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Systems such as database and socal network systems have been broadly used, and their unexpected failure, with great losses

and sometimes a social confusion, has received attention in recent years. Therefore, it is an important issue to find optimal

maintenance plans for such kind of systems from the points of system reliability and maintaining cost. However, it is difficult

to maintain a system during its working cycle, since stopping works might incur users some troubles. From the above viewpoint,

this paper discusses minimal repair maintenance policy with periodic replacement, while considering the random working cycles.

The random working cycle and periodic replacement policies with minimal repair has been discussed in traditional literatures

by usually analyzing cases for the nonstopping works. However, maintenance can be more conveniently done at discrete time

and even during the working cycle in real applications. So, we propose that periodic replacement is planned at discrete times

while considering the random working cycle, and moreover provide a model in which system, with a minimal repair at failures

between replacements, is replaced at the minimum of discrete times KT and random cycles Y. The average cost rate model

is used to determine the optimal number of periodic replacement.

Keywords : Minimal Repair, Random Cycle Time, Renewal Theory, Replacement Policy

1M E B AL 7190 QoA el FRah deiy Axw
o 4 Bel] A e dHow e wu
719l A dolg ol AJaE, FA MEAA A" g A8 ¢S fASE AL A% o] ofyn ®
SElm 24 WEND Asd ol Ty ASHT @ Axd deld A3 9 AL FAHE A4S A2
A Alzge fag g ol A Adt T2 v gl AREARQl uA A= AEe] EHEe WEE aA
& WelA] Buk ojUe} AlE Mol EAE ofrske A9 olgE olojd & gtk Tl A&de A Aa 2
7} 3% sk Sl el Al SRRel B g ol ke LSl AR L

Aol A Alzdol] g 2, 7F8A, A1 WAl S ¥ AAS FHate] A8stefof drh
#el Mg 52 1P A9 f4 BF 3RS FYS oD BN B ATE AW F Aol EAlsie
AzdolAe] wA) wg3 Hate vlg e 4E
AE EAstaL, A A7) wA ARE AAGH 7)E

Received 13 February 20220; Finally Revised 19 March 2020; o SRS

= Al A o o] &
Accepted 20 March 2020 A i A MO g71a A Al el el A4
* Corresponding Author : jinpyo.lee@hongik.ac.kr Al ZH(continuous time) /NS A-&3tl=Hl, o= A3t



62 Jinpyo Lee

2
_0|L
N
=2
Ha
o
O
u
i)
i
Q,
4P
JZi

o
>,
)
o
=

> o
o
|o

o HU

o
ofo
ob
rir
__r‘l“ .
M
>
o
o ¢
of
h
o -
rir
=

©

S,
T

w 12 rlo i
™ o
o
)

2 oo M

32l

rl

BN

N

o,

4

2

ol

o

[
NS

ol

4,

2
o2 by o
O o

M o N oL b

|4 HA sty = H5-7F BASHA
= o]4F Al 7k(discrete time)2] 7Hd S
M Ar|How WAZ st}
o

dumom 4 e ol
[e]

N
L
o ol

o o
e

2
>

oy pfo o

& Ho e K

N, O
% =2
e
ot
=2
2

ol
Lo xp

w1

>.,
o e

P

s

1o
ok
=

Bl Z 1o B
2 A

)
(o do

5
i

ol
b

e HA 9l Aztel & &

Holate] mjF wE uid w99t

04 o] o)Ak Tl AlZtoZ A
= i

5
iy

2

"

>~

b

rir

w 2
__)‘.1_1“

©

N

M
s
-
e

= 99

pud

By
[
>,

N

N,

RS
o, mlo
LEee
RO = By

i q i ol
.,

o o

B 2 ox

=
ol Zo] dAIA AL AE=ER H
gt Alzdlel] die el RS st
t}. Holland and McLean[4]> X.H
I e A=) HEEHE AdH A
T3tk Morimura[9]& 127 A A
Adsta O vhy g B Aol

ro e
o
X o
o o w2 Rl

-~ &
M
i

_l_L4
I o

o,
Ol
0, o

=
__)&l
2o w2 ot ¥ o o 2

)
il

=

d b

_O|L

L g
H 4yt =

oo T
=2

=
o
>,

A3 Y. Tilquin@FCleroux[17]
Zvell wpe} Z7bels Al AEl A wA 9} Ao
o

&
)
2 =2

et 23S A5t} Nakagawa[10-12]2 Lz 7
AR A7) AR e wA 9 3] g 5 HA
WA S Ao Al 2ElS wA|Ek I WA 9 wA] Aol o]
WAEHE 1] s HAaske] FEvks A88he
gAlel| tjsto] AAISE oY ATl A sk Al
gy G e Al dig 7] T B A
35tA] F9kth. Nakagawa[13]% 47|14 LA slol A 5
o171 717k Fob wAElE o] WAl 3157} vhokE o
ARkl A BAsk= wA vgol ok RYS AAE
o} Puleini[15] #HAES] FE& #How 90| 7hsdh
Alz=glo] tigt theket o] FAF 3] B4 odAE
A A BFA . Chien et al.[3]S Al=®lo] & /9 54
(F3t == AGH oz Fgho] WA= Aol 77
WA HE= HAge] FElE A&ehe AAd g 2y
S AA8ATE Huynh et al[5]1& A% #atsl g2 o
Ae T4 7 4SS aest I ENE )
2 wA] g AH 2HS AT Lim[7]S
714Q1 WA Al ool o] WSk - AL
o] A=E A & & qlvhes 7HgstelA gEH o=

k
rlr
=
2
il
_0|L
ol
)
2
=
ot
M o
ot

2 -l
i)

z 32
Aul
=
=
g
>
flo
o
2
2

i o rir
2

S o
SN
ol .
rlr
X o

[ o
o2k
fs)
-
e
it

Ach
o

ol ol
=
R

o,
o
N
)
1o
o o,

t}. Chang[2]

mr 2
N
XN
olf
ot
2,
L
o
T
o
ol
ol

[o

i_:(
il
ol
o,
~N
R}

e

2

RUNE-)

o &
ol

B
>,
k) ok
e 2 o
Y

d

o2
ol
T T

f
o Kl o L
= ol
2t 2 e

ox M
oft
ol

Yuan et al.[19
g Fo= Al
soteE s
o RE A|AHS ALgE=Y 2
Zhao et al.[20] A7) AH I
A A sk Al aA|

2o X 0%

D
b e 1O
(DA

re ot
ojy rlo
ol

ol

g

ot ok

o o By
o

o=

19 go

2

A

it

oL

}

il
[¢
rir
ol
=

Sl
B
[0 Mot o>

ol ro(| _g{
- &
_O|L _& rEl .
rir
il
m10 l 024_, ﬂ.]lO
o ol
2 oy
=
o
2
i
=
=
5
i
rr
o,
>
>,
)

>
ol
o
g =

, ogh
2

o
5
e

oz, i
111‘]
O, Mo

ARSI
i—";

2 N7 oo
>
il
B
ax
oty
_O|L
2
=
=
[¢)
o
2
r

2

N
o2 ¥

N,

jincd

-

>

_|>i

ol

=

mid

i

-

>

is

>

o 2L T
2
1o,
:OII:l
>~
>
)
o o
2
QL
(=
Jz

— o

=

B [y o

X

o B 2 oy AL | 4y fllo
to B =2 gt O 0% komu X K2 ™ o oo rlf oz ot rlr > X

AL
ok

2o > oN 2ooal O g L S oofN 3@ )y X od oX
Ly
&
o
2.

B.
8
o,
g
=
8.
e
oy *
ol
rir
ox
oldt
tlo

=
wAep ol tigh A7 Ay ARt & A

ki

Tl e 71E2 ATdME e bgo AFES FA

of myste] WP} : (1) &8 F A 7+ Fot

of WAsE e Hade Y E it (2) AL

Woll A 42 Ha Ak Ze] Al&tala Euis Al

A Z F718 Aad 297 dAAAME AT F fle
9d& =

o A29e tjofste] AHgaks AbgARe] RS 2]
F18 ¢ 5 Aok () BAH O o4k A7kl Ha A
& Ve WA AZH TS AAF L KT (K=1,2,3, --)°l
A WAE etaAl gk of 71 HA A T A A
ol& o5 Sof wA| Fa Aok gejste] v
A e g v F 5 8Y 5o AAste Al
o gk (4) ()9 A4 F719 (3)9) KT % WA 8
st Al wAE 78
A skl gl Al =gl A= aLA (replace-
ment)?} AE5E F WA Apo]of A WAEE a1 sl A
A&EA o7 MR ) F A|AHAA & F
1 AREARe] ZQdell sk AltE S A 71 7F A1)

-
T

ox Mo Tl A
ko



Optimal Periodic Replacement Policy Under Discrete Time Frame 63

derel Al Al gl A w2k F7)7F Euke Al A (every
working cycle) T== 4 7] wAe] Ha A& ks A
HHE g1 2 WA wpEe Al w A (replacement) S
StAY e wA $ oAl wA] Aol Q7] o] Hel Al
2do] 7 v= Ag 1 ol e AFER AF

o] F%E FHA3] 4T(minimal repair)E st HAL

aHEE 2 AT A= A%E WA 7|7k Fetel B
Aok wA o el digh T v&S Histele HA
o] A7) WA jHE 3leE AA e BES AA G =
b Ao AE 7hsdk o4l Al7k(discrete time) E3
o] gol3t A7} womz H Ao o]k AIZF =
A9 atol A wA E= el oA Alxge] dig Y
< AAsta A s

Ho R HNE &Y 7S 5 Zrh Al 2%l

A= 1A (replacement) = 52| (repair) WA A] A~ E]
T4 A F717F s Al % (every working
cycles) = WAE stz sk Alglo] dA Sl v
He Al S WA RS Aol 1 of fek= T
SHAl Al (replacement)S 71 &kl wH
AlFde] wefstr] Aol Alz=dlo] iz
FEHOR offY 2L e d vt
(minimal repair)E of= FFolA F o
2 wkE SlaE AAG] 9e

[
¢
LA

P
¢

X
=

s

=

T
™ rlr
k)
>
B oft & o
Rorlr oo orir W

o i 1o X b p ox
b B 1% Ho

Ql o

% i
ol
25

tlo %

pr e

i ot 3 o
S ook

iy 1o
(e
)
£
I 2 Ao

P s

N
=2
X
fr

2. 7H8n =2
21 &0 H 718

2 oM & WA (replacement) =+ 472 (repair) T
Q1 Alz=glell A 29 A A9 F717F Sk Al F (every

working cycles) =+ WAE A = A|Ho] YA
4 R EHE AH(KT) 5 WA S Aded a7
o-ol= F3H8HA WA (replacement) S F & FFaL w A
T oAl wA Aol =#aly] del Alswle] e
g Aol FEHOR ojd 2 AL F vE
22%ke] ] (minimal repain)E ot &S 188kl gl
o} o]y 3 Aol A A o] WAEkE F W8S HA
3 ah= Ao wA 7|3 W SIK)E ek A
B0 dto] AFs AYsAT

2 AT Agsn At Solo Hge ted
2

X (G-1)HA g3} s 37 Apole] Azt

gEWsr Aot BE jo date] Mz 594
&4 3} Al(independently and identically) 3%t

ME R

o
o]
B

INF_
E P, < 2 Aol B u= [ Fodeeltk
0

5 4 (failure rate) h(t) = L= 4o el o 2715

S(strictly increasing) ¢~
V&= kA 25710 g dEHTE J ot A

X Py =t]= Gl e Bt o= [ )=
0

R R RE kel theto] A2 59402 SAsh

pasel e, 18T FELERHE () = 190 o3

1
o WA Frol] A|z=glo] 7 Al AEstA He HA
sk 2ol digt A H]-8(minimal repair cost)]™ c,
BN WA AZNKT) Ee A F717F Evs ARl
= Al tigk nlgoltt,

2.2 O[AF AlZHS TEfEh HASE| MM et 51K
4+ 23

Ao A 9] WA (replacement)©] T A 2~E o] A3k
Al71e] gk M 1 o Rob= FetA Al AlEFo R u
= Ao Aokt ek HAgke] 2] (minimal

N
ch
it
o,
lo
ol

)

(o

A (el H(t):flh(mdx:/lgg)) dr e o]

kA ()& AREEte] [0,¢] T3 & AlaElo] g
315 YEhE A4 (Counting process)S {N(t),t >

rr

}

o



64 Jinpyo

e SR PN = n) { X < t}q ar) aeuz

{N(t),t = 0}=
7} € TH16].
WAE A7) WA 7IZHKT) B 2 F17F Bue
H(every working cycles) 5 WA A= Al Hwic)
& SFEE min{ Y, KT JolA 2AE x1gskA Aot
WA T wA Al 7] Mol wAskE a7gol
e HES EU}OM] Fatet F wA 2 g
WA 7ZE g
of vk wA 7+ F o H&S et

4 @)t

o] EIN, (t)] = H(t)<] Poisson Process

2

}

o

ml o ofo &b x>

;ﬁmlor;%
RN

[ aENw) v lacn) [ ANED +)0-6D) )

= [ 0= o)

o

[Facos [Mrmicw e, = [Ma-ca o)

0

b e AFEoR U
0050 BE F oy

i )
/ (1— Gl)dt
A4 e A7) wA| 717k W et E o u]geal
C(K)7y HA&7F 5= kg oW Hrh ol 9siA
CUE+1)— C(K) 9] 7ko] goll A o Wals 7hg #he
B2 HAAo A7) WA 71k e 05w A4S H
o O(&+1) - C(R)E A (5)9% 2ol AelacHe 37
2 Appendix F3%).
(K+1)T
fKT (1—G(t))dt
(K+1)T KT (5)
[ a-awa [T a- )
(K+1)T
[ a-cmazn
| ) AT [ a-cwa

f(j(H)T(l_ o)t o

—a [ (- )izl

Lee

(Kk+1)T
[ a-cna

E+1)T KT
S amcua [T cwa

Ko tjate] oFo grolm= A o] 7] wA 717k vk
IS & ol HI8ES U7k AL S A
(5),] st AdL olad vt 9
44L& v Lemma 19 Attt

rlo
o

Lemma 1. 170 WA= Al7bel] tjgh &8G9 1
A5 h(t) = f(t)/F(t)7} tol] &= %ﬂ-(stnctly increasing)
grhar ZRg gt 2 E A (6)2 KOl tisiA & ST
(strictly increasing) 3+t

Lemma 12 235 2] (5)° A&3}e] O(Kx+1)— C(K)
> 02 BESE 7P Fo AS S g= AASE H2

= T
2 ua] 23s 48 5 vk ado] wAsk= A3t

ek 2FE T nt) = f(6)/F()7F ol & 57 Kstrictly
increasing) & 7 H &8-S HA3lsle 79

o
47) A 713k Kk

.
% oy

B g% K7h 2AE 2 g el
2 (6% WEATE G

]_
Vg AL ghol Ak

S - cnasia
(Kk+1)T
/ (1—-G(t))at
KT

KT
—a [ (1= G)END) e,

¢

J a-cna ©)

rir
>
2

4 9w w490 B
cyc les) = uqﬂ tﬂ-/kg }‘— }\]ﬂu}r/} Hl-}\g
3 & Hzadte 49 F
Ml Bk A 3gelAE 4

F71° S5 FEeh

(every working
i wel Az
Zlell tigk Ao sleE ?L
R SIEEE

A A E o]&3t

. x| ofixl

o] Felld= & Aol A 2
]1419} A3 Asstar v Al ﬂ%* Zk




Optimal Periodic Replacement Policy Under Discrete Time Frame 65

oo
N2 v}
I
m
o
o
4
AC)
LIge)
=
o
=
o3l
ofl
o
1
o
=
oo
i)
Mm
ey
N
W
o~

o

N
N o &

o
=

m
(3]
2
o,
o
N
BT
_‘EL
£ 4
BN
2
it
sk
N
s
=
o
_0|L
Z
1>
s
O

= [e] 1 ﬂ% tlﬂ
Zol i3 gebulE Ae{0.12, 0.125, 0.13, 0.135, 0.14,
0.145, 0.15, 0.155}¢F 2 F7] & W] gk et

ANH(TE (3.0, 3.5, 4.0, 45, 50, 5.5, 6.0, 6.5, 7.0, 7.5,
g.opel Wigh WAL= E4S AYSSATh <Table 1> 1

Ao
=4 1=
PP BN A%E welFa ¢

P .
<Figure 1>914 B 1174 744 & W4 gg o)
gHolE A7F SR A A7) wA 7|7k ukg 3

<Table 1> Optimal Number of Periodic Replacement(x™)

A
T
0.12 0.13 0.14 | 0.15 | 0.155

1.0 47 40 35 30 28

1.2 35 30 26 23 21

1.4 28 24 21 18 17
1/6=0.2

1.6 24 20 18 15 14

1.8 20 17 15 13 12

2.0 18 15 13 12 11

1.0 24 20 18 15 14

1.2 18 15 13 12 11

14 14 12 11 9 9
1/6=0.4

1.6 12 10 9 8 7

1.8 10 8 7 6

2.0 9 7 6 6

1.0 16 14 12 11 10

1.2 12 10 9 8 8

1.4 10 8 7 6 6
1/6=15

1.6 8 7 6 5 5

1.8 7 6 5 5 4

2.0 6 5 5 4 4

A Hgo] Fobdss g A

vl e Ml g(e)l A W

) A% Apolol Aol 5 Hlg

o2 wolA & st
7]

e r
e W 2 o
o
o= gy = >
M olo = ofl
oo g b b N
4 Dot = go x A Pg kv
pol, O+
% i

e
\
tlo
Hie
2,
>
n
o,
of\
e

oo i
o
A
2
Joby
ok
~

o)z ol 3

<Figure 2>+
871 WA 717
87 wA A
omg 7|7k
WA 7] gk

2
>

3
o

i

o3
L
i)
N
A
BN
)

o Bl S

oo > )

2 N g

(o
o dz L 3o

N
-

il
&

>
ox
O
) o 2 0

g

7)

}:;] r—{o N =l
of,
_O‘L
rr
o oft
o

>~
-
oo K
o

oy, T

4y o

i b
b

)
b P

i
N, mil‘
¥ o

oo fl N = Ny oo

=
2
>

i)
~
3

[o
woo 1
o
R

El
__)LL/‘
N
)
1o
=

oL oy

DT
=3

BN
o
ol
Ol
N

WA H]E(c,) o

el Ea
wolztar ofsi e 4= St

T 30

b4

= ——3.0

5

g s e 4.0

(7]

o

Qo

g 2

[*]

g

2 15

j)

a

5 e .

g 10 © >

2 BB _ &

£ R S o o

5 I e

Z 5

©

£

p=3

2 0

© 012 0125 013 0135 014 0145 015 0.155
A

<Figure 1> X vs. Optimal Number of Periodic Replacement(&™)

¥ 30

x

= 0.12
5

£ 25 ~+-0.14
Q

& 0.125
E 20 ~*°0.15
L ..

3

= 15 o e

QL RN RS

a ~e-._ _®

b~ .. e

5 <~ e

5 10 ... M

o S o ..

€ ~e._ e --®-

5 e e
Z 5

©

£

=

g o

30 35 40 45 50 55 60 65 70 75 8.0
Periodic Replacement Time (T)

<Figure 2> Periodic Replacement Time(7") vs. Optimal Number
of Periodic Replacement(x™)



Jinpyo Lee

N =R T K0 T X wR ]
= FPEDT TXTNPRTRE T
o W o= ] ; — = X " RT M = .]. , .
%ﬂoﬂﬂkﬂﬂﬂﬂﬁozm@ BT o B MH M OB o = %szﬂoﬂﬂdnwﬁﬁﬂrwuﬂﬂrﬁemﬂiﬂdn%
maﬁﬁmVWﬂo_HUrwoM? E%ﬂ&ﬂiﬂ%wﬂ M ﬁnﬂgmMVm Mx%%ﬂ%ﬂﬁgﬂ_%ﬁ,
— T o w o B E oo - ol - R o N MR
N I EE y PO GETRBETS MG, NLIToT o AR~ R
2o on AP < %o 2 " o oY oo o = 0 A= RS Y o Doy K o= O
Perm R R bes TR TT L0 B ERTRAITIRRASTIRAT
X E#a ZT ZT _!L X " \M O @.M —_ = ;oL X o) X o EE._ < Lt Eﬂe ~ < M# N _ Hlm_lﬂ HL nﬂﬁ
LC ‘:1_ oy — ;&E .\MM — l ‘%OI ~ ﬂ_y! &le ‘A‘.ﬂ N JI _!L ,&ﬂ ‘_Ivm.L ﬂ_v M.U Lf ﬁl ﬂVI %o m_,.e OC 4 OE JJO O_E ~ T ,UI N oﬁa :i
EﬂéwMM%sﬂ%uﬂﬂ%%maéﬂﬂiﬁ o g MW R e NN R g g
N ﬂnj%%_?%@ﬂmaA% oo Mo ok L R gy 4T g N o R
o oo ) A = oo T oy NOom R o MR A A4 ™K
Mg RToRe ﬂmuemﬁﬂﬁo#ax%v%mouuuo_a&ﬁ%;o = 5 egﬂﬁﬂﬁiﬁk}ﬂm&m N TR oW X
%ﬂa?ﬂﬁ%%&%%gﬂ%ﬂoéﬂﬁﬂ%? m%ﬁi%¢V%wg%ﬁwéﬂi%ﬂ@
To Z_I ~ ~o o >C W < = el ﬁi ‘.:O m‘.* — T oy T PR = EE ~ ﬂw._ o ~ 1Am e E = ® o M) = Oﬁa Mu_l EE
X ) A\ i < XA Ot Z‘.# ﬂl 1J|ﬂ.H o X ‘:L s HT_ ﬂrﬂm N X~ AOMOME @lﬂmﬁ,l‘.ﬁ o A_I o
oy o " N o= = o) & o o o X o X No < 5 1+ BT _ 0w W E o 1 1X_| o o0 ww N ™
JHﬁm,*_rcﬂmLtEEu uEﬁTﬁozTﬂomﬂﬂ]_’__l_ﬂ#%wroﬂA }ﬂn]ﬁﬁoll Jﬂogaﬂr‘_“/bt7 ﬁoﬂﬂ%ﬁa
& T AR T mA BT, Ty zﬂmwﬂg¢§%%%ﬂ¢§ﬁ% i =
r "o R 25 mp o W = R MK 50— 2 ™ o X
— X xﬂlXu]oT A io 2 A iy N ) < — B T o WO — K
S P e O R I I T . L M omw® 2f 2§ < do B AR
ul xAJ-ﬁ Y —_ :.L —_— ° I ey S.Lﬂ —
T R R L N3 R S Bl
uﬂWﬂ@.Ur ﬁriﬂoﬁaiﬁﬂthﬂmﬁqW&ﬁq%Vu ﬂﬂzf@egmamﬂﬂa%iMmH%ﬂezﬂwubm
R {@ﬂ%%%%ﬁ#%%@}mmﬂiﬁ7umeM ﬂ%ﬁiaﬁ%@%ﬂgm1Mmﬁww%$ﬂo
H._,_i_oﬁﬂ%um&%mﬂdo%ﬂlﬂéW]%lﬂ,.o@lo_a,mﬂ;oﬁlﬂ ﬂEﬂ_.NLtiﬂ%ﬂﬂﬂbmuuﬁAvaWhuT7Wﬁmﬂﬂﬂbt
@ o kBT W T e T T < = - s o’ R -~ ~y B
T = = ol m X B TETE T 5 T ],on,xi_.i;o,_
— N o T WM T XS DM T
Mmm xIK\ e — T o _
! = S AR A Rk .
2 B v fe TP ARLILTRe T4 PTES
. Fei 3] = AT,LIAT ,ﬂdau@lﬁo N o= mo =
m - 8 nl A_ﬂl HoE N Ny = W o N ‘__ﬂ_ Ha o
© s — —_ N or =
—| hm_nu w ‘_lx_ﬁ ‘_ﬂo'«A ‘_ﬂw‘._ ~ ;I|/I Mu} ﬂ AT OE _ yl 03
Qo ¢ Ln o =3 ﬂ_EHﬂmoQLClo_H ﬂmeﬂoﬂl]‘m\ﬂ/ﬂ
3 Q = T = e L AR S
Qo 5 diﬂwﬁ]%&odr7ﬂ A
= S S om 2 IR 2N =N — O do %O
Qo 2 N ~N X o < Ny b3
= S N LR EeEETLe"Ew
. . 5 a = T M Y-t
. Ll s mlEomatL ARl
€ o rormow B P T W R (e
E o | 71_Mﬂ\l7/.ﬂﬂ,mv| =
=} — ~ (SN o T ,mw
=z S ° ]Vo;:@(]?77]ﬂﬂr
E 5 o r w42 aglei®
£ 2 2% ATREHgmL A7
\ 8 E 4 T w3 EE g T ®N
S o o s A XX = A T o
¢ 2 & (@) X ‘W,lo.» %Wlﬂﬂnﬁﬂ%ﬂ;ﬂm.mﬂl
> . ) - S =
— | 2 O\ﬂ/x_ i A= ﬁozﬁwlw,ﬂwﬂbtﬂwuﬁliww
& [N DA Bogw X awrT $NT T =
~ — — =} LR g w9 LN N " n_rv = ~ o0 o —
(xi)1uawiaoe|day dipoLiad Jo JaquinN ewndo i AT A ° o L No R " R E M =
. 4 (x31)1uswade|day d1poLad 4o JaquinN [ewndo i Vo moyo® OB A VRN LAE® W
< IS) B B~ v I = R T (S ﬂmodl.._QA =

R

[

1

]_



Optimal Periodic Replacement Policy Under Discrete Time Frame 67

A 43 stoll A HA waA| AJHS Z7] YA
Ha Ae 7 WA Al gigk BkE 315 A5
T UE BFEE AT Aol

gozo AFFAZE U T2 A% & 1Y
g Qs Aotk (1) A4 A7 uA AlFe] HiE 3]
o FAYA T8 A= Ao HeE ke S ol
AE st F 7 B9E A6 Fa HAstels B
S wAsE Aol (2) wA AlFo]l AV wA Al B
o 2 7] TR Ao WA Iy o}% 85l ARE-
A9 ZR1el "E 4 A= Aslo] wAlEte] WA B]E
oje] F7} wgo] AT 4 9= 1% 1 RS
A5 4 9l
References

[1] Barlow, R. and Hunter, L., Optimum preventive mainte-
nance policies, Operations Research, 1960, Vol. 8, No. 1,
pp- 90-100.

[2] Chang, C.C., Optimum preventive maintenance policies
for systems subject to random working times, replace-
ment, and minimal repair, Computers and Industrial
Engineering, 2014, Vol. 67, pp. 185-194.

[3] Chien, Y.H. and Sheu, S.H., Extended optimal age-
replacement policy with minimal repair of a system
subject to shocks, European Journal of Operational Re-
search, 2006, Vol. 174, No. 1, pp. 169-181.

[4] Holland, C.W. and McLean, R.A., Applications of re-
placement theory, AIIE Transactions, 1975, Vol. 7, No. 1,
pp. 42-47.

[5] Huynh, K.T., Castro, I.T., Barros, A., and Berenguer,
C., Modeling age-based maintenance strategies with
minimal repairs for systems subject to competing failure
modes due to degradation and shocks, European
Journal of Operational Research, 2012, Vol. 218, No.
1, pp. 140-151.

[6] Lee, J., Optimal Working Cycles for Minimal Repair
Policy with Periodic Replacement, Working paper, 2020.

[7] Lim, J.H., Qu, J., and Zuo, M.J., Age replacement policy
based on imperfect repair with random probability,
Reliability Engineering and System Safety, 2016, Vol.
149, pp. 24-33.

[8] Mizutani, S., Zhao, X., and Nakagawa, T., Random age
replacement policies with periodic planning times, Inter-
national Journal of Reliability, Quality and Safety Engi-

neering, 2019, Vol. 26, No. 5, pp. 1950023-1 - 1950023-17.

[9] Morimura, H., On some preventive maintenance polices
for IFR, North Carolina State University, Dept. of
Statistics, 1969.

[10] Nakagawa, T., Generalized models for determining opti-
mal number of minimal repairs before replacement,
Journal of the Operations Research Society of Japan,
1981, Vol. 24, No. 4, pp. 325-338.

[11] Nakagawa, T., Optimal number of failures before re-
placement time, /[EEE Transactions on Reliability, 1983,
Vol. 32, No. 1, pp. 115-116.

[12] Nakagawa, T., Optimal policy of continuous and dis-
crete replacement with minimal repair at failure, Naval
Research Logistics Quarterly, 1984, Vol. 31, No. 4, pp.
543-550.

[13] Nakagawa, T. and Yasui, K., Periodic-replacement mo-
dels with threshold levels, IEEE Transactions on Reli-
ability, 1991, Vol. 40, No. 3, pp. 395-397.

[14] Nakagawa, T., Maintenance theory of reliability, Sprin-
ger Science & Business Media, 2006.

[15] Pulcini, G., Mechanical reliability and maintenance mo-
dels, Handbook of Reliability Engineering, 2003, pp.
317-348.

[16] Ross, S.M., Introduction to probability models, Academic
press, 2014.

[17] Tilquin, C. and Cleroux, R., Periodic replacement with
minimal repair at failure and adjustment costs, Naval
Research Logistics Quarterly, 1975, Vol. 22, No. 2, pp.
243-254.

[18] Wang, W.Y., Optimum production and inspection mo-
deling with minimal repair and rework considerations,
Applied Mathematical Modelling, 2013, Vol. 37, No.
4, pp. 1618-1626.

[19] Yuan, F. and Kumar, U., A general imperfect repair
model considering time-dependent repair effectiveness,
IEEE Transactions on Reliability, 2012, Vol. 61, No.
1, pp. 95-100.

[20] Zhao, X., Al-Khalifa, K.N., Hamouda, A.M., and Nakagawa,
T., First and last triggering event approaches for re-
placement with minimal repairs, IEEE Transactions on
Reliability, 2016, Vol. 65, No. 1, pp. 197-207.

ORCID

Jinpyo Lee | http://orcid.org/0000-0001-6613-400X



68 Jinpyo Lee
<Appendix>
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