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It THE RELATION BETWEEN WEIBULL LIFE AND ENTROPY

A three-parameter Weibull distribution of 1ife X has the cumulative
distribution function F(X) defined by the formula
b
_ /X- = )
PO = 1 - _Q 4

where X = 1life (variable)

o = minimun life

f = characteristic life

b = Weibull slope ( shape parameter)
F(X) = fraction of the population failed in time X

In particular: FlX ) = 0
-1
F() =1 - e = ,632
1/b
Furthermore g BQ Life = o + (4 - o) (ln _.._'IE_._>
1-Q

Median Iife ( Q=.5) = o + (@~ o) ( 1n 2)HP

Mean Life = o+ (@ -L) ré-i-i/b)
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ENTROPY at time X is defined as the natural logarithm of the
reciprocal of the fraction survived at X. Thus, if we denote the

entropy at X by the symbol { (X) , it follows that this entropy has

the formuls
1
) & e
1 - F(X)
&=y
Since FX) = 1 - _Q ¢ , we have that

-Q:(ﬁ’)

1 - FX) =

b
(X. -o()
M
D — ot

x5 +
T Tt K

Hence, for a three-parameter Weibull, the ENTROPY FUNCTION Has the formgla

b

o - (52
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II: CUMULATIVE FAILURE PROBABILITY IN TERMS OF ENTROPY

As a function of ENTROPY cgﬁ s the cumulative probability of

failure is

This is an EXPONENTIAL DISTRIBUTION of ENTROFY having a MEAN VALUE
of UNITY. Since an exponential distribution has no remory, we can write

the following theorems

THEQREM 1 3 The MEAN ENTROPY between consecutive failures on the same

madfine is unity .
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III : ESTIMATING THE NEEDED FIELD REPAIRS ON A MACHINE IN ELAPSED TIME X

et r = Ave., number of repairs in elapsed time X

The accumulated entropy in elapsed time X on a machine with Weibull

parameters (X, ¢ ,b ) is

Lw = (5—"5

G —ot_

According to THECGREM 1 , the MEAN ENTROPY between consecutive failures

is UNITY. Hence, for r repairs in elapsed time X , it follows that

il
>

€ @

r = - (=%

—ot,

Thus, the average number of repairs to be expected in elapsed time X is
equal to the ENTROPY at X, Actually, we are dealing with the SUM OF r
ENTRCPIES TO FAILURE, averaging out to a MEAN VALUE of a UNIT of ADDITIONAL

ENTROPY PER FAILURE.
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IVs THE THECRETICAL DISTRIBUTION OF THE REPAIR TCTAL PER MACHINE

Since each repair represents an entropy, it follows that we are
dealing with a SUM OF r ENTROPIES, where sach entropy comes from an

exponential distribution whose meah value is unitye

Tt is well known that a random sum of exponentially distributed items

whose mean is unity would have the following statistical parameters:

MEAN = r
STANDARD DEVIATION = ’\/ r
. . 2
SKEWNESS =
Nr

Thus, we can completely describe tha distribution of repairs needed on
a machine in elapsed time X by a PEARSON TYPE III DISTRISUTION with

these three varameters, where

-

STANDARD DEVIATION (of No. of repyirs) =

MBAN NO. OF REPAIRS =

SKENNES3( of Distr. of repairs) = s =

\
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A A NUIERICAL EXAMPLE

PROBLEM3

A certain machine has Weibull parameters

MINIMUM LIFE = & = 40 hours
CHARACTERISTIC LIFE = & = 280 hours
WEIBULL SLOFE = b = 1.25

Estimate the repairs required in 1000 hours by finding an interval

( T to Y ) repairs which would represent a 90% confidence interval,

SOLUTION s
The entropy at 1000 hours is 1,25
5 (1000) = 1000 - 40 - 5.65 686
280 = 40

Thus, the AVE. NO., OF REPAIRS in 1000 hours is r = 5,65686

The STANDARD DEVIATION of the No. of repairs in 1000 hours is

The SK&EwNiSS of the distribution of the no. of repairs is

e 2 = 2 =
0<3 = o= = W = 0,84

=1.374 (See APPENDIX)

The lower 5% t-score for skewness 0.84 is t.OS

The upper 95% t-score for skewness 0.84 is t +1.847  (See APPENDIX)
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Thus, the LOWER LIMIT of the 90% confidence interval on the required

number of repairs in 1000 hours is

rL = r + t.050'= 5065686 = 14374 (2,37841) = 2,38892

The UPPER LIMIT of the same 90% confidence band is

I‘U = T * t.950-' = 5065686 + 1.8""?(2.3?8‘4’1) = 10.@4‘978

Thus, with 90% confidence , 2 to 10 repairs will be needed in the

first 1000 hours of operatione

For a total of N such machines in the fiéld for 1000 hours each,
the repair total would be between 2.388%2 N and 10,04978 N with

90 % confidence,
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