G2 i s & el (i g0 (S gt § o) A gt

E | S Y WY
P s 55 (5 L ot 30

et 95 (5 Ll i 39

ISSN: 2345-2269 ’ )
Www.ier.basu.ac.ir

1PY 170 o A F oY Ll g 5las 699 g St 0 slowi ¢ 36 Jlw

Bl pige SR 3
Sy L 53

DOI: 10.22084/1ER.2023.27913.2130

Sl yaend 3 55 42 LS gl )3 Gyl Glasial b (25 albio Slap il Sl (o)

ligloj 5>1b 5l ooliusl b (6 kol aigT 3 J s s

T B9)8 190 7 Sy Gy

Oll coliile S oliile S ciriio olRiils ( gwdige e 508l caslio cwaige 09,5 jLaliul )

Ol i (liws )5 ol8asls o pwaige Sl ciliin (pwdige 04,5 ol Y

aMs

Ao wledb|

Gl siols g it Y Iinile sty QS 1 s slaalp senlegil Gral3d L
Sudgo (sl p 28l Cuonl i It dadipa g CoeS E0dS 1S 50 SV lindle by S
slailly o5 Emly asilyn B wigd (o)laeSS Jlowl Laulyd )0 wb Sligead oz bame al 5o
dmo gylal anlp S 5 el b 5 Coenl 2 50k lime il 0395l (kS
A ly8 S Gaiod ol 0wl ool o0l drwgi salise ax LSS gl Jows Liwly cpl o 5 aslatslis
UrsS o el el cilies Sllas cl g0 ol a5 ol 43,5 18 ooy 1 5590 05l algs
AlElae Joe o alBlaz oo SPC-c az LSy e s 02l sl -8 5l )l <l
SPC 4 i 4y by po Slaganai (Sinlod cl 45 w8 Shas e polosl alys T o Cewssy SPC
bl 555 o 5 gl 5 50 03l 423105 3935 SPC 5 26 Slopaad (s Stlon a5
O cod oads al)l Jao 025 o0 J13 oy 950 a2 S0 e 3 See (lele slaalejl SiSS
ey Y kb @ie Y by e Y dly @i o) deld &5 Sl 0ad gy (25 el
5 dualy LS Jloy mjg slacdl o pszadye Gl 421 wilise alod @i 0 5 LIS
395 bl 92T S ol S Al o Ll sl e W08 390> 5 5 s Ty L,
slanie o g 2els a,mie wilg o SPC g &b Slaead jloKinlos il ol
VT Loy jobar oled @jsf b )5 pln gloanse o 2al5 (e 050 Slles

allio Az \G
VEAMN/A cdly
VEYIYIY byrdy

(i g3y o)

(goals wlols

Ol yrond g (5l
sbol wis 3 s
Wil 5 e ilse
az )b sldowe
Slisll >k

Db 0ols )3 sy 9,90 1) Loy
sl S el 950l (0B slds 5o e Tl G ol
el Gl ol S ol 5 Codise gl fhe oS e
i (DYgame g9 Gl g b )0 mipe s 00 )b
ol LY 0 ey Slies 4 s 5 Gmmlegl Gl
o VT eple e 4 L5 51wy slaan] B« pgmaslagsl
kS S8 0 Yleile Condy B (nlply ol cex

doddo .Y

1y 55 i o5 (G55 s S ool (sloay T3 IS bos,
S 50 el =) sl ale wils Slles IS QL5
(£9) Sl ot 9. (65l (S50l 5 =T 5 S J 55 =Y (509250
Saen 2T du ol (655 135 5 Jalas oSl 0, e (Y0 D)
6ol sole slo Sug; 5 Lo Joe Lol sl 50 5 oy (290> b
bl gl aw (ol Gilotinte (lojor jsbas a5 505 3529

Sy i s 0

H.Rasay @Kut.ac.ir : S.5g xSl o £ YA-YYYYO < il


http://www.ier.basu.ac.ir/

\Y# vee 91550655 42 4S9 S o 38 S g ST B (31 ko Sl 3l il (wi s 39 3 B9 5B 9 (Sl

538,90 90 6 5l Bua YW 26 g SPC die; ;0 oadioals drwgs
a5 0gd oo St slodi e Bl 4y i B,bSG 5l 06 o
45 00,5 o sl Uy 5l gyl Sl e wnls o Sles aetiys
ol Sggs 4 pie S5 500 b 5l Zewl 13 SPC Gas Ygass
P Sandg S 1) 35800 (2P St sleBlas 5 leb]
ol S5 asl Bum ol 45 (355 00 > Ll g ymeS Jlozsl L
]

anld 5o edel Cowsds ledbl a5 WS o Lo [F] Ll 186
2 Wlgin cnlply g WS oo aseie | (Mol cle g5 SPC
Sl dled (&g endy il S 3T &l Ki 5 s i,aebp
JAS Sl i ple 5 408138 8 aan] 8 Jlg; 581 o
555 sln azlSy sladae 5l (o n o e i 1wl
ilazadls opedle (cw il Jolao |y Jyame cobeS o5k « SPC
Condg Sl peliie i jobay Glgi oo Jgame o)l b &dlye
Lol as dlas wiS' o 09 1) Jgamma )] 457 cotans

Sppe il 4 ]y S g Sk o dlal, [A] ) Sea 5 Sl
4 g WlpSin &5 Ojgen 4 el 5 5N S o ol
Dot il Sl (59, 52 priins 3B (shls (2Ol
o 45 (25 ol b el I3 3B Sl S 2 ol 5 el
Sgete b Xigd g0 03 )4 Jpamma sl (pol> g9 g (sl Dliaea
(oo Sgtp 8 DY gae CuksS (Dl 2L

Ssets hg2S p olbytie 25T 5 938l <o, Jdow;
2 dlope S5k £ Jyax Oj9p0 9 conlio b St Jpaza
Al olezel LB wb &Yl pile o Sljges o Sl s g0 0,90
5 Sy slp axg JB gleanie Sre en Ot s
g Lax Slaabl LB )5 Ll ol liess dao Solsll5)
Jyame CotS 10 e Jole S Sl et 5 (5510655 0,5 (5510055
2 Cedbge sly @l o plgear Wlgoe g g0 Hlada
g s Y eile o Slae LS o 050 w3, ey ool
ey llys Mg oo 5 0o )5 Jpame ;o plog Gl 4
@Vl gl 4 plitws Gl dile selis Cgre Jgaze adgs
il 9w I et Lulyd o Wb oy Sl i
e M ceslin Dl 5 (5,005 slalled 35k | Consg

Qlﬁé‘ 90 A
bl an Ty JpuS g o az LG la o 5l (B cond ol po
Sy90 4o Jlaizlay g 00,5 j5e Cowl Soop Lol s 4 oS
RV PCINRIE V) AR SOV PUPSRVER SNERP Y A TR
el Ls“dl>).os_i: .)..uij.B g_ia J.ALw aS wileals )‘).9 e r Oy ‘)

S Jls s 5l o cnl o auld ol &5 culonss 58

3. Kuo
4. Deterioration

Ol 00 Cudise (gl il el iy Sl deanie g S
2lgy b aigd (6l Jloasl lul b 5o b Sl g cayaz lae
by s a5 Jlo s [F] ansl ojg el (isS slailly s5aly
Mg apmie 58 SBL S8 webe Sl slaanie 4y
5 Sluld 4 bagye slaanjo (al3dl 4y 5 Csne DY gaxe
JrS dlas plys 52855 1150 ol pl 99800 Cgne DY g
g sa (5 e 8 Shoe ) e (2 syl 9wl CoiS

L laglejle oo sryaebin g CoeS J5S G alal) Gl
a3l a5 555k (59 4z Lo (Sla s dnwgs 4y aS ALl ]
e I¥] el o pae slocdles o Siales 51 Vb mhw SO
T8 uills o atug (RS kSl asllas mlaw 4 G
S ol oyl 51 (G plgreas J 7S sl loges ool Lo 590
bh SRl mle Bd> g oLl Lol wnlp
ooliisl 8590 laais] 3 uilyly (malS g J S jslase 4 slos xS
2 Seleys Wl oo o Gy et @lie 5 (So Sawl 48518
o9 w8 uilly SRl ayeie g S S Jgame CoiS
5 Skee 5o palS aS w3l sl Olsg o g5, i glolad 50aS
5 Al Sy sl Jpame CuiS ol a e (Sl
CedeS bl g anld Guibly telS e Wlg e caslie
axdls ol 1) Glife o4 5 CokS G S5 b5 |09 Jgame
P50 ko Joo 50 Ygone &5 wind dnngi | iz LS4 slaoa U
Gl cowaS L5 sboanie jo rals 05l b Joe ol ailess
Lol wloas

18 S 5 25 ol 530 5 Somal (g0l iz
Olgiies 1y P11 ol B Lawgs oas a8l)] Joe .21ailis ass s Lol
Srsaely g J S loges solaidl >lib as couils Jow s
S oo ol V] 7325 5 95 0108 g 2 9590 0l o155 1 25 s
JrFaS w)ls a9z (ol il g0 oy slaanTp S Gl o5
5 SeeolST an,e o wo2) 0,505, 90 (pl i Cu e g & bl sl
I8 58 s, 0 3,90 alSTar & 90m Ysons (Jos 4o e 55 00
Slaal ojls 0429 0,509, 50 o Blaal o ol oSl Ll
Rl ¢ Jgame dingy CoS @ Qo) ol 9,805, 55 2 S e
alp Gl S b leas e pals 5 wlidys 5 o> slagle;
g Aoz Sygoh (B9) 99 (nl 65 B g L2l ez cnll .ol
Foe B ssbar (oo bagl l plaSie 9,05 L pals sl
ol e doye 10 4z g RS 5 SeodlST Lapzms )3 dz s
oS o Jyarme CudsS G 698 LS, A5 Sl oud atin
laylil ol pleol 5 o)l o92g Sliegd Sl pasd 5 (5, 5wl
Bl S50 5 drhe s WlgT o0

A 3 s omtle o Tlg; & a8 e ol [A] VoS
kS sladse yo il Slazdy Cgare Jpaze adg Jalge

1. Tagaras
2. Zhou and Zhu



1P sl g sler /g9 5 ot 0 ko /90 3 Sl /0 Slppiansus 39 Qo (uiigo Sl st 3 43 pid vy

e 45151 50 10 il opde 355 8y L Sl 5
s S jbar cl (See 300 18 Slilee Sl plas o
plil (omeas i ldas cul p3Y O yg0 ol (o a5 00 o>
O o 1l 418 5 18 ) 50 50 allie [0 Ol pesd £43 90 0,5
Ol yuond g9 g0, (CM) & Mol Sl pans 3 PM) @l Ky
39 30 PM aiiS o waos JolS joboas 1) anl s a5 0gd 0 (559
e ot 0,58 5y (sl 5 05,13 511 53,5 a9
ool g STL g ams aslel o9 cudlad 4 S cov > o tn
O JAsS slogei 5 00 o)l U558 5l )l b @ G sl
JiKs G S jloges a5 Sl 50 (V) wil oolas auseis |
Sl e 8 Jlo)l wnTp o 85l @) (e S
3 Slialagl o il 536 e (slo ot ez L2 oo
ol $1n [Y] g o 53 el i 5 alonil Jon (sl il 55550
SNoged 5 CukS J5uS g o az)lSe Jae axwg g oy anl
5o ol Lo 50 AT d sl o ool _iog e JoS
S5 RS 5 s o g JAS cos cllo) llee <l
il o elS ol s

lo8ls 518 guay 2 8590 1y (o s S VY] (S0 5 50
2 S5 plags paie 2 g allige OLSG gas 5o 5l JSie a5
oS ailasleyy (Jow &l a4 Bann g all assls 13 o> ¥
s sl 5 055 o a5 55, J S g sl i
& oty Ko ) i J (sl oY slagle; 05d Sl
ol ool a8 )8 1 s slad Oygods S0 Condyg

oges (Ll g o plesl (w4 &5 (ago 4z LSy Joe
Sl Joe ilo 52 S 5 G 5l JSie e S5 0 J S
oy 330 A B aS 095 e B8 Jow ol 5o el [VF] bo g
Iy e a T8 Ulyo 51 oIS 2 el oty ey Al yo 55 Juls
o o J5S ol isdh )5 5 Sl | e it e il
5 oo Al po 050 50 5" solail &g S lages sl anly gl
g o o0laiul ¥ ouslaudly JrS loges

Sl a5 9 e slp 4z LS Jae S5 0] g2 5
S50 b ailflaz slo oo b Jaw ol o ,Sles 5 00l g diunlg
6 Az LS Joe G dnwgs 4 N ] g jo ool a3 5 )15 alis
ol 00 5y a5 b 4o ol axblsy oylel anld JmS g
day g A8 (o8 ) (o (Bolal an P S elulp anl B ol
S Dl e ot b pran (S S8 Oldas dgaote (golass
S s az Sy Jae o DY) pliSen 5 lsle 0,5 18
> leals Bl QU oy s S5 sl $357 90 S5 5SS
20905 5l 5T ol 5 il sla ol 5 b azlgs cyza &5 J>
PPVESL IRV JUPIN SO CH N OPSICICS SO KW PR 03 PPU g D1

5. Corrective maintenance
6. Shewhart individual control chart
7. Residual control chart
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1. Reactive maintenance

2. lanned maintenance

3. Compensatory maintenance
4. As-good-as-new system
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3. As-good-as-new-state
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1. Reactive maintenance
2. Perfect
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Normal Plot of the Effects
(response is ECT, o = 0.05)
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1. Rayleigh distribution
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ARTICLE INFO ABSTRACT

Article hi . Both in the academic environment and in the realm of operation, it has
rticle history: been shown that there is a close relationship between product quality and
Received: 2023/1/28 maintenance of equipment. Thus, coordination of the decisions associated
Accepted: 2023/4/24 with maintenance and quality can lead to decrease in operational costs of a
production system and improve the overall productivity. To coordinate the
decisions related to maintenance and statistical process control, this thesis
Keywords: develops integrated mathematical models. The system performance is
compared in two states: (1) while there is a coordination between the
decisions of maintenance and SPC, (2) while the decisions of maintenance
and SPC are conducted separately, and indeed, there is no coordination
between SPC and maintenance. To determine the system performance in state
1, an integrated model of SPC and maintenance is developed. Optimization
of the integrated model determines the value of ECT in state 1. To determine
the system performance in the uncoordinated state,i.e., state 2, the following
steps are performed: (1) a stand-alone model of maintenance is proposed, (2)
a stand-alone model of SPC is developed, (3) according to the results of
optimization of step 1 and 2, the value of ECT in the uncoordinated state is
computed. Finally, comparison of the values of ECT in the coordinated state
and uncoordinated state clarifies that, due to the performance of the integrated
model, how much saving in operational cost is obtained. For the systems
investigated in the thesis, using factorial designs, the effect of the system
parameters on the decision variables and the objective function is analyzed.
Also, it is investigated that, with respect to the operational costs, what
circumstances are more suitable for implementing the integrated models of
SPC and maintenance. According to the results of the study, integration of the
decisions associated with maintenance and SPC leads to a better performance.
The amount of saving obtained from the coordination is significant for the
different production systems.
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