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Preface

This paper results from my efforts to understand the proper
application of SPR (sequential probability retio) tests, particularly
as they apply to mean time between failure tests of checkout and similar
equipment. My desire for such understanding grew from two beliefs. Cne,
that a valid, physical test of an item is still one of the strongest
tools we possess. Second, that I should be familar enough with a tool
as strong as the SPR test to be able to tell a project engineer what
the acowmlated test hours buy.

Mich of what I have learmed on SPR tests is summariszed in tables
and appendices in the hope that they will be useful in practice. The
Table I sumary of changes expected in an SPR test as the test para-
meters change could prove convenient, The flow chart of Appendix J gives
a suggested brute-force procedure for selecting a reasaonable SPR test
and attempts to relate various sections of this paper to the procedurs.

I espoecially wish to thank Professor H. Kepler for his advice
and encouragement during this recent time of trial. He diligently tried
to prevent my striding off madly in &ll directions. 1 can only hope
that I helped him succeed in that effort.

My wife also deserves a big share of any credit that this paper
may create though none of the blame that my oversights may generate, Her
tolerance of my recent disposition and work habits, and her help in pre-

paring this paper have been signal contributions.
B 27T Aal?
Ben N, Theall
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This paper briefly discusses the need for reliability test of
mission support aerospace ground equipment (AGE) such as checkout equip-
ment. The discussions are aimed primarily at the sequential probability
ratio (SPR) test for mean time between failure (termed T in this paper)
determination when the distribution of failures can be sssuwmed exponen-
tial. Other distributions are only mentimed. No specific checkout
oquipment is considered.

Sumary tables and charts are included in several areas in the
hope that they will prove useful in prectice for selecting an acceptable
SFR test. The following subjects are discussed: considerations in setting
acceptable test risks, oconditions under which SPR tests are appropriate,
the theory of SFR tests and the resulting relationships used in SPR tests
of T, and the expected qualitative variations in an SPR test when differ-
eant test paremeters are varied, It is pointed out that the expected fail.
ure number (AFN) charecteristic yields incentive for the contrector to
mzmtumrmnabmuummotr,qndro,w
as the decision limit paremeters of the test. As the true T increases

mnMMmummm,mmmmmmmt-
ing time decrease,

It is ooncluded that Handbook H108, Sampling Procedures snd
Iables for Life snd Reliabllity Testing (Pased on the Bpenential

m,umoumhotmm'omkmsmmm,um.

X
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is an excellent reference for practical use, Data from that handbook
are manipulated to indicate that for specific assumptions, a simple
exponential relationship may be established between the expected test
time and the ratio of the two test establishing parameters T; and Tg.
It is indicated that such a relationship could be used in conjunction
with cost considerations to lesad to a simple method for selecting the
Ty/To ratio yielding lowest cost. The development of such a method is
not completed in this paper. A flow chart suggesting one iterative

procedure for selecting an appropriate SPR test for a particular prob-
lem closes the paper.
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SEQUENTIAL RELIABILITY TESTS
APPLIED TO CHECKOUT EQUIPMENT

I ntroduction

The importance of the probability that an item will work when
it is needed depends on what the item is and where it is being used.
In military equipment used in combat that probability or reliabdlity
is very important, Usually, the probability of success should be high
to save both lives and dollars, but whether the probability is high
or, dus to technical or financial canstraints, is low, the activity
responsible for operational planning should inow what scme measure of
that reliability is. Proper opersticnal use of even low reliability
items can lsad to acosptable probability of accomplishing a particular
mission. Knowledge of the true item reliability helps in developing
the proper operational use prooedures.

Asrospace Oround Equipment (AGE) such as equipment used to check-
out an airoreft or miseils before a mission can ocertainly exert a
strong influsnce on the probability of mission sucoess. Therefore,
some measure of the AGE reliability should be known to allow for
proper cpereticnal use and planning., The most commanly used measure
of reliabtility is the item's MIEF (mean-time-between-failure), termed
T in this peper. One Wy to measure the T or to aseure that it is
above some specified valne is to uwse an SPR (sequential probability
retio) test to test the hypothesis that the T of an item is at lesst

1.
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the specified number. As discussed in the sections following, the SFR
test is usually the fastest and the least expensive test for a partic-
ular risk level, This then leads to the pwrpose of this paper,

Eurpose
The purpose of this paper is as follows:

1. Locate or develop the background information needsd
to write step-by-step procedures to bs followed as a guide in select-
ing a reasonable SFR test of T (MIEF) of checkout or other equipment,

2, Find and list what should be considered in selecting
the risks involved in an SFR test.

3. Obtain informstion on SPR tests sufficiant to allow
explaining to equipment project engineers what the tests omn do for
their equipment.

L. Determine the effects of varying the different
paremsters of an SPR test.

Socpe
This paper shall cover the following general areas:

1., SPR tests for T when the equijment failure distri-
bution is exponential or governed by a constant hasard rete, Other
tests and distributions are mentioned but are not covered.

2, The gmerel situation assumed is that in which a
reliability engineer or project engineer is requested to formulate
the reliability test provisims for a specific type of checkout
oquipnnt or other equipment being procured bty separate omtract, not

2,
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as part of a system contract. An altemative to this is that the
engineer is requested to analyse and comment on a cantrector-
proposed test plan for reliability demonstretion.

3+ To avoild misunderstanding, it should be made clear
that no details of any particular checkout equipment have been
included. A piece of checkout equipment used in a critical application
was kept in mind to direct the information and procedures developed.
Same charecteristios of checkout equipment that should be considered
in reliability tests are considered in Appendix H,

Limitations
Longevity or wear-out tests are not coneidered, The test period

is assumed to remain in the constant hasard rete or flat portion of
the treditional bathtub cwrve.

The very important area of environmental testing is not covered
with the exception of the list of reminders in Appendix H. The acoel—
erating effect of stringent enviranments on reliability tests should
be & bon to reliability activities when data giving correlation
factors beoomes availabls, but no information on such factors was
found for this paper.

Aseuptions
The following subparegrephs 1 through 10 list assumptions that
mnmmmummmmmmmm:
1, nnusudnhumtmt.wmmotw
indicating that the assumption is valid for much electronic and
3.
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electromechanical equipment, but that the assumption bears questioning
each time it is mads (Ref 2:120-125),

2, Testing is with replacement or with early repair of
failed items and retum to test, This is the normal procedure in
reliabdlity testing by SPR tests sinoe the waiting time is expected
to be shorter than in the nonreplacement case.

3. Reducing test and waiting time is a major consideration,

Lloyd and Lipow indicate that a nonreplacemant tost can not cost more
than a replacement test slthough the replacement test should require
less test time (Ref 12:313). It is assumed that any cost difference
will be more thin offset by the earlier decision and earlier equip-
nnt delivery re. uting from a test.

L. The reliability and the mission time have been directed
or established or can be estimated by the activity responsible for
the equipment,

S. The items making up the sample will be representative
of the entire lot submitted for acceptance. If there are appreciable
time lags in production between items or if there are design or pro-
cess changes from one equipment to another, this assumption should be
kept in mind,

6. Contrect quantities will be so mmall that production
sampling teciniques will be diffioult or impossidble to apply. The
mmber of items available for test are limited, and an acoept or
reject decision must De made based on the dats and the time available,

L.
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7. Usually the number of items that can be made available
for reliability testing is limited - every one available will be used.
If n, the sample sise, can be varied, then that variability should be
added to the flow chart of Appendix J in the search for a satisfactory
test plan,

8. Adequate test procedures and facilities have been
developed, are available, and will be used during reliabdlity testing.
A test to demonstrate reliability must have a rational relationship
to the expected use of the item. This is a very important assumption
and deserves attention in writing the reliability test provisions. A
gmerator may have a very long time-between-failure characteristic
when it is tested as a doorstop.

9. One of the major tasks of reliability personnel is to
sell project engineers on the value of reliability tests. Directives
and laws, as in prohibition, civil liberties, and the like, may force
the motions of reliability principles and practices being applied.

But that application will not be fully effective wmtil the person who
should be best able to pinpoint the potential trouble areas, the pro-
Ject engineer, is sold on the value of reliability tests to his
equipment.,

10. Itumrthorumdthntthorudorotthhpspum
at least a moderate knowledge of reliability prectices s is interested
in using SPR test to save test time, and desires to have information
to help convince project engineers that SPR tests are more than metic-
uwlous mensurations by mendacious magicians,

Se
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Need for Jest

Complete reliability progrems require test or demmstratiom of
a quantitative measure of reliability and a formal relisbility organ-
isation with adequate procedures and practices all monitored by the
buyer. This, naturally, brings up the frustrating question of how
small should the organisation be for a large contractor and how large
should it be for a small cantractor? The answer to that is well beyond
the scope of this paper.

Regardless of the sise of the reliability organisstion in the
contrector's plant, one rule is valid; a requirement without a valid
test or demonstration is not s requirement - it is a request. The
requirements section of a specification or exhibit may call for grend
reliability, but it will mean little if the test section does not
include a good test for the requirement,

The contractor will sensibly design and produce primarily to
pass the tests that control whether his product is accepted or rejected.
No matter shat the process and practice controls are, the crucial
point is the acceptance test, Process and practice controls should be
used as substitutes for a physical test of the item anly when a suit-
able test or test facility is not available and when it is truly
lmown what processes and prectices insure the item characteristic
desired, Certainly, few pecple claim to lknow exactly what processes
and prectices insure reliable equipment in most aress, Experience in
bridge building and structurel engineering has indicated the safety

6.
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factors that reduce the probability of failureof many stationary
structures to low levels, but such knowledge is not yet available
for many Air Force procurements where reliability is still a majcr
concern. Therefore, whenever design and process controls are not
adequate to insure the reliability needed, a reliability test must
be conducted.

Reducing Test Costs. If two different test plans give the same
protection against errors of judgement or against wrong decisions it
is an engineer's respmnsibility to choose the less-expensive test if
all other considerations are equal, This leads to SFR tests. As de-
scribed later, SPR tests usually save time over conventional tests,

SFR Test Bistory

Wald devised sequential analysis in March and April 193 to meet
the need for methods of obtaining reliable conclusions from limited
data. The method was for application to problems of analysing combat
experience, military operations, and development problems. At that
time the method was classified due to its high value, The classifica-
tion was dropped in 1945 (Ref 14:1). Since that time much effort and
literature has been devoted to sequential tests, or SFR tests as they
are commmly referred to. Notable in the efforts on SPR tests, partic-
ularly for life testing under the exponential or Poissan case, has
been the work of Professor B. Epstein. Sequential tests are a natural
development starting with single sampling plans, to double sampling
Plans such as those of Dodge and Romig, to multiple sampling plans,

7.
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and then to SPR plans allowing for something approaching a contimious
probability of a decision to accept or reject,

Method

The following genaral approach is used in this paper:; what consid-
erations influence the risks, when are SPR tests appropriate, what is
the basic theory of SPR tests of exponential distributions, what does
analysis show the test paremeter interactions to be, and what is a
reasonable procedure to follow in selecting an SFR test?
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1I. Sazpling spd Blsos

The problems of primary interest are those involved in drawing
inferences about the tiue charecter of a populaticn when only limited
data are available. One particular sort of distribution of failures
is assamed, but the problems and risks involved are similar in all
attepts for such inferences. In reliabdlity testing it is usually,
a8 here, assumed that the distribution of failnres obeys an exponential
law or, more specifically, has a constant hasard rate. If true, the
distribution is governed by mly me paremster, T,

In setting the sampling risks and the magnitudes of the related
paramsters to be estimated, the basic oonsidersations are simdilar for
any test plan for testing hypotheses. The magnitudes must, in general,
be set by the engineering or the operatimal problem involved, The
risks mst be set by study or judgement of the penalties to be incurred
if errors of decision are made, Setting the values of the hypothesis
to be tested and selecting the acoeptable risk levels cmcern reliabil-
ity and project engineers, whether in preparing a test plan to be
inclnded in a camtrect or in analysing a contrector-proposed test plan.
Same of the basic considerations appropriate in selecting such test-
plan charecteristics are discussed in the next few sectims.

9
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Prefewnces

As Wald points out the perfect test would yleld an operating
characteristic similar to that shown in Pigure 1 (Ref 15:27). If T,
were some value of a characteristic T of the items to be tested, the
test would reject all lots with T less than T, and would accept all
lots with T greater than T,. As mentioned previously, T is MIEF here,
but, in general, T could be any characteristic such as tensile
strength, Bven if the buyer could establish a number for T, very
accurately, the test for such high discrimination would require 100 %
inspection and even that much effort would probably not yield s
ability to discriminate between good and bad lots as sharp as that
shown in the figure. Humn errors almne would force the vertical line
to same finite slope (Ref 17:3).

In specifying a particular characteristioc there will usually be
sones of preference and degrees of preference to accept or reject
items of various T values, In Pigure 1 the buyer would prefer to accept
all lots to the right of T, and to reject all lots to the left,
Figure 2 indicates that the preference to reject or accept would in-
crease as the actual T (T trus) deviation from T; increases. Perhaps
T slightly below planned (T,) would not reduce system effectiveness
mch, The preference to reject would be low, If T were mach lower
than T, the lot might be worthless or detrimmtal to the buyer and the
preferance for rejection would be very strong. The same sort of reascn-
ing would apply to the high T side with strong preference for acosptance

10,
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on items appreciably better than T.. Probably neithsr preference line
would be linear and there would be no necessity that they be the same
shape, tut the trends ahould be as indicated.

Setting Rigis, A sketch similar to Mgure 2 might help the
buyer in establishing the « and & risks, For some particular 7y
below T, & preference to reject could be set, This could be the result
of some sort of trade-off or econamic study, but as HI105, Administra-
tion of Sanpling Procedures for Acceptance Jnspeotimn, points out,
dollar values are often diffioult to set for such preference points
(Ref 17:9). The preference to reject at a specific T; will primarily
be based on the judgmment of the buyer concerning the importance of
the item and the amount of trouble to be expected if lots accepted
are as bad as T). At some point T, a preference to accept can be
estimated, primarily on judgement again,

The two preference points can be converted to a form of an 0.C,
cuwrve as sketched in Figure 3. At point T) the preference to reject can
hunadl-,dm,auﬂuprobabilityth:tlouuth‘rumm
oqual to T3 will be accepted, 1-4 will be the probability that such
& lot will be rejected., This could be considered a form of confidence
statemnt in that the buyer would be sure that no more than 100 (4) £
dmthshﬁwoqtdmmunatmm-thmfloltro
the preference to acoept oan be called 1- of , the probability that a
lot with T equal io Ty will be acoepted. The contractor will have
quite some interest in this point since o is the probability that

12,
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1.0
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Fig. 3
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that the same lot will be rejected, If the test were to assure accept-
ing lots with low charecteristic, for example if the abscissa represented
frection defective or probability of failing before some specific time,
the slope of the 0.C, curve would be reversed.

3 2 £ Relatinship

Going to & higher T)/T, ratio or to a lowsr &G risk improves the
discrimination of the test. That is it improves the test's ability to
separste good from bad lots, It seems that the same & risk should
not apply to all sorts of equipment - some are more critical than
others, However, if it is desired to retain the normally accepted 0,1
for 4 for equipnents of different criticality, the 0.C. curves can
be used to represent many T;, 4 points as some equivalent T;,,3
oqual 0.1 point, Ty, the low T value that is to be accepted only &
portion of the time, can be changed in combination with /7 as discussed
below,

Referring to Figure L, say some particular cambinatim of Ty and
A 18 being considered, and it has been found that the expected test
time or costs are too high. The owrve 0.C.l. describes the acceptance
probabilities associated with the test. Decreasing the slope of the
0.C. ourve from 0.C.1 to 0.C.n will decresse ths expected test time.
As shown, if a risk of accepting T) items as high as 4 can be tol-
erated, T) and the nev &, describe the two lower points for the new
test described by 0.C.n. Howsver, that same 0.C.n test can just as
nnummwmmumﬂm.nwumru,nmm

.
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from the 0.C.n curve, Useful 0.C. curves can be found in Handbook H108,
Sampling Procedures and Tables fo Life and Relistjlity Testing (Based
on the Bxponential Distribution), (Ref 18:2,13-2.16).

B Held at 0,1, If an est.mate can be mads of the lower T)
which the buyer can tolerate, but the associated .7 is other than the
comuonly used 0.1, an equivalent Ty at & equal to 0.1 can be found
from the 0.C. curves as desoriLed above. The nev rl,,a cm yield a
test oquivalent to that desired, Also, 1if it 1s desired to spoak only
of a high aumbered T) for s partioular test, </ can e 37t high.

Sspling Rinke

The spre.d of T) from ' _ and the associatsd ~( sand 4 acceptable
risks aliow sampling plans to be used, If the population T is actually
Ty, oy £ of all such loto will be accepted on the average, If the
T is actually Tp , only o of such lots will be rejected on the aver-
age. When T) and Tg are very close and the related preferences for
rejection and acceptance are very small the test must approach the
perfect 0,C. ocurve., Such a test would be very costly unless the items
and the tests were very simple. If testing is destructive such &
sharply discriminating test would allow but few items delivered - most
of them would be destroyed in testing. Therefore, a test plan must be
selected that is, as most things on this earth, some compromise between
the desire for low risk of error and the costs of getting low risk,
Appendix F lists some of the points to be cansidered in choosing or
acoepting the « and & risks for a particular test,

16,
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Selscting the Sart of Test
The considerations of risk discussed above apply to any sort of

test involving sampling. They apply to single sampling tests such as

those described by MIL-8TD-105, Sampling Procedures spd Iables for
Ingpection by Attributes, and to the life tests terminated at a pre-
assigned time or at a preassigned number of failures such as those

described in the first sectims of H108 (Ref 18). Tests such as these
are termed conventional tests in this paper. The considerations also
apply to SPR tests with the difference that often the SFR test will
give the same risks for less inspection or time. Figure 5 illustretes
the expected reduction in calendar waiting time for a decision when an
SPR test is used rether tham a oonventional preassigned time test. In
gmeral, the SFR test is preferable,

In testing only for catastrophic failures that are not self-
repairing a preassigned time test could be prefereble to an SFR test.
In a preassigned time test the number of msasurements made during the
test time oould be reduced to a few or even to only one measurement
at the end of the preassigned time. If each msasurement to be made is
oamplex snd expensive, the measurement costs of the preassigned time
test might be reduced sufficiently to offset the shorter expected
waiting time of an SFR test. Measuremmnts during the test are msndatory
in SFR tests.

However, in items such as checkout equipment an error that is to
be counted as & failure may occur oftem during the test period but may

7.
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Note: 0.C. curve for each plan gives
£ 300, A8 of 0,10

Ty o

Approximately Code B-l of Handbook H108,

T1/To

Both tests below are with replacement,

|

y

!
|
sbo X

SFR Test Savings in Test Time

(l"rom Ref 188 2068)
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not occur at some preassigned test time, Therefore, a preassigned time
test may miss many errors that ocouwr during the test period, Msasure-
nents during the test period must be made at soms frequency related to
expected service use or must be made contimioualy if precticable. For
such measurements an SPR test will give a shorter expected wmiting
time and measurement cost than an equivalent strength preassigned time
test.

If the measuremsnts to be made are simple and inexpensive, any
advantage a preassigned time test might have becomes less, Appendix G
lists other considerations in selecting a test.

19.
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III. SFR Tests
The sequantial probability ratio test is usually an excellant
method of obtaining a specified amount of information with & minimm
amount of testing. The SPR used is particularly appropriate when the
exponential distribution ocan reasonably be assumed since the one pop-
uwlation charecteristic, T, simplifies the test.

Developing the SR

Appendix A gives the proocedure for developing the SPR and the
decision criterion to be used, The material there is similar to that
found in the literature with some clarifications. Appendix B illustretes
the development of the A and B (decision boundaries of the basic SPR
inequality) and o and A relationships in the decision criteria,
Specific SPR tests can be developed for an infinite number of comdbina-
timns of « and & risks, and T;/T, test ratios if desired, Those
three parameters, the two risks and the test ratio, are sufficient to
completely describe a test. The need for great detail in specitying
mmmwmmowmummmunpmu
questianable unless large lots of contimious production are involved,
H108 (Ref 18) gives many test plans for a wide selection of oC and
test retios, In those plans &4 is usually set at 0.1, but as explained
mnc,wo.c.mmmmwmmmoumumwmrl
to give a wide renge of 4 risks, It is strongly reccemended that H108

20,
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plans be used whenever possible to simplify the calculations needed
and since H108 gives the related 0.C. curves,

Time s the Varisble

SFR tests are not limited to mean time tests but can be applied
to many tests of hypotheses. The distributions need not be exponential,
Wald and the Columbia Statistical Research Group, with which he was
associated at the time, give the procedures for developing SPR tests
for seversl different sorts of hypotheses and distribtutions (Ref 1l and 15).
For example, an SPR test could be used in a test of the mean pull-in
voltage of relays. One relay at a time would be selected and increasing
voltage applied until the contacts closed. The variable would be pull-
in voltage and would lead to a decision about mean voltage per wmit.
The unit of test would be one relay. As the inspector began applying
voltage to a relay in the sequence there would be some expected (mean
or average) voltage at which that unit would, on the aversge, pull in.

In most reliability SFR tests the variable in question is not
voltage or length tut is the time to fail. The variable measured is
the time to fail which leads to & decision about the mean time to fail.
!homitotmtmbomidndcnotaﬂm,notcmmtor
relay, After any particular failure there is some expected test time
to be accumulated before, on the average, the next failure will oocur.
Therefore, SPR tests can be used to demonstrate mean time to fail as
well as average break-down voltage, average cures per treatamt, and
other population charecteristics,

a.,
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Nopmalised Decisicn Relaticosiip

By 1 below is the basis of this discussion and of most of the
work on SPR tests of exponential distributions. The relatiomship is
normalised to Ty, the high target T. It could just as well have been
normalised to Ty, but since the consumer can certainly hope that the
test will be operating in the T, area, the normalisation used, which
is that commonly used, seems reasonabls. The background theory and
the absolute relationships leading to Eq 1 can be found in Appendix A.

-lna r In (To/T;)  V(v) -1nB r In (To/T)
< < +

(To/1y) - N (To/T) -1 T, (T/T)) =1 (Tp/fy) -1

)

Accept H de
( c(:gd.c% side) (Accept ,28 side)
where
l-4
As ol (2)
.-
8-1-0( 3)

o = Producer's risk = P(Reject HD/BO true)
ﬁ-cmru risk = P(Acoept Ho/H; true)
To= Tatnﬂ.oho(.otuohm'nnbonjoctod high target T.
1‘1=Tlch£otmohMom.1boloc¢ptod=lwhrptf.
r = 8um of failures observed to the time being considered,
V(t)=8um of test time cm all items under observaticm.
22,
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and

T)/To = Test ratio. (Note inversion in B 1l.)
and in effect

Hyt T 27
Hlt T Srl (r1< To) (4)
Eq 1 is comly written
hy rs v(t) hy rs

i PO i . Fislid ®)
T To T o To

Decision Criterian. If the inequality of Bq 1 is violated on
the left side the hypothesis that the lot T is equal to or greater

than To is rejected (Hy rejected) and H) is accepted. If the right
side inequality is violated, H, is accepted. If neither side is violated,
that 1s if the normalised sum of all the equipment test time up to the
time being considered steys within the inequality signs, no decision
can be made at the risk lsvels used. The test must be continued, Before
the next failure, V(t) could increase enough to violate the right

side inequality and the lot could be acoepted, but a failure would be
required before a reject decision could be made, This can be seen in
the figure that follows. As time accumilates on the test the total
test time in multiples of T is recorded, Each chargeable failure is
recorded and a decision attempt made at each failure and as often
between as desired,
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Decision Msthodg. The accumlated time and the acoumilated
fallures can be compared to tables developed from Eq 1 or they ocan be
plotted graphically. Eqs 1 and S describe two linear and parallel
lines of the form yzax + b, Figure 6 indicates the sart of decision
lines to be expected based on those equations. AMCP 74-1 gives a
similar plot for the AGREE Task Group 3 test (Ref 16:8). Bach line
vill have slope 8/Tg vhen V(t)/T, is plotted against r. The accept or
high intercept on the ordinate (time axis) will be hy/T, and the
reject intercept hy/T,. Example plots of two test histories are
showmn, After each failure, incressing test time with no further failure
is indicated by a vertical line correspanding to the added time, When
a failure occurs, the event plot jumps to the right in discrete steps
describing the acoumilated r. The decision lines are not plotted in
disorete steps. A decision can be made at any point on either one of
tbododnimlimuuhonamthhtoryorcmtplotm-fotouh.
AGREE (Ref 13:89,136-137) and MIL-R-26667 (Ref 19:368-39) use normalised
tables. Either method of tables or plots is satisfactory since both
represent the same decisim oriteria.
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Hy : T=7, (In effect T > Tg)
Hy:T =T (Ineffect T<1)

Fig. 6
Typical SPR Test Decision Plot
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IV. lateractigp of Test Parmmeter Varjations

What 4s the influence cn the test described by Eqs 1 and 5 and
Figure 6 of changes in the oL and S risks and in the T) and T, pare-
meters? There obvicusly is not one grend formula that will solve
every problem that may be encountered. Probably derivatives of B 1
could be talan with respect to the various paramsters to determine
some sort of sensitivity of the test to various changes. This would
become very difficult to handle shen the 0.C. curve calculations are
mde. The paramstric equations csusing this difficulty will be men-
tioned later. The next sections analyse the influence of parsmeter
m.mmummwmwm
mumnummummrm.mmmmm-
mwnmmnmmmuuwm,m

umm--motmmluorm.mmumthw
is a convenient table.

Yarjation of 3lope &/ with D sd Ip
The slope of both decision lines 1s s/T;. From Eqs 1 and 5

s — (6)
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Therefore, the slope of the lines is independent of the o{ ,

/S risks. Calculating 8/Tq for a few representative test ratio, T1/To,
values leads to Figure 7. As the test ratio increases the decision
lines are rotated up toward the accept region. It should be noted that
the values obtained agree with Handbook H108 tables (Ref 18:2.64). As
the test ratio decreases the slope becomes less, and as Ty approaches
sero the slope approaches zero meaning the probability of rejecting
any lot decreases,

As the test ratio increases, the probability of accepting Hy
decreases for any particular sequence of events (E in the figure far
example) and the test is more stringent. Also as the test ratio in-
creases, T) approaches Tp. Taking the derivative of both top and bottom
of By 6 with respect to To/T) to obtain an estimate of the limit, it
1s noted that the limit becomes Ty/To or as Ty approaches Tg, one is
the upper limit on the slope. This is also verified in the Handbook
H108 tables,

The previous discussiom of sampling indicates that as the test
ratio approaches one, the test should be difficult to pass, Later dis-
cussion in this paper will show this to be true. In general, as the
test ratio increases, the decisin line slope increases and, if
changes in the h intercepts (see Figure 6) do not offset the slope
changes, the test will take langer and be more diffioult to pass,

27.
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v(t)/%,

Pig. 7
o/Ty Vartation with T,/To
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Yariation of Intercepts ho/To sad Ba/To MAts Th sad To

The acoept Hy intercept on the V(t)/Ip test time axis is ho/To.
The reject intercept is hy/To. Both are functions of all four test
parameters. Eqs 7 and 8 are derived from Bqs 1, 2, 3, and 5.

1 -8 2
hm::_l_n_‘_:f'__, 7 Mo:'hll-ob (8)
(Tofty) -1 (To/r1) - 2

A good feature of the normalised decision relationship is the
use of the same h intercept values for many absolute values of T) and
To. Whether the values be 30 and 60 or 750 and 1500 the same normaliszed
intercept applies. Assuming ol and &3 constant, at low test retio
T)/Tp the denominator of the Bqs 7 and 8 is large and both h intercepts
are small, This is certainly reasmnable. As the continue-test width
naITows a decision is expected sommer. This is indicative of a test
with low disorimination as will be discussed later. A low test ratio
indicates T) much less than Tg which is distant from the nearly perfect

0.C, curve case discussed earlier.

Yarlaticps of Jntercepts ho/Tp and hy/Io With &£ spd 2
The test ratio is assumed oonstant in this sectiomn. The reject
intercept (B9 7) is & function of A or (1-4)/u(s AscX , the producer's
risk, decreases, A increases, lnA increases in magnitude since A is
greater than one, and the reject line becomss more negative or the
continue-test region is widened on the reject side. This seems sensible
29,
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since o is the probability of rejecting acceptable or good items.

As 4 dacreases, 1ni again increases and the reject line is
lowered and the no-decision sone increased,

For the acoeptance intercept (Eq 8), as o decreases, 4/(1 ~ot)
(or B) decreases, 1nB becomes more negative since B is less than ons,
and the accept intercept becomes more positive. Therefore, as ol
w,tbmmnmmwfruﬂnrl/ronm(ou
Figure 6), the sme of no decision is widened on the high or accept
side, and there is a mmaller chance that a particular event point
will fall in the acoept ares.

As /S decreases, B decresses. Again, the acoept intercept
becomes more positive or larger.

The mgnitudes ana directions of changes in the intercepts
might be determined and analysed by taking partial derivatives of
Bgs 7 and 8 as in the following examples. Such an analysis was
not conducted for this paper. For brevity, (To/T1) ~ 1 18 termed v,

Eat VR

2 (ho/Ty)
28 |y os v 248
';' (9
0 /%) _ @ ;i_a[h Q-8)-1me]
Qﬂld B Y i
<1 (-1) 1

v 1-4) Q-&)w ()

30.
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Taristions of 0,0, Qurve

Appendix C describes a method of calculating the complete 0.C,
curve for any particular test., A simple mathsmatical relationship for
L(T), the probability of accepting Hg, in terms of &, /3, and T1/To
is not available except for isolated points, The simplest approach is
to use the data and 0.C, curves of Handbook H108 (Ref 18:2,9-2,20,2,63~
2,64). This approach was used in the following sections of this chapter,

Varjation of 0,C. with T;/I,. As the test ratio increases, the
slope of the 0.C. curve increases and the test becames more discrimin-
ating. Figure § gives sketches of the 0.C. curves for test plans taken
from Handbook H108. The C codes are for test plans with A of 0,1 and
/8 of 0,1, The D codes are for test plans with < of 0.25 and /3 of
0e1 (Rof 18:2.2)s If  , B, and T are constant, as 7)/To increases,
the probability of accepting a lot with a particular T/T valus
decreases if the T 1s below Ty, Figure 8 illustrates this., For example,
if T/1, is 0.6, as T1/To increases (code C-10 to C-15) the L(T) de-
creases. If the T true is greater than T, the L(T) increases as T1/Tg
increases,

Variations of Q.. with I) Constapt. Pigure 9 compares the 0.C.
curves of two tests both with o and 3 risks of 0.1 but with differ-
ent test ratios. The curves of Figure 8 were miltiplied by the appro-
priate To/T; ratio to give the abscissa normalised in terms of ™
rather than Tg. For any particular test this makes no difference. The
absolute T will be the same regardless of how it is normalised. :. .e

31,
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Code  1/Tg

c-10 0.438

0-15 0.%

D-5 0.4

D-12 0.650
1.0 -
0.9 |
L
L(r) |
0.5
0.1 |

A
0.3 T 0.5 T ) 1,0

0,138 0.667 true 1/7,

Fig. 8
Variation in 0.C, with Ty/T,

(From Ref 18:2,15-2,19)
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1.0
0.9 T

L(T) ’

0.5 7

0.1 1

v ¥ AJ

J 4 Y L§ T
0.8 1.0 1.2 1.k 51.6 1.8 2.0 2,2
1

true Tﬂo

Fig. 9
0.C. ormalised to T,
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figure indicates, for a set 4 risk, as the 7)/T) ratio increases,
the slope increases and the producer can obtain an o of say 0.1 at

8 lower T trus than with a lower T ratio test. Changing the normalisa-
tin merely slides the ourve in Figure 8 across the abscissa. If the
omsumer has set some definite T, and 3 which must be held, such a
change in normalisation could be useful in determining what the con-
tractor mst meet for the various T ratio tests to be cansidered.

Yariatim of 0.C. with . Figures 10 and 11 1llustrate the
changes in probability of acceptance when o( is increased to a level
a8 high as 0,25 with 4 cmstant. The increase in « reduces the
probability of acosptance for all 1/7, values greater then T,/Ty for
s test with the same 1y/T( test ratio. As o increases with constant
V. Ildl'l/!o ratio, the 0.C. motmdtopimmthoflﬂo,
ﬂmtmmwmtyummmmmom«
slightly. Codes C-10 and D-5 in Pigure 8 also are examples. Therefore,
& very high oL or produser's risk does not help the comsumer in all
reppects.

It seems doubtful that & producer would like to accept sn o
mkuuauo.zs.mumwrmmhmmmro
be xight in order to reduce the ‘est time,

Yariatim of Q0. with 4. e ourves are not showmn, but by
analogy to the disoussion for « variations above, when the .7 for a
particular test is increased, the 0.C. ourve, for exaxple of C-10 in
Pigure 8, would pivot about the L(T) equal 0,9, T/To equal 1 podnt
ndthol.('r)twthuthn!omummo.ror!mwmro,

3k,
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0.9
4 Code ™ /7T
Code  Tu20
- ¢370
L(T) o
C~15 0,666
C17 0.7M3
0.1 . \
/7o
Fig. 10
Variatim of 0.C. with T1/Tg, o& of 0.1
(Data from Ref 18:2,2,2,13)
0'9-
0,75
L(T) | I
1 D15 0.737
F

0.5 loo T/To

Fg. 11

Variation of 0.C. with T1/To, & of 0.25
(Data from Ref 18:2,2,2.17)
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the probability of acceptance, L(T), would decrease. Therefore, the
producer has an interest in holding /7 within reasonable limits when
his product is very good,

The cross effects of a high 3 increasing the effective <X
above T and of & igh £ increasing the effective 3 below T, are
diminished, but they do axist and can help the desire for reasonable
ocompromises when both sides are willing to admit the cross effects
exist,

Yariation of ATV Aversge Failure Musber

A characteristic of any SPR test that is of major interest is
the expected or average failure number before a decision is reached,
AM. In sequantial tests in which the unit of test is an item not a
failure, such as tests of fraction defective, this is the ASN or aver-
age samples number. As mentioned previously, in mean time tests each
specimen or unit of test can be considered one failure, Appendix D
gives the equations that can be used to develop the AMN for the tests
and for various T/T; valuss. The relatimships involve L(T) which is
derived from a pair of paramstric equations (See Appendix C). This
creates difficulty in developing a simple mathematical relatiomship
for the AFN and the related expected test time in terms of the four
test-defining paraneters, £ , 8, T, and T, (or T1/Tg). Handbook
H108 (Ref 18:2,63-2,65) gives values of AFN (termed lo(r) in that
reference) for many SPR tests. These are recommended for use.

36,



GRENR/63-7

Varjation of AFN with I/T,. Figures 12 and 13 indicate that
for K and /B constant, as the T1/To ratio increases, for any partic-
ular true T/Tq, the AFN increases. Or, as the disorimination of the
test goes up, the expected failures go up.

Yariation of AMN with X snd 3. If T/T; is essentially constant
(for examples C-15 and D-12 in Figures 12 and 13) and o decreases
(Figure 13 to Figure 12) the AFN will increase, Higher assurance that
ro quality items will not be rejected requires more testing. A decrease
in 4 s not so obvious from the figures but, as explained earlier,
and as suggested by AMCP 74-1 (Ref 16:3), an increase in 3 is equiv-
alent to & lower T)/T; ratio test at the same 3 risk. Therefare, a
dpcrouoin,dcanbonpmomtedbymimrmointbol‘l/rocmo
used. Again, the AFN increases for a greater assurance that items as
bad as 7; will not be accepted or for a decrease in 4 .

Maximwm AFN. It should be noted that the maximm AFN for any
omtoatoccmmruubotmrlmdroinmumityofo
(mhi5,6).‘ﬂuroforo,Hﬂutm'l'otthnitﬂclnnumlbh
be estimated, the test selected should not place that T near s. This
would be deliberately aiming for the lmngest test possible.

ItwﬂlbcnontnomtoutTlubanthooxpootodr.rhocm-
muu-ommmtnunnammotmmxo:wm
submitted. If the T; needed were actually higher than the T possible
to produce and T could not be reduced, then screening inspection or
smothutmotl&ﬁowthgnbﬂdhomidom.lmtm
mtcmnotwmth.qmnymhu&todwmthmwotmuet

7.
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% _.
B 18 0.1
m -
Bxpected ) \ /%o
Nmber 25 17 T4 — 0,73, C-17
ot -
Failures J/b/.\\ Oo%, 0-15
—— L\ 00512, Cc-11
R gy — 2.3'70,‘0-7
0.5 1.0
Fig. 12 /Ty
(Data from Ref 18:2.69)
50 B 18 0.1
] \ /Ty
AN 0,800, D=17
25 q \
' 0,737, D-15
‘ —————  0.650, D-12
—— 0.506, D=8
0.5 1.0
Pig. 13 /%o

Variation of AFN with T,/Tg, ot of 0,25

(Data from Ref 18:12.6L)
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can. It can give information at a minimm cost, and it can provide
incentive to the producer not to reduce quality excessively through
over-diligent cost-reduction programs.

Ingmrd,thotexpoctodahmﬂdboabmrowctmtanghtk
below it depending on the preference of the producer to take or avoid
risks and on the consumer's desire for a short or lang test. A long
test may provide more information on the equipment, but it will prob-
ably delay delivery.

Small AFN. As indicated by Figures 12 and 13 a smaller AFN
ocours when the equipment is very poor or very good. This agrees with
the general concept of a sequential test, If the first 17 wlnuts
sampled from ane bag were good, the probability that the whole bag
was good would certainly be much higher than if 17 of 25 were good,
If the equipment shows very good or very bad T the test can be cut
short. Thus, a faster test occurs when the true T is outside the T
to Tp band,

Yariations in Bxpected Test Iime

dppendix D indicates that the expected waiting tims for a decision
is a direct function of the AFN and is quite direct when failed items
are replaced or repaired and returned to the test somn. It is difficult
to state exactly how much off-test time in repair is too much, but a
down time of 5 £ or less of the operating time should not cause an
error more than the other estimates cause, This figure is admittedly
subjective and should be investigated on individual tests if it appears

39.



®REER/63-7
troublescme,

The same coments that applied to the APN apply to v(t)/‘ro,
the sum of the expected waiting time in multiples of To. As T1/To
increases, the waiting time increases. As « or (3 risks decrease,
the waiting time increases - Figures 1l and 15, as could be expected,
are similar in form to those for AFN versus T/I, except the influance
of increasing T tends to reduce the drop off of V(t)/T, above Tg. The
reduction in test time is still sppreciable, however. The maximmm
omoctodaitmgortnttmu;w.nuhen'rtrueubetwunrlmd
To and near s,

Incentive for Righ I. The reduction r teat time and therefore
in test costs should act as a strong incentive on the producer to pro-
duoce items withrmcmthn‘ro.otcmo, it also supplies incen-
tive for him to agree to the lowest T, possible. The reduction for
various T greater than T, was not caloulated for this paper. AMCP 7L-1
(Bef 16:11) indicates that for AGREE Task Group 3 tests, where T,/T,
h0.667.Uthltm?utid.col‘o,th.upootedt“tﬁuhmtho
Mormommwunmmmtmruro Figure 1)
indicates that the savings will be especially large if tests of high

discrimination or high T)/T; ratics are used, Figure 15 indicates that
the savings will be less at high { tests.

Yariaticns of Jest Charsoter with Swmple Sise n
If the distribution of failures 1s actually expamentially dis-

tributed the number of equipments, n, put on test should have no effect

W,
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% (% h-anRo_f 167:11)

T P A3 at 0.1
Vie) /T, | T/To
Sun of ! \
Total ¢ | ] 0.743
Test Time T T

in ]

Multiples 0.666

of ‘1'0 *
1

0.370

0.5 1.0 true T/Tg
Pig. U
Variation of Test Time with T1/T,, X at 0.1
(From Ref 18:2,6l data and Table II)

50 /S at 0,1
\ 0.&0
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4 N 00737
P—— 0.650
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Fig. 15 true T/T,
Variation of Test Time with T/Tp, o« &t 0.25
From 8 )
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an the test other than to reduce the calendar waiting time if n is
large. For a particular lot, the sum of the test or waiting time on
all equipments should be the same regardless of the sise of n, The
tests considered in this paper are primarily oconcerned with small n
samples and small lots. The problems of sampling as covered by the
production test procedures of AGREE Task Group #3 (Ref 13:167-17k,181-
190) are not covered Currently, an relatively small lots the only
reascnable approach seems to be to assume that the few items that can
be placed on test truly represent the lot while adding whatever require-
ments seem practical to increase the probabdility that the assumption
is true,

Ristributicn not Rponeptial

There is, of course, the very real risk that the distributian is
not exponential, This section is the anly one in this paper considering
& nan-exponential distribution. The distribution may have an increasing
or a decreasing failure rate with time such as the Weibull distributions
described by Tecimical Reports TR-3, -4, and -6 (Refs 20, 21, 22), 4
decreasing failure rate could be found for same parts, but in oquip-
mants it would probably indicate inadequate burn-in or debugging by
the producer before the items were submitted for test. If the failure
rate were truly decreasing with time, a large n on test would mean
that the T seen by the test would tend to be short, Fewer items on
test would give the items time to get out to the langer T 1ife period,

L2,
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The more probable variation from exponential will be a failure
rate increasing with time., If n were large, the sum of test hours for
all n items would accumulate rapidly and the test would in effect see
a low failure rate or high T, The probability of accepting equipment
that would seem poor in later life would be high. Low n would stretch
the test time on each item so the higher failure rate period could be
seen, Usually, there will be fer from an abundance of equipments
available for reliability test. A small n will at least tend to reduce
the increasing failure rate problem, but a amall n can also reduce the
probability that the sample truly represents the total lot being pre-
sented for acceptance.

Since large amowmts of data are usually needed to determine
withmyhighdomootcmﬁ.dmcothotmdiatubuumotapopu-
lation, it will probably be difficult to establish tests for new
equipments with any high degree of assurance that the distribution
assuptions are sound., When no data are available indicating other-
wise, the expanential distribution seems a reascnable assuption. It
could be said that it takes the middle ground if the distribution is
completely unimown, it greatly simplifies calculatioms » mach work
using the exponential assumption that has besn done in cperations
research and telephone systems, and as Hpstein points out it allows
application of the well developed Poissan process (Ref 7:2), Epstein's
work on tests to determine if assumption of the exponential distribu-
tion is valid is an excellent reference for methods to be applied

3.
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during or after a test (Ref 10),

Irwoation

In any SPR test there exists the possibility that the test might
terminate only after a long time regardless of the o(, 4, T1/T0 para-
neters. Usually, the probability that an SPR test will terminate
before an equivalent comventional test (same & and /3 ) is on the
order of 80 %, but a particular test sequance could wandsr about in
the no decision sone, It is suggested that the procedures of Hand-
book H108 be used in specifying truncation points which cut-off or
stop the test at some combination of test time and failures when the
time has grossly exceeded that expected, The canvenience of the pro-
cedure is one more advantage in using H108 (Ref 18:2,58,2.60,2.62),
It is believed that a procedure to simplify calculations of « and
A3 risks at much earlier truncation points would be useful, but this
was not attempted for this paper,
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V. Test Costs and Selaction Procedure

Some relationship between test cost or time and the Ty/T, test
ratio could be very helpful in selecting a good test plan for each
particular problum (the term optimm test is avoided since an optimm
test based on rough estimates seems unlikely), The SPR test plan data
of Handbook H108 (Ref 18) seems to have been based on the methods
desoribed in this psper, so data from that handbook were used as a
starting point,

Relationship of Test Iime to 1y/X,

In attempting to find a relatimship between the expected test
time and the test ratio it seems reasmable to assume that few con-
tractors will be pleased about an o risk greater then O.1. As pre-
viously discussed, even if the consumer estimates a T; point at 3
other than 0.1, the test can be described by seme other T) or T)/T,
at /3 equal to 0.1, Therefors, the Code C test plans of Handbook H108
were used. These plans and the associated 0.C, curves set o« at 0,1
at To and 48 at 0.1 at T (Ref 18:2,13-2,16,2.64).

The AFN values for T equal to T3, o, and T, wvere read from Hand-
book H108 for various test plans. That data and the data resulting
from the procedure described below appear in Appendix B, Using the
relationship of V(t)/T, to AMN described in Appendix D, the time
V(t)/To was calculated, That average accumulated test time in multiples

Ls.
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of Ty versus the T;/T, is sketched in Figure 16, As could be noted
from Pigures 1, and 15, if the T true is equal to T,, the expected
teat time is shortest of the three ocases considered, If true T is
equal to s, the slope factor, the test time is longest.

Regression of Test Tims oo Dy/%

The shape of Figure 15 indicates an exponential relationship.
The regression method used is described in Appendix E. Probably due
to the Tg/T) - 1 terms in the inequalities governing the SPR test,
the relationship does not seem exponential over the entire range,
However, the calculations indicate that for a T,/To renge of approx-
imately 0.26 to 0,72 the regression equation below holds within
plus or minus 7 %,

(1(83/%0) - 1.7)
TR R ()

This relationship gives the expected time to reach a decisimn
in mltiples of To when the true T is T as a function of the test
ratio Ty/Tg. Tg seemed a reascnable compromise T to use as an approx-
imation of the T to expect, Using the curve for T equal to s (3 true
in Figure 15) seemed pessimistic. It could be hoped that the average
test did not face this high test tims candition., If, on the aversge,
T is true, both the producer and the consumer will be in deeper
trouble than long test time. The producer will experience a rejection
rate of 100(1 -4) % of production. The oonsumer will receive poor
items primarily and not many of even these. T, is the target

)
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(Data from Appendix E,
Table III)
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point at which the producer will probably aim, Figure 17 shows the
regression plot of Bq 11,

Fron the regression it seems that some relatively sismple rela-
tionship can be obtained for the expected test time as a funoction of
the test ratio. If this relationship could be combined with the vari-
ables of the physical test proocedure such as number of hours per day,
shifts per day, days per mmth, test facilities per unit, and the
several others that can change the cost of a test and the calendar
time required for a decision, then a test cost as a function of the
test (73/T) could be developed. Such a relationship was not developed
for this paper, tut cne seems feasible,

Sosts
The Naval Ordnance Test Station Manual indicates that one valid
relationship for determining sample sise is
Cr = /3 (Cost of Accepting Ho/H; true)

7 o (Cost of Bejecting Ho/Hg true) (12)
7~ Cost of Test or Experimmnt (Ret 3:17)

or
Cr = B8 Cp + & C+Cy (13)

where

Or 15 total cost
o{ is producer's risk
B s omeamer's risk

8.



L9.

- - v 1..41
N 0004 PRGRS SENPane g M Pl 1001 00001 S04 DOODE 001 19001 N00E 10000 SEEY
[P B . [ Y N A o B TN FOUUY TN U WY SN R Fo—
[ P . ver N O SOUY S N PO
. . cws 2 TR i LETY TR - -
SR8 B
= o
P . . . IERTY TR .o fly 2w — i i e 2 -+
FUD SRR AR SRR S N S A % 10Nt oo leid
e I TR S S R 4 - . ' y
eeeefecec Bomo b g e-mg 0 0o P PR oo TN PR )
. .
i M "
R EEl RTe s B J OO R ssd8 DA 9 ]
SO DU (P ST AN, R R . S . D e S IPOSS PEIRE BN
AP N, [ SO BN S0 FOUUY (SO DUSIEY WPUS SURNY TORNGN SRR
e e s [P S S N T D6 YOUDY 'S DU M YOURe S SRS
- - . foor-§---o e FERY SRS DR o - « EERY 32X 'Lr -
- K 1
PP .. . - - - CEEY 'S XIXTT IEETY TXY - - .- » R e and 4
R S D FOTY T SN NN IPPI TN N SN + .
-t Y / U T TOUSY S SUURY S U U EE B
=
.. .. / e % cere
. N U ~ . ; .
I PO NPES RO e
IO DR [ S A .
¢
[UDE DU SO DU U U0 SO e .
. . . - . - - . er'AT PSP I —
- . - PR — - v .
FU DR R I TS 0t S UDY VRN DR UUN SUURS SO o gl R SN, 4 , e —
R SR . R 5 . PP -— —— e ——
U S S IR T oo U N j S, . —
JUR S [ C e e . U S U TP TN IOUN T e AL .- ce e o . -
Y U N S R OO PRI DIVRNNS I FROUN SY PIPU RN S . .
P SR S S 1N U SO SR I JUN SR SR S 8 SUNDE DE
PR S - - - . . e . - P R R I S P B R A - —— é > - -
D N R A P S e R R D e -
FE O S [N SRR PN i AT L. JUU SRS SN
PN R - on - - e cofponcafeonre o fdeccnd congoe - .. .
DS SRS RIS S 98 SPUDY pE ofee 88 PR I -
t
NO0S DOODS DI SV JOU SURDY N9 00001 S000E SEDOE DIGIES St -
U Q. N e .. PO A I P e N = +
[y S . . IR0 PRANDN ee S DAY (N S - + .
PO A . ... POTY VRPN I TOpI S + + -+
RN SRR R . . - . PPOS FDPPE U x.;dn.’“-....v.???t‘lrllol. - ———
. 1m P . RO FRNS IP0 PR SO D7 T DU S : . —
Ceew 3 . 1. - FOULH G SR [SPUSEO [ L -
IR S L. . - R SO DU PN FUUUN FURUY U DR ﬁit [ S JUSN PO S .
SR SUDNE ~GF (o) NENINENY W NI O PUUY SURI SIS U0 RN NS SR TR IO U SURUS PO -4-
IUUNE SO SOE SD08 U i O I8 SUNON U SR SN S,
= g IS I N Joe B 4 - . . ddos ' 4 44+ +
11 80R R AN SRR it 190N N IRE0E 1T NI FRNL AT RN AN NEA JENEBTN R W 1901 15081 1SSES BABEE ITNIVEINT 1ER00 20 A0S PO D!




GRR/ME/63-7
/3 Cp 1s the first temm of Bq 12
! Gy 1s the second term of B 12
Cq 1s test cost

If a relationship for the above quantities in terms of Ty/T,
ocould be developed the total oost, Cp, could be minimised with respect
to T3/To rather than mimimised with respact to n, the sample sise, In
this section as in most of this paper, the sample sise svailable for
reliability test is considered essentially constant. Whatever wmits
that can be made available (which will probably be fow) will be used
a8 n.

Cp Cogt. A relatinship for Cp of Eq 13 in terms of 1y/T is
desired. It is assumed the problem omoerns a checkout equipment used
in what ocould be considered a oriticsl application supporting a oombat
vehicle, The probability that the equipment will not fail through its
mission or use time, t, is

P, = P(checkout not fail in t) = A (w)
The probability that the oombat vehicle will fail due to a checkout
failure 1is defined as
2 = P(vehiole fail/checkout failed) =
Number of vehicle failures dus to checkout failures
Number of checkout failures (15)
The probability that the combat vehicle will fail its missicn due to
checkout failure (or error) is

Pr = (1-P3)2 = P(vehiole fail due to checkout fail) (16)

50,
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This is based an the assuzption that the designs of the checkout
equipment and the vehicle are adequate and coxpatible - that is when
the checkout behaves in what is defined as proper operation, the vehicle
is properly checked, This, of course, assumes ammy a difficult task. If
Ce is defined as the cost of a lost missian, then the expected lost
misgion cost per mission dus to checkout failure is

Cu =CgPp =Cp(1 = P,)2 (a7)
If the distribution of checkout failures can be assumed exponential,
from i U

Gy = Cp2(1 -.-w) (28)
If an estimate of the cost when T equals 7, is desired, and 1f the
expanent is normalised to Ty, I 18 becomes

%,
T

Cp 1is expected lost mission cost due to checkout failures whe .
Ty is true or the cost of accepting Hp/H; true

Cr 1s cost of a lost mission

Z 4is defined by Bq 15

¢t 1s opereting time of checkout equipment

To is the high target point as earlier

T) 4s the assumed actual T of the checkout equipment

Cp = Ce2(1 - @ ) G

51,
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As T,/1, deoreases, Op will increase which is to be expected. If T is
held castant, as the T decreases more failures are expected. ¥q 19
should be appropriate for the first terms of Es 12 and 13,

Repair and maintenance costs would be added in K 19 ii sppre-
ciable, but for simpliocity here, it is assumed a lost missim ocost
is mch greater,

Gy Costs. The cost of rejecting Hy given Hy is true could be
omsidered as constant with reference to Ty/T;. These costs of reject-
ing the lot wvhen Tg is the trus T will involve ruwork costs, resub-
miseion oosts, and whatever value the producer puts on any reputation
loss. The oansumer loses the availability of the actually --ceptable
equipment which might be badly needed. These costs will essentially
not vary with the T/T, test ratio,

nnnomumwmmurmo,mmmm
approach of taking the derivative with respect to T1/To and equating
to sero should lead to the minimm cost. This proocedure would in effect
equate marginal cost to marginal gain, The G, costs would drop out of
the relationslidp since they would not vary with Ty/Ty. These ocosts
would change the magnitude of the minimm cost point, but they would
not change its positiom wih respect to Ty/f), which is the paremster
desired,

Qo Tegt Cogta. The test cost will be function of the following
test canditinss the complexity of the measurements to be made, the
eviranaental facilities required, the measurement and test equipment

52,
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required, the personnel skills required, the penalty costs involved
by second and third shift operation and six and seven day operetion,
the power required, the number of equipments on test, the length of
test, and other factors. For any particular n, it should be possible
to estimate C, as a function of nt for various values of the above
factors controlling test cost. Since n can be considered essentially
constant for one particular problem, the test time t will be the major
variable facior in the nt value. There is no reason to expect that all
Cq functions would be linear, tut even linear approximations made from
a few caloulated cost points should indicate the general trends of
cost change.

Minimn Cost. The V(Tg)/To of Bq 11 is nt/Ty. Therefore, if
the proper algebraic manipulations are applied to BqQ 11 and a cost
function as discussed in the preceding parsgraph, it should be
possible to obtain an expression for C, as a function of nt, To» and
T1/To. A graphiocal approach using Figure 17 and plots of the cost
finctions with nt as the independent variable could lead to plots of
the sumation of expected costs. The combination of Cp and Cy &8 in
Eq 13 should indicate the minimm cost point and the related T,/7,
indicated as the best test ratio.

The algebraic work suggested above was not completed for this
paper. The approach seems feasible, however, and if developed should

53.
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yield at least a good starting point in selecting the T1/Tp ratio for
a particular test,

Progedure for Bolscting an SfR Test
The procedure above certainly is far fram a final answer on a

method to select a test, Appendix J contains a suggested approach to
selecting a reasanable T/T; test for a particular job, The sugges-
tion is primarily to use brute force in trying a T,/Tg, reviewing the
risk considerations of Appendix F, estimating the costs and time,
then trying again if the result is not satisfactory. Hardly a sophis-
ticated proocedure, tut it seems to be the mme recommended by much of
the literature on the subject. Again, it is recammended that HL08 be
used at least for guidance when appropriate.

Sk
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VI. Conclusion

Results

A step-by-step method for a guide in selecting a reascnable SPR
(sequential probability ratio) test was desired, Appendix J gives
such a guide. As previously mentioned, it is hardly a sophisticated
method, but it should be helpful in obtaining tests nearer optimum
than pure guesses. The flow chart of that appendix references several
of the other appendices and tables and Figure 17 of this peper in the
hope of making best use of the effort invested.

Appendix F liste same of the points to consider in choosing
acceptable risks for a test.

Figure 5 and similar curves that could be obtained from the
methods described in Appendix D using Handbook H108 should supply
information to show project engineers what an SPR test could do to
reduce waiting time before a test decision,

Table I, which is included here as a swmary of soms of the
previous work, gives an easily obtained reminder of the effect of
changing any of the SPR test parameters. It could be useful in maling
decisions on how to change a test plan that is unacoeptable,

In general then, the results of this psper consist of a series

ummmnmmmwmaohcmmdmwmu
SR tests,

55.
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Sepolupions

SPR tests will on the average yield shorter waiting times for s
decision than conventional tests. The time savings vary with the parameters
of the test, of course, but the savings can be on the order of 50 %.

Handbook H108, Saxpling Precedures and Jables for Life snd
Belability Jesting (Dased gn the Beponegtial Distributig), is an
exoellent reference for various test plans of the SPR (sequential prob-
ability ratio) tests discussed in this paper. If an existing military
specification or other standard does not exist giving more test plan
and procedure details, for a partiocular test selected, that handbook
should be used whenever possible.

Figure 17 indicates that there is scme relatively simple exponential
relationship within a useful range of Ty/T between V(7,)/T, and T,/%q
which are, respectively, the sum of the expected test time in multiples
of To vhen the true T (MIBF) is T and the test ratio of the lower and
the upper specified limits of T for the partioular plan. The discussion
in Chapter V indicates tbat if the proper mathematiocal relationship
could be derived, selecting a good test plan could be greatly simplified,
but that a grephical approximation may be practiocable in some problems,

In gensrel, SFR tests should be considered for reliability tests
of most equipment. Simple equipments for which adequate design can be
ocompletely specified are another question. Commonly used life tests
involving preassigned times for termination such as those desoribed
in the front sections of Handbook H108 and by Rpstein (Refs 18, 9, 11)
are certainly valid tests and are appropriate in many instances, but
SFR tests should always be at least considered. Basovsky is a convenient

51.
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reference for a description of the preassigned time tests (Ref 1:238).

ACP 7u-1, Quallty Contrel Reljatility Bvaluaticn Procedures for Pllgt-

Production and Production 8 Rsocsmended by Iask Group Mo, J of AGRER,
i3 an excellent reference for assistanoce in understanding and in using

AGREE procedures.

Beogmmepded Pyture Work

Investigate the relatimnships between the V(t)/T; expected test
ti.mdﬁoﬁﬁo“ﬂutmuﬁmhmofmmtb
mathemtical relationships for minimm test cost and expected loss
as functions of the test retio. Appendix E, Iy 11, and Mgure 17
indicate that such a relationship should be feasible. It would be a
very useful tool if availadbls.

Study production multiple sampling procedures for reliability
tests with the intention of cutlining the prooedurs to be followed in
establishing various plans for varicus risks and production retes.
Reference is made to the production sampling proocedure recommended
by AGREE Task Group 3 (Ref 13:167).

Investigate the possibility of and the practicality of developing
& series of test plans similar to Handbook H108 for distributions with
increasing hasard retes with time, The Weibull distribution is, of
oourse, sn example.

Mm«mammn&mnmmdmm.

procedure for establishing the risks incurred by varicus truncatien
times,
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Appendix A

SER Iest for Rxponential of Polssn Case

If the underlying distribution of failure of a population is
governed bty a constant instantanecus failure rate or hasard rate, the
probability density funotion will be of the form

£(t,1) = _;o-t 1 £>0, T>0 (20)
shere T is the mean time between failures and ¢ is the mission or
operating time. The cumlative distribution from O to t is the unre-
liability or the probability of one or more fallures in time t. This
leads to the well lnown reliability relatimship or probability of no
fallures of

-t/T
R=oeo (1)
which is also the probabllity of no failures of a Poisson distribu-
tion with MTEF of T. The exponential then actually describes a Poisson
process.

If there are n units on test in a Podsson process the failure

rate will be in effect nt/T. Therefore, the probability of exactly r

failures in time t is
r -at/r

P(rsn/T) = (nt/T) o (22)
r
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Therefore, the SPR or liklihood retio for any observed r is
P(getting sample got/H; true) _h - P(rsnt/T;) _
P(getting sample got/Ho trus) Py  P(rint/Ip)

1 -et/m) (nt/1y)
o ! -(nt/1)) + (nt/Tg) r -
sl ——=e  h 0 ey (/) =

e 0 (nt/1g)

rl
1
et
- (rdrl) e (23)
where test is for Hy T=Tp (T2Tp)

H: T=7, (IST), (h<T (@)

This, as it should, agrees with Epstein and Sobel (RefS:2) and
Basovaky (Ref1:258). It should be noted that nt is the total test
time for all equipments on test., For a replacement test, this is
obviously true, For a nonreplacemsnt test, the sum of the various
test times on the different equipments is used. ihis total test time
is termed V(t) in this report which agrees with uuch of the literature,

The SFR test developed from the above ratio is

e -l g 1-4

L =h
1-¢SB<(T°/T1) ° e <US—— @)

If violated on left If not violated If violated an right
Accept Ho Contimue test Accept H,

The decision criteria are as noted.
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A test could be conducted by taking one observation (one failure)
at a time and computing the SPR at each observation to determine if
s decision could be made at that time. ‘

Simplifying the Form. Bq 2l is commonly manipulated to simplify
decision making during the test as follows.

1 1
In B<r In (/1)) -(— - —)V(t)<1nL (25)
n%
Inb-rln InAd-rln (T
P WM < i G/
1 1

Binoe T,>1,, (1/:1 . 1/ro)>o. Defintng [1/2, - mo)u v for brevity
and 10/21 &8 k (vhich is commmly called the discrimination retio,
Ref 23129)

InB-rlnk A-rlnk

in
<-7) < (27)

Dividing by minus one and reversing the inequalities

-ln A rlnk «-lnB rlnk
+ <)< + (28)
v v v v
(hdm%dd.) (‘Mtﬂo'm)
This relationship is comonly expressed as
B +re<vV¥)<h, + rs ()
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ho-.:—-—— (30)

Y 61)

(), B=1_°L G)

B S given earlier is the commanly used normalised form of By 29.
The work above is sixilar to the presentation by Epetein and Sobel
(Ref S3k) and later papers by Npstein. Handbook H108 (Ref 18) gives
the above h and s values normalised to T for many sequential test plans.

To check that the reject and accept sides noted above are correct,
ﬁrnitunommttwlwkhwmthlnl.wm, rlnk
is positive.Therefore, the second term, r s, of each side of the By 29
inequality is positive, If & and & are both less than 0.5, which
they must be, then A 1s grester than ons md - 1n A is negative, B is
less than one, 80 - 1n B is positive. Therefore, the right side, accept
Hy, 1s larger than the reject side, 8ince Hy is for a high T, it is
expected that for the same number of failures, the V(t) must be high
to lead to acceptance of Hy. Therefore, the decision oriteria check.

6ho
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Appendix B

Iasis of A sd B Decigion Values
Wald (Ref 15:41) and the Columbia Statistical Research Group
(Ref 143B.05-,07) give in effect the following reascning behind the
A and B decision values and their relationship to the sampling risks,
The liklihood ratio or SPR is set up as
P(get swxple got/H true) 2
= 8RR — <A (32)
P(get sanple got/Hy trus) Py
The A and B constants are independent of n, the sample size, A
snd B are combinations of the { and /3 sampling risks such that the
probability of acoepting K} given Hy true is o{ and the probability of
sccepting o given H) true 1s & .
f Hg i3 true the denominator of the SFR should be larger than
the numerator and the ratio less than one. Some B less than one can

B<S

be selected such that if the SPR calculated for a particular sample
is less than B, the Hy hypothesis is accepted. If Hy is true the SPR
should be greater than one, and at some A larger than one a decision
to acoept Hy can be made,

Say for a partiocular test the trus SPR is greater than A, That
is, the probability of getting any particular r events of n observations
giving SFR greater than A, since H) is true, 1s at least A times as
mtummmmwummmmmphmuonw.
That is, the probability of getting a sample that makes the caloulated
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SFBMterﬂunAunthutttwathoprohbintyotgwmtho
mmhmmwsmumomn(uow).m,mm

algebraically

B, P, > AR )
Po
or
P(get SPR sample > A/Hy trus) > A(P(get SPR swple > A/H, true)) (3L)
P(accept Hy/H) trus) = A(P(accept Hy/H, true)) (35)
P(reject Ho/My true) > A(P(reject Ho/Hy true) (36)
or, Eince
P(reject Hy/H, true) = 1- 3 Gn
and
P(reject HONO true) = A (38)
then, from Ky 36 1-48 24 (9)

which gives the important
A 2 Q-8) = (ko)
Say that for another test the SPR is truly less than B, That is,
any SPR caloulated from the sequance of observations making up the
saaple should be less than B, Then,

B
%o
where B is less than ane so P is more probable,

Then, the probability of getting a sample making the SPR less
than B when the true SIR is greater than A (H; true) is at worst or
18 no larger than B times the probability of getting a sample giving
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SFR less than B when the trus population S8PR is less than B (H, true),
or P(get SPR sample<B/H; trus)<B(P(get sample SPR< B/H, trus)) (L2)
or, P(accept Ho/H, true)<B(P(accept Ho/Hy true)) (l3)
and substituting risks again
A3 £ B(1-«) (L)
B >A(1-u) (1)

The above A and B relations are those commonly used with the
oquality sign in SFR tests of all distributions. o{ is the producer's
risk and 3 is the consumer's risk, Wald (Ref 15:42) and Epstein
(Ref 8:2,77) indicate that for practical applications the A and B
relationships using the equalities yield adequate approximations for
the true sampling risks of the test derived from the relationships.

The effect of using an A that may be slightly too large (using
the equality) is to increase the decision valus for accepting H; and
to spread the no decision range (see Eq 2l). A decision to accept Hy
can usually be made as the V(t) value for acceptance of Hy at some
particular r is crossed by the event plot (see Figure 6). That is,
thmuumm.vnoucmumﬂubmmdnyoronrtheacceptnne
formopﬁuno.mwmunbommu over the reject
boundary since the event plot moves in discrete jwwmps of ne r at a
time alng the abscissa.in the usual SJR test plot. An event will
seldor oocur exactly at the reject line, The B value is usually exact
then, but if the equality for B should be wrong the effect is to
reduce the sise of the B used from the proper sise, and again the no-
decision area is increased, Using the equality signs then tends to be
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safe - that is the trus risks are lower than those indicated in the
calculations,
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Appendix C

Gotaining an 0,C. Curve

The 0.C. curve gives the probability of accepting H, (that Tq is
true) given any true T. The abscissa in the plot is frequently given,
as in this paper as, T/T;. Wald gives procedures for obtaining .the 0.C.
curves for SPR tests for other distributions such as the normal and
and the binomial (Ref 15). Only the exponential is considered in this
section,

Need for 0,C. Calculations. It is assumed that few calculations
for 0,C. points as described below will be needed - Handbook H108
should supply curves for most purposes (Ref 18:2,5-2.24), If calcula-
tions are needed the procedures described in this appendix give good
spproximations, There is a good deal of literature concermning exact
0.C. curves for the exponential, Such literature usually describes a
good deal of effort., If production is relatively continuous or repeti-
tive and if the quantities are large, exact probabilities and risks
may be useful. For estimating the parameters of a test involving low
quantities, particularly when the T expected and the T actually needed
is subject to approximations that approach guesses, the value of exact
0,C. curves is questionable,

69.



QRR/ME/63-~7

Epstein and Sobel indicate that for exponential SPR tests,
good approximations for the 0.C. curve can be obtained from the
following pair of paramestric equations which have been slightly
modified for this presentation. For convenience, they have been
normalised to T,.

A -1
L(T/1g) =<3 (u6)
A -B
/T = _(.r/i)_-_}_ 7
0 s (/1% - 1)

where s can assume any real value (Ref 5:4). For a particular s,
some 7/T will be obtained from By L7. That T/1, valus is paired
with the valus obtained from Eq LS using the same 3 to yield
L(T/Tg)« As many points of an 0.C. curve as desired can be genersted,
An example follows.

For To/T, equal to 2 (note T)/T, is 0.5), and X and B risks
0£0.1, A1s (1 -B)/at or 9and B is S/(1 -ol ) or 1/9. From Eqs
b6 and 47 the following combinations of s, T/Tgs L(T/T,) are obtained:
2y 1.5, 0.995 1, 1, 0.9; 1/2, 0,828, 0,755 0, ?, 7} =1, 0.5, O.l.

Sample Calowlation for Q,C. It was noted that the points
obtained from the above relations agreed quite well with equivalent
points from the 0.C. curves of Handbook H108 (Ref 18:2.15). The fol-
lowing is & sample osloulation,



Using
8 = 0-5
20.5 L
z —_— =2'\/;- 1= 0,828
Mo = o 2-1)

90.5

= .828) =

x.(r/ro) L(0.6828) oS o
9 - (1/9)

-1 2

n
!
(=]
L J
-3
W

0,C, Approximstion Points. If 0.C. approximation points are
necessary for the purpose of selecting an SPR test, five points

should be adequate for most problems. Epstein suggests the following
approximations be used since they are simple and adequate for most
test selection use, A fevw sslected sample calculation points have
indicated that Handbook H108 points are in agreement with the points
below, which leads to the inference that the handbook was based on
these approximation points for 0.C. curves.

Table II
0.C. Approximation Points
T 0 Tl 8 To inf,
ln A
un |o | B | ——|1-«| 1
InAa-1nB

T1.
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Appendix D

@taining Averege Fallure Mumber AP spd Waiting Iime

Bandbook H108 gives AMN values for meny SPR tests (Ref 18:
2.63-2,65). 1f they are not suitable, the following relationshipe
given by Epstein and Sobel may be used after the L(T) values of
Appendix C are obtained (Ref 5:5),

(U B+ Q-LT) IaA -b -LNWy k) ;T#e
< =
m(roﬂl)-r(—--l—) *-f
Am =< R
~(a )@ B) _- .
| [ (‘fo/!i)]! o2 PEEe w8

Usually an AP ourve approximated by values at a few critical
points should be adequate. Epstein suggests the three points below.
Terning To/T; a8 k

AlnB+(1-4)mna

Ani(Ty) = Py L9)

() = '“:: S: 2 (50)
Q-

my DI,

(Reg 6:11)
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To obtain the expected waiting time the equation below from
RBpstein and Sobel may be used (Ref 5:6,8). If the test is without
replacement Handbook H108 gives a different relationship (Ref 18:2,58-
2.59).

AFN , T  (Failures)(Time/fail)
n (squipments)
Where E(t) is the calendar time, AFN is the average failure number, T
is the true mean time between failure, and n is the number of equip-
ments on test. Manipulating this somewhat
nB(t) T v(t)
s AFN = (53)
To To To
where V(t) 1s the sum of the test time an all items, Therefore, for a

E(t) = (52)

particular test with replacement the AFN values can be obtained from
the above caloulations or from Handbook H108 if appropriate, and the
expected waiting time V(t) for various posaible T trus values calcu-
lated easily,

For example, to obtain the V(t)/T; values for various T when
using Test C-11 of Handbook H108, Table 2A-1 gives a ratio of 0.512
for ‘1‘1/130 (Ref 18:2,2). It should be noted that this is quite close
to the AGREE Task Group 2 test (Ref 13:88)., Table 2D-1(c) of Hand-
book H108 gives at T equals T; (01 in the table) an AM (Er in the
table) of 9.7. That is, if T equals Ty, 9.7 failures 'por test can be
expected an the average,
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8inoe T/7; 1s T,/7, and
V(T1)/To = AMI(TY/To) = 9.7(0.522) ¥ L.97
If T is Ty, T/Tp is one and
V()T = 6.2Q) = 6.2

The
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Appendix E
Estimating V(1,)/T, Versus 11/Tp Relaticn

The sketch of Figure 16 indicates that an exponential relation-
ship is a good possibility. If true, the equation will be of the form

ax 4+ b ax (54)
y= e = Ce
(T/To) + b (55)

This is the expected test time in rmltiples of To for a test with
ratio T)/Tp if Tp is truly the lot T. Then,

Iny = ax + b (56)
where
Slope = a = Iny; - In yp (s7)
X1 - X2
b= lngp (58)
and
V(T)/Tg = (V(t)/given T = Tp) . L/1, (59)

The data of Table III were obtained from Handbook H108 initially
and calculations made as described in Appendix D.

When V(T0)/To data from the table is plotted n the log axis of
semilog paper againast the T;/To ratio for the related test, if the
relationship is exponential, the plot will be a straight line, Migure
18 shows that such a relationship holds quite well, A formal
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regression analysis could have been run, but a visually placed line
is often sufficiently accurate, partioularly when the points deviate
but littls from a line. The error calculations indicate that within
the T/T, range of approximately 0.26 to 0,72 the error is less than
plus or minus 7 %.

It seems appropriate to note here that the Handbook H108 code
C-11 and C-15 tests noted in Table III are similar test plans to those
of AGREE Task Qroups ” and 3 and of MIL-R-26667 Methods 1 and 2
(Refs 13, 19).

.
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Sample Calculation,
8
wopes 3.2 - 0.
a= —
0.7 - 0.3
Intercept,

b=ln yb = - 1.7
Regression equation
[12/%0) - 1.7)

1ny=7(rl/ro) =1l7=1ne

[ 1/ - 2.7]

o Y= v(ro)/ro =e )
or
7(7,/2,) 7(1/7,)
1(2/Tg) <17 _ o 10 e V7o
=e o = =
1.7 5Ll
.
(e (11a
oo v(ro)/roz 0.183 e ( 1/20) )
Error,

n = 0T oade - V(To)/To
v(20)/Tg

At T,/T equal 0.666

7(0.666) = 1.7
V(To)/T, calo= © = 19,45

V(T,)/To = 18,50 (From Table III)
- 190"5 - 18050

= 0. 12
16.5 0512 or S.12 %

19
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Considerations in Choosing (3 , Consumer's Risk or Ty

level A3 lowor Ty high /3 high or T; low
Ifs Since:
Consumer 1. Application critical 1, Tmds to reduce test
vants 2., Items are for GPAB to time
lavel - a system cantrector If:
3. Producer's reputation 2. Must obtain even low
questionable reliability items
L. Past performance poor sooR
5. Facilities inspectimn |3, Estimated costs of T
causes doubts items not excessive
6. Producer's procedures Consider:
questionable in: repairs expected in use
design, lost time when fail
quality control loss of a/c or missile
reliability plans, or other
organisation, loss of mission of
lnowledge supported system
progran redundant items needed
data feedback, use to assure function
other vhen needed
7. Producer's attitude poor added personnel,spares,
8. Producer does not seem facilities dus to T)
to understand problem L. Producer's reputation
good
Producer 8ince:
wents 1, Tends to reduce test time
lavel - 2, Fewar marginal lots

rejocted
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Table V

Consideratims in Choosing X , Producer's Risk

force bid price too
high to be accepted

Llaval X low or X high
Since: Since:
Consuner 1, Wwill accept more lots 1, Tends to reduce test time
wants near T, 2. Forces producer to
Level - If: set target T higher
2. Items needed somn than Ty to reduce
3. Impact of delayed lots rejected
delivery of good items If:
will be high 3. Information indicates
L. Producer must add that the trus T will
too big a margin to probably be about T,
his price to cover but the variation from
possible losses due to unit to unit will be
rejection of good items large
Since: Since:
Producer 1. Will reject fewer lots 1., Tends to reduce
wants near but below T test time
level - If:
2. Impact of rejection
will be high
3. Higher risk will
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Appendix G

¥hen to Use SR Tests

The Columbia Statistical Research Group dooument gives rules for
deciding vhen an SPR test should be used rether than a conventional
test (Ref 14:1,08). These rules are included in eseence in this appendix,
If an SPR test is used to test a characteristic of items where the unit
of test is one item, a reserve quantity of those items is required in
excess of the ASN, the number that will be needed on the average for
test. There is a probability that a few SPR tests may give a plot wan-
dering in the continue-test sone of the decision chart. In tests of
moan time to failure, the wunit of test is not an item but a failure,
lherefore, if the items on test can be repaired and returned to test
after they have failed, those items represent a large number of potential
units of test on reserve far greater than the AFN, the average musber
of failures expected, Therefore, the cost of reserve units for relisbil-
ity tests is gmerally low. This influences Table VI below.

Mdvantages of SPR Tests. The following advantages of SFR tests
and the points of Table VI should be considered in selecting a test.

&, Duncan is one of several references indicating that for

the same sampling risks (in effect the same 0.C. curve) an SFR test

will require less inspection and waiting time than a conventional
test, (w h'm)o
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Table VI

Test and Unit Cost Influence on Test Choice

Cost of getting units for
test and for reserve

Ty

High Low
Sort of test depends |Use SPR
on relative cost Minimizes number of
Total For MIBF tests, units tested
Test SPR probably best
Cost

Preassigned time or
number of fallure

test probably best
Cost of reserves
should offset SPR test
saving in units tested

Sort of test depends
on relative cost

If time required for
preassigned time or r
test is not objec-
tionable, such prob-
ably best

If waiting time ia
valuable, SPR test
robably best

I
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b. Inspection charts or tablss are easily drawn once T,
To, & » and /3 are selected. The charts or tables can be easily changed
during a production run if data indicate that the test should be changed.

¢e The reduced waiting or test time when true T is greater
than T is a built-in incentive for the producer to deliver good equip-
ment, This, though, mxy not always be true. If the test costs for a
particular item are low and if the trouble and costs to the contractor
due to rejected lots is low, the incentive may be negligible.

Disadvantages. The following should also be considered.

. Measurements must be made quite frequently and much
more data must be recorded than in the usual conventional test. In some
conventional tests the number of measurements can be greatly reduced.

b. Reserves of units of test must be available, As men-
tioned above, this point is not particularly appropriate for MIEF tests.

8.
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Appendix H
Jest C tions to Verify for Checkout Bquipment

Before the physical and the statisticul j1ovisions of a test plan
for reliability are released or approved it is suggested that at least
the conditions be verified as true. The lists can hardly claim to be
complete, but they are intended as a guide to lead to more searching
questions for tests of checkout and other equipment., It is no easy
task to clearly state test objectives - it is even more difficult to
attain them.

Physical Test Conditions to Verify

1. The expected service enviromment is simulated or provided for,

2. Failures have been clearly defined - both catastrophic and
drift,.

3. Two different decision test plans have been considered, One
for normally undetected drift or tolerance failures which my give a
high probability of oausing complete loss of a combat vehicle. Another
for catastrophic but normally detected failures which may delay mission
start,

L. The impedance the item sees or the functions it responds to
or performs adequately simulate expected use.

5. The acouracy of measuring equipment used is adequate.

6. The item is cycled through its various modes of operation in

8s.
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& manner proportional to its expected use,

7. Measurements of performance are made frequently enough.

8. The stimli to which the item is expected to be most suscep-
tible (for example, overvoltage, undervoltage, low temperature, pro-
longed operation, electromagnetic interference) are applied and tests
of response made,

9. Characteristics that have been troublesome in similar items
are specifically ocovered in the test plan,

10, If environmental tests of the complete item are at reduced
levels due to sise or cost, at least the assemblies identified as crit-
ical or comman to many modes of operation are being tested at realistic
environments,

Statistical Test Conditions to Verify

1. 2 and T, are adequate,

2. 7T) is not 80 low that redundancy or standby units will be
needed at the use site to insure that the function is available vhen
needed, If T; must be low due to technical or other limitations, the
need for redundant units should be consciously considered.

3¢ Tp agreed to by the contractor is not so much greater than
T) that the test is apparently set at much too low a Ty level.

be To 1s not grester than the true T attainable. If the true T
is between T; and Tp the test waiting time may be high,

5¢ The mumber of items available for test is sufficient to give
4 reasonable assurance that a test decision will be made within calendar

8.
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limitations on delivery,

6. There is reasonable assurance or expectation that the test
items will be representative of all equipments accepted or rejected
by the test,

7« It is reasonable to assume that the exponential distribu-
tion will hold or at least there are no negative indications.

8. Malfunctions chargeable as test failures are clearly defined,

9. Failure data that can be censored are clearly defined.

10, Estimated test costs are a reasonable fraction of the total
contrect funds,
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Appendix J

Flow Chart for Possible Test Selscting Procedure

The flow chart on the following pages cannot include all the
details that make reliability work frustrating. The procedure is not
elegant. A mathematical method of attack as mentioned in Chapter V
would certainly be preferable. However, lacking such a time saving
device, samething on the order of the chart in this appendix is at
loast a starting point, Its success would depend on the persirtence
or stubbomess of the person working on the problem,

The approach here is primarily that of a relisbility engineer
being requested to select a reasonadle test plan for a contract for
checkout equipment or any other equipment that could reascnably be
aspumed to follow an exponential distribution of failures.

In step 8 in the chart when the quantity on contrect and the
number of specimens or items available are large, production saxpling
plans such as AGREE (Ref 13:167) or other should be applied. Those
mothods are not covered in this paper.

8s.
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‘ Cona; er -il Tor-

ent /week,
houre/day,

facilities/n,
See Chapter V

& (]
V(£)/Tqs
Se- D,E

Is SPR test sultable

@m use test

have

funds

Campare test cost

total and savings of
adequate test (if lknown)
to total contract

try different

3:7 9 values,
T 1'8; V(t)/To
See Table I,
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Iteration,

\

no
See Appendix D,

See Appendix G,
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@ See Appendix Hg
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;

&g

&
9

]
£y
Hgﬁ
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Use H108
[Can estimate cost
of unreliability?
See 112,13419
Is (T9/Tg) ot (12)
cm%{lr)go‘ﬁth go ﬁ’n
no no If make own plan
Are (Tl/‘ro)‘.t risks Modify T,/To, Ty, See Appendtxpcal):
ok? 3| reconsider 8, V*t)/’l‘o Egs 1.5,
See Table I, See Table 1, Return to 3
Appendix P Appendix F
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