CHAPTER 8

RELI ABI LI TY TEST PLANNI NG

| NT I

This chapter presents the techniques for determning the anount of test expo-
sure required to satisfy previously established programreliability require-
ments. The reader will note that Chapter 7 addresses the topic of reliability
data anal ysis. There, we assuned that the test data had al ready been
gathered. W then used the available data to determne point estimtes for

reliability parameters and to stipulate the uncertainty associated with these
estimat es.

Chapter 8 presents techniques for designing test plans which can verify that
previously specified reliability requirements have been achieved. W realize,
of course, that the required test exposure and/or sanple size may exceed the
avai | abl e resources. In such cases, alternative test plans, consistent with
program constraints, nust be devel oped. In this chapter, we also present
met hods which nmake it possible to clearly identify the inherent risks associ-
ated with a limted test program

PRIMARY TEST DESI GN PARAMETERS

Upper and Lower Test Val ues

Two val ues of systemreliability are of particular inportance in the design of
a reliability test plan. These are referred to as the upper test and | ower
test val ues. In sonme cases, only a single value is initially apparent, the

second value being only inplied. These two values and the risks associated
with them determ ne the type and magnitude of testing required.

The upper test value is the hoped for value of the reliability neasure. An
upper test MIBF is synbolized as 6., and an upper test reliability is synbol-

| zed as Rd‘ A test plan is designed so that test systens whose true reli-
ability paraneters exceed @3 and RO will, wth high probability, perform
during the test in such a way as to be “accepted. ”

The lower test value is commonly interpreted in two different ways that may
initially appear contradictory. One interpretation is that this |ower value
of the reliability neasure represents a rejection limt. The other interpre-
tation is that this value is mininally acceptable. The apparent conflict is
resol ved by viewing the lower test value as the fine Iine between the best
rejectable value and the worst acceptable value. A lower test MBF is synbol -
| zed as GT and a lower test reliability is synbolized as RT‘ Systens whose

true reliability paraneters having val ues |ess than 61 and RI\MI |, with high
probability, performin such a way as to be “rejected. ”
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The upper and |lower test values serve to divide the reliability, or MIBF,
scale into three distinct regions as shown in Figure 8-1. Note that the
regi on between Rl and RO s neither bad enough to demand rejection nor is it

good enough to demand acceptance. This region is necessary since we wll
never precisely know the true reliability of the system

FIGURE 8- | REGIONS DEFINED BY RO AND R
‘* BAD” “GOOD”
MAV*\‘ /SV*
0 R,

0
TRUE RELIABILITY, R

*MAY BE DIFFERENT DEPENDING ON ACTUAL MATURITY.
SEE FOLLOWING PARAGRAPH.

The user’ s reliability requirement should be stated as a m ni num accept abl e
value (MAV) ; that is, the worst level of reliability that the user can tol-
erate and accept. The contractually specified value (SV) is a val ue somewhat
hi gher than the MAV. For reliability qualification tests prior to production,
the |ower test value is the MAV, and the upper test value is the SVv. Earlier
in the devel opnment process, fixed configuration tests may be conducted to
denonstrate the attainnment of |ower levels of reliability at specified mle-

stones. In such cases , upper test and |ower test values should be consistent
with the stage of the devel opment process.

In the above paragraphs, we have been discussing popul ati on paraneter val ues
only. These values are never known with absolute certainty, so we are forced
to base an evaluation of system performance characteristics on sanple data.
Let us conclude this section with a discussion of sanple reliability val ues

and how we can interpret themto aid us in making our systemreliability
assessnent.

One objective of this chapter is the determ nation of an accept/reject
criterion for a test to be conducted. As an exanple, consider the value R in

Figure 8-2 below. The term R, is that value of the sanple reliability which

corresponds to the maxi mum all owabl e nunber of failures that can occur during
testing and still result in acceptance of the system

|f we test our determ ned number of articles and find that Rsanple is |arger

t han Res then we accept the system because there is high probability that the
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FIGURE 8-2 SAMPLE RELIABILITY RANGE

REJECTION ACCEPTANCE
il REGION - REGION —~

0.0 Ry 1.0

sanpl e systen(s) cone from a popul ation of systens whose true reliability R
exceeds Rl,the m ni mum accept abl e val ue (MAV) (see Figure 8-1) for this test.

Not e that when RSanple Is larger than Rpy e have confidence that the true

reliability exceeds the MAV. W should not interpret this result as an indi-
cation that the contractor has met the SV. Further, if Rsanple s smaller

t han RT’ we will reject the system because there is high probability that the

sanpl e systen(s) cone froma popul ati on whose true reliability Ris |ower than
the SV for this test. Note that when RSanple is smaller than Rr,we have

confidence that the true reliability falls short of the SV. W should not
interpret this result as an indication that the MAV has not been net, but

rather that the MAV has not been denonstrated at a sufficiently high l[evel of
confi dence.

Consunmer’ s Risk (B) and Producer’ s R sk (a)

The consuner’s risk (B) is the probability of accepting the systemif the true
value of the systemreliability nmeasure is less than the lower test value. It
can be interpreted in the follow ng ways:

1. B represents the maximumrisk that the true value of the reliability
measure is, in fact, less than the |ower test val ue.

2. From an alternative viewpoint, if the acceptance criterion is met, there
w |l be at |east 100(1-B)% confidence that the true value of the reli-
ability neasure equals or exceeds the |ower test val ue.

The producer’ s risk (a) is the probability of rejection if the true val ue of

the reliability neasure is greater than the upper test val ue. |t can be
interpreted in the follow ng ways:

1. The probability of acceptance will be at least (1-a) if the upper test
value is, in fact, nmet or exceeded.

2. From an alternative viewpoint, if there is a rejection decision, there
wll be at least 100(1-cY)% confidence that the true value of the reli’
ability measure is |less than the upper test val ue.

Case study 8-1illustrates the relationship between a and B.
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Pre- and Post-Test Ri sk Considerations

Before proceeding on wth the application of the consumer’s and producer’s

risk concept, it is inportant to understand the contrast that exists between
pre-and post-test risks.

The o and B risks represent uncertainties that exist in the test planning or
pre-data environnent discussed in this chapter. Once data has been gat hered
and we have accepted or rejected the system we find that the risk environment
s altered. For exanple, we take a sanple and decide to accept the system
At this point the producer’s risk is elimnated; the consumer’ s risk remains
but is less than the maximum that would exist had the sanple reliability,
Rsanple’ been exactly equal to R.

|f, on the other hand, RSarrple s | ess than RT, i.e., We reject the system we

find that the consumer’ s risk is elimnated since there is no risk of ac-

cepting a bad system Li kewi se, the producer’ s risk is less than the maxi num

that would exist had the sanple reliability RSarrple been exactly equal to R.

In this chapter, we are concerned with pre-test risks. VW determne the
maxi mum o and B risks and then calculate the required test exposure and ac-
ceptabl e nunber of failures which will limt our risk to the maxinum | evel s.

TEST DESIGN FOR DI SCRETE TI ME TESTING . BI NOM AL MODEL

Four values specify the plan for a binomal test. They are:
the specified or desired proportion of failures (p) ,
the maxi mum acceptable proportion of failures (p,) ,

the consumer’s risk (B) ,
- the producer’s risk (a) .

The test plan itself consists of a sanple size (n) and an acceptance criterion
(c). The value c represents the maxi mum nunber of failures which still re-
suits in acceptance of the system It is usually not possible to construct a
plan which attains the exact values of a and B. There are however plans which
attain risks which do not exceed a and B. W shall present nethods for de-

termning these types of plans , though in a real world situation, the user and
producer may trade off sone protection to achieve other goals .

The foll ow ng paragraphs present exact and approximate procedures to be used
in planning a Discrete Tinme-Binomal Mdel test program The “exact pro-
cedure” presents the equations used to determine the two values required to
specify a binomal test plan. These equations are presented here for the sake
of conpleteness. The “approxi mate solution” procedure, which makes use of the
binomal tables to sinplify the procedure, is intended for use by our readers.
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Exact Sol ution Procedure

The exact procedure for determning test plans for the four values |isted
above is to solve the following two inequalities sinultaneously for ¢ and n.

C

n\ _k n-k
2 (k) Py Q" <8 (8.1)
(%) 25 (op )2k (8.2)

There are an infinite nunber of solutions to this pair of inequalities. The
plans of interest are, of course, those which mnimze the sanple size (n)
required. Solving inequalities 8.1 and 8.2 directly is next to inpossible
W t hout the aid of a conputer. M L- STD- 105D cont ai ns nunerous binom al test
pl ans which may be used for reliability applications. W should point out

that the user unfamliar with this docunent wll find it difficult to inter-
pret, thus we present the follow ng procedures.

Approxi mate Sol uti on Procedures

The follow ng so-called approximte procedures utilize the normal and Poi sson
distributions to obtain approximte solutions to equations 8.1 and 8.2 and
thereby estimate values of the sanple size (n) and the acceptance criterion
(c). After approxi mate values for these paraneters have been obtained, we may
then use the values in conjunction with the binom al tables (Appendix B) and
the previously selected and fixed values of @ and B to “fine tune” the ap-
proxi mate values of n and c.

Test Planning Using Normal Approxi mation. The nornmal distribution provides
good approximations for solving inequalities 8.1 and 8.2, especially for
nmoderate values of p (O 1 <p <0.9). Using this information, we obtain the
approxi mate solutions for n and ¢ as foll ows.

2 2 2, 2
%) * 2g(P17Py ) + 222 Jpyp,(1-py) (1-py) 5.3
¥ ’ |
(py-Pg)

C=14 ano(l-po) + np,- 0.5 . (8.4)

Ceneral ly, the values conputed using equations 8.3 and 8.4 are good approxi ma
tions for the test plainer. Wen p. and p, are very smal | (less than 0.05) |,

the procedure is not recoomended. Fine-tuning of the test plan may still re-

quire solving the original inequalities or some bargaining wth user and/or
producer.

As an exanpl e, suppose that the nininum acceptable reliability of a systemis
0. 85 (p1 = 0 15) , while the contractually specified reliability is 0.95 (P. ~
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0.05). Consuner and producer risks of 0.11 are required, i.e., a =8 =0.11

For a = 0.11, z, = 1.225 and for g = 0. 11, ZB: 1. 225. (These val ues of z,

and zB are obtained from Appendix B, Table 2.) Using the nornal approxina-
tion, we have

n = {(1.225)% 0. 05-0.0025) + (1.225)(0.15-0.0225)

+ 2(1.225)/(0.05) (0.15)(0.95) (0.85)]/(0.15-0.05)°

= 49.6
and
c=1.225(49.6) (0.05)(0.95) + (49.6)(0.05) - 0.5
=3.9.
The values of n = 49.6 and ¢ = 3.9 are initial approxinations. In order to

fine tune the test plan, we round these values to n =50 and ¢ = 4 and use the
bi nom al tables (Appendix B, Table 1). For an n of 50 and a ¢ of 4, the
probability of ¢ or fewer failures when p = py = 0.15 is 0.1121. In addition,

the probability of ¢ or fewer failures when p = p. = 0.05 is 0.8964. Thus ,

for the test using a sanple size of somth a nmaxi num acceptabl e nunber of
failures of 4, the producer’s risk a =1 - 0.8964 = 0.1036, and the consuner’s
risk g = 0.1121. Note that these values were obtained directly from Appendi x
B, Table 1. It would, however, have been difficult at best to decide where to

begin [ ooking in the binomal tables w thout having first used the nornal
approxi mation for guidance.

Test Planning Using Poi sson Approxi mation. The Poi sson distribution al so
provi des reasonable approximations to inequalities 8.1 and 8.2. Al this
anmounts to is substituting np for At or t/8 in the Poisson distribution equa-

tion. Consequently, approxinmate values for n and c are obtained by sol ving
the following inequalities.

C (npl)ke_npl

2 < B. (8.5)
2o k! =

C (npo)ke-npo

2 k1 > 1 - Q. (86)

k=0 ! Z

Standard test plans and procedures for the Poisson (exponential) are readily
avai l abl e and may be used in lieu of solving inequalities 8.5 and 8.6. This
subject is discussed in the “Sources of Exponential Test Plans” section of
this chapter. To use these plans in this context, we let 9,= 1/p,, 6,

1/ n =T, and use the acceptable nunber of failures as given.
Py
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As an exanple, suppose that the mnimm acceptable reliability of a systemis
0.9 (p1 = O 1) and the contractually specified reliability is- 0.95 (p. =

0.05). Consumer and producer risks are to be 20%,i.e., o =8 = 0.20. To use

t he Poi sson approxi mation, we define 80 =|/p. =1/0.05 = 20 and 81::1/p1 =

1/0.1 = 10. The discrimnation ratio, eo/el,is 2. Note that test plan X VC

in Appendix B, Table 6, has o and B risks of 19.9% and 21.0%, respectively.
This plan requires a test duration T, corresponding to n for this exanple, of
(7.8)(0,) or 78, with five or fewer failures being acceptable.

The term “discrimnation ratio” and the use of Appendix B, Table 6, test plans
are discussed in detail in the follow ng section.

Case Studies 8-1, 8-2, and 8-3 denonstrate the devel opnent of binom al test
plans for a variety of a and B val ues.

TEST DESI GN FOR CONTI NUOQUS TI ME TESTI NG EXPONENTI AL MODEL

The main feature of test planning for continuously operating systens based on

the exponential distribution is the assunption that the systens have a con-
stant failure rate.

Requi renment Interpretation

When the user’s requirement is stated in terns of an MTBF, there is an inpli-
cation of a constant failure rate. This does not nean that the system nust
have a constant failure rate. |t nmeans, instead, that the need remins con-

stant. Figure 8-3 illustrates that the user’s needs may be net during only a
portion of the tinme during the life of a system

FIGURE 8-3 USER REQUIREMENTS v¢ SYSTEM PERFORMANCE

PERIOD WHEN ILSERS

REQUIREMENTS ARE MET l SYSTEM
FAILURE
' - > RATE
FAILURE [\,
RATE

Id

»— FAILURE RATE
~ | ACCEPTABLE
| TO THE USER
I
|

SYSTEM AGE

_ o —

Constant System Failure Rate Assunption

The assunption that the systemto be tested has a constant failure rate may
not be a good one, but it is a practical necessity for determining the amount
of testing required. In theory, wth the constant failure rate assunption
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only the total test exposure is inportant. That is (in theory), one system
could be tested for the required test exposure, or many systens could be
tested for a short tine.

In practice, a test should be planned with a noderate nunber of systens on
test for a noderate period of time. This nmakes the test relatively insensi-
tive to the constant failure rate assunption. For exanmple, one organization
reconmends that at least three systens be tested for at least three tines the

MAV (each) . These are constraints inbedded in the required total test
exposure.

Discrimnation Ratio

The discrimnation ratio, d = 80/81, is a paraneter useful in test planning

for the exponential nodel. (For the binomal nodel, it is necessary to con-
sider the upper and | ower test values, p and Py explicitly along with the a

and B risks. ) An interesting feature of the exponential nodel is that only
the ratio of the upper and |lower test values, d = 60/61, along with the a and

B risks need to be considered. As a consequence, test plans for the ex
ponenti al nodels address explicitly the discrimnation ratio as a planning
par anet er .

Sources of Exponential Test Plans

There are- numerous nethods and references available for devel opi ng exponenti al
test plans. Three such approaches are:

1.  MIL-STD 105D and MIL-HBK 108.
2.  MIL-STD 781C Test Pl ans.
3. Poisson Distribution Equations .

Ref erence to MIL-STD 105D and MIL-HBK 108 is included here solely for the sake
of conpl et eness. It is our intention that the reader becone famliar with
met hods of exponential test planning using MIL-STD 781C and the Poi sson dis-
tribution equations. These nethods are described below. Al the necessary
excerps from MIL-STD 781C are provided in Appendix B, Tables 6 and 7.

MIL-STD 105D and MIL-HBK 108. MIL~STD 105D is a document devoted primarily to
bi nom al and Poi sson sanpling plans, and as such, is nmentioned in the previous
section. The Poi sson sanpling plans may be used for continuous time reli’
ability tests. MIL-HBK 108 is devoted to reliability testing based on the
exponential distribution. However, it is |limted in use for our purposes
because it describes test plans for the situation when the test tine per unit
on test is preset and the nunber of units is determned. W iterate here that
t hese docunments are difficult to interpret, and as such, should only be used
by a person famliar with their content.

MIL-STD 781C. The required excerpts from MIL-STD 781C are provided in Appen-
dix B, Tables 6 and 7. Both tables provide information which enable the

reader to design a test program which addresses established requirements. The
foll owi ng paragraphs detail the use of both tables.
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Appendix B, Table 6. Exponential Test_Plans for Standard Discrimnation
Ratios. This table presents information which supports the de-vel opnent of a
test plan based on discrimnation ratios of 1.5, 2.0, and 3.0. For each of
these discrimnation ratios, four test plans are provided which attain ap-
proximate a and B risks of 10% and 10% 10% and 20% 20% and 20% and 30% and
30%. Figure 8-4, in conjunction with the follow ng exanple problem il"
| ustrates the use of Appendi x B, Table 6.

FI GURE 8-4. HOWTO USE APPENDI X B, TABLE 6

—1 . ldentify rows corresponding to the specified “d".
(If not in Appendix B, Table 6, use Table 7 plans.)
—2 . ldentify desired o and B ri sks.
—3 . | dentify test plan nunber (for referelice).
4, ldentify test duration nultiplier.
5, Determne total test time as Bltimes mul tiplier.
6. ldentify accept/reject criteria.
Test Accep_t- Re| ect
: Fai | ures
True Di scri mi nati on IVUIDtuir e (v | Reject - Accept
Test Deci si on Ratio O /O T p: Mo ( Equal ( Equal
Pl an Ri sks R 1 or More) or Less)
o B
IXC* 12.0% 9.9% 1.5 45.0 37 36
XC 10. 9% 21. 4% 1.5 29.9 26 25
Xl C 17. 8% 22. 4% 1.5 21.1 18 17
X1IC 9.6% 10. 6% 2.0 18.8 14 13
XI'VC 19.9% 21.0% 2.0 7.8 6 5
xve | | — 9.4% 9.9% | 3.0 9.3 6 5
XVI C 10. 9% 21. 3% 3.0 5.4 4 3
XVIIC 17.5% 19. 7% 3.0 4.3 3 2

*NOTE: Crefers to Revision C of MIL-STD-781.
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How To Use Appendix B, Table 6. As an exanple, suppose that the upper
test MIBF is 900 hours and the |lower test MIBF is 300, so that the discrimna-
tion ratio (d) is 900/300 = 3. Consuner and producer risks of approximtely
10% for each are required. Nw, as shown in Figure 8-4, test plan XVC has «
and B risks of 9.4%and 9.9% respectively, and the discrimnation ratio is 3.
Test plan XVC requires a test length (T) of 9.3 tines the |ower MIBF of 300,
SOT= (9.3)(300) = 2790 hours. The acceptance criterion is to accept with 5
or fewer failures and reject with 6 or nore failures. Note that if the upper
test MIBF had been 90 and the |ower test MIBF had been 30, the sane test plan
is appropriate. However, in this situation the test duration (T) is (9.3)(30)
or 279 hours, whereas the accept/reject criterion remains the sane.

Case Study 8-4 is another exanple illustrating the use of this table.

Appendi x B, Table 7: Suppl emental Exponential Test Pl ans. This table
presents information ich supports the devel opnent of a test plan based on
conbi nati ons of o and ri sks of 10% 20% and 30% Figure 8-5, in conjunc

tion with the follow ng exanple problem illustrates the use of Appendix B
Table 7.

How to Use Appendix B, Table 7. Concerning Figure 8-5 and Appendix B,
Table 7, note the follow ng:

If the discrimnation ratio, d, is not given exactly in the tables, going to

the next lower value wll give a conservative (i.e., longer) test tine
requi rement.

Consi der once again, the exanple where 60 = 900, 81 = 300, and the desired a

and B risks are 10% each. Recall that the discrimnation ratio was 3. To
select a test plan from Figure 8-5, we search the colum |abeled as a 10%
producer’s risk to find the nunber closest to 3. In this case, test plan 106
has a discrimnation ratio of 2.94. The test duration is (9.27)(300) or 2781
hours with 5 being the nmaxi num acceptabl e nunber of failures. Note how this
plan conpares wth test plan XVC which has the sane acceptance criterion,
requires 2790 hours of test time, and has a discrimnation ratio of 3. Case
Study 8-5 further illustrates the use of this table,

G aphi cal Representation of Test Planning Paraneters. Fi gure 8-6 graph-
ically illustrates the interaction between o and B risks and test length for
t hree-commonly used discrimnation ratios. The graphs do not provide conplete
t est planning i nformation since no acceptance criterion is specified. These
curves are useful tools for conducting tradeoff analyses between risk |evels
and test |ength. Note that sone of the specific test plans presented in

Appendi x B, Tables 6 and 7 are displayed on the curves, i.e., 30-7, 10 19,
20-7, etc.

To illustrate how the graphs may be used, consider that 6, = 100 hours, O,°
150 hours, and a test duration of 2500 hours is affordable. To enter the
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FI GURE 8-5. HOWTO USE APPENDI X B, TABLE 7

|dentify desired B risk (10%p risk table
shown Dbel ow).

2. ldentify colum for desired o risk.
r—~—~& | dentify row for d.

4. ldentify test plan nunber (for reference).

5. ldentify total test tinme multiplier,

6. Determne total test time as 61 times nultiplier.

~— . ldentify accept/reject criteria.
: Test Duration Discrimination Ratio 6./6

;FZ; No. Failures Miltiplier (M For Producer's Risko !
NO' S Ace. Rej. T =M0 30% 207, 10%
lo-1 0 1 2. 30 6. 46 10. 32 21. 85
10-2 1 2 3.89 3.54 4,72 7.32
10-3 2 3 5.32 2.78 3. 47 4.83
10-4 3 4 6. 68 2. 42 2.91 3.83
10-5 4 5 7.99 2. 20 2.59 3.29
10-6 —1 5. 6 9.27 2.05 2. 38 2.94 —
10-7 6 1 10. 53 1.95 2.22 2.70
10-8 1 8 11. 77 1. 86 2.11 2.53
10-9 8 9 12. 99 1. 80 2.02 2. 39
1o- 10 9 10 14. 21 1.75 1.95 2.28
10-11 10 11 15. 41 1.70 1.89 2.19
10- 12 11 12 16. 60 1. 66 1. 84 2.12
10- 13 12 13 17.78 1.63 1.79 2.06
10- 14 13 14 18. 96 1. 60 1.75 2.00
10- 15 14 15 20. 13 1.58 1.72 1.95
10- 16 15 16 21. 29 1.56 1.69 1.91
10- 17 16 17 22. 45 1.54 1. 67 1.87
10- 18 17 18 23. 61 1.52 1. 62 1. 84
10- 19 18 19 24. 75 1. 50 1. 62 1.81
10- 20 19 20 25.90 1.48 1. 60 1.78
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graphs, use d = 60/61 = 150/100 = 1.5 and T/B1 = 2500/ 100 = 25. Reading up
through the three curves , we find the follow ng risk conbinations:

o = 0.30 B = 0.10
a = 0.20 B = 0.16
a =0.10 B = 0.26

|f one of these conbinations is tolerable, the test length is adequate. To
reduce one or both risks, the test duration nust be increased. Tolerating
greater risks permts reduction of the test duration. Case Study 8-6 further
illustrates the use of these graphs.

Figure 8-7 is a graphical portrayal of the interaction between test |ength and
ri sk when o and B risks are equal. Curves for each of the three values (1.5,
2.0, 3.0) of the discrimnation ratio appear on the same graph. Case Study
8-6 illustrates the use of Figure 8-7.

Poi sson Distribution Equations. Wen a standard test plan for a specific com
bi nati on of 60,61, o, and B is not available, the test designer nmay use the

Poi sson equations to develop a test plan.

The follow ng notation is wused in the discussion of the Poisson equation
t echni que.

T = Total test exposure

6 = True MIBF

o
I

Maxi mum accept abl e nunber of failures

8. = Upper test MIBF

Lower test MIBF
o = Producer’'s risk
B = Consuner’s risk

P(acle):: Probability of accepting the system assunmng the true MIBF is
6.

P(rej 6) = Probability of rejecting the system assunming the true MIBF is
€.

The probability of acceptance is the probability that no nore than a certain
(acceptable) nunber of failures will occur. This probability can be conputed
usi ng the equation:

c k -(T/6)
P(ac|0) = z (1/6) e (8.7)
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This is the Poisson Distribution Equation. This distribution and assunptions
regarding its applications are discussed in Chapter 5.

The consuner’s risk (B) is the probability that during the test no nore than
the acceptabl e nunber of failures will occur when the true MIBF is 61” Conse-
quent |y,

B = P(ac 8=81)
= P(c or fewer failures 6=61),

where ¢ is the maxi num acceptable nunber of failures. Thus ,

C (T/el)k e~ (1/6,)

= 2 , 8.8

The producer’s risk (a) is the probability that during the test nore than the
accept abl e nunber of failures will occur when the true MIBF is ed‘ Conse-
quent |y,

@ = P(rej 8280)
= P(c +1 or nore failures 8=80).
Si nce
P(c + 1 or nore failures ezeo) =1 - P(c or fewer failures ezeﬂ),
we have that

c (1/6)" e~ (T/64)
a=1- 2 K1 —
k=0

or equivalently,

c (T/Go)k e (1/04)
1"'0= Z k! (89)
k-0 '

In order to determine the conplete test plan, we nust solve equations 8.8 and
8.9 simultaneously for T and c.

Solving these equations directly without the aid of a conputer is too tedious
and tine consunming to be considered practical. W therefore present the fol-
lowing graphical solution procedure which utilizes the Poisson Chart, Chart
No. 1 in Appendix B.
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G aphi cal Poi sson Sol ution Procedure. We wish to find a test exposure,
T, and an acceptabl e nunber of failures, ¢, such that the probability of
acceptance is B when 8 = 61 and I - « when 8 = 80. This is done graphically

w th the use of a transparent overl ay.

On an overlay sheet, draw vertical lines at /T = 1 and 8/T = 80/81. Dr aw

horizontal lines at probabilities Band 1 - a, formng a rectangle. Slide the
overlay rectangle horizontally until a curve for a single value of c passes
through the lower |eft and upper right corners. (It may not be possible to
hit the corners exactly. Conservative values of ¢ wll have curves that pass
through the horizontal lines of the rectangle. ) This value of c is the ac-
ceptabl e nunmber of failures. Read the value of O/T corresponding to the |eft
side of the rectangle. Divide 81 by this value to find T, the required test

exposure.  The follow ng nunerical exanple illustrates the use of the graph-
icai foisson Sol ution Procedure.

W wish to find the required test exposure, T, and acceptable nunber of fail-

ures c; such that when the MIBF, 6 = 61 = 100 hours, the probability of ac -

ceptance, B, wll be 0.20 and then 8 = 80:= 300 hours the probability of

acceptance, 1 - a, Wil be 0.90.

An overlay rectangle is constructed as shown.

FI GURE 8-3 OVERLAY CONSTRUCTI ON TECHN QUE

*
| | 23
| | o=
- T -y = - === .90;§5§
. 0 r—-
- —
> <

—_— — — ——— ] -~
- 20 g9
l 5o
| |

1*O 3.C

Sli i »g the rectangle to the left, we find that when ¢ = 3 the fit is close,

but . . ightly higher risks nmust be tolerated. Going to ¢ = 4, the curve passes
thr: .~h the horizontal lines of the rectangle. At the left of the rectangle,
8/7 .14, so the required test exposure is approximately 100/0. 14 = 714

hours and¢ the acceptance criterionis 4 or fewer failures.

8- 16



FIGURE 8-9 OVERLAY CURVE MATCHING PROCEDURE

c"-

S3YNTVE Y3IM34 HO
J 30 ALINI8vEOYd

OPERATI NG CHARACTERI STI C (0C) CURVES

| nt roducti on

I n the previous sections of this chapter, we have discussed methods for de-
vel oping test plans which achieve required o and B ri sks. The test plan
itself is specified by the test exposure and the maximum acceptabl e nunber of
failures. For a test plan developed using the nmethods in this chapter, we
know t hat the producer’ srisk(the probability of rejecting a good system for
the specified value (SV) is o and the consuner’ srisk (the probability of
acceptance) for the mninmum acceptable value (MAV) is B. In addition, to
assess a test plan proposed by another party, we have shown nethods for com
puting the producer’s risk and the consuner’s risk for the SV and MAV, re-
spectively. A graphical tool which provides nore conplete information about a
specific test plan is the operating characteristic (0C) curve. The 0OC curve
di spl ays both acceptance and rejection risks associated with all possible
values of the reliability parameter and not nmerely the SV and MAV. By def -
inition, an OC curve is a plot of the probability of acceptance (the ordinate)
versus the reliability parameter value (the abscissa)

Figure 8-10 contains the operating OC curve for test plan XVICC from MIL-
STD 781C, with 61, the [ower test MIBF, assuned to be 100 hours.

Consider a single point on the curve, say an MIBF of 200 hours and a prob-
ability of acceptance of 0.63. This neans that for test plan XVIIC (test
duration of 430 hours, accept with 2 or fewer failures) , a systemwhich has a
true MIBF of 200 hours has a 63% chance of passing this test, i.e. , being
accepted. A systemrequires an MIBF of around 400 hours in order for the
producer to be at |east 90% confident that the systemw || be accepted. A
system whose true MIBF is about 80 hours has only a 10% chance of being ac-
cept ed.
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FIGURE 8-10 OPERATING CHARACTER ISTIC(QC) CURVE
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FOR THIS EXAMPLE 8, IS ASSUMED TO EQUAL IOOHQURS

Operating characteristic curves for all the test plans in AREFndIX B, Table 6

of this text can be found in Appendi x C of MIL-SID 781C. Wever Curves
for the test plans in Appendix B, Table 7, ©Of this text are not ava|IabIe in
MIL-STD 781C.

OC Curve Construction

The OC curve shown in Figure 8-10 is a representation of the mathematical

nmodel used to conpute the rellabllltx for ysten1 V& have |scussed tmo
basic models in previous sections . e ' Poi sson exponential nodel 1is used fo

systems undergoi ng continuous time testing and the binomal nodel is used for
discrete time tests

The OC curve specifically displays the relationship between the probability of
acceptance and MIBF.
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For the Poi sson/exponential nodel, we indicated in equation 8.7 that

s ey e (0

P( aCl 0) :kg() ql £ (8.10)

wher e

k = Nunber of failures

T = Total test tine
8 = Values of MIBF
c = Maximum acceptabl e nunber of failures

Referring to Figure 8-10, let us assume that 81 = 100 hours and that we have

sel ected test plan XVIIC from Appendix B, Table 6 which permts a maxi num of
two failures. Using 61 = 100 hours, which corresponds to a test duration of

430 hours for test plan XVIIC (T = 4.301), and ¢ = 2, we can determne points

on the curve by calculating P(ac 6) for different values of 8. As an exanple
for 8= 215 hours

a0 () (20 8 (1) )
215/ e + 215/ e + 215/ e

0 -2 1 -2
:2___e +2§_ +229-2

0 1 2

0.135 + 2(0.135) + 2(0.135)

= 0.676 .

By choosing a sufficient nunber of values for & between O and 500 and comput-
ing the probability of acceptance for each, we can construct a snmooth curve.

For the binom al nodel, the probability of acceptance is expressed by the
equati on
C
Plac]p) ::kio(rg‘pk(l-p)“'k
_ ; n! k n- k

k=0 [K! (a-k)t] P (1-p)
wher e

n = Nunber of trials
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c = Maxi num accept abl e nunber of failures

p = Probability of failure on any trial.
By inserting specific values for n, k and by varying the probability of fail-
ure on any trial, p, we can conpute values of the probability of acceptance
which permt us to construct an OC curve.

For exanple, by letting n =5and ¢ =2, calculate the probability of accept-
ance for p = 0.1.

P = = r _ 0 5-0 L 1 .
(ac p=0.1) gy (3-0yr (0.1)°(1-0.1>"" + §7 537 (0. 1)'(1-0. 1)~
51 2 -
*orsenyr (0.1)7(1-0.1)

3

_ (120 (1) (0.9)°, (120)(0.1)(0.9)* , (120)(0.1)*(0.9)
120 2 (2)(6)

(0.9) + 0.5)(0.9)* + (0.1)(0.9Y

0.59 + 0.33 + 0.07 = 0.99.
Thus
P(ac p=0.1) = 0.99 .

As expected, the probability of acceptance is very high since we have designed
a relative easy test to pass.
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CASE STUDY NO 8-1

Backgr ound

A nmechani cal system which controls the aimng point of a large-caliber gun is
under devel opnent. The specified and m ni num acceptable values for the prob-
ability of aimng correctly are 0.85 and 0.70 respectively. Testing requires
t hat expensive projectiles be fired for each trial, and only 20 rounds are
allotted for testing.

Det er m ne

1. Propose a test plan which equalizes the consumer’s and producer’s risks.
What are the risks?

2. The user can tolerate a risk of no worse than 5% What test plan gives
the best (smallest) producer’s risk?

Sol utions

1. As mentioned in Chapter 6, “Statistical Concepts”, consuner’ s risk in-
creases when producer’s risk decreases, and vice versa, when the sanple size
is fixed. Theoretically, there is a point where they are equal or al nost
equal .

It is also inportant to understand that the analytical interpretation of pro-
ducer’ s and consunmer’ srisk when determning the solution to question no. 1.
The producer’ s risk is the probability of rejecting a systemwhich nmeets the
SV of 0.15 proportion of failures (reliability of 0.85). For a given accept/
reject criterion (determned by a value ¢ which represents the nmaxi num nunber
of failures which results in acceptance of the systenm) , the producer’ s risk,
o, IS the probability that ¢ + 1 or nore failures occur. The consunmer’s riks
is the probability of accepting a system which exceeds the MAV of 0.30 propor-
tion of failures (reliability of 0.70) . For the sanme accept/reject criterion,
the consunmer’ s risk, B, is the probability that ¢ or fewer failures occur.
Below is a section of binomal tables for n = 20,extracted from Appendi x B,
Table 1.

B = 1-a = o =
P(c or fewer failures) P(c or fewer failures) P(ctl or nore failures)
c Py, = 0. 30 Py~ 0.15 p. = 0.15
0 0.00 0.04 0.96
1 0.00 0.18 0.82
2 0.03 0.40 0.60
3 0.11 0.65 0.35
| 4 0.24 0.83 0.17 |
5 0.42 0.93 0. 07
6 0.61 0.98 0.02
1 0.77 0.99 0.01



The proposed test plan is to accept with 4 or fewer failures and reject with 5

or nore failures. The consuner’s and producer’s risks are 0.24 and 0. 17,
respectively.

2. From the above table, we see that test plans which have the maxi mum
accept abl e nunber of failures (c) of O 1, and 2, and satisfy the consuner’s

risk of no nore than 5%  The best (smallest) producer’ s risk occurs when
c = 2, the risk being 0.60.
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CASE STUDY NO 8-2

Backgr ound

A new, highly reliable mssile systemis under devel opnent. The specified

reliability (SV) is 0.98, and the mninmum acceptable reliability (MAV) is
0. 85.

Det er m ne

1. Design test plans for producer’ s risks of 5% 10% and 20% wth a con-
sumer’s risk of 5%

2. Design test plans for a producer’ s risk of 10% and for a consumer’s risk
of 10%.

3. Redo nunmber 2 if the MAV is 0.92 instead of 0. 85.

Sol utions

Note that a reliability of 0.98 corresponds to a proportion of failures, or
unreliability, of 0.02, and a reliability of 0.85 corresponds to a proportion
of failures, or unreliability, of 0.15. Thus , we list our test planning
paranmeters p. and p, as 0.02 and 0.15, respectively.

| a. P. =0.02 p; 0.15 a =0.05 B =0.05

Nor mal  Appr oxi mati on. In order to determne a starting point for
our analysis, we calculate approximte values of n and c using

equations 8.3 and 8.4. For values of z_ and z,, use Appendix B,
Tabl e 2. a B

n = {(1.645)%0.02-0.0004) + (1.645)0.15-0.0225)

+ 2(1.645)7 (0.02) (0.15 )(0.98 J(0.85 )}/(0.15-0. 02)*

= 39.6

c = (1.645) J(39.6) (0.02)(0.98) + (39.6)(0.02) - 0.5

= 1.7
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ii. Poisson Approximation (Appendix B, Chart 1, with np = T/El, the
reci procal of 8/T)

c Py n Mo B 1-o o
0 3.0 20.0 0. 40 0. 05 0. 69 0. 32
1 4.7 34.3 0. 63 0. 06 0. 88 0.12
2 6.3 42.0 0. 84 0. 05 0.94 0. 06
3 7.8 52.0 1. 04 0. 05 0.97 0. 03
NOTE o = P(c + 1 or nore failures)
B = P(c or fewer failures)
1-a = P(c or fewer failures)
ii11. Proposed Test Pl ans. It appears fromi and ii above that a good

starting point for fine tuning is an n of 40 and c of 2. Usi ng
Appendix B, Table 1to fine tune, we propose the follow ng test

pl ans.
n c o B
40 2 0.04 0. 05
39 2 0.04 0. 05
38 2 0.04 0.06
37 2 0.04 0. 07
* 36 2 0.03 0.08

“The protection afforded by this plan seens to be adequate though the
consunmer’s risk is 8% (slightly above the required 5%.

Py = 0.02 Py = 0.15 oo =0.10 B =0.05
Nor mal Appr oxi mat i on

n = {(1.28)%0.02-0.0004) + (1.645)%0.15-0,0225)

+ 2(1.28)(1.645) {(0.02) (0.15)(0.98)(085) ]/(0.15-0.02)"

= 34.8

¢ = (1.28) +(34.8)(0.02)(0.98) + (34.8)(0.02) - 0.5
1.3
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ii. Poisson Approximation (Appendix B, Chart 1)

c " D "o B 1-a o

0 3.0 20.0 0. 40 0.05 0. 69 0.31
|1 4+7 34.3 0. 63 0.05 0. 88 0.12 |

2 6.3 42. 0 0.84 0.05 0.94 0.06

3 7.8 52. 0 1.04 0.05 0.97 0. 03

iii. It appears that a good starting point for fine tuning is an n of 35
and ¢ of 1. The follow ng test plans are proposed.

n c_ o B
35 1 0. 15 0.03
34 1 0. 15 0.03
33 | 0.14 0.03
32 | 0.13 0.04
31 1 0.13 0.04
30 | 0.12 0. 05
29 1 0.11 0. 05
«[ 28 1 0.11 0.06

“*The actual risks exceed the required risks of 10% and 5% but not to
any significant extent.

Pp - 0.02 p; = o015 @= 0.20 p = 0.05

Nor mal Appr oxi mation

n = {(0.84)%0.02-0.0004) + (1.645)%0.15-0.0225)

+ 2(0.84)(1.645) J(0.02) (0.15)(0.98)(0.85) )/(0.15-0.02)°

= 29.4

¢ = (0.84) {(29.4)(0.02)(0.98) + (29.4)(0.02) -0.5
= 0.72

ii. Poisson Approximtion (Appendix B, Chart 1)

c " n P B 1-g o«
0 3.0 2.0 0. 40 0. 05 0. 69 0. 31
! 4.7 34.3 0. 63 0. 05 0. 88 0. 12
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iii. It appears that a good starting point for fine tuning is an n of 25
and ¢ of 1. The follow ng prograns are proposed.

n c o B
*| 25 | 0.09 0.09
25 0 0.40 0.02

$ Generally, there is no reasonable test plan for the input val ues
gi ven, A very large sanple size is required to achieve an a of
0.20. (For n = 40, « = 0.19, and B = 0.01, with a c of Q) This
sanpl e size seens unwarranted. Qur recommendation is to use the n
of 25 and the c¢ of 1.

Py = 0.02 Py = 0.15 a=0.10 B8 =0.10
Nor mal Appr oxi mati on

n = {(1.28)%0.02-0.0004) + (1.28)%0.15-0.0225)

+ 2(1.28) (0.62) (0.15 )(0.98 )(0.85 )}/(0.15-0.02)*

= 24.2

c = ( .28) J(24.2) (0.02)(0.98) + (24.2)(0.02) - 0.5
=0 86

ii. Poisson Approximation (Appendix B, Chart 1)

c Py n P 'ﬁ 1-a o

0 2.3 15.3 0.31 0.10 0.74 0. 26

1 3.9 26.0 0.52 0.10 0. 90" 0.10 [
2 5.2 35.0 0.70 0.10 0.96 0.04

iii. It appears that a good starting point for fine tuning is an n of 25
and ¢ of 1. The follow ng prograns are proposed.

n c_ o B
25 1 0.09 0.09
24 1 0.08 0.11
"The test plans with a sanple size of 25 fits well. The sanple size

can be reduced by 1to 24 if the consuner allows his risk to be 11%
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py0-02 p, - 0.08 «=0.10 B=0.10

Nor mal Appr oxi mati on

n = {(1.28)%0.02-0.0004) + (1.28)%0.08-0.0064)

+ 2(1.28)* (0.02)(0.08)(0.98)(0.92)3/(0.08-0 .02)%

=77.0

c =(1.28) J(77.0)(0.02)(0.98) + (77.0)(0.02) 0 - 5

= 2.6

ii. Poisson Approximtion (Appendix B, Chart 1)

¢ M o "o B 1-a o

1 3.9 48. 8 0.87 0.10 0.75 0.25
2 5.3 66. 3 1.32 0.10 0. 88 0.12
3 6.7 83.8 1. 67 0.10 0.91 0.09
4 8.0 100.0 2.00 0.10 0.94 0.06

iii. It appears that a good starting point for fine tuning is an n of 75
and ¢ of 3. The follow ng prograns are proposed.

n c_ o B

75 3 0. 06 0.14
76 3 0. 07 0.13
77 3 0. 07 0.13
78 3 0. 07 0.13
79 3 0.07. 0.11
80 3 0.08 0.10
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CASE STUDY NO. 8-3

Backgr ound

An operational test is being considered for a disposable survival ratio which
must work for at least three hours. The ratio has a specified mssion reli-
ability of 0.85 and a mininmum acceptable mission reliability of 0.7. A nunber

of radios will be put on test for-three hours each and the-nunber of failures
recorded.

Det er m ne

1. Propose sonme test plans for a producer’s risk of about 10% and consumer’s
ri sks of about 10% 20% and 30%

2. Propose a test plan for a mninum acceptable reliability of 0.5 with a
user risk of 2% and a producer risk of 20%

Sol utions

Note that a reliability of 0.85 corresponds to a proportion of failures or
“unreliability” p. of 0.15.

| a. Pp = 015 p, =03 «=0.10 B =0.10
Nor mal Appr oxi mat i on

n = {(1.28)%0.15-0.0225) + (1.28)%0.3-0.09)

+ 2(1.28)° {{0.15)(0.3)(0.85)(0.7)]/(0.3-0. 15)°
= 48. 4

c-1.28 (48.4) (0.15)(0.85) + (48.4)(0.15) 0.5
= 9.9

ii. Poisson Approximtion (Appendix B, Chart 1)

c P n Mo B 1-a L

1 12.0 40. 0 6.0 0.10 0. 75 0.25
8 13.0 43.3 6.5 0.10 0.80 0.20
9 14.0 46. 7 7.0 0.10 0.83 0.17
10 15.5 51.7 7.7 0.10 0.85 0.15
11 16.5 55.0 8.2 0.10 0.88 0.12
12 18.0 60. 0 9.0 0.10 0. 89 0.11
13 19.0 63.0 9.5 0.10 0. 90 0.10
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iii. It appears that a good starting point for fine tuning is an n of 50
and ¢ of 10. The follow ng prograns are proposed.

n c o B

50 10 0.12 0.08

49 10 0.11 0.09
| 48 10 0.10 0.10 1

P. ~0.15p, =03 2= 0.10 B= 0.20
Nor mal Appr oxi mat i on

n = {(1.28)(0.15-0.0225) + (0.84)(0.3-0.09)

+ 2(0.84)(1.28) 4(0.15)(0.3)(0.85)(0.7)}/ (0.3-0.15Y

= 31.5

c =(1.28) J(31.5)(0.15)(0.85) + (31.3)(0.15) 0.5
= 6.78

ii. Poisson Approximation (Appendix B, Chart 1)

c Py il Mo B 1-o o

6 9.1 30.7 4.6 0. 20 0. 82 0.18
/ 10. 3 34. 3 5.1 0. 20 Q.85 0.15
8 11.5 38. 3 5.7 0. 20 0. 88 0.12
9 12.5 41.7 6.3 0. 20 0.90 0.10
10 13. 8 46.0 6.9 0.95 0. 20 0.05

iii. It appears that a good starting point for fine tuning is an n of 35
and ¢ of 7. The follow ng progranms are proposed.

n c o B
35 I 0.14 0.13
34 I 0.12 0.16
33 I 0.11 0.19

| 32 7 0.10 0.21 |
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. C.

py, = 015 p, = 0.30 a =0.10 B = 0.30

Nor mal Appr oxi mation

n = {(1.28)%0.15-0.0225) + (0.526)%0.3-0.09)

+ 2(0.526) (1.28) (0. 15) (0.3)(0.85)(0.7) ]/(0.3-0.15)°

= 21.7
C = (1.28) J(21.7)(0.15)(0.85) + (21.7)(0.15) - 0.5
= 4.9
Poi sson Approxi mati on (Appendix B, Chart 1)
e Py n Mo B 1-a o
4 5.9 19.7 2.9 0.30 0.82 0.18
|5 7.0  23.3 3.5 0.30 0.87 0.13 |
6 8.4 28.0 4.2 0.30 0.89 0.11

|t appears that a good starting point for fine tuning is an n of 22

and ¢ of 5. The followi ng programs are proposed.

n c o B

22 5 0.10 0.31

23 5 0.12 0.27
Py = 0.15 P, = 05 o = 020 B = 0.02

Nor mal Appr oxi mati on

n = {(0.84)%0.15-0.0225) + (2.06)%0.5-0-25)

+ 2(0.84)(2.06) 4(0.15)(0.5)(0.85)(0.5)}/ (0.50.15)°

=14.4

C = (0.84) J(14.4)(0.15)(0.85) + (14.4)(0.15) 0.5

= 2.8
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ii. Poisson Approximation (Appendix B, Chart 6)

c Py n_ P, B 1-a o

2 7.5 15.0 2.25 0.02 0.63 0.37
3 9.1 18.2 2.70 0.02 0.73 0.27
4 10.6 21.2 3.20 0.02 0.80 0.20

iii. It appears that a good starting point for fine tuning is an n of 15
and ¢ of 3. The follow ng prograns are proposed.

n c_ o B
| 15 3 0.18 0.02 |
14 3 0.16 0.03
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CASE STUDY NO. 8-4

Backgr ound

A communi cation system has m ninum acceptabl e val ue (MAV) of 100 hrs MIBF, and
a specified value (SV) of 150 hrs MIBF.

Det er m ne

How many hours of test are required for design qualification prior to a pro-
duction decision if we desire a and 8 risks of 10% each?

Sol ution

_ - _ 150 _ > g =
8, = 150, 8, = 100, d = {35 = 1.5, @ = B = 0.10

In this case, a “standard” test plan may be sel ected from Appendi x B, Table 6.
Test plan IXC satisfies these inputs. The required test duration is

T = (45.0)(0,) = (45.0)(100) = 4500 hrs.

The accept/reject criterion for this test plan is to accept if we encounter 36
or fewer failures. Bear in mnd though, that the acceptance criteria may

require violation, depending on the nature of the failures and the verifica-
tion of corrective action.

Comment ary

1 In order to make the test |less sensitive to the constant failure rate
assunmption, it would be desirable to have at |east 3 systens tested for at
| east 3(100) = 300 hours each. The reminder of the 4500 hours may be satis-
fied wwth these or other systens. See section entitled “Constant Failure Rate
Assunption” for a discussion of this topic.

2. The test duration of 4500 hours is very I|ong! (The equival ent of 187.5
24- hour days). Putting nore systens on test will reduce the cal endar tine
requi rement, but 4500 hours of test exposure are still required. The required
test exposure is high because of the low discrimnation ratio, d, and the

relatively low a and B risks. Plans with higher risks may be worth considera-
tion to see how nuch the anount of testing may be reduced.
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CASE STUDY NO. 8-5

Backgr ound

An air defense system has a m ni num accept abl e val ue (MAV) of 80 hours MIBF
and a specified value (SV) of 220.

Det er m ne

How many hours of testing are required to give the user 80% assurance that his
needs have been net? The producer requires 90% assurance that his product
will be accepted if it nmeets the SV.

Sol ution

The 80% user assurance is equivalent to a consunmer’s risk of B = 0.20, and the
90% contractor assurance is equivalent to a producer’s risk of a = 0.10.

_ _ - 220 _
6, = 220, 6 =80, d = =5 = 2.75.

Because the discrimnation ratio is 2.75, the “standard” test plans from
Appendi x B, Table 6, cannot be used. Appendix B, Table 7, will be considered.

For the 20%B8 risk, and entering the 10% « risk colum, we find a discrimna-
tion ratio of 2.76 available, which is very close to 2.75. This is test plan
nunmber 20-5. The required test duration is

T = (6.72)(0,) = (6.72)(80) = 537.6 hrs.

The accept/reject criterion is to accept with 4 or fewer failures.
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CASE STUDY NO. 8-6

Backgr ound

A radar systemis under developnment. A test is to be run which will be es-
sentially a fixed configuration test. At this stage of devel opment, an MIBF
of 200hours is planned, but assurance is desired that the MIBF is not | ower
than 100 hours. For cost and schedul e reasons, a test exposure of 300 hours
has been proposed.

Det er m ne

|s this amount of test exposure adequate? |f not, what is an adequate anount
of testing?

Sol uti on

The upper test val ue, 60, is 200, and the |ower test val ue, 81, s 100. Test
exposure, T, is 300 hrs.

For a quick and sinple |ook at the adequacy of the proposed test, we wll use
Figure 8-7. (For the convenience of the reader, the graphs in Figures 8-6 and
8-7 have been reproduced and annotated below. ) Entering Figure 8.7 with T/61

= 300/100 = 3 and d = 60/81 = 200/100 = 2, we find that the proposed test

exposure results in risks slightly above 30% The anount of testing proposed
is mnimally adequate for this stage in the program

We may use Figure 8-7 to determ ne an adequate test duration. At about 580
hours, a =8 =0.25. At about 900 hours, a = 8 = 0.20. At about 2000 hours,
o =B =0.10. At 580 hours, the risks are fairly high. A B risk of 25% is
perhaps tolerable, but an o risk of 25% neans a 25% chance of an erroneous
“back to the draw ng board” deci sion.

A test duration of about 900 hours |ooks reasonable, particularly if we reduce
a by letting B increase. To investigate this possibility, we may use
Fi gure 8-6. From the graph for d = 2, we find that test plan 30-8 with
a = 0.10, B = 0.30 and T = 981 | ooks reasonabl e. (Test plan 30-5 with
o =0.20, B =0.30 and T = 589 is another attractive possibility) . A test
duration of about 900 hours is recomended.

Commentary

The process of trading test length for testing risks is inherently somewhat
subjective. Actual problenms of the type illustrated in this case should, of
course, explicity address tine, cost, and other penalties associated with the
test.
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CASE STUDY NO. 8-7

Backgr ound

A program manager desires to denonstrate an MTBF of at |east 200 at a 90%
confidence |evel.

Det er m ne

The mnimumtest length required, and an evaluation of the proposed test plan.

Comment ary

The correct interpretation of the background statenment is that the MAV is 200
hours and the consunmer’s risk is 10%

Sol ution

The absolute mninmnumtest length is that which permts naking the desired
confidence statement with zero failures. Applying inequality 7. 10a we have:

2T
6 > 5
X0(,2r+2
200 =PF—
X0.10,2
T - 200(%'60) = 460.0 hours
of test exposure.
2 : .
NOTE :  Val ues of Xu>2r+z are found in Appendix B, Table 5.

An MIBF of 200 can be denonstrated at a 90% confi dence |evel by conpleting
460.0 hours of test exposure with zero failures.

To evaluate this proposed test plan, we will use an OC curve. To construct
the 0C curve, we use equation 8.10.

P(ac[e) = Probability of acceptance for a given value of 8

¢ k -(T/0)

P(ac'e) = EO (T/B)k?
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For T = 460.0 and C = 0O

P(ac 8) = e

A few of the points for plotting the oC curve are tabul ated bel ow.

(460. 0/ 0)

_8 W
100 0.010
200 0.100
500 0. 398
1000 0.631
2000 0.794
3000 0. 858
4000 0. 891
(.0
/
{
!
/ f
.0 :
|
P{ac|8) |
|
A -
.2 i
c !
| 000 2000 3000 4000
)

MTBF { HO OURS)
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Comment ary

The curve shows that the proposed test plan does , in fact, achieve a con-
sunmer’s risk of 10%for the MAV of 200 hours. Let us now exami ne the OC curve
for this test plan through the eyes of the contractor.

The curve shows that a system whose true MIBF is 650 hours has only a 50%

chance of passing the test, i.e., being accepted. In addition, for a system
to have a 90% chance of being accepted, it nust have a true MIBF of 4,400
hours. In other words, for the contractor to obtain a producer’ s risk of 10%

he needs to manufacture a system whose true MIBF is 4,400 hours. To have a
50/ 50 chance of passing the test, he needs to manufacture a system whose true
MIBF is 650 hours. The lesson to be |earned here is that consideration nust
be given to both the upper test value (SV) , the |ower test value (MAV) , and
the risks associated with themin designing or evaluating a test plan- The
test planner or evaluator should be concerned with obtaining the mninmal test

exposure plan which protects both the consumer and producer. To ignore either
aspect can be a dangerous policy.
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