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THE WEIBULL ENTROPY AVERAGE NO-FAIL THECREM
AND ITS APPLICATIONS TO LIFE TESTS IN WHICH
NONE OF THE TESTED ITEMS HAVE FAILED AS YET

INTRODUCTION

A common problem encountered in life testing is one in which none of the
tested items has failed, in spite of the fact that the test items have been run for
such a long time that it is no Jonger desirable to run them any longer due to the
fact that test equipment and testing time are limited. As a consequence of being
in such a situation, we are faced with the problem of coming up with some sort
of reasonable reliability estimate for the product which has been tested, even
though none of them has failed. In this bulletin we discuss what we call The
Weibull Entropy Average No-Fail Theorem. By means of this theorem we can
make a conservative prediction of the product's reliability to any desired target,
provided that we have a reasonable estimate of the Weibull Slope for the
product in question. A computer program has been devised in order to make the
mathematical procedure easy to employ in any such situation where we need a
quick estimate of the product's reliability rating to any life target, and thus
obtaining what information is needed in accepting or rejecting the product as far
as durability is concerned.
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ESTIMATING CHARACTERISTIC LIFE
FROM A SET OF NON-FAILURES

It has been our practice in the past to take a sample of non-failures with
life values x1, x2,x3,..... xN in a Weibull Distribution of slope b and
come up with a very conservative estimate of the Characteristic Life of the
population by using the formula

Boons. = Qx1P + xP + x3b 4+ L. 1 by
(Xl = shortest life)

As we stated above,, this is a very conservative estimate of
Characteristic Life. What we propose in this bulletin is a much more
reasonable estimate (but still conservative) for the Characteristic Life. This
more reasonable formula looks as follows:

gave. = {[(XH- X2 4 -+ - XNWNIP + x1b + xob + x3b + . .be}(l/b)

If all the X.'s are equal to xqegt then the above formula becomes

A

0ave. = (N + I)I/b(xtest)

This more reasonable estimate of Characteristic Life we call The
Weibull Entropy Average No-Fail Theorem. On the next page we list the
Computer Program in BASIC for automating this prediction procedure for tests
having no failures. We close with a couple of actual examples of such testing
situations.
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COLCR 15,1:CLS
LOCATE 3,30
PRINTYAVERAGE NO-FAIL. PROGRAM "

DIM X(100)

PRINT

A1=0:8=0

INPUT "QUANTILE LEVEL UNDER STUDY IN TEST PROGRAM =";Q
INPUT™ WEIBULL SLOPE=";B

INPUT" NO.OF NON-FAILURES=";K

PRINT:PRINT
FOR I=1 TO K

PRINT ™ LIFE NO. ";I
INPUT VALUE = ";X(I)
A=X(I):Al=AL1+X(I):A2=A1/1

T=X(I)"B

S=S+T

NEXT T

W=(A2~B+S)~(1/B)
CLS:PRINT : PRINT

PRINT TAB(30)}"CHAR.LIFE=":W
Z=W* ((LOG(1/.9))~(1/B))

Z1=W*( (LOG(1/(1-Q)))"~(1/B))
PRINT TAB(30)"B-10 LIFE=":7
PRINT TAB(30)"B("Q;") LIFE=";%1

INPUTM FIRST TARGET LIFE=";V
R=EXP(-(Y/W)~B) : PRINT : PRINT

PRINT" RELIABILITY TO FIRST TARGET -~ (WITH 50 % CONF.) =";R

PRINT: PRINT

INPUT " OTHER CONF. LEVEL DESIRED - (DECIMAL VALUE) = ":C

INPUT " NO. UNFAILED BEFORE FIRST TARGET = ";N1

N2=K+1~N1

PRINT " SAMPLE SIZE AT FIRST TARGET =";N2

G=(C/(1~C))"(.55/SQR(N2* (1~.5%R)))

Rl = R"G

PRINT " RELIABILITY TO FIRST TARGET - (WITH";100%C;"$% CONF.) =";R1
PRINT

INPUT # SECOND TARGET LIFE=";V

P=EXP(-(V/W)"B)

PRINT " RELIABILITY TO SECOND TARGET - (WITH 50 % CONF.) =";Pp
INPUT " NO. UNFAILED BEFORE SECOND TARGET = ";N3

N4=K+1-N3

PRINT " SAMPLE SIZE AT SECOND TARGET =";N4
H=(C/{1-C))"(.55/SQR(N4*{1~-.5%P)))

P1=P*H

PRINT " RELIABILITY TO SECOND TARGET - (WITH";100%C;"$% CONF.) =";P
PRINT : PRINT

INPUT ™ ANOTHER CONF. LEVEL ..... (Y/N - TYPE N IF NOT DESIRED)";Y
IF ¥Y%="y" OR Y$="y" THEN 11440:PRINT:PRINT

INPUT " ANOTHER RUN ..... Y/N";YS

IF Y$="Y" OR ¥$="y" THEN 11230

END
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EXAMPLE # 1
AVERAGE NO-FAIL PROGRAM
QUANTILE LEVEL UNDER STUDY IN TEST PROGRAM =? .632
WEIBULL SLOPE=? 2
NO.OF NON-FAILURES=? 3
LIFE NO. 1
VALUE = ? 1000
LIFE NO. 2
VALUE = ? 1100
LIFE NO. 3
VALUE = ? 1500
CHAR.LIFE= 2428.991
B-10 LIFE= 788.433
B( .632 ) LIFE= 2428.593
FIRST TARGET LIFE=? 500
RELIABILITY TO FIRST TARGET -~ (WITH 50 % CONF.) = .9585123
OTHER CONF. LEVEL DESIRED - (DECIMAL VALUE) = ? .9
NO. UNFAILED BEFORE FIRST TARGET = ? 0
SAMPLE SIZE AT FIRST TARGET = 4
RELIABILITY TO FIRST TARGET - (WITH 90 % CONF.) = .9067494
SECOND TARGET LIFE=? 800
RELIABILITY TGO SECOND TARGET - (WITH 50 % CONF.) = .8972017
NO. UNFAILED BEFORE SECOND TARGET = ? O
SAMPLE SIZE AT SECOND TARGET = 4
RELIABILITY TO SECOND TARGET - (WITH 90 % CONF.) = .7829008

ANOTHER CONF. LEVEL ..... (¥Y/N - TYPE N

IF NOT DESIRED)?
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XAMPLE # 2
AVERAGE NO-FAIL PROGRAM

QUANTILE LEVEL UNDER STUDY IN TEST PROGRAM =7 .01
WEIBULL SLOPE=? 3
NO.OF NON-FAILURES=? 7

LIFE NO. 1
VALUE = ? 10
LIFE NO. 2
VALUE = 7 12
LIFE NO. 3
VALUE = ? 20
LIFE NO. 4
VALUE = ? 30
LIFE NO. 5
VALUE = ? 45
LTFE NO. 6
VALUE = ? 70
LIFE NO. 7
VALUE = ? 90

CHAR.LI¥E= 108.0887

B-10 LIPE= 51.05121

B( .01 ) LIFE= 23,32589
FIRST TARGET LIFE=? 5

RELTIABILITY TO FIRST TARGET - (WITH 50 % CONF.) = .9939901

OTHER CONF. LEVEL DESIRED - (DECIMAL VALUE) = ? .95

NC. UNFATILED BEFORE FIRST TARGET = 7 0

SAMPLE SIZE AT FIRST TARGET = 8

RELIABILITY TO FIRST TARGET - (WITH 95 % CONF.) = .9997776

SECOND TARGET LIFE=? 15
RELIABILITY TGO SECOND TARGET - (WITH 50 % CONF.) = .9973309
NO. UNFAILED BEFORE SECOND TARGET = 7?7 2

SAMPLE SIZE AT SECOND TARGET = 6

RELTABILITY TO SECOND TARGET - (WITH 95 % CONF.)

o

jo

.9932238

ANOTHER CONF. LEVEL ..... (Y/N - TYPE N IF NOT DESIRED)?
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CONCLUSION

We have presented The Weibull Entropy Average No-Fail Theorem,
and including the BASIC Computer Program for predicting the value of the
Characteristic Life, as well as any other desired Quantile Level in the
conservatively estimated Weibull Population of assumed slope b, together with
the Reliability to Any Desired Life Target, with 50% confidence and other
Desired Level of Confidence for the Reliability to the Specified Target. This
automatic computing procedure is indeed one of handiest methods of making
sense out of those annoying situations in which we are unable to schedule a long
enough running time for test specimens of such long life that they do not fail in
the time we allow in testing them.



