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Renewing warranty

m Replacement model after renewing warranty

| Warranty Period | Maintenance Period |
d
| | |

0 W W4T
{Replacement)

O HF_’E%PP&’EPTE L :
L=ET|T<w)F(w)+ Ew+1t|T>=w)F(w)
= I(w) 4 (w4 T}F(w}j
where F(=1-F@) and I(s)= [, tf(n)ds
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Expected cost rate (rw)

m EXxpected total cost during the life cycle for

the replacement model following the
expiration of renewing warranty :

Crw = E(Cy) + E(Cy) + E(Cy) + E(Cp) + E(Cpim)
%f (W) + e F(W) + F(W)em + ) [or - p(1) di
+F(w)e;, RPRW,
ctw F(w) + F(W)(em + cm) [ p(2)de
+F(w)e;, RFRW.

g B2 2 g F1 F1Ed gy

L
O« 5.7 .8 9 % 3 System Reliability Lab.




Co + (¢m + can)F(w) [ p(r)di
I(w) + F(w)(w + 1)

Crw(7) =

S Iw) + e F(W) + Fw)e;,  RPRW
where co=<{ " )
cewl (W) + F(w)e;, RFRW.
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Expected downtlme (rw)
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W4T
E(D,,) = f*(w)f d(7)p(7)dz.

1-..'

m  E(Dy) =dyFlw) ¥ E(D,) = d.F(w)

() i F;CP-EJ-EE":FT& =

Drw = E(Dy) + E(Dy) + E(Dy)

W4T

=d,F(w)+ F(w)f d(0)p(t)dt + d.F(w).
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dy F(w) + F(w) f"' H d()p(t)dt + d F(w)
I(w)+ F(w)(w + 1)
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Non-renewing warranty

m Replacement model after non-renewing
warranty when |=1

| Warranty Period | Maintenance Period
¢ |
(] W
|
|

v v

l -

y+T
(Replacement)
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Expected cost rate (nrw)
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Cnw = E(Cy) + E(Ch) + E(Cr) + E(Cry) + E(Crn)

( (w=Y)
Cr

w

=9  Hem+cm) [T p(di+ ¢, NPRW,

+ lepy

letw + (Cm + ) [) ' p(0)dt +¢,, NFRW
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Caw(7) = —{fl + (¢m + ¢m) ﬂ’(t)dt}
¥
where
D) e 4o NPRW.
C] = 1%

lepw + ¢y NFRW.
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Expected downtlme (nrw)
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H ¥ e o pr
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E(Dy) = ldy. E(Dm)= f d()p(dt,
E(D,)=d g
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Optlmlzatlon (nrw)

m 245 Pis BHcE SHY F > A

V aw(T) = w303(7) + wav4(7)

C.in | D*.
nw(T) ?

where v3(1) =
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Optimal maintenance period under renewing warranty for vanous choice of wy and ff

f W)
1] 0l 0.3 0.5 07 ne 1.0
| Trw 39700 40100 4. 1200 4.3300 s v v
(3.9700) (4.0300) i4.1900) (4. 5000) (o) (o) [ o)
| S 10000 09192 0.7580 0.5982 0.7000 0.9000 1.0000
(1.0000) (0.9360) (0.8090) (0.6851) (0.7000) (0.9000) (1.0000)
2 Trw | .B620 1 8540 1 9765 21004 23136 27120 31784
(1.8620) (1.8781) i(1.9185) (1.9760) [ 2.0656) (2.230d) (23814)
| S 10000 0.992] 09779 0.9674 09642 0.9784 1.0000
(1.0000) (0.9983) (0.9954) (0.9933) (0.9929) (0.9958) (1.0000)
i Trw 1.2780 1.2783 1.279] 1.2800 12812 1.2820 | 2840
(1.2780) (1.2704) (1.2525) (1.2301) (12015) (1.1653) (1.1439)
Vol T 10000 0.9000 0.9900 0.9999 0.9999 09900 10000
(1.0000) (0.9995) (0L9986) (09981 ) (0.9982) (0.9991) [ 1.0000)
4 Trw 10201 1.0095 09854 0.9573 09251 08897 02712
(1.0201) (1.0061) (0.9741) (0.9369) (0.8953) (0.8514) (0.8295)
| S 10000 09985 0.9962 0.9952 09957 0.9981 1 0000
(1.0000) (0.9974) (0.9936) (0.9920) (0.9929) (0.9969) [ 1.0000)

The entry represents the optimal maintenance peniod, 1., and its corresponding maximum overall value, Vit ). under RPRW and the parenthesized
entry is for RFRW.
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v (7)

Ve (T) - ()
Fm(f} = [H}
Voo (7} - (€)
. vy (7)
a 2 4 &
f=1 p=2 fi=3 fi=4 ¢
. . . . _ Fig. 5. Overall value function when f =2 and (wy, w2)= (a) (0.7, 0.3),
Fig. 4. Optimal maintenance period when w; = 0.5, (b) (0.5.0.5), and (c) (0.1, 0.9).
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Optimal maintenance period, T, under non-renewing warranty with /=1

# (MTTF) 5 =y/MTTF W1
0 0.1 0.3 0.5 0.7 0.9 1.0
1 (1) 0.1 4.8400 4.8900 5.0300 5.3000 & e P
(4.8400) (4.9000) (5.0800) (5.4300) (o) () (o)
0.3 4.7300 4.7900 4.9500 52600 @ @ @
(4.7300) (4.8000) (4.9800) (5.3300) (o) (1) ()
0.5 4.6300 4.6900 4.8800 52400 ® = @
(4.6300) (4.6900) (4.8800) (5.2400) () () ()
2 (0.88623) 0.1 25669 2.6011 2.6850 28107 3.0219 3.4613 3.8653
(2.5669) (2.5745) (2.5035) (2.6200) (2.6604) (2.7305) (2.7906)
0.3 24424 24698 2.5393 2 6401 2.8031 11212 14158
(2.4424) (2.4531) (2.4798) (2.5173) (2.5746) (2.6753) (2.7636)
0.5 23211 2.3395 2.3857 2 4511 2.5530) 2.7391 2.9075
(2.3211) (2.3347) (2.3686) (2.4164) (2.4898) (2.6205) (2.7363)
3 (0.89298) 0.1 1.8818 1.8794 1.8738 1 8667 1.8575 1.8452 1.8375
(1.8818) (1.8560) (1.7937) (1.7149) (1.6212) (1.5221) (1.4747)
0.3 1.7416 1.7332 1.7133 1 6884 1.6567 1.6164 1.5926
(1.7416) (1.7187) (1.6634) (1.5934) (1.5086) (1.4155) (1.3695)
0.5 1.6047 1.5882 1.5491 1 4996 1.4381 1.3654 1.3263
(1.6047) (1.5845) (1.5361) (1.4747) (1.3992) (1.3134) (1.2694)
4 (0.90640) 0.1 1.5681 1.5536 1.5207 1.4827 1.4402 1.3949 1.3720
(1.5681) (1.5341) (1.4527) (1.3594) (1.2698) (1.1952) (1.1640)
0.3 14173 1.3975 1.3522 1.2997 1.2427 1.1856 1.1583
(1.4173) (1.3850) (1.3107) (1.2232) (1.1365) (1.0623) (1.0309)
0.5 1.2696 1.2433 11815 1.1088 1.0329 1.9633 1.9325
(1.2696) (1.2408) (1.1720) (1.0009) (1.0079) (0.9347) (0.9033)

The entry represents the optimal maintenance period, 1, under NPEW and the parenthesized entry is for NFRW (MTTF refers to time to first failure).
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#=1 f=2 = f=4

0.1 0.2 0.3 0.4 0.5
Fig. 6. Optimal maintenance period when w3 = 0.5 and § =0.1. o

Fig. 7. Optimal maintenance period when §f = 3 and wy =0.5.
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