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F(r) farlure ttme Lumuldlwe dl*-.lnhulmn [l_l]'lLlll;}]]
f(r) faillure ttme probability density function
F(t) survival function = 1 — F(r)
r(t) hazard rate function = f(r)/F(r)
‘ b burn-in time
Fp(r) distribution function of product survived
burn-in period b = (F(b + 1) — F(b))/F(b)
‘ T warranty pertod on individual 1tem
M) renewal function with mmterarrival time distri-
bution F(r)
My (1) renewal function with mterarrival tme distri-
bution F (1)
Mee(r) expected number of replacement
Meg (1) expected number of replacement with burn-in

period b
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'y manufacturing cost per item wnhn;}ul burn 1n
1 hxed set-up cost of bum-1n per 1tem

C2 cost of burn-1n per i1tem per unit tiiMme

C3 shop replacement cost per faillure during burn-

i period, mmcludes the manufacturing cost and

scl-up cosl

C4 extra replacement cost per failure durnng the
warranty period

fi( H) andom manufacturing cost incurred unul the
hrst 1tem survives bum-in period

vi(bH) expected manufacturing cost = Elh(b)]

Kcp(n, Py warranly cost Tor a lot size n. and burn-in
period b

wee(r, ) mean warranty cost = Elkop(n, b)]
Ceop(T,n) total mean cost with warranty penod 7. lot
size ., without burn-in

Cep(T.n,.b) total mean cost with warranty period T,
lot size 7, and burn-in period &
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Total mean cost model

m L A ’%’f Cumulative FRW e

wep(l,n) = (cqg + cqa)M-p(nT)

where

Mcp(nT) = > F"7(nT)
j=0
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F(r) dt F(b)
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v(b) = E[h(b)] = ¢y + ¢; + ¢, J 0

m 2. TR A EE A A
Mean cumulative warranty cost

WCF.b(T?H) — E[kCF.b(T'-' H)] — (V(b) + Edr)MEF.b(HT)'
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CCF(T,H, b) =n X ‘U(b) + WCF.}J(T-.- H)

= n Xv(b) + (v(b) + c,)Mcg (nT),
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Cop(T,n) =nXcy+weg(T,n)

= n X Cp + (Eﬂ -+ E4)MEF(HT),
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Numerical examples
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F(t)=p(1 —e ™)+ (1 —p)l1 —e ™
for 1=0,0=<p<1 and 45,42=0.
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(a) T=7/n=1,b =0.0897 (b) T=7/n=2,b =0.0707
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(a)T=6,n=1,b =1.5181 (L) T=6,n=2]b"=1.5423
=
Z
A
3 o
' ; ‘ 112 i i 5
0 0.5 1 1.5 2 0 0.5 1 1.5
burn-in time & bum-in time #&
()T=6,n=3,b =0 (A T=6ln=4b"=0
115
B
= 110
=
< 105
=
%
i i i 10 i i i
0 0.5 1 1.5 2 0 0.5 1 1.5 2
burn-in time b burn-in time &

R ZHpHEcF1riaEd sy
4« 3%v 4 B F 5% % System Reliability Lab.




Bl/a)PtP ! 0=r=1y
Bll)Pty " 1 =t

r(f) =
m =12 B3=055 t1=2 Cy=126 C;=1

C2 =0.01 C3:127 C4: o5

N o e i R
N % 3v¥ 2R 7 % % System Reliability Lab.

N\

=
--\




éw;nw

@T=8n=1,b"

=0.1274

380,
x |
~ 360
o
% 3400
o
O
g 320
2 .
0% os 1 15 2

=8.n=3.b"

burn-in time &

=0.0398

05 1 1.5 2
burn-in time b

3 fRp 21 %2 an
v 1B F % % System Rellablhty Lab

) T=8,n=2,b

Mean Cost CUpg

soenc .
- 5 ..-3{- "'—-’H
A =T T - - o =
L R Sl

" =0.0686

___________________________________

......................

.......... T e

o~ 0.5 1 1.5 2

A T=8,n=4,b

1?0& 0.5 1

burn-in time &

= 0.0239

burn-in time &

|
|
|
1.5 2




"4/4 - :}ng- - G fe R

Byl 0<t<t
rt) =1 B (1P <1<t
LBi(1ay) ﬂlfl + b ”ﬂ'g (t = Tz)ﬁj h =1

o= a,=12  P=055 3, =1/0.55

t1=2 t2=8

S P 2P 1 g
TN 4 ¥ LR R 2% % System RellabllltyLab




0 0.5 1

&rﬂ?
(a)T—S,n=

b =0.1984

1.5

burn-in time &
() T=28,n=23,b =0.1060

Mean Cost CUpp

\_
-@

~

"Q:?

E

PR

1.5 2

o 0.5 |
burn-in time &

3fRps 21 %2 an
v 1B F % % System Rellablhty Lab

(b)) T=8n=2, b =0.1272
320
= 3101 AR R S |
S 3000 SR SN+ SR
S 200 e SRRt SRR
‘g zaul-----------
270 0.5 1 1.5 2
burn-in time 5
() T=8n=4,b =0.0931
270
S
o
Z
O
—
=
o 05 1T 15 2
burn-in time 6




"Gil-.
55,

e

Table 1

Optimal burn-in-time, and per-item total mean cost for Weibull-exponential-Weibull case with oy = ay =12, B; =0.55, B, = 1/0.55,y =2 and 1, = 8
whency =100,¢,=1,¢6,=001,¢; =102, and ¢, =70

n=1 =2 =3 n=4
b 2 CUFR b i CUFR b i CUFR !".'-' : CUFR
/ | 0.1013 1447903 0.0000 1094184 0.0000 103.2515 (.0000 101.7564
2 0.1636 167.1283 (.0000 119.1756 0.0000 107.8769 (0.0000 104.0556
4 0.1715 207.7131 0.0124 144.0542 0.0000 124.7433 (0.0000 116.0949
) (0.1742 248.2421 0.0650 1754177 0.0303 152.6116 0.0131 140.8109
8 0.1727 288.8030 0.1080 2143014 0.0887 189.0428 0.0772 175.7549
10 0.1507 332.7030 0.1276 258.2180 0.1188 231.9296 0.1153 218.3473
12 0.1408 380.1893 v 0.1330 304.9668 v 0.1286 278.5800 v 0.1271 263.1836
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