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A Preventive Replacement Model for Standby Systems
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Hyo-Seong Lee**

Abstract

We consider a preventive replacement policy for a cold-standby system with N
components, in which only one component is in operation at a fime. If the component
in operation fails, a standby component is immediately switched into operafion. If all
components fail, the system fails. The system is inspected at random: peins in time to
determine whether it is to be replaced or not. If the number of failed components at
the time of inspection exceeds a threshold value r, the system is replaced. Otherwise
the decision is put off until the next inspection point arrives, Under the cost structure
which includes o replacement cost, a system down-time cost and @ holding cost of the
components, we develop an efficient procedure to find the optimal control valves N
and r, which minimize the expectéd cost per unit time.
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AdE G VA F= A2 B3]
S3t] BE A E Fatel AP mskeh
A% B gudE dsd 7R sk
BE dgdAleld 34 A9APT A=

Fahed) 2asE AR 33 FeEsol
w23t 4714E BA PEe] AFRE
9E A9, JFEES UF B, I
£§ 13 A9 314 JAE BA8 BE
3.

) m1m

Y

(OiH| 1)

AAL YA Hat 10330 AFEEE u=
o, 2559 FFo] AFEYAR] 28T
AN e 29 AFRESE GErHA=
050). 2 9o Al2=d 8183 BHE 4
B g g

c=10, K,=20, K=120, =10, =1

(oA 2)

Ar 74A-E HA 3¢ 39A JFEE(3-
stage Erlang distribution }& W20 %} 5
FEol S W7A] g Ee AR HF
281 AFEEE G2rHA=05). 2 o A]
e 8187 AHE FRE g3 2t

¢=10, K,=20, K,=100, = =20, 2=1.

(CiIH| 3>

ArL AL [24]700NA BeHe ¥
B ¥ (uniform distribution )& w28, 457
I ¥3Fe] g W7A L88e AL
B 1 AFEEE gerha=1). 2 g
A 2d 8083 #AHEE FRE oS T
o}

¢=10, K1=20, K;=300, #=20, 2=1.
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A diAel gF A7 & 1-3o] FE
o] gtk dA) 1, 2, 3 BF mAco|EE F

Table 1. Result of Example 1

r N | LN | TN [TCr N )
R 6 53333 | 10.2688 | 15.2688
2 6 | 7.3333 | 93310 | 143310
3 7 03333 | 88315 | 13.8315
4 7 | 11333 | 86721 | 136721
5 8 | 13338 | 85713 | 135713
6 o | 153333 | 86272 | 13.6272
7 10 | 17.3333 | 8785 | 137856
8 10 | 193333 | 89407 | 13.0407
9 11 | 213333 | 91338 | 14.1338

{* represents the optimal {r,N) policy)

AQAg ZRa] A Fngd
4 A3 (r, N)AAL Falodor BTk 1 2

Table 2, Result of Example 2

Table 3. Result of Example 3

r N} | L{rN*r)) | T(r N*{r)) [TO(r.N*(r))
1 9 31864 | 14.3014 | 243014
9 9 37185 | 13.4039 | 23.4039
3 9 45493 | 12.6772 | 226772
4 10 | 52582 | 12.2456 | 222456
5 1 6.5450 | 12.0608 | 22.0698
6* 12 7.5553 | 12.0600 | 22.0600
7 13 B.5573 | 121676 | 22.1676
8 13 9.5564 | 12.3007 | 22.3087

r N LGN | TENS ) [TOrN* )
1 5 42632 | 102501 | 15.2501
2 6 6.5082 | 89384 | 13.9384
3 6 BO106 | 83433 | 13.3433
4 7 | 100014 | 80726 | 13.0726
5* 8 12.0000 | 8.0603 | 13.0603
6 9 13.9999 | 8.1946 | 13.1946
7 9 16.0000 | 83549 | 13.3549

(* represents the optimal (r,N} policy)

3 &A1& (58), A4 2= (58), A 32
(6,12)7F 2zt HF (», N)ZIAYE &F 3
t} o153 FAE (-1, AT vz o
Ale AE TC(58)9 o] »Rtt Zu2
HAZ AL (-1,0)7) HH <A 29 e
TC(r* N*)gho] 1% zdTlh Aopg olE

{* represents the optimal {r,N} policy}

Aol (-1, IRt 2432 ¢ 4 Uk
T3 RE T3k T(r, N*(r) )2 rol &t
o] BF unimodal & ARNE 4 UTh

5 4 &

2 ddiXe N?H—J &0l WrlTER
?ﬂéE]Oﬁ%l%f Al 2w 2] of what A4 Ao T
o] FYHUY. P FHezE 2
FIEFY w7t rolide] He Hze A}
8ol Al2gle] A7} o] FAR]E A
Ag o] 8T optuAAHe] ZAHJH. &
Ao e APuE7F2E AT A N
9] gro] FoiPgm GHAEF EAsh= 7
& 2830z ALdEF e AE &
Ea}ﬂf-} E‘ﬂr Hggrrt e T
&2 QS R en, HEdre] F
33 5—"3-& o]-&5ted TG ““%P"

718§ HAgletdF= r3t N9 @&
7198 §829 duEEE AAHEG. £
Aol A Apdg BA7IYE 9 e A
28 AR AT BAHLR &

>~

‘r—h

Fl

}P"
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3ol £9¢ 2 4 glods Yz,
%3] 2 @7 Aol Ao meh 45o]
wFHHT =¥ 5 FEot olWHY Fez

EAEE A2 HHAHY frol 4 (analogy)
o] EAFeR, olF B+ ItaNF
25 oy glegsE gadu

g
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“Inspection and Replace-

EXE u2s P g @
(i) AN GAAVG APEE, PR E T WES

o] &3t ¢p= T 2ol G(-

g5 78 HE o, 0513 8@ HE F

Z7a@oltt,
= A2 g7t k2ne) W

)¢l Laplace®&3e] E¥p2og HY
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. y . '. kL(k : "
an § 7 - LT (A

A7) LB()E G(:) ) LaplacefiBhe] p3} T840l
A(A1SERE PARFe FEHS) B2 g 5te) G BT 2o 7T F Yok

() AR ASREE BEE A4S

Gt =4 v ASREE BEE A4 LY 0 e et 2
LY () = (=1 (R Dy(u+s) ¥,

A E v _ A
o (53) () e a2

A(A2)ZRH ¢ 2 U3 92A2HFYUE & F AUtk

(i) AR ZX|$EFE w2 2%
AAEC) B4 v}l ASEEE WE 8ol P(i=1.2,-, 1N FoZ 3% L¥(s)% g,
o] gre 23 o
L(k)(s) = é;ﬁ{('l)kk !yx_(y‘_+s)-(k+l),
i=1

A(A3)e2RY T3} 2o ¢ G2TPLL 2Y & Utk

(iii) 7AF 7H50] el B+
AXAe] d2W 33 43T A5 g5 e ol Foiint

AT Y
=7 =R

mebd, k2 Adg] FANAE ¢ BRALEFOI M1 g ATWIA B2PLY
%7} 9k,
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(iv) ZAARIAo] v 2 EE WEE= F4
ZAAF 7170l By v FoAE FRREE wE: A% LW(s)9 g 58 g 2o

L¥(s) = (DM (vhs) (s 1) (12D,

lkyf(y+l)‘(f"‘k)r(r_}_l)...(y-{-k—l) B r+b—1 A

. k1 B S L (A4)

A (A4)EHH,

l(f 1,

p2——=ro) FOAE ¢ GERGA|H, v2Ar—1)old, g5 ATFelN B2pAT

#7h ek,

(v) HAF 7HHo] YFEEE WEE B¢
AAREHO 23k [, dlo)M QYIS mEE B LP(9)% ¢, g Tg 2o
1005 =g 13, () ey 1

LAt ()
g =qp_;t l(dl-,-:) {elc Kc_; e Y } . {(A5)

A (A5)Z2EE

p2 =0 g andie o) BRGEYFOIN, niZMd—0)old g ATV U
;I?I}—'—u_/"r"7]' %r’} .
HZEHEE| 10,

AAR Al AFREEE WEY thgo| APt

A(r+2, N*(r+2))—A{r+1, N (r+1)) ZA(r+1, N (r +1)) —A(r, N*(7))

(29) N*(r) =k} saf 23W N*(:+1)3 N*(e+2)7F 7H2 & dle 4& o 473 2o
=ggch :

1) N*(r+1)=k N*(r+2) =k

i) N*(r+1) =k N*'(r+2)=k+1

i) N*r+1)=k+1, N¥r+2)=k+1

vy N*(r+1)=k+1, N*(»+2) =k+2

b o EA" 449 dsl R2F 100] AB¥E FHs "o
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1) {402, ) —A(r+ 1, )} —{A(r+1, k) —A(r, &)}

AL B+ SA(L A —A(L &) — @A, k—f)— AL, B)—
i=1 7=l
P AL k) + AR+ AL k—5) = gdd(L, —r—1) —A(Lh—n).
7=l i=1
e 237} v2Ye et Zo) BY % Utk

Alr, ) —A(r, b=1) = AL B)—A(L, h—1) + s SHA(L, =) —A(L, h—1—7)}<0.
i=1

Sio] 2540] ] ML A(1, 2)8] BESL2IH A(1, k—r+1)—A(1, k—7) <D
o Hojorz i o ZRH A(L k—r)—A(Lk—r—1)<00] Hek.

i) {A(r+2, 2+1)—A{r+1, RN —{A(r+1, k) —A(r, &)}
AL R+ + A (L, b+ 1—) —A(L B — gy AL k—i)—A(L, #)
i=1 i=1
T AL k=) +A(LE) + g ZA(L k)
j=1 7=t

=A(L 2+1)—A(L, k) +gfA{1, k) —A(1, k—r)}
=A(r+1,2+1)—A({r+1, k) =0.

i) {A{r+2,k+1)—Alr+1, 2+10—{A(r+1, k+1)—A(r, k)}
= A1, k+1)+q0§A(1, k+1—j)—A(1,k+1)—qDéA(1,k+1—j)
i=1 j=1

(1, 1) =g BA(L, b+ 1=7) +A(LE) + g0 AL, k—)
i=t j=1
={A(1, &) —A(L, k+ 1)} +adA(1, k—r)—~A(1, &)}
=A{r+1,k)—A(r+1,5+1)=0,

W) {A+2 E+2)—Alr+1,2+1)—{A{r+1, k+1)—A(r, &)}

r+1 ¥
=A(1, k+2)—q 2 A1, k+2—7) —A(1, k+1)—q[,ZA(1, k+1—7)

=1 =1
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y1

CA(L B D) =g SAL k1= —A(LE) + AL, k)
7=1 =1
—{A(L E+2)—A(L, A+ 1)} {41, k+1)—A(L, &)} + 4 (1, 2+1)—A(1, &)},

9 AN A(1, £)7h BEFOIE B (AL k+2)—A(L k+D}—{A(L A+1) =41 )}=0
ol EF FHA T

Alr, k+1)—A(r, k) =A(1,k-i-l)—A(l,k)+q0§{A(1,k+l—j)—A(1,k—j)}z{)
i=1

oz RE Al k+1)—A(1, k) =200] Hejopd Frh |



