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As a start for this second bulletin we shall derive the last formula

‘given In bulletin No. 1, I.E.

: 1 - W :
P = Probabllity that strength> stress = ‘LOG(_—I—)

Losl—)

The formula is obtained as follows:
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Which amounts to assuming stress and strength have 2-parameter Weibull '

distributions of the same slope b, but different characteristic values.
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Now, prob, ( x < stress & »dx) = f} (x) dx
prob. Estrength'>stress) If (&stress&&dx)] = 1-Fy (x)

4
where Fp (x) = 1 -p ‘92_
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Since central bands of width W just touch, It follows that

B _1+W Level of Stress = B 1 = W Level of Strength
oy ; . / ! , "
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PROB., (strength > stress) = / /
¢ L (L

Q.E.D.
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THE USE OF THE '"ENTROPY'* CONCEPT IN RELIABILITY

Let R (x) = the reliabllity of an item to target X.

Then we deflne

"Entropy'' at X C§\ (x) = 1n "ﬁ”%iy ‘ | (1)

We call this an "entropy' because It involves the logarithm of a
probability, namely, the negative logarithm of the survival probability
R (x). Another name for this quantltyé:‘(x) would be the 'cumulative
hazard''. Thus, our‘deflnltion of Yentropy at X" Is the same as the

eumulative hazard at X',

From (1): R (x) =_Q -¢7 0 | (2)

or, In words,

: - (Ent
Reliability to target x = _(2 (Entropy at x)

Now, let F (x) = Probability of fallure of the Item before target x

(l.e. F (3) = CDF of X)
Then F (x) = 1 = R (x) --I -0 " GF“(X) B (3)

From (3) it can be seen that a 2-parameter Welbull distribution F (x) =

] o (;)413 a specla] case In which "entropy at x' is given. b%f?) éﬁ)ﬁ
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PROPERTIES OF '*ENTROPY'

PROPERTY 1: Since 1ife has a COF F (x) = 1 = .2 é?%)it follows that
\ ) '

entropy'® has a CDF
FE)-1-07<€

Thus, "fentrdpy”® is always exponentlally distributed with a Mgan Value
of Unity. This property qf entropy can be used to estimate the additlonal
life of an Item which has survived to some time Xo.

Let Xo = time which an Item has survived thus far.

Let Cés (Xo) = entropy at Xo

Sincé the averége additional entropy to failure is 1, we add 1 more
unit of -entropy to the entropy at Xo, and solve for the X which has a total
entropy of CF‘(XO) + 1.

Thus, (< (X) = & (Xo) + 1

For example,_suppose an Ttem has survived 100 hours and has a Weibull
(12— )2

COF with b = 2 and @ = 150 hours. The entropy thus far is

b  (Xo); (Xo = 100) add 1 more unit of entropy: %+ 1 = 13

g 3 9

Now find a larger X such that (.-ﬁ%r_q 2 - %1

L Ba 13 = L W——i .60 - 20
156 7’9 3 3 3_3553. 1.20185

x = 150 (1.20185) = 180.3 hrs.
Thus, an additional 80.3 hrs. will be expired before the average ad-

ditional entropy of 1 will be reached.
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PROPERTY 11
If an item has survived to tlme Xo, at which time the entropy is Cfﬁ (Xo),
we can predict with conflidence C that the ltem will survive at least to a

tbtal time X sucb-that
1
= X0 -+ ]n —
G{\ (X) G(\ ( )

For example, In the previous problem where Xo = 100 hrs.
b =2
© = 150 hrs.
We can say with confldence 50% that the total 1ife will at least be

X where

F

5 : |
) = ( :gg ¢ + In 'I_S_ - %», .69315 = 1.03759

PR - =
> %% \!1.03759 1.0186

x = 150 (1.0186) = 152.8 hrs.

X

with 50% confidence, the item will run at least another 52.8 hours

PARAMETER ESTIMATION USING ENTROPY

Problem: Given & fallures at X; , X , . .. . X, and k suspended
items at Uy , UZ P A E & Uk' from a 2-parameter Weibull Distribution of
slope b. Estimate the value of é using the fact that the average entropy
to failure Is 1.

Entropy at X; = & (xlA )= ;] )b

(="

Entropy at X3 = co(xz ) =

® @ L]
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' . b x b
Entropy at X, _(;O (x_éj ) = (:34-—)

|
——
IC
~
o

Entropy at Uj -C,D(U] 1)

[ pley

Entropy at U, = C(\ (up ) -

Entropy at Uk -C(\(uk ) = (-——)-

< Sumof snuroples = (-~——£+(X )* +(X"") J{“Y*(Z/) +@)£

Since entroplies to failure are exponentlially distributed with an average of -

unity, it follows that

sum of entropies thus far
total failures thus far

(«é’—)$+e§.é_)é Free +(,_%’P_)‘£4_ %g+%-‘57)£%*'e+(?g—“i)£
. : i

Ave. entropy to fallure =

< . ; '
o @F o Xt XEpep XEp wF vy Bt oo + 2
A 5

d

£ 2 L L
Thus, & - X+ X s #43 of- X,;e‘—f— Zz,"'e-;-zglaf.,a,.,f?()gﬁ )‘&

L

This estimate of the characteristic life _5’ Is the same as the so-called

maximum 1lkellhood estimate of & .




