘nalveis b oone o reliabllite ~rediction col . uletions, rareful manufaztur-
tng, centrslled and comnlemented by Judicisurly selected burnein and relia-

bility t.sting as re_ards Loth service life and strezaces, -
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Reliability Testing of Electronic Parts
by
Walter Schambeck
DFVLR - Institute [or Satellite Electronics
D=-8031 OBERPFAFFENHOFEN

ABSTRACT:

A survey of the envi-onmental, physiral and electrical tests, which are necessary
to establisn the reliability of elzactronic parts, is given. Special accent is placed
on the testing of semiconductors. All the tests are described together with the failure
they can detect in parts. Within these three categories of tests, nondestructive and
destructive ones are distinguished. Although most »opular tests are mentioned, special
emphasis is placed on tests not so widely used yet, such as high stress tests, accousti-
cal particle detection, thermal mapping by means of liquid crystals and the test of in-
put protection circuits of MOS IC's. The need for visual inspection as a mcans of im-
proving the quality of components is discussed. Product analysis as a means of evaluation
of the parts manufacturers capability is described in detail.

1. INTRODUCTION

The purpose of testing is to determine the

compatibility
- of materials within the component
- of circuit parameters
- of components with processes of the user
- of components with the anticipated environments [1]

The properties of materials must be tested by merhanical, chemical, electrical
and thermal methods. It is most important that the test methods dnliver reproducible
test results. Therefore all the tests should be performed to well estalLlished standards.
Besides, the environmental conditions for the tests must re given, for instence relative
humidity for resistance measurements or atmospheric pressure for dieelectric breakdown
measureme..ts. The basic parts of a test are

- the test conditions
- the respc. ~e during the test
- the measurements after the test

During the testy the processes may be reversible or ncn-reversible. The most important
non-reversible process is aging.

Since it is not possible to predict a definite parameter, it is necessary to give
confidence levels with which a certain percentage of measured parameters will fall in
a defini.e category. All tests can be distinguished into two major groupd, which are
used to determine the quality of electronic components, namely nondestructive and
des*ructive tests., Within these groups again one can separate environmen il, physical
and electrical tests. The following presentation is going to follew this geneval outline.
Because of the importance of these two categories, however, two separate paragraphs are
dedicated to life testing of elactronic par:s and the constructional analysis of techno-
logies.

I et
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1.1. LIFE TESTING OF ELECTRCNIC PARTS

Lifetime testing of electrcnic parts is performed at constant temperature. Tests
are made at high temperature to get acceleration cf failure mechanisms. In addition to
high temperature electrical stress, such as voltage or current, is also used, which
further enhances the sooner orcurence of failures. One can thus usually distinguish two
kinds of lifetime tests

- storage life time
- operating life time (elevated temperature plus
voltage, current, power stress)

A very effective test is the high temperature reverse-bias test. The result of
lifetime measurements are usually given as mean time to failure in hours or as failure
rate in $/1000 h for a vertaian confidence level. Table I gives for example the resuits
of lifetire tests for C-MOS integrated circuits of several manufacturers [}. 43 .

Table I: Failure Rates of C-MNS Circuits o* Several Manufacturers
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Most important in lifetime test comparisons is that the tests should be conducted for
the same amount of device hours. In calculations one failure after the test-time has to
be assumed, so even for zero failures at that time the failure rate is high. The more
device hours there are, the better the actual failure rate can be determined. In table I
also some acceleration factors are given by means of which the equivalent of 55 ¢
failure rate can be calculated [2]. This is also indicated by the number of failures vs.
time curve of Fig. 1. '

Fig. 1: "Bathtub”™ Curve of

"t“h Failures vs. Time
' I
'
i
A+
| |
{ |
time
) ' _
! |
early | statistical failures wear-out
failures | failures

Only in the flat part of the curve a component shculd be operated. Burn~in should
eliminate the parts during the high mortality range.




1.2. ENVIRONMENTAL TESTS

In all the environmental tests the sticss applied is s0 high, such as not to weaken
good Jdevices but to show weak devices. The stresses that must be applied to components
to detect failures are however much higher than those that can be used on an equipment
level. So unless the testing of the components has been done before assembly, there
mostly is no way to test for weak devices after assembly.

1.2.1. THERMAL TESTS

There are three types of thermal tests

- tests at constant temperature
- thermal cycles
- thermal shock

1.2.1.1. TESTS AT CONSTANT TEMPERATURE

The electrical parameters of electronic parts stabilize after storage for some time
at high temperatures. This process is called burn-in. Sometimes this test is combined
with voltage or power stress. Burn-in tests are useful for determining

- paramter drift failures in both active and passive devices

- inversion and channelling in semiconductors

- IC metalization defects (scratches, discontinuities at
steps in oxide)

- pinholes in the oxide

- contamination (moisture and other)

Because of the stabilizing effect of high temperature, these thermal tests at constant
terperature are performed before mechanical and other thermal tests. Lifetime measure-
ments are also performed at consctant temperature as indicated above.

1.2.1.2. THERMAL CYCLES AND THERMAL SHOCK

During temperature cycle and temperature shock tests the temperatur? of an electro-
nic component is changed between temperature extremes. With thermal cycles the temperature
change is performed slowly, whereas with thermal sho k the temperature of the components
is changed rapidly, mostly by means of transfer between liquids which are held at tempera-
ture extremes. The maximum and minimum temperatures are chosen so that they have no
drgradation of good IC's as a consequence. The changes in parameters and the failures
produced during temperature cycling are caused primarily by differences in thermal
expansion coefficients and by evaporation, condensation and freezing of moisture or

other ccntaminants inside the package.

Thermal shock 1s a much more severe test thar thermal cycles. The changes {in
characteristica and the damage during thermal shock are a consequence of the rapid change

in dimensions,

These thermal tests serve to show the following failures:

4
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- cracking of embedding and encapsulating components

- rupture of conductors or insulators

- weak lead bonds ‘

- package defects

- metalization defects

- incompatibility of coeffic.ants of thermal expansion

- bad chip bonds

Table II gives the results of environmental tests on C-MOS devices based on the manu-
facturers information [3. 4, 5, 6]

1.2.1.2.

Table II: Environmental Tests of C-MOS Circuits of Several Manufacturers
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HIGH STRESS TESTS

As already indicated in the paragraph on tests at constant temperature, sometimes

higher stresses are used to come as soon as possible to information concerning the

quality of an electronic component. Stress tests have already been very important in

the past, but will gain importance with LSI testing, because the number of components

of one type produced may not be as high as with conventional devices. Therefore the
statistics of lifetime tests are not as good also. Stress tests also serve the purpose

of determining the maximum rating of a component and to determine the safety margins
which are existing at specified operating conditions. Stress tests of different lots

can very fast indicate process charges which can influence the reliability of a component.
Fig. 2 shows a typical example of this [7]

defects §

oD ENELRABRR

date code
6337 6941
date code
63
l’ "'
0 $00 1000 1500 2000

number of cvcles

Fig. 2: Percentage of Failures after i
& Number of Stress Cycles
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The stress used was thermal shock by alternate immersion into liquid baths of -6$% O¢ and
250 % (dwell time in the bath 90 s at -65 OC + transfer time of 5 sec + dwell time in

the bath at 250 °C = 1 cycle). One can clearly see that more recent circuits of the manu-
facturer (code 69 37 means )}7th week of 1969) show a much sooner failure than formerly
produced ones. With the help of this test manufacturing problems can be detected and solved
much sooner or the user can switch to another manufacturer if he detects failures. v

1.2.2. MECHANICAL TESTS

Mechanical tes.~ ;- =r%armed ¢ta ahow components with bad mechanical propertxei.
Three types cf stress can be distinguished

- vibration
- constant acceleration
- mechanical shock

These tests are performed after the thermal tests to detect components weakened by

these tests.

1.2.2.1. MECHANICAL VT BRATION

The vibration test is used to determine the effects of vibration on components and
it is very important to select an individual vibration level that is suitable for each
component. Very important is the determination of critical resonant frequencies. Mostly
the vibration met in the application is not of a sine nature, but records of actual
vibration may be used to copy natural avionic or rocket environment. In monitored
vibration the electrical performance ia checked during vibration, for instance for
shorts due t~ foreign particles in the component.

1.2.2.2. MECHANICAL SHOCK

A short pulse of high acceleration (up to 50 00O g) is used to test the response
of devices to severe shocks as a consequence of drops or abrupt changes in motion
produced by rough handling or transportation. This test is cheap and in IC's is used
to detect bad lead dressing, bonds and package defects.

1.2.2.3. CONSTANT ACCELERATION

High constant acceleration centrifuge tests up to 40 OO0 g are used for components
(IC's) to detect fajlures in contacts., solders, and to show weak bonds (perhaps due to
purple plague) and bad lead dressing. Fig. 3 shows a bond weakened by purple plague lifted
after acceleration tests. This will be shown in more detail in section 2.1. (Figures 14,15).
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1.3. PHYSICAL TESTS -
1.3.1. LEAK TESTS o

Leak tests arev made to test the hermeticity of components. Hermeticity is importartc \
to keep contaminants out of the component. It is alcc important because it can give aa
indication of the amount of outgassing to be expected. This is, however, described in
more detail in the section on destructive teeris, which barometric pressure tests can be.

s cm Jlnec.

Usually packages are sald to fail {f the leakage rates dre higher than 107
The limited range of measuring of each test method makes the use of different methcds .
necessary. Gross leaks can be detected by means of the penetrant dyc test. The rart is
immersed in a dye. This is a destructive test because the part haa to be cross-sectioned
to determine where the dye has penetrated. Mostly used for gross ieak tests is the fluoro-
carbon type test [8, 10]. Fluorocarbons cause no corrosion or contamination. The camponent
is immersed into a bath of flucrocarbon at, for instance, 125 Sc and under a microscope
of small magnification one looks for bubbles comirg from the component with a leak. This
method can show leaks up to 1077 cm 3/sec.

A more sophisticated test of this type makes use of two types of fluorocarbons
with different boiling temperatures. The component is first put into a pressure chamber -
into which after evacuating a low boiling fluorocarbon is brought. The liquid is under
high pressure and penetrates into any leaks. The component is then immersed into a Lath
of a higher bsiling fluorocarbon liquid. Upon heating, first the low boiling liquid in /
the part evaporates and the gas escapes through the leak which is indicated by bubbles /
in the second liquid. This test shows leaks up to 10'5 cm 3/|ec.

Fine leaks are detected by means of the Helium leak test [9]. In the Helium leak
test the componeht is brought into a chamber pressurized by Helium, so that Halium is
pressed into a possible leak. Then it is brought into the vacuum chamber of a mass
spectrometer which detects the Helium coming out of a leak. Leak rates of 10"6 cm 3/sec
to 107'% cm 3/sec can be detected.

With the radioisotope fine leak test, instead of the Helium a radioactive gas is used.
The radioactive qasaescapinzzfrom the leak can then be detected. The test is effective in

to 10

a range between 10~ cn 3/sec.

1.3.2. X-RAY TESTS

X-ray tests of components can be performed in a static and a dynamic way. An X-ray
photograph of the component can be taken and then be investigated under the microscope.
In the dynamic mode an X-ray TV system is used which can be used to show the comporent
as it is moving on a vibration table and thus perhaps show a foreign particle moving
insi{de a relay or an IC can. The X-ray metnod is not very effective for elements as .
close together in the periodic system as silicon and aluminium but can be readily
applied to Au-~Si systems. The X-ray test can show

- foreign particles in the component or the case
- bad conductor or lead dressing
- relay contacts

- double lead bonds or voids in chip-bcnds of 1C's
- bad positioning cf elements such as bonds not properly placed

- voids in encapsulants
- open leads in encapsulated coils or transformers 3
- - - ‘ . b—
. -0 = - /_‘,,/"VI/: - S N .




1.3.). ACCOUSTICAL PARTICLE DETECTION

A vibration shaker can be used to bounce foreign particles around in the package of
4 component such as a relay. Loose Particle Detectors, as they are culled, are commercial-
ly available and detect particles by the ultrasonic emissions produced by the particles
as t 'y bounce around in the vibrated package. A transducer is used to detect the ultra-
son. * enmission and after amplification the signal can be monitored un an oscilloscope
(., 1%]. Partic'es, having a8 mass as low as O,1 /49, can be detected. The detection
efficiency, however, increases with increasing size of the particles. For frequenc.es
ranging from 20 - 3OO0 Hz and at 10 g's the dependence of detection efficiency on particle
size is given in table III [11]:

Table I11: Dependence of Detection Efficiency of Foreign Particles on Particle Size

particle size A detected
inch
0,002 40
0,00} 85 o
0,004 100 %

1.3.4. THERMAL MAPPING

In most of the cases the temperatures of components have to be determined under
actual operating conditions to determine the rating of the part. Thermocouples can be
used in great number or several successive tests have to be made. Thermochrome crayons,
which irreversibly change the colour at a specific temperature, are not as accurate but
can in nos¢ cases of thermal design be used. Stickers are also available, showing the
maximum temperature obtained. Above methods have lower spatial resolution and can only
be used for bigger parts. The infrared microscope can be used for the determination of
temperature distributions on parts or within IC's [13]. This method of thermal mapping
is very effective in showing hot spots due to manufacturing or packaging faults. Like
the following method it can be performed before capping tae component.

A new, vely cheap and effective method is thermal mapping by means of liquid crystals.
These liquid crystals change the colour according to the temperature of the component,
they are coated onto in a reproducible way if observed under a fixed angle. The back-
ground has to be blacked as any light reflected there rerves to decrease the ccntrast.

The colour change is reversible.

Table 1V: Characteristics of Some Temperature Measuring Methods

hemp. Accuracy Spatial resolution Temp. Range Cost
Thermocouples 0,1 S¢c 1 mil < 2000 °¢ 31,000
Infrared 0,5 °¢ 0,5 mil $10,000
Liquid Crystal 0,1 °c 1 mil -20 ¢ to +200 °c| gi/q

Table 1V shows the thermal and spa%*ial resolution of several temperature measuring
methods compared to the liquid X~tal method. The method is very well suited for the IC
and hybrid technologies und even P.C. boards. Fig. 4 shows the calibration curve of a
1iquid crystal [14].
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Fig. 4: Dependence of Liquid
Crystal Colour on

1+ Temperature
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Fig. 5, shows the failure rate of a resistor versus the surface temperature [1&] and
demonstrates the need for knowledge of the temperature. The liquid X~tal method by
itself is not a destructive test, but of course in an IC the cleaning proless can be

detesiorating to Tome extent.

Fig. 5: Fajlure Rate of Resistor
as a Function of
Surface Temperature
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1.3.5. VISUAL TESTS

The optica' microscope can be used before capping the component to perform precap
visval inspection. Even if the optical microscope i3 not as good with respect to reso-
lution and depth of focus as the SEM, it has one advantage, namely that of colour.
The colour information gives a high contra.t between different parts in a component and, S
for instance, makes possible the determination of the thickness and homogeneity of C
oxides. The failures drtectable with the optical microscope include

- foreign particles

- contamjnation and corrosion

- coating defects

- package and lead defects

- metalization defects such as scratches, y

holes, bridging in IC's v
- bad lead bonds, double bonds, misplaced or cracked
chips and wrong mask alignment in IC's




If, however, one wants to detect discontinuities in metalizations over steps in the
oxide or look closer at bonds, then one has to use the SEM. Fig. 6 shows a chip where
cracks extend into the active regions and which therefore is a reject. Fig. 7 shows

a case where visual inspection is possible even with packaged devices. Thls picture
shows a Charge-Coupled-Device imagne sensor, which of course ..as to have a window for
the focused image., Fig. 8 shows the CCD device with the maximum magnification possible
due to the low working distance of high power objectives.

1.3.6. SEM TESTS

Investigation of semiconduct>rs with the Scanning Electron Microucope (SEM) is
before packaging suggested 2s a means of checking the metalization of mission critical
parts [16]. This however, should only be done on a sample basis because testing with the
SEM can be a destructive test as shown by L. + G. Ress [17]. Radiation damage as a result of
the electron bombardment can lead to threshold voltage shifts in MOS transistorc. The
negative rest gas ions are accelerated towards the scanned sample and cause contamination
of the sample surface. So only in a limited way the SEM inspection can be considered as

a nondestructive test,

1.4. ELECTRICAL TESTS

The field of electrical tests is so wide that it cannot be covered totally in a
survey like this. Therefore I would like to pick out just a few tests for illustration

of the complex.

1.4.1. INSULATION RESISTANCE

Even if the insulacionr resistance of capacitors, p.c. boards is very high, it may
be the limiting factor in the design of circuits with high input impedance. This example
shows very well that good care has to be taken to define the conditions of a test. For
high insulation resistances during measurement the relative humidity of the atmosphere
must be monitored because this can have a drastic influence on the measured value.
Excessive leakage can lead to heating of insulators or to unwanted DC feedback loops.

1.4.2. FUNCTIONAL TESTS OF COMPONENTS

Functional tests are used mostly together with IC's to determine whether the circuit
performs a specified function as a consequence of applied input patterns.

The logic output of the device under test (DUT) is compared either with the ocutput
of a reference IC or to a pattern generated in a computer. Only the sequence of "1" or
0" on the outputs is usually compared, but absolute measurements of the DUT levels can
be made by comparing the outp.t amplitudes to voltages set by means of adjustable power
supplies. Functional tests are alsc the checking of the operation of a relay or switch.
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1.4.3. PARAMETRIC TESTS OF COMPONENTS

As an example for parametric tests those of IC's will be described as the most compli-
cated type of parametric testing. Usually the paramétrxc testing of semiconductors (s
performed in testers havinc the cdapability to test many parameters successively by the
same tester. This is necessary to save testing time.

For tailure'analysis and incoming inspection simple manual testers are mostly used
which are basically go-no-go testers but with a capabillty to determine a failed param=ater.
The average tester fo; static parameters is usually much cheaper than the testers of dyna-
mic characteristics. So in that field specially designed separate testers are quite popular.
One problem frequentlv .enccuntered in failure analysis tests and in incoming inspection is
that of the great variety of components that have to be tested. In the case of the component
manufacturer the high volume may make the use of special adapters for testerr feasible, put
for low volume testing the testers should be easily adaptable to other part types. Best of
all of ccurse, is a computer-operated tester which also allows easy data logging and where
only the software has to be changed. But the high price of these instruments is again
not justified for low volume testing.

The details of which parameters have to be checked will not be covered here because
this is different for each component. Just a few problems associated with the testing of
higher complexity LSI circuits shall follow.

It has bLeen shown, that in order to predict later fajilures, the method of pin-to-pin
tests is most effective [18]. There are no problems performing these pin-to-pin tests r-
SSI and MSI circuits. But with LSI circuits a problem exists. For a circuit with » . Juts
the maximum amount of different states is 2" (no memories or counters inside th: circuits).
The worst case for 2" states is that one half is in the "O" state and the other balf in
the "1" state. In order to switch each "0O" state to "1" and each "1" to a "O"

2"/2 x 2"/2 x 2 + 1 switching cycles are necessary tc arrive at the initial state. For
a circuit with 15 inputs about 10° different tests would be necessary. With a time/test
of 1 /usec the total testing time would be 16,6 min. So with LSI circuits only a few
meaningful lests can be performed and the reliability of the circuits alsc ensured by
performing scrutinous inspections during the manufacturing of the IC and by dving the
constructional analysis of the technology as lateron described.

2. DESTRUCTIVE TESTS
2.1. EVALUATION OF THE MANUFACTURER'S CAPABILITY

For mission critical parts it is very important that the quality of the parts be
ascertained. This should be done by taking samples of one lot and performing a quality

" analysis. The procedure would be almost the same as for failure analvsis; specifications

for the performance of failure analysis are available [19].

First of all, the DC and AC parameters should be verified before and after additional
environmental tests as given in the specification. Decapping should then be done. For
reference it is best to always check at least two devices. The die should be closely
examined with an optical microscope first and important dimensions determined [20].

These values are important for the evaluation of the reliability and reproducibility
of the circuit and can also be used to get information on the industry standard. All
the possible failures described above can be detected in the optical microscope. The
general outline to follow, including forms to be used for the eval.iation recc.ding, is
given by L. Hartley [20].



Fig. 9 shows a sample nf a non-uniform oxide shown by a change in the colour of the
oxide. Next the metalizati~rnof the devicea shonld be checked for discontinutities at steps
in the oxide. Fig. 10 shown a contact window where the Aluminium has been too deeply
alloyed i{nto the window. Fig. 11 shows some of tha protective phLosphosilicate glass mis-
sing which protects the Al-metalization and this might be due to too much etching or
contamination, because part of the Al at the bonding pad also has been etched away. SIM
pictures also can show the control the manufacturer has on his bonds. Fig. 12 shovs a
good lead bond. Fig. 13 on the contrary shows deep pits in the surface of the bond, the
tocl was worn out. Besides evident.y too much pressure was used during bonding because
the hsel of the bond is ver; thin. Fig. 14 shows purple plague on the brond lifted dnring
the centrifuge test (also see Fig. 3). Fig. 15 shcws the bond remaining in more detail.
By means of the microprobe add-on to the SEM, contaminations on top of IC's can be
identified or shorts traced to material transpor:t. Voltage contrast or electron~beam-induced
current pictures can show opens in a metalization or shorts of junctions [lZJ.

In order to determine junction depths, diffusion depths and bond profiles cross-
sectioning should be performed and the diffusions made visible by colouring them either
by depositioning of copper or by etching. Interference fringes can be counted in monochro-
matic light to determine the dimensions of interest (i.e. oxide thicknass).

This kind of evaluation is invaluable in determininj the quality of components and
should be used to complement any other testing of the reliability of electronic components.

2.2. DESTRUCTIVE ENVIRONMENTAL TESTS
2.2.1. SALT SPRAY

In the salt spray test a fine mist of lilt solution is sprayed onto the component.

This test is an accelerated laboratory corrosion test simulating seacost atmospheres.
There is however, no direct correlation between resistance to salt spray and resistance

to corrosion in other environments [1]. Even though the prediction of absolute corrosion
resistance is very difficult, from the result of this test a relative infor—ation can

be obtained concerning the uniformity and thickness of protective coatings. Also as a
method of checking the homogeneity of a coating process this test is valuable bv comparing
the tests to furmer results. Of course this c~rrosion--ausing test is a destructive one.

2.2.2. HUMIDITY TESTS

Usually humidity tests are accelerated tests performed at high humidity and high
temperature. An example is the tes: performed on plastic IC's described in the previous
paper [21]. There in addition a bias was used.

§

The moisture penetrat:3 through any leaks and ﬁhrough plastic materials. Absorption
of moisture can result in swellirg of that material that may cause rupture to bonding
wires, metalizations and may also cause 1083 of mechanical strength. In some cases also
the immersion of components into liquids such as salt water may be used as a test of the
hermeticity of a seal, Because of the penetration of humidity this is a destructive test.

2.2.13. BAROMETRIC PRESSURE TESTS
This test is performed to simulate operation in aircrafts at high altitudes or

satellites in tne transfer phase to their orbit. The purpose s to test the resistance
of sealants to pressure differences that exist in high altitudes. Besides, lower con-
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vection co0.ing may cause thermal problems. The breakdown voltage of air is reduced in
high altit.des. Due to outgassing, especially in higher flying spacecrafts but also

in aircraft oorora, discharges and even complete electrical breakdown may result. Also
because of more arcing the lifetime of electrical contacts such as in switches and
relays may be reduced.

2.2.4. FLAMMABILITY

Resistanc : to burning ‘s very important for the safety of both, air- and spacecrafts.
Primarily the ability of a component to support combustion is tested. For flammability
tests the heat of the flame, the volume and surface of the component, time of exposure
to the flame have to be known. The flammability degree is determined by the following
parameters [ 1)

- the time until the fire extinguishes after
application of a flame

- does a part burn violently
- does an explosive type fire occur
- is the spreading of fire on surface of

larger parts inhibited

Besides this support of combustion, it is very important that corona discharge on, or
heating of a component does not start a fire on the part.

2.2.5. RESISTANCE TO SOLVENTS

This test is especially important for certain plastic-~coated components such as
styroflex capacitors which by certain solvents can be harmed considerably. In ultrasonic
cleaning baths only such solvents can be u3led which do not do harm to the encapsulating
plastic. A further purpose of this test is to make sure that markiags of components will
not become illegible.

2.3. PHYSICAL TESTS
2.3.1. SOLDERABILITY AND RESISTANCE TO SOLDERING HEAT

This test is based on the ability of wires and components to e wetted by a coat of
solder. Thus the coating of the compcnent is checked., In the test accelerated aging
simulating storage of at least 6 months is somestimes included. Most important it is in
this connection to verify that at the suggested mounting distances no harm is done to
the component during soldering.

2.3.2. TERMINAL STRENGTH

‘This test showa whether the terminals of a component, the leads of an IC can with-
stand the mechanical stresses exerted on it by installation in or removal from circuits.
For different types of terminals different procedures are necessary. Radial, axial or
tension pulls, twisting or bending forces are applied. After the application of the
stresses, investigation with the nicroscope for breaking of aeals, cracking, mechani-
cal . tortion has to be made. Elcctrical measurements can show interruptions or, for
instance, resistance changcs in a resistor.
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An example shows how important this terminal sirergth test is. It was noted that
the leads of IC's for a space mission just all came locse. Further investigation showed
that the munufacturer had a problem. Traces of the etchant used to etch the oxtde off
the Kovar feed-throughs be.ore gold plating them, was trapped in microcracks of the glass
insulator. Lateron, as humidity washed out the etch, it attacked the leads and they
finally simply fell Off, Teats by the manufacturer could not have shown this defect
because only after some time the etchant had weakened _he leads. This experience stresser
the need for incoming inspection and quality evaluation as described above.

2.4. DESTRUCTIVE ELECTRICAL [ESTS

Some electrical tests are hy their very nature destructive tesis. As example
dielectric breakdown and the test of the input protection circuits of MOS circuits are

given.
2.4.1., VOLTAGE BREAKDOWN IN DIELECTRICS

This test may be used to make sure that a component can work safely at its rated
maximwn voltage, The test however, can also be used to show how far away from actual

insulation breakdown or corona discharge the rated value is. It then is a destructive test.

2.4.2. TEST OF INPUT PROTECTION CIRCUIT OF MOS IC's

As shown previously, the percentage of failure in MOS circuits due to overvoltage
at the input, is quite high [21]. Figures 16 and 17 show the input protection of a
C-MOS Silicon-on-Shapphire (SOS) inverter circuit, which consists of a MOS transistor
with a low breakdown voltage connected from gate *o source. Other manufacturers use
the three diode circuit [ZIJ which seems more effective. But in order to determine
the efficiency of the protection circuit a test is suggested which tests out of
one lot a few samples for the maximum voltage they can withstand at the input.
A test circuit as shown in Fig. 18 is used,

A variable voltage power supply Fig. 18: Test Circuit for MOS
charges a capacitor to the pre- Input Protection
determined voltage as S1 is
closed and then S1 is opened and
S2 closed to apply the voltage
to the itnpit of the device under

test. The protection =~ircuit then
has to discharge the capacitor
before dielectric breakdown of
the MOS gate oxide occurs. ¢
C=50 pF ard R=2K simulate the

capacity and the series resis-

tance of the human body because that is how most of the static is applied. The test can
be performed to check whether tne sample IC's withstand a certain voltage negotiated with
the manufacturer cr the voltage can be incresead until breakdown occurs tv determine the
safety margin present in the actual rating. This type of test is to be included in

future GfW specifications of MOS devices.
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CONCLUSION®

Concluding the need of reliability testing at the comporent level shall be stressed
again, WA, MacCrehan ir. has, as published [22] . found the following figures for the

relative cost of finding a defective part
- part screening

= 1
black box assembly s 3}
= 8

system (several black boxes)
I think this demonstrates very well tre need for reliability testing of compcnents
even though testing also adds to the costs.
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Fig. 3: Bond lifted after acceleration test

Fig. 7: CCD201BDC Image senscr as viewed
through window (50x)

Fig. 9 Nonuniform oxide shown as discolouring
in colour photoaraph, as patches in black
and white (arrow points at defect)

Fig. 6: CD4007 chip where cracks
extend into active regions
(50x)

Fig. 8: CCD201BDC Image sensor
viewed through window (200x)

Fig.10: Metalization alloyed too
deep into silicon, mask
slightly misadjusted, active
region is exposed.




Fig.1Y¥: Part of the protecting oxide and
Al-metalization etched away

F1g.13: Rejected lead bond con chip

Fig.15: Remaining bond on chip of Fig. 13
shows purnle plague with cracks
under tne bond

1117

Fig.12: Good lead bond on chip

Fig.14:

Fig.te:

Chip Bond of Fig. 3 with signs
of purple plajgue as seen in
the SEM

S0S CD4007 C-MCS circuit with
MOS transistor (2 per gate)
connected as protection between
gate and source cof tnputs (50x)
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maor perts  infhgnt opEraiions  ard rcTatt  unseTvicrabeiity
Avionicy witl attect mainty the categories of weather t10%) techniLal
and engneering (15%) and o trattic (5% Other coures sccount for
the rempning 70% An 21! weather 1anding capetniity should remove
most of the weather delays and the 010Nl eQuipment nvolved
should not incresse the level of detayy 0 the techneal and
engneening Categorres ! the operation of the afl weather system ¢
not dupetch ontical © 1t spprars that totat )improvemnent «n delays of
up 10 15% meght b the am tor avcratt in current servece «f ot ag
accepied et the [roposed electron addiions @ nOt ‘thspatch
aitical ' In the tuture. ty by wiee CCV {Control Contigured
Vehicie) requuements and scheduled ol weather land:ng will demand
@ chige  emphavis end wich elements will become ‘dipetch
mteat FRL

AT232481 »

ATI 27158 On thé 1mpr " rvwelnbty for
varecs e@ugment. K A Pulien J tUS Army Ballaticy Resgarh
Latworatores Abtwideen Proving Giound Md 1 in Aslomer Con
terence on Corcurts and Systerms 6th Pacituc Grove Celst Novernber
1517 1972 Contererce Record North Moliy
wood Caht Western Petiodicels Co 1973 p 154 161 6 reh
Because of the nature ot electronc units the /mpect vt o
ropctie of Hragments 0n 1t witl usualiy erthes produce an 'mmed ate
(bess than one wcond) K kil tor the unt Of +t will survive Ay 2
practcal matter  iorquovernent of wrveainhly A convenently
ahwved Dy use of parsliel processing pathy  thereby Mahing the
taget many times more vulnersbie Attention o given 10 the serws
redundancy problem and ground 10op controt 1813 shown thet worme
teldtively umple chenges may lead 10 wbitential wmgrovementy of
Wrvivabelity 10 eHCTIONIL erpment 100 use 00 gircratt and s thet
with properly deuwgned prutective eguipment the o rangements for
wmovidhing the redundancy need 1ot ntroduce signdficant tadure
tw oDlerrs Of Thed Ownt FRL

ATI27384 Impraverments m the uee of FAA resouras for
ytem porformence mewrance D F Babcock {Stentord Resssrch
tnstitute Menio Pk Catif) In Radio Technical Commusgion tor
Aeronsutics.  Annusl  Ayermbly  Meeting  Washington. 0 C
Novernber 9 10 1972 Proczedings Wathington
D C Rado Technical Commission for Aeronsutics 1972 12 p
Methods are needed tor swsing system pecformance and for
SHMating system costs  What 13 sought 8 2 mesm tor grveng
adeguate visibnlity 10 the waiient features of the system that reguire
Mtention erther 11om 3 pertormance 0f cot viewpoint tn generel 1t
s feavible 10 prepare 2 definition and descr pion of the National
Arspace Systern (NAS) and 10 create pertormance messures aned st
goats 1or NAS pertormance 1t 1 recommended that ife cycle models
for 8! maor system elements thould be establshed and mantsined
that system cnbcality be anslvred and that 2 plan shouid be
tormulated to altocate resources FRL

AT3 X008 The rele of 9 N sclueving
wrewn olectiversss. A M Srth  (Genersl Elctrc Co
Pruladeipiva. Pa) and T D Metweson (Urnted Au Lires, Inc , Sen
Francisco, Caht } In Annust Relisbeiity snd Mantenstabty Sympo
wum  Priadeipina, P, Jenuary 2325 1973 Procendings

New York, imntum of Electrical and Elctronves



>

Engneen, inc . 1973, p 384

The hndings of 8 study of the relstionshvp between wsting and
the schevement ot effectivensis ' Serospece systeens e
sunenonized The study wes conduced by the AIAA Systerms
Etrectwenass and Safety Technical Commutise and coversd variou
agecn of Wit prog am aqueements, phvicsophy and SRPENENCE
wath peoecrs’t. launch wvetecies, DOD arcreft, and commarcial
srcratt The conclunion 1 thet scaeptance tests pley 8 less then
Jormnent 1ole w, the achwwement of systerms etfect:veness vz

AT4-14142 Rolisholity m sewomcs. P H Mead (Ferrant,
Lid.. Ednburgh. Scotiand) Flght Inwmetnonel. vol 104, Now 29,
1973, p. 900. 901

in swonicy. advanced technology has brought gressy com
plenity weth wider use beng made and increased reliance Dewng
imposed on more and more comoonents Complen:ty. however, may
ncreme unrelipbritty 10 whoily unacceptabie levelh thrastening
satety, contidence. and economy Buit /1 1est equupIment can make 8
gvicant econome cortribution by aliowing correct diaghoms on
the Higrt hne and MakiNg i1 UNNECEILArY 10 TEMOve T ViCRabie LNty
The benetits and challenges of new technology and cost etfective
relatniity re comudered As would be expected, problems n
whatnlity are vt proportion to the degree of sophstication or
WChnologcal Bivance 10 awinniCt eguspment FRAL

AT4 18597 Theory and practics of avionecs rebabnhity
{Theoree ot protuque de 1o habiite des dguipements) M M Ravier
(Compagne Natinnsie A France Par France) | ‘Asronautque et
I'Aspronautigue "o 42 1373 p 18 24 In Fiemn

Some ot the theore hic al and practical aspects vt the mantenance
ad rebiadity O avionKs systerms are reviewed Discussed 1opecy
nChude The AL A 2% 0aCH 10 1210UrP expectank y 4y 4 function of
g acventadble rehiabiity Coiteria wivice ite extension and retiatynh
ty Mmantenance routines and manutacturer airtine Liaison MVE

A4 38583 A QU Nwsbhdity and Sow Ife
cycle cost. W R Perrigo (USAF Avionics Laboratary, Wight
Patterson AFB Ohio) and ) L Easterdav (Battelle Memoriai
Institute  Cotumbus. Ohiat In NAECON 74 Proceedings of the
National Aetonpace and Electronics Conterence, Dayton, Ohio, May
1315 1974 New York .institute ot Electrical
and Electionics Enginesrs inc 1974, p 521 532 12 rets

Basic activities in the conduct of a reliability program are retated
10 techrical Progeam aspects. Management visibitity arul control, and
phiosouhcal concepts of a teliabslity program Questions of initial
o prepragiam planming ace examined The progrem manager must
make cPrtan that a tealishic, actvevabie goal s defined for the
reliadeity program A wogrem manager’s checkhist s presented
Mar management tunctiom are summarized. taking nto account
the pvaiuation of the a tual status of each activity 10 relation 1o the

sheduies relhiahiiity task status repocts, and retatnbly monitoring
: GR

Systerms Ressacch Labs  Inc Dayton Otso

DIGITAL AVIONICS INFORMATION SYSTEM DESION
OPTION DECISION TREES Intorin Repnrt, 3 Dec. 1973 -
18 Ape. 1978

Kevneth D Potter and Duncan L Desterty Jun 1975 51 p
Comract $£33815 74 C 4019)

1AD AO014313/9GA AFHRL TR 75 2912 HC $3 75/MF
$22%

The DODTs for 8 DAIS system were deveioped 10 determine
the decs«on pomnts in § design process whch may be of importance
" progecting the nput of new technology on human resource
parametars The DOOTs for the DAIS system were refined through
the process of extenswve reevaiuation by enperts n the heid
both wm mdustry and the Aw Force They were then used n
snother phase of the study 1o actusily determme the design
£how® 1Mpact on selected human resource ps:.ameters The DODT
techouque slows for 8 rather extenuve evalustion of the cesign
chowces for the completson of 8 totel system In addion to the
maor purpose of the DODTs tor the research picyact a3 a tool
for assting i quantitying human resource requitemaents of vanous
technologees they may be used 1or & sernes of other mansgement
actioms GRA

Jont Techne ol Coordmating Grouwp on Electroncs Equpment
Aolipbhty
FINAL REPORT OF THE JOINT LOGISTICS COMMANDERS
ELECTRONIC SYSTEMS RELIABILITY WOARSMOP
1 Oct 1979 334 p
AD AQ018 828 OGA
HC $9 S0/MF §2 45

The ‘Workshop represents 8 cuimination of simos' Ii @ years
of effort by the Jownt Technsl Coordnating Group on Electrone
Equipment Reiabwhity (JTCG EER) winch was devoted 0 8 senes
of Investigations for 1Mproving reliabeinty and proc urement practces
related to mcrocucuits After makng substant:al progress on its
device 1eiated progects. the JTCG EER decidsd 10 Oranuze the
Electronic Systems Asliabeity Workshop n oroer 10 address the
system reliabelity problem and to conuder mesns of developing
IMPIoVed Management procedures dotumentation standards and
snsiylic and testing techniques for producing motre rehable
systams The Workshop was 01ganzed nto seven work groups
namety Acqusitior: Rehabedity Mensgemont Operationsi Reluabe
ity Management Rehabdiity Testing Relsbuity Documentation
Relabdity Analyms. Relabdity Design Techmegues. end Software
Reliatuirty GRA
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Section 2.
DESIGN FOR HIGH RELIABILITY

N73.28240¢ Rockweld imematonsl Corp . Anshewm. Caid
Electromcs Grouwp
SUAVIVABLE P.-CHANNEL METAL.OXIDE-
BEMICONDUCTOR (PMOS) COMPUTER DESIGN Fmel
Repert. 20 Mar. - 20 Sep 1972
Doryi T Butcher. Howard Madaos, and Robert L Nslsen Mer
1973 138 p rehs
{Contract £130815-72.C- 1732 AF Proy J178)
(AD-758189 C72-446/50) AFALTR-73.31) Aved NTIS
CSCL 09/2

The mgnwhcance of thwe prosect 10 the Aw Force u the fact
that R provides sssessment and develops specicatons for
ompioyment ol sdvenced tadietion hardened heid eftect Metal-
Oxide: Sermsconductor {MOS) and Metal-Nrde Onide-
Serr - conductor IMNOS) technologues for miitary space comouter
systems  The charactens’ics and capabrites of the devce and
DACkaging technologrss tequired for MOS:MNGCS computer
construction. are defined and compsred to the techmques and
hatrdware requirements for long hfe computer systems A
computer archtecture 18 deived from the compsnson snelys:s
{Author Modvhed Abstract) GRA

NT73-229884 Baitstic Ressarch Labe Aberdeen Proving Ground.
wed
EFFECTS OFf REDUNDANCY ON SURVIVAL OF CRITICAL
AVIONICS EQUIPMENT
Kests A Pullen Jon 1973 38 p reh
(DA Proy 178.82708 A 068}
(AD 757152, BRL MR 2268) Avad NTIS CSCL 09/5

The dessgn of mmpie cwcurts capsbie of keepmg communce-
HONS SQUPMENT 1N OPEBTION under CONdMons of fas're of wital
sections of sub-unts of 8 system are descnbed Anslyses sre
ncluded which ndcate possbie routes for improvement of
Quip { Surevabirty n 8 battieheld

Author (GRA)

N786.-280764 MHughes Auwcraft Co Cuiver City. Cald Dmsplay
Systems and Human Factors Dept

SREADKOCARD MIGHLY RELIABLE VERTICAL TV DISPLAY
SYSTEM, PHASE 2 Final Report, 16 Mer - 18 Dec 1974
G Woltson and B W Keller Fed 1975 96 p

iContract N82269 74.C.0342)

{AD ADOB241 NAC P75 44R HAC.RA-D2143) Aved NNTIS
CSCL 09/8 -

The tasks performed were two ford  First 8 state of the-ent
CRT was evaivated n an effort 10 veirdate the CRT hie model.
developed dunng Phase | and to relate CRT performance to
rehiabiity The second task wes the development snd fabncaton
of hey slements of the programmable symbol generstion with
the objective of providing improwve 3 performance and relhiabelity
These hey slements included the heid refresh memory memory
nput format logsc Memory vutput format logic post processor
and master himing and control The effort expended n the
development of these key eslements has resulted mn sigmbcent
achwvements which should iesd to Soth increased symbol
Qenerator performance and rehabii; GRA

A71.1883) Operating sys'em reliability for the Navy
sdvanced svionic digtal computer. Ponald S Entner (US Navat Aw
Systems Command. Washington, DC) ond Edward H Bersott
(Logicon iInc , Falls Church, Va) /EEE Transactions on Aerospace
ot E.ectreni Systerns vol AES T Jan 1971 p 67 72 Srets

This sper discusses rebiabidity aspects of 8 modular multe
process o currently undet development by the Naval A Systermy
Command The operating system, or executive of this computer may
be implemented n vaninus ways These include a totally software
floating executive.’ one dedicated (0 3 specitic processor. of an
executive consisting of special purpose hardwae The object:ons to
hardware enecutives especially for avinnic apphcations, include o
wppowd degradation 1 system reliabihty  This paper shows that
urder certain condi1ions thiy degr adation need not occur  (Author)

AT2 18574 A Bayetan analyss of avionic subdsystem
budtin test € C Marmon (Generat Dynamics Corp Fort Worth,
Tex ) 1EEE Transactons on Aerospace and Eiectron Systems vol
AES 7 Sept 1971 p 98, 987

A major dewe' ,pment in test philosophy of avrraft being built
today and thov being de.gned for the immediate future s the
ncorporation ot 90 board, computer controlled "buiit in’ testing
{BIT) into the avplane 2 part of the avionic subsystem A
requirement being impoed by ‘oday’s specifications w g probetrlity
of 095 or better that the BI” function wnll detect a fature It 13
shown that a single specitication of BIT capatahity s insutficient to
completely define the requirements tor BIT. The proot of thn
corclusion s otfered n the form of an analysis of the conditional
probabitities involv™d 1n the occurrence and reporting of suhsystem
tailures {Author )

AT2 3581 Modut puter. £ C. Gang
{USAF, Asronautical Systems Civ., Wright Patterson AFB. Ohio) In
NAECON ‘72 Proceedings of the National Asrospsce Electionics
Conterence, Dsyton, Ono, May 1517, 1972
New York, Institute of Electrical and Electronics Engineers, Inc,
1972, p 248251 11 refy

This peper proposes 8 Modulae avioNKc computer concept that
can be esuly standardized. S.nce the advent of large avionC systems
the A Foroe has been plagued with 8 muititude of diverse
processors throughout the arcraft. These computers ae dways
dnusimitar and create a tremendous spport and mnventory problem.
Thes paper suggests 8 modular computer concept that could be used
wherever sequential procesting 11 required in the aircraft Iis desgn
permits many cifferent applications by taloring 1t to the tnk
through MCroprogr smming {Author)

AT237032 » Integrity of Hight control system dewgn | S
Meat {Smuths Industrees, Ltd | Wembley, Mddx | England) Awrraft
Engineering vol 44, July 1972 p 4.5 .
Determination, for uirborne systems, of the ettect of ta.dures on
the arrworthiness of an awcraft The lim:t on scceptable unreliatelity
showvs that econome«s are not permitted 1o Jictate where safety
concerned In general, thingt fail because they are overstressed
Electronic components, +1d hence systems, follow the rule Various
methods of wnproving rehabalily sre outlined 1t 1t 13 required to
show 1n pdvance of n-service expernence that certain failures of o
tystem hove 8 very low probateicty, there i3 no practical siternative
1o that of designing 8 system with redundency 30 that the falure rate
of 1ts constituent perts can be established 1n 3 ressonatle time and
computatson of the eftect of redundancy carred out. FRL

AT317572 » DAIS - A mewr crossrsed i the development
ol sviome systerms. B Lt (USAF, Avonics Laboratory, Wright
Patterson AFB. OMio) Astronautcs and Aerorwutxcs, vol 11, Jan
1973 p 5561

The Digetal Aviomcs Intormation System (DAIS) i3 discussed &
a new aporoach 10 meet the requiterments of modern military
SUPENIONIC 3 weather HreciLon wespon delivery systems opersbie by
smail crewa The spprosch described provides abslity to modkty an
#viome system by means of software rather than hardware changes,
and 10 Use Modular Of COMMON equipmMment design 10 chiferant types
of smrcratt Further 1t goves 8 sigiticantly greater total system mesn
time between failures (MTFB) through the planned use of redun
dancy a1 subsystem, equipment, and component levels, and » @ eater
flexibslity of sdding new semors and capsbiities to the system

wathout rewnring the sircratt ve
AT X2 Onboerd ok .~ip > »
o redndency (Dpti on des & dlactroregues de

bord ot redondance). J. de Corlwu (ThomeonCSF, Bagneux,
Hauts-de Seine, France) In: Electronics and crvil avietion, Intes.
netione! Conterence, Pars, France, June 26 30, 1972, Aeports
Volume 1. Pun, Edtiors Chwon, 1972, p.
377 384 In French

The optimization of redundancy n sppication to onbowed
olor: .o squipment for Crvil and Mmiitary awcraft 13 dnucussed In
Pt tscular, the hypotheses underlying the concept of relisbitity we
reviewed, slong with future trends in the phiosophy and practices of
reliabelity and redundancy MVE.

.
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A74.13008 Coet effactve Duwiit-in st for sdvenced aw-
cratt sloctricad systenu. H Brown (US Naval Matenal Command,
Havat A Development Center, Warminster, Pa) and H W
Henzman (LTV Aerospace’ Corp., Vought Systerms Duv, Dallas,
Tex } in Automatic support systerms for advanced maintainatuiity,
Internationsl Symposum. Arlington, Tex, November 57, 1973,
Record New York, Institute of Electrical and
Electronics Engineers. Inc.. 1973 p. 53 60. 7 refs

Thus paper presents @ method tor utihzing the data handiing
poction of the SOSTEL multiplex system to provide a cost etfective
tutit on test (BIT) capabeirty 10 solate taulty 10 the line repiaceable
unit (LRU) The evoled technigues provide a neans tor determining
the heaith of each of the 2048 input and 2048 output controls which
oe muitplened by the system in addition four techmques to
sutomancally test the data handling circurts are also discussed. The
B!T system ay detined 13 etficient smatl in size and weight, and cost
ettective because most of the dats circuits are time shaced 10
accommodate BIT data. The BIT data 1s used infhight in the solution
of Powe! MenagemMENt eQUItIoNs 1O pPerMit Programming of redun
dancy and satety interiocks Two types of maintenance displays e
diucussed. & manmtensnce panel and an onboard stnip printer. The BIT
systen s compatibie with ar toground data hnk to mantenance
data {Author)

A74 39929 Large scale integration application for satellite
onboerd procesting R K Gewger (US Navy. Electronc Systems
Command. Washington, D C} (Armed Forces Communxcations and
clectronucs Association. Annual Convention. 28th. Washington D C.,
Ane 1113, 1974 ) Sgnal voi 28 Aug 1974 p 4244

More etficient satellte relays can reduce the requirements
concerning the large number of terrestrial elements n the Navy's
commumcation networks LS! technolugy could improve com.
munications  spacecraft performance with the ad of on board
processing On board processing includes any function which may
arer direct, control store. or inhibit the signals relaved by the
spacecratt One of the ingyt sioniticant teatures of LSI technology 1s
high reliability  The FLTSATUCUM fieet broadcast equipment 13 the
tirst LS) implementation of on board processing GR

AYS-23407 (L0 of svionic design ch tics on
chnicel treining requs and job performance. K. W. Potempa,
R. S. Luckew (USAF, Human Resources Laboratory, Wnight-
Patterson  AFB, Ohio), and L. M. Lintz (McDonnet! Douglas
Astronautses Co, 5t. Lous, Mo). Muman Factors, vol. 1], Feb.
1975, p. 13:24_9 refs. Contract No. F33615-71-C- 1620
This study was performed in two phases. The first phase
concentrated on the influence of avionic design and technical
trarng ! actors on student performance. The second phase deal: .1th
the impe.t of design and personnel factors on the perform.  « of

techmcians 1n operationgl Air Force units. Avionic components were '

waled on 8 vanety nf design charactenistics, and data were collected
on the task time and error perturmance of students and technicians
performung 8 tunctionsl checkout mantenance task on the compo-
nents. Perionnel dats were 230 obtained on each sbject. Multipie-
regression eQuations were then developed to predict task perfor:
mance trom desgn charactenstics and personnel measures. The
multipie R's for students were 0.5 for ime and 0 B2 tor errors. The
mutniple R's for technicians ranged from 0.60 to O 88, depending on
the type of mantensnce and chiterion measure used, atl R's were
significant at the level of p less than 0.001. {Author)

AT5 26720 « Durtal sviomeroverview - Awtrame menu-
facturer's wewposmt. R Dunn (Boeing Commercial Airplane Co
Seatrle. Wash ) Amercan Institute of Aeronautics and Astronautics
Dig rat Avionics Sysrem Conference Boston, Mass Apr 241975,
Paper 75552 6p

The system requirements in new aircratt ace related to changes
regarding the critera used 10 rate the worth of an avcratt Aspects of
arcraft economics. nosse, and ecologrLal consider ations have become
very important Better performance at lower costs can be provided
by 8 Lt:hzation of advanced digital technology n place of the analog
systems empioyed in gpresert auncratt Rescarch and development
o ograms conducted n tne 3r2a ot digital technotogy by an American
se1OpaLe COMDOMatOn Mo d'sCusied GR

AT5 20728 «» Flght-critical drgtsl control system evalue-
ton. L E Farbanks (General Electric Co . Binghamton, N Y ) and J
E Templeman {Boeing Commerc ai Awplane Co, Seattle. Wadh ).

American Institu of Asronautics end Astroneutics, Digitel Avionics
Syatem Confersnce, Boston, Mass. Apr 2.4, 1975, Paper 75 566 15
p. 6 refs. Ressorch sponsared by the U'S Department of Transpor ta-
tion.

The fight controls development study task was deve oped 1o
permit technology investigations into selected aress 9' triple-channel
tail-operational, analog and citsl system desgns. An application
model based on a fight-critical controf system 15 conudered A
system description s given, Bking into account the Izboratory
contigurs’ on and analog subsystem, the incrementsl control po-
or130r subsystem, and the whole word computer subsysiem. Pertor
mance comparisons are discussed long with aspects of software
developmer.t and control. Attention i3 also given to the prefight
test/farture mode ano effects studies GR.

A75-31129 An savanced fault isolstion system for digital
logic. N. Benowitz, D. F. Cainoun, G. E. Alderson (Hughes Aircratt
ro., Data Systems Dw , Culver City, Calit ), J. €. Baver (US. Navy,
naval A Eng:neering Center, Lakehurst, NJ.), and C. T Joeckel
(US. Naval Materiat Command, Navai Ar Development Center,
Warminster, Pa.} /EEE Transsctions on Computers, vor C 24, May
1975, p. 489497 Brefs. Contract No. N62269 73.C0132
Buitan test (BIT) techniques for cost-effective fault detection
and tauit isolation 10 a dwgital subsystern and to the faulty moduie
there in are described The O of resulting madule pass fail ugnals
indicates subsvstem (aults, where 8s dentification of a module tal
signal provides 1olztion 1o a faulty module Coding techmiques are
discussed, with tradeott of speed, test etfectiveness, snd logc
requirements f0r each. 1t i3 shown that less power and tewer units se
necessacy for the same level of performance and relability, since
only one rather then three units must operate 10 ehmnata fallure
SD

Uttrasysterns. inc . Newport Beach. Calt
FAULT TOLERANT AVIONICS SYSTEMS ARCHITECTURES
STUDY Finel Regont
Lew R Murphy Algirdes A Awiziens David A Rennels Lyle D
McNeely and Roger L Fulton Jun 1974 490 o
(Contract F 33615-73.C. 1163 AF PRQJ)
(AD-784879 74/820 24 AFAL TR 74 1021 Aval NTIS

The report presents the resufts of a study 1o spply fault
tolerance techmques to avionics systems srchitectures Thes study
inciuded the following tasks (1) dehmtion of & general avioncs
baseling system consisting of integrated pdot controls and displays
strapdown inertal reference unit. fiy by wire automatic fight
control subsystem. multipier data bus and distributed computation
network (2] development of 3 fault tolerant aviomics distrbuted
computation: subsystem (3) deveiopment of optimum avionks
system  parmtioning  recundency implementation  and  re
dundancy mansgement techmques (4) development of subsystem
fault detection 1SOIBON. and recovery techmques and 15) snalyss
and determination of the costs versus benefits of fault tolerent
avioncs system desgn . {Author!

A Force Aviomscs Lad Wrnight Patterson AFB Oto

AN INTRODUCTION TO FAULT-TOLERANT DESICH
TECHNIQUES Techmical Repont

Thomas € Tyson Jun 1975 36 p Supplement to repnrt
dated Jun 74 AD 784879

(Propect AF 2003)

1AD A013934 AFAL TR 74 334)

This  report introduces the concept of fault tolerant
architectuies and surveys general techmques for the desgn of
fault tolerant systemns The techriques discussed are for digital
systemns or systems that can be wisudized as beng degital in
nature tAuthor!

Messerschmitt Botkow Blohm - Muenchen Germany
INTEGRATION oF THE COMBAY AVIONICS
[INTEGRATION DER AVIONIK VON KAMPFFLUGZEUGEN]
Walter H Vog! S Jun 1974 4 p in GERMAN

{74 060049}

Using the example of svionics the corcept of & system
testing 13 evplained which permits Kvestigation snd sntegs ation
of complen arframe airborne weapon systems slresdy Junng the
development phase under 8 bioad rangs of resiistic combast
conditiors The purposes of thys 1 to nstall an alreaay fuilly
functroning wespon system 0 the aurframe An 0ptirzaton
method 13 descrbed which has been worked out for (e form
of svstem development it 1 pertcularly  misted  hv
tgh -performance combaet arcratt {Author!
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Section 3.

SELECTION OF COMPONENTS AND PARTS

N72.180874 Aimy tlectronics Commend Fort Monmouth N J
Electronus Tec and Devices Lab
ENGINEEPING EVALUATION OF AIRCRAFY BATTERIES
Sytvia Duze Jul 1971 38 p reh
(OA Proy 176 68270% A 05
(AD 733289 ECOM 34%6) Ava. NTIS CSCL 10 3

Changes n auciaft technoiogy end advan es i electronc
and slectica! squMent design have caused ncressed demands
for slectie power Batteres w the smakest and lighest desgn
must be capable of deitverng Mgh ate currents under all
ambsents lor ptariing power have good “wgh rate charge
scieptance and De svadabie n the tully charged state n case of
emergency The report detads &l 1ha problem Breas eveiuates
the vanous secondary electrochemu st systems w terme of
et use describes the redeson eHors of the Miary
Servcer  and presents 3 Citigue Of spec.icatons covenng
anciaft batteres Author 1GRA)

N72-322480 Benda Com Sudney NY Elecincsl Components
Ow

REUABLE INTEGARATED WIRE TEAMINATION DEVICES
Somisncusl Repert. 1 Jul - 31 Dec 1971
O L Plendier snd D M Gould Jun 1972 93 p rehs
(Contrect DAABO?-71.C-0090 DA Prog 1F1 62203.A-119)
(AD-744478. ECOM 0090-2) Aved NTIS CSCL 091

The >uposs of the Mvestigaton B 10 Cover the detgn snd
vaiustion of 8 wie termnstion system capabie of mterconnecton
10 8 versety of multi cOMtact CONNBCtons such 88 Cybndncal
rectonguisr rack and panel previed crcudt boerd and termengd
mnction devicas  The connectve devices ore 10 be capeble of
sssembly and Mmasensnce with 8 common 100l for termmngl
NOStION And wahdrawsl  in addion the verDue CONNECTvG
devices shill he capabie o reiably wihstandng the ervironmen
tal CONGRons encouMesd Dy both ground and swbome Army
Qupment Primary emphess © Owected 1owsrd 8 sgndcom
wnprovermnent of the relabeity and mamtanabiny of wwing
eteme i Army suctaft Protype 1081 B8MpIes COMBMNg 2o
270 rervunaie hove Deen fabricated and twsted Prototype test
sempieg comamng se 20 termunels (Doth metsisc snd thelectre
Wemtion) sre bemg tebrice’ ad and wil be evaiusied according w0
the prepared test procedwe Termmal neertion and removel toois
hove Deen reveed and will De evslusted Jccording %0 8 test
precedure 10 he prepsred Author (GRA)

N73 221440 Sperry Rand Cop St Paul Mwn  Delense
Systems Ow
MEDIUM SPEED MASS AANDOM ACCESS MEIMORAY
MODULE Fmnel Raport
Aobert A Whae ond Glenn M Krueger Grihas AFB N Y
RADC Jon 1973 34 p
{Contract £30802 69 C 032%)
(AD 755937 PX %407 %0 RADC TA 72 331} Aved NUS
csSC 09,2 :
T™he obyectve of the program s 10 Gevelop 8 Preprocuction
model of 8 S0k state Dlated wwe Mmemory module 13 0pS’ e
" an swbome O tactcsl held envwonment with 8 command
ond comrol sysiem computer  The module was dessgned wethwn
the Dosc conatramts thet the completed 10 metwon Dt module
® both rendom 8cCoss n Rt retreval mode end rekasbie »m
ctical 19050 BpPicaton whde the cost per bn of the moduie m
production rampned suthcentty low SO0 to $0015 per det}
16 Do accepiable to the users The moduls wes desgned
fabricated and tested 10 the requeements of MiL § 5400 ower
an opersting 1ange of 0C 10 55C Basxcalty the hnsl srvwonmen.
18l test resuits DO Out 1 detgn Criens n that the module
wos succossfully 195100 10/ ShOCh v B1ON Iumudnty 90C  without
87y ovidence of sgadicant desgn problems The module
presentty ot Rome Ax Development Camer where 0 8 scheduied
for use w vanous Aw Force spplcations Author (GRA)

A72 34483 Hybeid LS) togc moduies .ov sevospecs J A

Cicrio S5 M Stubibarg. and R E Thun (Raytheon o Bedtord.

Mass ) In Electronic Compnnents Contsrente 22w Washington
DC. May 1517 1972 Procerdings New Yink
Imtitute of Electrcst and Electroncs Engrwers ine . 1972 p
18% 200

A wt of hybrd LSI loge madules hes been developed which
provedes srchitectin sl buiiding blacks for 8 wide rangs of serospece
w3 mulitary chutal systems An order of magnitude inCresse
density and reliatality hay been achrieved Over ronventional nteg sted
cHeuit packagpng techniGues by the combrned ute of pasivated,
beem leaded TTL siays and ceramic bawed high density wnter
connection networky  This  concept becomes  technically  and
economically feavibie through the use of estentive putomation n
layout design mash mahing. and test generat.on The paper desr bey
the vanous Wchnologees employed, the desgn sutomat.on technGues
devetoord. and the loge functions riplemented {Author }

A72 34686 ° Tochrgues for control of long termm reluainirty
of compien miegrated cwants | Aolslnirty ssaurance by test
vehucls queidcation N W Van Vonno (Hens Semcondntor
Meibourne Fla) in  Electronic Components Conterinoe. 72nd.
Waoashington, DC. May 1517 1972 Prooredirp
New York Institute of Electrical and E'sctronicy
Engreers Inc 1972 p 463466 5 refs NASA woport. . remarr b
Deveinpment of an siternate aperoach 10 the conventional
mathods of reliatality sssurance fon large wale wtegated circuty
The product treated 18 8 e scale T squared L srray deiigned tor
wece sppications The concept used 1 ™t of qualihation of
product by evaiuation of the binic process:ng ue-d » tabrcating the
HOOuCt, prov:ding an naght Mo ity potential telabelity  Test
vehicies pre desoribed which enable evalust:an of devicr Charact
ntics. wwtsce conthtion. and varous parameters of the two ewvel
wotalhization tystem ned  Eveluation of These test wehicles o
pertormed on 3 lot quiiitastion bes's w.th the lot conusting of one
water  Agsembiey 163t vehcles e svaiuated by hegh temoerature
sttess & 300 C for short time dwat'ons Stresung ot these
rempeatures provedes 2 raped methodd of evaluation and permuty
90/n0 9O deciHon 10 be made on the water ot 0 » trnely fasbvon

(Author)
AT3 324008 Anstyms of the rehabebty of snrborhe moterel
" an srhne corpany - Obge o mothads (L'ansiyee do b

Fiabeintd Gu meniriel velant dane vas soripegree sbnenne Obyeraks
ot mbthaden) J L. Lewge (Secrineriot Gondral & VAvetion Cune,
Pun, Francel In Electrones and cwi svston. [nsrnenonal
Conterence, Pars, Fronce, June 2630, 1872, Reports Volume 2
Pun, Edtiom Cheon, 1972 o 877880 in

Fronch
AN magor pertirey Corry out 8 pamenent folowup of the
relubeirty of thew swborne meterisl Oversit, the methods utdued ot
Aw Fronce are not urwgue, snd can be found 1a other Europesn sru)
Amercon countres. Tha & due 10 the very good reletom witch
ot between the techmcal services of ditterent compenas wheh
fovor the exchenge of miarmetion or new methods Reludiiny »
detwed s 8 method of Mermaning saiety ot an acceptable tevet. snd
8 method of reducnsg costy. 10 the cowre of the lest ten yesrs the
belance sheet of rehabehity studwn ot Aw France hes beon lergety
poutve FRL

AT3 34731 Faive selyms wed » vndmn JANTX
aapermrs R Peopis, (Wertinghause Deterse and Electrone
Svster nter Baitimore Md ) in tiectrand Components Conter
ence 2wd. Wahington DC May 1416 1973 Procssdng
New Yok Imtitute of £lectrcsl and Eloctromey

Engreens tnc 1972 p 349 34
With mcremed emphas.s on 1ol gty 1n POVt gt contr pcted
IYITEITM MOIE S1HNGPNT TOQUITe n have bewn placed on werwcon
Oust0f LOMPOneNntt resuiting A the MIL S 19500 JANTX MIL S
MS10 and MIL STD B8 specitications These specihications add
Processing and power (o tion g 10 1J0N of the component n g
lot swbrnitted tor accepts o 8 o JANTX typs prioe 10 rapection
tats 10 verrty Lot Tolrace Percent Dotectve (ILTPD) The post
mortem  examungtion of JANTY component remct:or oocurting
Ouring the variaus s1ages of test .n the manutacturing of s erdorne
Slec11ONIC3 1y ite™ Aas 1hown thet the 1ahurcs weve mnly asoc: sted
With Crrcut Oesgn Manulacturing snd it problems snd These were
te0ived thiough spmopw ate corrective achion Analyss of these
talures plaved 3 centidl 10le A Ceterm-neng the most effectve
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COnectve aCton and N oyer tyng thet the (Onective action had
& teeved tiw drs.red tesult L N §

A4 20969 OC 10 aviomct parts reliabelity 1 review R S
Aatwe Dongtas Avsatt G Lty Hean Lot In Amnge
He ah ity g Ny ntanatiiity Symposcam Loy Angerey Cant

Jeruay 2931 1974 Pooweed s New Y va
toatiogte of Brectra’ and Bimctronay Engreers ine 1374 p
403 408

The W Donnet Duugias D 1D gurira?t program e deenon
Aratend the ehigteneay ot 4 A b Of e abnl ty a9t Quetity
b Oee g eI it Chaopianes Notabre T ong the™ Me wever
Rey LONTOEY OF S T 1Y Sie UOnC ) e omegnetc Larty i
e aitrray systemsy A jug) Tatye tevorn f Thow perts controls s
prrwnted iz g D010 cawe B ataces e tual part facure prob
@y o e DERY e b usun @t eva aboe ot the reiative
Pt e b e et g The e e Pt fane showr miost
v P mpEyement gty e et the et ences on
bo ) egupment e atiety gre T ettt fa e cegeont oG @ ety
PO e RN D O e wh o Bt DT R ufement a0 ]
The BLRAt N gNT OnTEY Ot ek e el ty A, tho:

A4 30519 Onecho  stored progrem  megnets  bubbile
procetsor R A Noter and ) C Linn (Tenss Insteuments Certeal
RAesearch Laborator e Daiias Ten | In NAECON 74 Proceed.ngs
ot the Netonasl Aercspare o~d Electronus Conterence Dayton
dhn May 1315 1974 New Yors inst.tyre of
Eectrcal and Erectrories Engoeers Ing 1974 p 4249 Contract
No F136'$73C 1029

A ore chp magnetc butitie stcred DI I Processor desgned

S0t OLRTATION o vevere Altgry eny onments i descrioed Erpected
Wohcaton 1y i the area of ted-Lgted (0ntT0l Advantages e
exppected  Over 3 (OMPuUle g DOWET eqQuivalent  semMaconductud
P oCeisOr o the wes Of 1 a1 200 Nariinesy weight yolu™e  Jowet
tiypatioe end retabrtty The (v oo padt for these adventopsy 11 8
ove spet of apgron-matel, 1000 cyrructions Dt vecord However
1y mbeved that y.lemy LoMmprung the Gngle bubble ch.p
MapetC Dahage & ¢ T UMEl POt ele ooy wiit be smal! ond

e ap enough 10 1P a) throughout avionus yyatems tor distrbut.og |

the (OMERting 1080 tAUTho! |

A74-4514% M ure ‘ A Sutho LAles

a0 Kuskg 10 Newdfam Heghts Mgss + od M Capion (Bor s

Pac v Magret ¢s Cors Romuigrd Caist + tinstirum of Ere mical
na Ewmcroncs Engneers Annudl Inmmationsl Megre*.cs Con

torence 12tn Toronto Canads May 1417 1974 1:6E Yrans .

actons on Magretns vie MAG 10 Sept 1974 p 698 700
Regurrements 10r m.cram.n. sture transt yrmers ang aductory «n

1 ONOICE JPPICAtOny e beng et wth g ineof t B nand t 40

cutsr units Thew nacstormens are wud tor sud-o car e uoad

bond and DUWP! UMY wrviCe N teiemetering armpt hery Nerhia

QuIAINCe tysterms  and Other appicat ons The transformers are
manufactured w th taminat.ony and bobbnn wound cods usually
UNOP! MICTOMCOUPY. 10 SRECT N SleCTHca and 2w rONMe tal raquate
ments SO o man tactyring ard test equ pment Ra beer deve; oped
because Of the mcromingture size Typcal ratings ae 295 mw tor
e 1 8.~ cutw 200 mW tor the 1 4.n cutw Thiee typical
20 CALON are desct twet AU

Poryat Avcrat Estain shment Farnborough Engiang
ouTrruY FILTERS FOR AIRCRAFY TS
CYCLOCONVERTORS Techmce! Reper:
N J Coter Apr 1971 44 p
\AD 740833 RAE TR 721088

In the report the pertormence of low pass power hitery
surtable lor the preme electtn ol power supply i svcralt @ anslyred
and dncussed Taee types of hiter #re consaered and 8 computer
PrOgam n used 10 deterTwng the respomse of the hiners when
10338 Of vaNOus POWe: 1acturt e suphed The snalysis roncludes
that the L section hiter represents the optimum arangemen o
CYCHOCONvertne appie 11ons tAuthor)

US NAVY Aviation Supply Ofhce Prwisdeiphia Pg

BURN IN CONBIOERATION 1IN THE PROCUREMENT OF
AIRSORNE AVIONICS REPAIR PARTS

A A Giordeno De! Prep Associaton Washington DC 1974
14 p Logntcs An emergeng technology meeting report Fornt
Lee Vs Feb 28 27 1974 p 11 24

175 042878

The 1o+ of Durn i OF 19D PATTY 8N] IKE (SIBNION 1O rehuabehity
of opetstonet squipment 18 Lonwiered Prothems of vanaton of
this r0le with the level of 1epar part it part assembly biack
pos! fo¢ manmum support of nperst.onal equipment of
Mmanute Livig 8 1@sHonUbIty  of jushifatw of the Mmgh (osts
of Durn ‘0 as 1 081 @Mective 0N 8 I0GSTCE SUPPU bavss Of whether
turn i of 1epar Darls 1esity Cresses Neet SuDEON &:0 sramined
Costs of butn 10 ar@ SCrulinzed 10 Hghight fleet supPEOT IMEa-ty
Prncipies  developed  n avietion  supply  offwe 10 Quae
ostablanment 0f sgeC i Burn v reQuirements are presented it
» concluded that bum i of repdt Darts Cam ot he taken for
Qrarted s @ onomK imeat s 100 great  Recommendatons
a0 made 10 eappnd LN the DO IPIes 10 EIPUNE the protiemy
and 10 provide Detter input o Matan Guin'Q the D/OWIMONINg
procets I AUthor!
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Section 4.
ENVIRONMENT CONSIDERATION

AT4 38582 Adeonced savwonmental contrel ryisem W C
Sovage (USAE Fignt Dynamics Latnwatory Wight Patterson AFR
On o' In NAECON 4 Prioceedings ¢f e Not.ong Asronpece
Ewwctrviicn Conterence Dayton Oho May 1318 1074
Noew Yorx Insttute of Ewornics and Blecrion o
Engorwrens tec 1974 p 308 310
The Bevce e pny rurimenta CONTEol sy item oy w.ng de set XORc
10 provede Pagh enyraonmental cehait ty Gt grcr et sulrys e
Devery 0f 4 tratly wuDpiy OF Clean (00! dry 3t e @it g or
CON 1ons 1y enaured by Ly ng @0 ImpD Nved he gt eahanget widt st
COMmbnat Or 10 remave ette(tive v 10 gr amount Of monture et fo
emingte nantetul cohat The ey gr O the B gh Dessure CONenye g
ATOMIT 'y +OTAT.OQ N at e (N EQrr s (Tel bweit v P

A4 J024Y Awerott (] i central
nelyms proced for e g Irfe cyclocont B T P b (US
Navat  Mater st Command  Nave A Developmen:  Cente:
Wamingtesr Pat S A Cumptet and K ) Tavice (Generw
Dynamucs Corp  Coovar Aeronpace Div Sen Dego Ca b in
Nat-onal Conterence or Enyvronmenta Ettecn or Arcratr ond
Proputs o Systemy 1 Trenton N J Moy 2123 1974 Praceed
L2 Trerton NJ US Navp A Pooputvon
Teat Conter 1974 18 p 9 ehy Navy suDDO! ted rorepr ch

The COMt andtyss PrOCaBures COMITRred are CC XOTed W th the
hte cycle cost avartages Of the var.0ous envirOnmentsl cortio
svitems These Drocedures con thereture b uird 10 0Pt ™Mize *he
Syt ONMEn el CONTTO! Sy stems around lte cvcte cost Enampies Ut
use cl e procedures for & Hgher and an ASW 4 craét e dincussed
114 f0und THat 0 DO Cases cONsider abie COST s ™A Can he real 200

By Ut g COMTaNT tempBrature v 0Ny GR
A4 38589 The spphcotion. of ] 1ot
ol W o neods U L Maey (USAE A, o0
Laboratory Wernght Partersor AFB Mo 10 NAECON 74 P
certngs ) the Navorat Asrosiae et Eiecrinn (v Conterence
Daver Oho Moy 1315 1974 New Yoru

It tute of Blecrae oot Llectrpoey Engneery e 1978 g
ara)y

ATS 16902 lmgrond vidratton dassgn and Wet prosadure
for mewot. C ) Beck b (Borng Aerospare Co  Sesttie, Wash |
Sacroty of Ausormotrwe Engineers. Newonsl Aercspece Engewening
and Morayfoc surwng Mesting, Sen Dwgo. Cakt . Ot 13, 1974, Peper
200815 & p. Mernbiers, 31 75 nonmemben. $2 78

Recent enperiern® wnth wibranon qualificstion of swones for
the 8 1 arpiene has revesied detscwnres 18 Commonty wesd wbrstvan
drugn and Wit procedures Specihe eremples of dehcwaces are
dracumed. Recommendet:ons for wnEronng vibrethon design anc test
wotedures are presented 1n the sress of enwronmental predschon.
Quahheahon westing and use ot vitration nolstors Suggethons ere
mude relothw W0 wbrastion degn and tating i hght of the
‘try beture buy ' conceyr { Author)

ATS ANA5Y . Compart hest onchongers for e Spame
wnutthe A B Tryuch and J Nason (United Awcratt Corp  Hamiiton
Standerd D Windwor Locks Conn i) ASME SAE AIAA ASMA
and AICHE inmrsoc ety Conference on £ nvirpamentsl Systerms San
Framirco Calit Juty 2124 1975 ASME Paper 7S ENAs 54 14 p
Members $1 00 nonmenbers $3 00

Lightweight high dentity plate 110 heat enchangers will be used
n the Soae Shuttie Atmowhere Rev 1al. 28100 Hubsystem 1ARS)
vt 0 the Freon Cootant Loop (FCLI An advance -n the ttate of the
o1 0f LOMPACct hest eachanget desgn has been ettected with the uw
of Lin hegts of 0020 and 0 OC2 10 tin thicknewes The advance
povided 3 2Nt ant weght tavings 10 De made on nine tyDes of
ARS and FCL heat enchangery The GSE heat exchanger tor
Puampie  PIOVION Co0ing N g Core desgned 10 trantter heat ot the
rate ot D4 kw cu 0 OF cove inciuding 8 redundant conling Dass
The &t 10 water water to Freon 21 Freon 2t 1o breon 21 Freorn 21
10 FC 40 Froon 21 10 Hydraulc Hud hest exchange: contgur ations
e dew ribed A wummay 0 analytics dengn technaues tade oft
Mudes  and test cewits pe Drewnted 28 wele a1 the o LroaChed
wircted ‘ot hendiing up 10 Tive Reat ranot Husds 10 8 wngls core
wret 1AL

ATS 40002 Contettectronons of refrigersted v for
Sesoncs coning on wide bady commaercisl sueraft W S Boronow
(Dougies Avcratt Co  Long Bean Caiit) ASME SAE AlAA
ASMA ara AICKE  1i.tersoc ety Contererxe on £rvironments
Syttems Sen Francimo Cant sty 21 1975 ASME Paper
IS5 ENAL Y 10 Vembery $1 00 naoomentery $300

The COAtY 2330081 W IR gl pronuremert mante ence and
WP OY g U v ORI SO ment 10 qurrent (ommen gt
200184 pCPntuatey the meed 10 hewp the (At of Ownerthp 1o o
min.mum  Thy paper (1:8Caiws the U aeutts nyolved n akiog &
rote great:on syttem 100 gy UMCY COHNG TU “IFOVE w0 CY re oy )
ty The resutty 0 4 gnaiyss we prew ted Do amets Coity o0 o
typ s wade DOGwrd (ommec b arcralt The Croumstercas winte
WRCR el great a4 ot oMt e ond The (8? reduC i ech e vedd
tor va i OUN P 8%0Na (DT T 7 e et Ve Athor



Section 5.

Preceding page Mzui

RELIABLE PACKAGING

AT 39768 Puchogeng for the beeds. H W Marksten
Eloctrone Packageng and Proccron. vol, -~ Aug 1972, p 28, 30,
D)

Review of some of the rechmques cuirently used and con
wemglated tor the protecton of Misiie gurdance slectronicy aganst
the demaging ettects ~t interme X rays and gamma radistion on
eleZtromc cwowt materaiy and semconductor performance trom
nuckesr blasts of antibellistic nsile detonations in the vicinity of
oncormeng ICBMs. Foliowing a dhscussion of thesw damagng eftecty
Wustrased by photographs ot crrcuitry betore and stter inte s X ray
snposure, pechagrg techniques sre deicribed thet employ matenishy
of low stom number and high melting pont, beryllim and
MIPNELUM INTErCONNECTION Systems, drelectne soisticn tor sems
conduciors, snd Overtoad revstors for dusipation of momentary
power srges The techiques described inciude 3 prototype stacxed
muitiayer hybnd desugn. bearr ‘eaded intwconnect packapng and
standerc 200 rmoduie design apor vaches MVE

AT 9708 Avionics peckaging and the new demands. H
W Markstewn Eloctronsc Pact agerg and Production. vol 12, Aug
1972.p 52 54 58 58

Revew of some of the weghtsaving, vibrstion-prooting, and
hoot drasspating Sechnigues used 1 avioncs packagrng The slectronsc
muitipdening peckageng system propmed tor the B 1 bomber -
thown 10 make potsible weght wavings correspondg to the
elwringtion of 33 medes of ware To ruggedize the desgn and provide
‘heat tramter this systerm ivolves an swsemc v of two GiIrcuit bosrds
sttached beck 10 beck on supporting rals  Rack mounted and
‘eqpcrate’ packapng tchrmques sre 3o hcussed MVE

AT I8 The bioek ban wperesch - Mo B 0. J A
Fastngs (Lochhead-Cohfornie Co., Burbenk, Cabt} In NAECON
+1, Procesdewp of the Netonal Aercepace Electronsas Conference.
Goyton Otea, Moy 1418 1971 Now York,
jravtum of Elsctricat and Electrones Engreens, Ing. 197) p
Nas '

The conventionsl biack Boa cproech 10 pechapng svomes »
costty It 8 cestly NOt only A e Of excmIMve pack apng weght,
wethaent ng, and Hiplicaty o hordh ushhcation
pregrarm, But ume of the black bon eporoach mhdets oxplastation Of
now Orawt NONOIogY. BITIY  COMLONE coolng and enpend
omploymant ot thgrtsl aorees The 10iunhon te Yt puoblem & to
SUopt 8 revoiuthonery depertuie from e wusl preliferstion of bleck
Sones The ewprosch tshen 4 to modulerize v Coneohdete the
slectronscy pochapng o rel by fow wertmens  whuch,
Snong other thengs, Sccommodstes the sy ancng Ot Wchmology
and oot BETIN CuDInNg resulting  wnEroved iabeinty  (Author)
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Section 6.
LIFE CYCLE CNST

N78-17331) Aerospace Gudence and Metrology Center Newerk
Ar Force Station Otwo
THAEE LIFE CYCLE COST MODELS FOR INERTIAL
SYSTEMS Finel Repent
Robert € Adel. Wiiam J Bonner. and Keth J Gieon 4 Apr
1974 50 p
(AD-AQOO483. AGMC 74-011.2) Avad NTIS CSCL 12/7
The purDose of tiwe POt wat 10 prasent theaa diffevent
Lfe Cycle Cost mc-teis for 1nemal systems to the memberaheg
of the Life Cycle Cont Tesk Group of *ne Jont Servces Dste
Exchangs for Inertsl Systems for the purs ~e of hmibanzation
POt 10 the Apni 1974 meeting of thet group w1 Anahewm,
Coitorna The repont describes thrse Iife cycle com models
that have been used n economc analyss of nertial Navgetion
systeme Author (GRA)

A74 18502 Life cycle cost compansoms of avione sy stem
design sematives. P S Kipatrich and A L Jones {Honeywell iInc.,
Minneapoin, Minn) In NAECON 74 Proceedings of the National
Aerospace and Electroncs Conterence. Dayton, Ohio. May 13 15,
1974 New York, Institute of Electrical and
Electronccs Enguineers. Inc , 1974 p 514 520

AT5442%9 Cont of ownerthp - An overview: Lifs cycle
conts - Eveh o ymem rohabidity wnpe H A
B8r0de (Hughes Awcratt Co. Canogs Park, Calt) in  Anmual
Retisbulity  arsi Maintawability Sympostum. Washington, DC,

Jonumy 2830, 1975, Proceedings New York,
imtitute of Electrical snd Eiectroncs Engineers, inc, 1975, o
NN

A detvwtion of hifte cycle cost 18 provided and an ww0oMmcs ife
cvcle cost model 18 presented Two computer progr ams are utihized
One model generates development ond imestment phass costs
Another model computes oPerating and iNvestment phase support
costs The output of both modeis 15 combined 1INtN 0N cCOMpPuter
printoyt  Attentson s given to the calculation of mantensnce
resource reqQuirements. study ground rules and sssumptions, and hie
cyde cost results 11 .3 shown that it 15 postble 1o reduce the hite
cycie cost ugrutizantty GR

ATS 44248 A fogutics anelym ond rankng  model
{ALARM/ W L Daviason and B J Landstra (Hughes Avcratt Co |
Caroge Pk, Calit) In Annual Reliabiiity and Mantainabid ity
Symposum. Washington. D C . Januay 28 30. 1975, Proceedings
New York, Institute of € lectr.cal and Electromics

Engineers Inc 1975 p 538 542
ALARM 15 8 wpport cow modet ustul tor the toliowing
Jrpotes  computation of hite oyt wpport costs for 8 system
composed 0f rplacesd’s subsucembiies. detetmination of the most
cost etfective of alternate des.gn concepts. anslyus of the enstivity
of WPEOort costs 10 changes 1n sy siem design Par smeters. selection of
e most economual of four wecifed Mantensnoe concepts,
dentitic.tion of the highest cost cOMponents and WPEOT slements
. of 3 systern The modke’ s complete and 0perational, snd has been
used ettectively 10 the evalustion of wpPoOrt of 3 complex mrborne
wionicy wystem  Ths model produces hte cycle support cost
Intormation wivich 18 essential L1 evelusting spproaches for man
tnring an equipment system This information 13 provided in clearly
defired reports produced by the model on demand {Author)

81
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Section 7.
CASE HISTORIES

N73.28960¢ Ouklahoma City A Materiel Area. Tinher AFB

Okis

LOGISTIC PERFORMANCE DATA BOOK FOR A.70 BOMS

NAVIGATION SYSTEM

Mar 1973 84 p refs

(AD-762215. A-70-73000/73-1} Avad NTIS CSCL 15/%
The report presents the reliabiity. maintanability. logstc

support cost. and genermt product performance information on

tiw A-70 bomb navigation system It's purpose i1s 10 impart

sufficient logntics support history on the bomb navigation

system to the engindening/design community represented by

AFSC and the contractors engaged in the design of similer

systems/ sub-systems for A Force use Author (GRA}

A7317617 +¢ The trend toward increasing avionics com-
plenity. R. C. Collins (Urited Aw Lines. Inc, San Francisco. Calit )
American Institute of Aeronautics and Astronautics, Annual Meeting
and Technical Display, 9th, Washington, O C Jan 8 10. 1973, Paper
2328 4 p Members, $1 50, nonmembers, $2 00

‘Avionics’ 1s defimed as those areas of application of electronics
to aircratt where an impact on the operational safety or retiability s
present. Aspects of redundancy are discussed which lead to the
conclusion that excessive rtedundancy may complicate matters
unnecessanly. Increasing complexity 1s the price that must be pad
for increasing operational versatility. It s suggested thdat avionics
components could be designed with a guaranteed uperational hfe

rather than a guaranteed mean time between farlure FRL.
A73.19403 - Caleu! of the relabiity of electromnc
0 an ‘aer * envir t shaped by the opera

p

tional service routines of onboard equipment devices used by Air
France {(Calcur de la fiabilité de composants electromgues dans
I'environnment ‘avistiva’ 3 partir du suivi d'explottation d'équipe-
ments de bords utihsés par la compagnie Awr-France). O Levy
{CNET, Centre de Fiabiite, Bagneux, Hauts de Seine, France). In
National Congress on Reliability, Perros-Guirec, Cotes-du Nord,
France, September 2022, 1972, Text of the Lectures

Paris, Centre National d'Etudes des Télécommunica:
tions, 1972, p. 4147 In French

A73-33088 ¥ Cost-of-ovrnership design philosophy for iner-
tisl navigstors. R. L. Ringo (USAF, Aviomics Laboratory, Wright-
Patterson AFB, Ohio). Astronautics and Aeronautics, vol. 11, June
1973, p. 59-63.

The AN/ASN-101 gimbated electrostatic gyro arcraft navigation
system (GEANS) has from 1ts inception been designed and deveioped
to provide precision navigation with a low total-lite-cycle cost
GEANS enpioys a un:gue gyro, the efectrostatic gyro. Electrically
suspended ayros inherently have exceptional performanze charac
tenistics. The GEANS technology base i1s discussed together with the
design spproach used, questions of the development technology, the
target cost-structure, aspects of material cost, maintenance action,
and physical characterstics. The AN/ASN-101 GEANS 15 now being
optimized to both improve further its rehabihty and mantainabihity
and furthor reduce its cost of ownership GR.

A73-37814 & Guidsnce, control, snd instrumentation pro-
gress on the McDonnell Douglas DC- 0. C. L. Stout (Dougles Arrcraft
Co., Long Beach, Calif.). American Institure of Aeronsutcs and
Astronsutics and Gosudarstvennyi Komitet po Neuke i Tekhnike,
USSR/US Aeronautical Technology Sympusium, Moscow, USSR,
Hily 2327, 1973, Paper. 1A p.

The design, developmient, testing, certification, snd initiation of
the present generation of jet transport systems into revenue service
occurred through scheduled phases. Aspects of these phases s they
pertain to the fiight o.'”wice and control, automatic thrust
management, and srea navigation tystems of the DC-10 sircratt are
discussed. Advances in systems capsbility and complexity in the wide
body jet asircraft greatly increased the problems of flight test.
Laboratory testing and simulation were used extenuvely to reduce
fhght test time requirements, and an advanced data acquisition and
processing system was utifized to support the flight test program.
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A74 20954 Equipment procured rehabihity and real hife
sutvival O Markowitz (US Navy Avietian Sutsprly Q*tae Phidy
delphig, Pat In Annual Reliabid:ty grud Starrta nob 5 1y Sympiosm
Los Angetes, Calid | Jangary 2931 1974 Powenebings
New York  tostitate ot Electrioar and Eas trones
Engoees Inc 1924 5 239 295 6 oty
Rec ommecdghions  gre mafe (G0 ingeo, g «ommmg e 4unn
hetwesn suppliers and awerc of egapmient 6 the atea ot telats 1, (*
woLunciaded that the hazatdy 11 reg! e egaprent iy, grot ey w
du Not compate 1o thase inbierent o eguapmtiea? ot along wer by
tion of faiture rate Thos doy ramsiaturs of tabera? oy o1 s toedd
fature rate @y o direst eapes tation of ead s tadute ate
adequate Thete 10 mgch et i T ooay 2t The upwes gt <
understarding O what 1s requiteat o contiw turs o the anteat ot
religtniety gnd a8 aveil mge s teetded srtauntea Tor s Lot stared g

Of the regl pte egquopment tiow and hasso oot soves? Tt

A74.3855% Improving  Mean Time Between Maintenance
Actions - A recommended sys'em approsch. R C Perazock (LISAF
Wright Patterson AFB Ohio) In NAECON 74 Proceedings of the
National Aerospa:e and Electronics Conference. Davton Ohio May
1315 1974 New York, Inmtitute of Electrical
and Electronics Engineers, Inc . 1974 p 326331

A wide discrepancy cont:nues to exst between Mean Time
Between Falure (MTBF) for pieces of avionic equipment as deter
mined from qualitication tests and the Mean Time Between
Maintenance Action {(MTBMA). attained 11 operatior The present
work discusses some of the probable ceuws far this dacrepancy
Available data indicdte that major stiid-« Can be Made by ‘Mmprov.ng
Buidt In Test (BIT) and Aerospace Ground Equpment AGE! design
10 assure that maltunctions are correctly dragnosed 1T s urged that
relrability 1esting and test ot BIT and AGE capab:hity be mitiated &
early 1n the design phase as posobie These tests should be carried
out 1N stepwise fashion To allow a tect fix test concept aganst
incredsingiy ditficult st requitements PTH

ATS- L7839 Relisbility life cycie of s complex electronic
airborne equipment. S. P. Mercurio (Generat Electric Co , Aerospace
Equipment Div., Utca, N.Y ) and J. M. Black (USAF, Aeronautical
Systems Div.,, Wright-Patterson AFB, Otwol. IEEE Tranmctrons on
Relisbility, vol. R-24, Apr_1975,p.2-7.

A good reliability program thwough design and production
results in excellent equipment performance 1n the tieid. A fuil life
cycte under controlisd failure reporting and snalysis procedures it
covered. An excess of 48,000 thight howurs over 27,000 missions with
303 failures reported from tive reporting mantenance shops con
stitutes the field reporting phase. {n addition, details and supporting
documentation of the overall reladility program during the desyn
phase, demonstration phase, production phase and field use phase are
presented. {(Author}

A75 37679 The F-4E digital scan converter - An example
of reducing the hife cycle cost of aviomcs through digtal technology
R J. Jarwis (USAF Avionies Laburatbry. Weight Patterson AF8,
Ohig). In NAECON ‘75, Pioceedings of the National Aerospace and
Etectronics Conterence, Dayton, Oheo. June 1012, 1975
New York instiuts of Electrical and Etectrnnics
Engineers tnc . 1979, p 451 456
A digital scan converter (DSCH for the B 3B arcralt o described
whick provides a means of displaying yadar information. attack
symbology, and elecironptical sensor imagery, 3! on & common
indicator The discussion cuvers system deicription and principles of
operation, two thight test resuits, and ife dycle Cost anatysis *or the
relrability and mantainatiiity of the DSC equ:oment It 45 shown
that DSC exhibits increased reltabrtity. mantadab:lity and arowt™
capabiity over the anatog scan converter, while ymuitaneously
providing equivalent operational pertormance 5D




