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NOTEs TEHIS IS A FCGRMER COMPUTER ANALYSIS BULIETIN which contains one of the
most important computer programs for reliability engineers. Therefore,
we are republishing it at this time for current subscribers to the
DRI STATISTICAL BULLETIN, because we feel that many current subscribers
have never seen this most useful amalytical tool in RELIABILITY STATISTICS.

ATTRIBUTE RELIABILITY COMPUTER PROGRAM

1: THE THEORETICAL BASIS OF CLASSICAL ATTRIBUTE SAMPLING
CALCULATIONS

Attribute reliability calculations are closely related to sampling plans based
on attributes (pass ';or fail) . In any statistically designed sampling plan , the
criterion of selection ie the so-called OPERATING CHARACTERISTIC CURVE to
which we wish the plan to conform. For infinite populations , the mathematical
basis of such OPERATING CHARACTERISTIC (O.C.) CURVES becomes the
BINOMIAL DISTRIBUTION ., For example , -i.f an infinite population has the
fraction F defective , and we take a sample of N items from such a population,
the probability that all N are good (not defective) is P = (1 - F )N = RN , where
R=1.-F (i.e., Ris the RELIABILITY ). Therefore, if a sampling plan
requires a sample of N with ZﬁIRO DEFECTIVES, the probability of accepting
under such a requirement , when the population quality level (fraction defective )
isF,is(1-F) =gYN
called a ( 0, N} plan.

. A plan of sample size N with no defectives allowed is

In like fashion , if a sample of N is to be taken , and it is accepted only if
there is no more than 1 defective , the acceptance probability becomes {assuming

reliability R} : P = RN+ N RN-I(I - R)= RN+ N RN”IF { for a {1, N} plan ).
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For a (2, N)plan, i. e. , a sampling plan in which we test N and must
find no more than 2 defectives in order to accept, the acceptance probability

becomes

P = RVt NrRN1F 4 N“\;' D gN-2;2

Etc. Etc. Etc.
It will be noted that these expressions contain successive terms of the

BINOMIAL expansion (R + F)N §

II : MODIFICATIONOF THE BINOMIAL FOR ATTRIBUTE RELIABILITY
ANALYSIS

A common situation in reliability testing is one in which N specimens are
run to target Xo (hours , cycles , miles , kilometers , etc. )}, and the number S
which survive to the target is recorded , as well as the number D= N - S, which
do not survive to the target (and,hence , are defectives)., What is desired is an
estimate of populaton reliability to the target X0 . This is done by1increasing
Nto (N+ 1), and taking the target X_ to be located at the (D + 1) ORDER STATISTIC
in a sample of (N + 1) lives. Then the probability of having D or fewer in a sample
of N below target life XO (if the reliability is R) is

N+1 N {N+1)}(N)

P=R ~+(N+1)R'F+

il

- -
RI\ IFZ P {(N+1){N} ...{(N-D+2)
2 D!
This acceptance probability becomes smaller as R is reduced. We cail

RN-JD+ IFD

C = (1-P) the CONFIDENCE that the reliability is at least R, Thus , reducing R
increases the CONFIDENCE that the population reliability is at least R, We can

also make the following statements :

P = ACCEPTANCE PROBABILITY (Given R) = 1 - CONFIDENCE ( That Reliability2R)

C = CONFIDENCE (That ReliabilitygR) = 1 - ACCEPTANCE PROBABILITY {Given R}

i
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111 THE USE OF RANK TABLES IN ATTRIBUTE RELIABILITY ANALYSIS

All attribute reliability questions involving reliability and confidence

can be answered by means of rank tablee with the aid of the C-RANK THEOREM:

C.RANK THEOREM : If D defectives are observed in N trials , then the

reliability RC(XO) { with confidence C tc target XO ) is egual to

t
1 - C-rank of the (D + 1) e order statistic in a sample of size (N + 1}

For example , if 3 defectives to a target XO are obhserved in 19 trials , then

the reliability to the target Xo with 95 % confidence is

R 95 (XO) =1 -95% rank of 4th order statistic in 20.
From a 95 % rank table : 4Fh in 20 has 95 % rank = , 34366,

Hence , R,C)S(Xo) =1 -,34366= ,65634 (Ans.}
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iv: AN APPROXIMATION FOR RANK TABLES
. .th e *
To find the C-rank of the j order statisticin N (,50€£C £1)
. 1 (1)
D : A =1 - '
efine IN-3+ 1)
1
B= 1 - ——
53 (2)
N «j+1
Q - . (3)
J
Let UC = Normal Deviate to level C2 .50, 13
P 2 2
AB+ U 4/A (1 ~-B)+B(1-A)-U_(1-A)1-B)
; o C c (4}
Calculate : F_, =
c 2 2
i A" - UL(1-4)
; .th . .
Then , the C - rank of the j  in N is
1
ZC( i+ N) = Q {5)
T . - T
Fe

NOTE : Uc can be approximated by

1/3 1/3
Uc = -,32795699 + (’VH3 + Ci2 + G) - ( I—I3+ G2 - G)

(6)
]
where b, 78142266 —  7.54702358 (7
174
(1<)
and H = 1.01610012

(8)

% In case C<, 5, let : =1 - C, and calculate the C' rank of the (N - j + l)th in N,
Then, C-rankof j7 in N=1 « C'-rank of (N - j+ I)th in N,
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From (5) we can determine the reliability of an item which has D defectives

in T trials by calculating

RC(XO) I G- ZC( D+1, T+ 1) (By the C-rank theorem)
Where i = D+ 1
and N =T+ 1

The complete computer program is listed on page 6, The user tells the program
to "RUN'", Then the program makes the request
" GIVE DEFECTIVES, TRIALS, CONFIDENCE'" ?

To this the user should answer ( for the problem on page 3, for example ):

3, i9, .95

and press the RETURN key.
The result will be printed out as shown in the typical printout on page 6.

In case furthur calculations are desired , the user answers the question
"ANY MORE INPUT ?" witha 1 ( for "YES"), and then waits for a new request of
"GIVE DEFECTIVES, TRIALS, CONFIDENCE"? Otherwise , the user answers

with a zero (0) for "NO'", and the program terminates.
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ATTRIBUTE RELIABILITY PROGRAM ("ATTREL")

PRINT"GIVE DEFECTIVES, TRIALS, C@NFIDENCE":
INPUT D, T,C
Je D+t
N= T4+

v=0

IF C>.5 THEN 120
Ca t-C

V= Vs

JeN=J+1

A= 1 = 1/C9R(N=J+1))

B =1 = 1/¢9%0)

R = (N-J¢1)/J

G2 -7.547024 + 6.781423/((1-C)1.25)

H = 1.0161

Us=+327957 +(SORCH3+G*GI+G) +¢1/3)=CSORCH 3+ GABY =G 1 ( 1/3)
F1=A%B+USSAR(AXAXC1-R) $BABA(1-A)-UsUr (1-AI*(1-B))
FO = A%A =UxUx(1=A)
(F1/F2)13

17¢1 + R/F)
F Vel THEN 390
zZ =1 -Z
C=1-=C¢C

PRINT

PRINT"RELIABILITY. (WITH CENF™3Cs")="31-Z
PRINT
PRINT"ANY M@RE INPUT to-Na, I =YES)"s

INPUT W9

IF W9>.1 THEN 20
END

n

F
z
1

it

DY

RUN

ATT

GIV
REL

ANY

U SE

REL 201 31EDT

E DEFECTIVES, TRIALS, CONFIDENCE? 3,19,.95 (° &= TYPICAL PRINTOUT
IABILITY (WITH CONF 0.95 d= 0.6573

M@RE INPUT (0=N@, 1 =YES)>? O

D «17 UNITS




