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ẁkw p=tDL= u=tR QPoQO w Ov=|m}v=mt |O}rwD |=yOv}=Qi R= |Q=}U@ |iQ]

|=QH= sOa '=DU=Q u}ty QO "CU= V}=Ri= x@ wQ p}rO =@ C=i=QLv= w |@=QN
u; ?Hwt x@ w |@=QN C=aiO O=OaD V}=Ri= Ea=@ xv=Q}oW}B C=Q}taD � |Q=Oyov
hWm w C=ikwD R= |Q}owrH |=Q@ u=kkLt "OwW|t O}rwD Ov}=Qi |=yxv} Ry V}=Ri=
OvwQ Q@ CQ=_v w C=Q}taD � |Q=Oyov |=yCU=}U O}rwD Ov}=Qi QO C=Q}}eD `} QU
Ov}=Qi Q@ CQ=_v s=eO= 'OwHw u}= =@ [4 w 3]"OvOQm |UQQ@ u=tRsy Qw] x@ =Q |Q=t;
Q=Qk |WwB sWJ OQwt q=@ C}i}m =@ |=yOv}=Qi |=Q@ C=Q}taD � |Q=Oyov w |Q=t;
w |Q=t; Ov}=Qi Q@ CQ=_v |R=UxJQ=Bm} |=Q@ |OQm} wQ 'xr=kt u}= QO "CU= xDiQo
|=Q@ Qo}O |wU R= "OwW|t x�=Q= q=@ C}i}m =@ |=yOv}=Qi QO C=Q}taD � |Q=Oyov
=@ C=i=QLv= Qw[L QO pQDvm |=yQ=Owtv |L=Q] '|ak=w |=}vO x@ uOW l}ORv
uDiQo Q_v QO =@ |R=Uxv}y@ 'u}vJty "OQ}o|t Q=Qk xar=]t OQwt xv=oOvJ p}rO

pw�Ut xOvU} wv �
"1399 5 8 VQ}PB '1399 4 7 x}LqY= '1398 6 17 Ci=} QO %M} Q=D

DOI:10.24200/J65.2020.53389.2021



"""=@
C=Q

}taD
�|

Q=Oy
ovw

C}i
}m|

R=Ux
JQ=B

m}"C=}@O= QwQt |xYqN "1 pwOH
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"CU= Q}PBu=mt= p}rO =@ h=QLv= OvJ ẁkw u; QO xm O} Q}o@ Q_v QO =Q |O}rwD Ov}=Qi
|wQ}B pw@}=w `} QwD R= w pkDUt =yv; R= l} Qy O=ONQ =D u=tR |iO=YD |=yQ}eDt
C=Q}taD � |Q=Oyov Q=R@= wO R= sDU}U |@=QN C=aiO O=OaD pQDvm Qw_vt x@ "Ovvm|t
Q@ xOW QmP |rQDvm CQ=J |=yQDt=Q=B u}vJty "OwW|t xO=iDU= t pQDvm Q=Owtv w
pQDvm |=yXN=W Q@ xwqa =D OwW|t u}}aD |Q=t; � |O=YDk= KQ] l} |=v@t
3 pwOH QO =yQDt=Q=B Q=Okt "OwW ^=Lr R}v sDU}U x@ xOW p}tLD |xv} Qy 'C}i}m

[30 w 23 '15]"OwW|t xO=O V}=tv
xO=iDU= =@ w MATLAB2017 Q=Ri=sQv QO xr�Ut u}= pOt |oO}J}B x@ xHwD =@
G}=Dv w CU= xOW pL �PSO� C=QP s=LOR= |R=Uxv}y@ |Q=mD@==Qi sD} Qwor= R=
|=y?=wH T=U= Q@ "CU= xOW x�=Q= 4 pwOH KQW x@ u; pL R= pY=L |xv}y@
|}=yO=O} wQ O=OaD Qo u=}=tv l� O=O} wQ 40 R= TB xm OwW|t O=yvW}B xOt; CUO x@
� |Q=Oyov C=}rta �ODi=|t j=iD= C=Q}taD � |Q=Oyov C}r=ai wO u}@ xm CU=
Q=Okt xr�Ut u}= QO pw= ẁv |=]N u}vJty w "OwW =QH= 3 K]U QO C=Q}taD
umtt OwU u} QDW}@ x@ hOy `@=D xv}y@ Q}O=kt u}= =@ =D OwW xO=O Q=Qk 0 2060

"OUQ@

C}U=UL p}rLD "2"5
QO xOW QmP Vout 'Ce 'Aout 'Ain 'Vin '�in |=yQDt=Q=B C=QF= 'VN@ u}= QO

xQP u; |=Q@ pbest Q=Okt OW=@ Q=QkQ@ Z(xi) � Z(pbesti) \QW Qo = w
gbest =@ u; Q=Okt 'xQP |x@U=Lt R= TB "�pbestti ! xti� OwW|t RwQ x@
RwQ x@ gbest Q=Okt OW=@ QDlJwm pbest xm |DQwY QO w OwW|t xU}=kt

"OwW|t

|O=yvW}B pOt pL QO PSO OQ@ Q=m "1"4
|}xDWQ Ov=wD|t xm CU= PSO |xaUwD QO |O}rm QwDm =i l} ?=wH V}=tv
pt=W xOW x�=Q= pOt |=Q@ ?=wH V}=tv "OW=@ K}LY w |k}kL O=Oa= R=
QO "CU= s}tYD Q}eDt l} x@ \w@ Qt Oa@ Qy xm CU= |Oa@xU |=yxDWQ
C=Q}taD � |Q=Oyov |=yC}r=ai s=Hv= Q=@ wO u}@ =yO=O} wQ O=OaD QwmPt pOt
|iQ] R= "OvDUy K}LY O=Oa= �m� C=Q}taD � |Q=Oyov C}r=ai K]U w �l�
|=yQ}eDt |x}rw= Q=Okt O}rwD |=Q@ "CU= |k}kL OOa ��� pw= ẁv |@=QN
OL w u}}=B OL u}@ CN=wvm} `} RwD =@ |iO=YD Q=Okt l} xDUw}B s}tYD
|=yQ}eDt |x}rw= Q=Okt O}rwD |=Q@ u}= Q@ xwqa "OwW|t O}rwD =yQ}eDt u}= |q=@
OwW|t O}rwD [0,1] xR=@ QO CN=wvm} `} RwD R= |iO=YD Q=Okt l} 'K}LY
x@U=Lt 27 w 26 \@=wQ j@] m w l |=yQ}eDt Q=Okt u; R= xO=iDU= =@ w

%OwW|t
l = min((lmin + floor((lmax � lmin + 1)�R1)); lmax) (26)

m = min((mmin + floor((mmax �mmin + 1)�R2));mmax)

(27)

"OvDUy m w l |q=@ w u}}=B OL ?}DQD x@mmax wmmin 'lmax 'lmin u; QO xm
C}a@D U(0; 1) CN=wvm} `} RwD R= xm OvDUy |iO=YD Q=Okt wO R2 wR1 u}vJty

"Ovm|t

pOt OQ@ Q=m "5
xOW x�=Q= |O=yvW}B pOt OQ@ Q=m uO=O u=Wv |=Q@ |OOa p=Ft l} 'VN@ u}= QO

%OwW|t s}UkD G =D hr= VN@ Q} R xU QO xm CU=
"OwW|t x�=Q= |O=yvW}B pOt |Q}PBOQ@ Q=m uO=O u=Wv |=Q@ |OOa p=Ft l} �hr=
x@ G}=Dv w xOW x�=Q= |[=} Q |R} Qxt=vQ@ |R=Uxv}y@ |=Q@ PSO sD} Qwor= 'TBU

"OwW|t C@F xOt; CUO
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JQ=B

m}

"u=tR OL=w QO OwU Ow@y@ Q@ =yQDt=Q=B Q}}eD QF= |m}i=Qo V}=tv "3 pmW

u} QDtm ��out� p}rO =@ C=i=QLv= uOQ@ u}@ R= |xv} Ry w OwW|t xDN=vW QDt=Q=B
"OQ=O OwU Ow@y@ Q@ =Q Q}F-=D u=R}t

|}xU}=kt |xar=]t "3"5
C=Q}taD � |Q=Oyov |=QH= "1"3"5

C=Q}taD � |Q=Oyov =QH= |Q}PB Q}F-=D u=R}tV}=tv Qw_vt x@|}xU}=kt |xar=]t u}= QO
j@=]t C=Q}taD � |Q=Oyov uDiQo Q_v QO uwO@ pOt =@ xOW x�=Q= pOt 'hOy `@=D |wQ

"OwW|t xU}=kt 5 pwOH QO xOW x�=Q= |xr�Ut 27 QO '7 pwOH
R= OwU hOy `@=D QO |O=yvW}B pOt |xr�Ut 27 |=Q@ '7 pwOH j@=]t
C=Q}}eD |xvt=O '=DU=Q u}ty QO "CU= xDW=O |QDy@ OQmrta pm |=QH= sOapOt
u}ov=}t =@ 2=6� 10�3 w 6=9� 10�6 u}@ |OOa 'xr�Ut 27 |=Q@ OwU Ow@y@
pm |=QH= Cr=L u} QDO@ QO O=Oa= x@ xHwD =@ xm CU= xOw@ OYQO 4=4� 10�3

"OQ=O |O=YDk= xiQY O=OQ=Qk u}iQ] |=Q@
xNQJ pw] QO OwU Ow@y@ Q=Okt u}= xm CU= u}= xHwD p@=k |xDmv =t=
OYQO 70 252 u}@ Ow@y@ |xvt=O xm |Qw] x@ "CU= xDW=O |Q}otWJ V}=Ri=
Qo = xH}Dv QO "CU= Ow@y@ OYQO 108 8347 u}ov=}t =@ w OYQO 141 8075 =D

"OQ=O |Q}otWJ Ow@y@ xNQJ pw] QO =t= CU= lOv= Ow@y@ u=tR OL=w QO xJ
|wQ Hout uOv=t C@=F =@ xm O}O u=wD|t 8 pwOH p}rLD w x} RHD T=U= Q@
|Wy=m OvwQl}� w l 'Q=_Dv= j@=]t '5000 =D 1000 R=HinV}=Ri= =@ w 20 Q=Okt
=Q Ow@y@ w |W}=Ri= OvwQ l} ATSin Q=Okt �Vy=m T=U= Q@ w Ovvm|t p=@vO =Q
u} QDoQR@ "Ovm|t p=@vO =Q |W}=Ri= OvwQ I hOy `@=D Q=Okt xH}Dv QO "CU= xOQm |]
760369861 |O=yvW}B pOt OwU u=R}t =@ 25 |xr�Ut x@ \w@ Qt Ow@y@ Q=Okt
xH}Dv QO w |@=QN Q=@ O=OaD V}=Ri= Ea=@ pm |=QH= sOa xm|r=L QO CU= xOw@

"O@=}|t Vy=m 314452568 =D OwU w xOW |@=QN |=yxv} Ry V}=Ri=
|Q=t; |=yXN=W uDiQo Q_v QO %|}xU}=kt |xar=]t "2"3"5

`@=D |wQ Q@ |Q=t; |=yXN=W uDiQo Q_v QO |Q}PB Q}F-=D u=R}t V}=tv Qw_vt x@
"OwW|t xU}=kt 8 pwOH j@=]t |O=YDk= pOt =@ xOW x�=Q= pOt hOy

� xH}Dv QO "OQ=O |Wy=m OvwQ Hout Ov=t|k=@ C@=F Hin xm |v=tR u}vJty
hOy `@=D Q=Okt u}=Q@=v@ w Ovm|t p=@vO =Q |QDO@ OvwQ ATSin Q=Okt w xOW QDW}@
pOt =@ T=}k QO |O=YDk= |=ypOt QO OwU `@=D Q=Okt seQ|ra OwW|t QDtm I

Ow@y@ |Q=t; |=yXN=W =t= "CU= xO=Ov MQ |UwULt Q}}eD |Q=t; � |O=YDk=
"OyO|t u=Wv =Q |QDy@

"L27 |Jwo =D \UwD xr�Ut O=H}= "5 pwOH
�in Vin Ain Aout Ce Vout xr�Ut xQ=tW

0 011 75 5 15 10 25 1
0 016 150 5 15 10 25 2
0 021 300 5 15 10 25 3
0 011 75 10 30 20 25 4
0 016 150 10 30 20 25 5
0 021 300 10 30 20 25 6
0 011 75 20 60 40 25 7
0 016 150 20 60 40 25 8
0 021 300 20 60 40 25 9
0 016 75 20 30 10 50 10
0 021 150 20 30 10 50 11
0 011 300 20 30 10 50 12
0 016 75 5 60 20 50 13
0 021 150 5 60 20 50 14
0 011 300 5 60 20 50 15
0 016 75 10 15 40 50 16
0 021 150 10 15 40 50 17
0 011 300 10 15 40 50 18
0 021 75 10 60 10 100 19
0 011 150 10 60 10 100 20
0 016 300 10 60 10 100 21
0 021 75 20 15 20 100 22
0 011 150 20 15 20 100 23
0 016 300 20 15 20 100 24
0 021 75 5 30 40 100 25
0 011 150 5 30 40 100 26
0 016 300 5 30 40 100 27

xDiQo Q_v QO K]U xU QDt=Q=B Qy |=Q@ "OwW|t |UQQ@ hOy `@=D |wQ Q@ 5 pwOH
R= xm "CU= 100 w 50 w 25 K]U xU pt=W Vout p=Ft u=wva x@ xm OwW|t
xr�Ut xvwtv Ciy w CU}@ O}rwD |=Q@ 5 pwOH =@ j@=]t L27 |Jwo =D KQ] l}
|xvwtv 27 |t=tD QO =yQDt=Q=B Q}=U Q=Okt xm CU= xHwD p@=k "OwW|t xO=iDU=

"CU= xOv=t |k=@ C@=F 3 pwOH =@ j@=]t xr�Ut
s}vm|t x@U=Lt =Q xr�Ut Qy hOy `@=D '5 pwOH |=yQDt=Q=B Q}O=kt x@ xHwD =@
x@ =Q hOy `@=D u}ov=}t 5 pwOH |=yQDt=Q=B �1'2'3� K]U Qy |=R= x@ xt=O= QO w
6 pwOH QO 0 2494 OOa 'p=Ft u=wva x@ "s}vm|t C@F 6 pwOH QO w xOQw; CUO
QDt=Q=B 2 '2 '3 '10 '11 '12 '19 '20 '21 |=yh}OQ QO hOy `@=D Q}O=kt u}ov=}t
Q=Okt u} QDtm w u} QDW}@ hqDN= TBU "CU= xDiQo Q=Qk OwN pw= K]U QO Ce
u=R}t C}=yv QO "CU= xOW x@U=Lt � Q]U QO QDt=Q=B Qy K]U xU |=Q@ hOy `@=D
?}DQD w OwW|t XNWt � Q]U |=v@t Q@ |UQQ@ OQwt |=yQDt=Q=B |Q}PB Q}F-=D

"OwW|t VQ=Ro |Ov@x@DQ Q]U QO Q_v OQwt hOy `@=D |wQ =yQDt=Q=B |Q=PoQ}F-=D
O@=} V}=Ri= �in pQDvm Cr=L QO |@=QN ẁkw MQv xm |v=tR '6 pwOH j@]

"O@=}|t V}=Ri= R}v OwU
u} QDQF-wt u=wva x@ �Ain� pQDvm Cr=L QO |@=QN ẁkw MQv 3 pmW j@=]t
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"hOy `@=D Q@ =yQDt=Q=B Q}F-=D "6 pwOH
�in Vin Ain Aout Ce Vout K]U

0 0397 0 0397 0 5149 0 4022 0 2497 0 2644 1
0 2728 0 2728 0 4329 0 4699 0 3848 0 4632 2
1 0101 0 2049 0 3749 0 4506 0 6882 0 5951 3
0 9704 0 2331 0 1399 0 0677 0 4386 0 3308 �

1 4 5 6 2 3 |Ov@x@DQ

"C=Q}taD � |Q=Oyov |=QH= sOa pOt =@ |O=yvW}B pOt |xU}=kt "7 pwOH
Ow@y@ OYQO pm |=QH= uwO@ pOt |O=yvW}B pOt

xr�Utu}rw= =D u=tR COt pm QO OwU QO OwU u}rw= =D u=tR COt pm QO OwU QO OwU u}rw= =D u=tR COt pm QO OwU QO OwU
p}rO =@ h=QLv= xNQJ u=tR OL=w p}rO =@ h=QLv= xNQJ u=tR OL=w p}rO =@ h=QLv= xNQJ u=tR OL=w

70 2519 70 252 2=5� 10�5 67668898 50751635028 74 999950 115207615 8640567438 74 999969 1
114 6864 114 6867 8� 10�6 13853174 2077972125 149 999746 29740884 4461128830 149 999866 2
141 8013 141 8017 2=2� 10�4 4192884 1257861335 299 99887 10138447 3041530395 299 999531 3
70 2519 70 2521 5=7� 10�5 67668898 50751639672 74 999887 115207615 8640563403 74 999930 4
114 6864 114 6869 2� 10�4 13853174 2077968186 149 999413 29740884 44611024672 149 999726 5
114 8013 114 8022 4=2� 10�4 4192884 1257857060 299 99785 10138447 3041526119 299 999112 6
70 2519 70 2522 1=3� 10�4 67668898 5075151601 74 999678 115207615 8640555332 74 999864 7
114 6864 114 6873 4=2� 10�4 13853174 2077959815 149 999881 29740884 4461116304 149 999445 8
114 8013 139 6566 8=6� 10�4 4192884 1257848509 299 995815 10138447 3014517569 299 99826 9
114 6864 114 6869 2=3� 10�4 13853174 1038983702 74 999678 29740884 2230561971 74 999849 10
114 8013 114 8023 4=7� 10�4 41922884 628927989 1 149 9998801 10138447 1520762548 149 999506 11
70 2519 70 252 6=9� 10��6 67668898 20300665446 299 999947 115207615 34562280409 299 999968 12
114 6864 114 6875 4=9� 10�4 13853174 1038978562 74 9993089 29740884 2230556854 74 999679 13
70 2519 114 8035 9=6� 10�4 4192884 628927487 1 149 999886 10138447 1520757287 149 999898 14
70 2519 70 252 1=8� 10�5 67668898 20300660780 299 999531 115207615 34562271267 299 999928 15
114 6864 114 6879 6=8� 10�4 13853174 1038974786 74 999864 29740884 2230553077 74 999549 16
114 8013 114 8043 1=3� 10�3 4192884 628919237 8 149 999886 10138447 1520753802 149 998632 17
70 2519 70 252 2=6� 10�5 67668898 20300656391 299 999531 115207615 34562271264 299 999896 18
114 8013 114 8039 1=1� 10�3 4192884 314460493 74 999864 10138447 760377583 74 999389 19
70 2519 70 252 1=9� 10�5 67668898 10150329769 149 999886 115207615 17281136380 149 99995 20
114 6864 114 6866 7=8� 10�4 13853174 4155946970 299 999531 29740884 8922259269 299 999805 21
114 8013 114 8041 1=1� 10�5 4192884 314460089 7 74 999864 10138447 10138447 3 74 999369 22
70 2519 70 252 1=3� 10�5 67668898 10150328930 149 999886 115207615 1728113680 149 99995 23
114 6864 114 6866 8=4� 10�5 13853174 4155946303 299 999531 29740884 8922259269 299 999779 24
114 8013 114 8075 2=6� 10�3 4192884 314452568 74 999864 10138447 760369861 74 998626 25
70 2519 70 252 5=3� 10�5 67668898 10150321676 149 999886 115207615 17281129111 149 999886 26
114 6864 114 6868 1=7� 10�4 13853174 4155938805 299 999007 29740884 8922257895 299 999531 27

35



"""=@
C=Q

}taD
�|

Q=Oy
ovw

C}i
}m|

R=Ux
JQ=B

m}"|O=YDk= pOt =@ |O=yvW}B pOt |xU}=kt "8 pwOH
ATSout ATSin I m � l Hout Hin

10 27 787 40 149 999873 3 0 127 43 � � |O=YDk= pOt
10 58 1123 59 149 999851 2 0 089 47 20 1000

|Q=t; � |O=YDk= pOt

11 26 2083 33 149 999805 3 0 048 44 20 2000
15 93 3076 92 149 999733 3 0 0325 40 20 3000
18 62 4115 22 149 999661 3 0 0243 39 20 4000
19 79 5405 40 149 999588 4 0 0185 37 20 5000
9 75 598 80 149 999867 3 0 167 46 10 200
8 28 436 68 149 999856 3 0 229 48 9 200
7 46 269 54 149 999848 3 0 371 48 8 200

|}xU}=kt |xar=]t wO |O=yvW}B pOt |Q}PB Q}F-=D V}=tv |=Q@ u}vJty "OvQ=O u=tR
"OW s=Hv= Q} R hOy =@

Q@ C=Q}taD � |Q=Oyov C}r=ai |=QH= C}ty= pw= |}xU}=kt |xar=]t QO
R= pY=L G}=Dv CiQo Q=Qk |UQQ@ OQwt OwU V}=Ri= w =yxv} Ry QO |} wHxiQY
x@ u; |=QH= sOa x@ C@Uv C=Q}taD � |Q=Oyov C}r=ai |=QH= xm O=O u=Wv xU}=kt
|xar=]t R= pY=L G}=Dv "Ovm|t pY=L Ow@y@ OYQO 108 8347 u}ov=}t Qw]
seQ|ra 'pOt x@ |Q=t; C}OwOLt wO uOQm xi=[= xm O=O u=Wv swO |}xU}=kt
|tm |r}N Q=Okt x@ OwU `@=D 'ATSout w ATSin Q}O=kt Q}otWJ w O=} R Ow@y@

"CU= xDi=} Vy=m

|Q}oxH}Dv "6
� |O=YDk= |L=Q] xar=]t u}= QO 'SPM C=}@O= QO OwHwt |=y<qN uOQm QB |=Q@
=@ h=QLv= u}OvJ Qw[L QO pt=m =v O}rwD Ov}=Qi l} CLD t pQDvm Q=Owtv |Q=t;
xm C=Q}taD � |Q=Oyov C=}rta |=QH= 'u}= Q@ xwqa "CiQo Q=Qk xar=]t OQwt p}rO
QDt=Q=B VW |wQ Q@ 'xt=O= QO "OW xDiQo Q_v QO xOw@ QF-=Dt x=oDUO |@=QN MQv QO
u=Wv G}=Dv "CiQo CQwY C}U=UL p}rLD Vout w Ce 'Aout 'Ain 'Vin '�in
O}rwD xv} Ry QDt=Q=B w u} QDW}@ �in pQDvm Cr=L QO |@=QN ẁkw MQv QDt=Q=B xm O=O
OL=w QO OwU Q@ =Q QF= u} QDtm Aout pQDvm R= GQ=N Cr=L QO j@]vt=v pwYLt

=yCWwv=B
1. preventive maintenance
2. �tness value
3. velocity
4. inertia weight

�References� `@=vt
1. Lee, P.H., Torng, C.C. and Liao, L.F, \An economic de-

sign of combined double sampling and variable sampling
interval X control chart". International Journal of Pro-
duction Economics, 138, pp. 102-106 (2012).

2. Saniga, E.M, \Economic statistical control-chart designs
with an application to �X and R charts" Technometrics,
31, pp. 313-320 (1989).

3. Liu, L., Yu, M., Ma, Y. and et al. \Economic and
economic-statistical designs of an X control chart for
two-unit series systems with condition-based mainte-
nance". European Journal of Operational Research, 226,
pp. 491-499 (2013).

4. Le, M.D. and Tan, C.M, \Optimal maintenance strat-
egy of deteriorating system under imperfect maintenance

and inspection using mixed inspection scheduling". Re-
liability Engineering & System Safety, 113, pp. 21-29
(2013).

5. Chen, Y.S. and Yang, Y.M, \Economic design of x-
control charts with Weibull in-control times when there
are multiple assignable causes". International Journal of
Production Economics, 77, pp. 17-23 (2002).

6. Zhang, H.Y., Xie, M., Goh, T.N. and et al. \Economic
design of time-between-events control chart system".
Computers & Industrial Engineering, 60, pp. 485-492
(2011).

7. Moghadam, M.B., Khadem, Y., Fani, S. and et al. \Ef-
fects of non-normality on economic and economic statis-
tical designs of-control charts with multiple assignable
causes and Weibull in-control times". Communications
in Statistics-Simulation and Computation, 47, pp. 2055-
2069 (2018).

8. Nenes, G., Tasias, K.A. and Celano, G, \A general model
for the economic-statistical design of adaptive con-
trol charts for processes subject to multiple assignable
causes". International Journal of Production Research,
53, pp. 2146-2164 (2015).

9. Tagaras, G, \An integrated cost model for the joint op-
timization of process control and maintenance". Jour-

36



2 2
|xQ

=tW
'36

�1|
xQwO

'�1
39

9u
=DUt

R�h
}QW

C}
Q}Ot

w`}
=vY

|U
Ovyt nal of the Operational Research Society, 39, pp. 757-766

(1988).
10. Chiu, H.N. and Huang, B.S, \The economic design of x-

control charts under a preventive maintenance policy".
International Journal of Quality & Reliability Manage-
ment, 13, pp. 61-71 (1996).

11. Ben-Daya, M. and Rahim, M.A, \E�ect of mainte-
nance on the economic design of x-control chart". Euro-
pean Journal of Operational Research, 120, pp. 131-143
(2000).

12. Linderman, K., McKone-Sweet, K.E. and Anderson, J.C,
\An integrated systems approach to process control
and maintenance". European Journal of Operational Re-
search, 164, pp. 324-340 (2005).

13. Zhou, W.H. and Zhu, G.L, \Economic design of inte-
grated model of control chart and maintenance manage-
ment". Mathematical and computer Modelling, 47, pp.
1389-1395 (2008).

14. Xiang, Y, \Joint optimization of X� control chart and
preventive maintenance policies: A discrete-time Markov
chain approach". European Journal of Operational Re-
search, 229, pp. 382-390 (2013).

15. Salmasnia, A., Abdzadeh, B. and Namdar, M, \A joint
design of production run length, maintenance policy and
control chart with multiple assignable causes". Journal
of manufacturing systems, 42, pp. 44-56 (2017).

16. Yin, H., Zhang, G., Zhu, H., and et al. \An integrated
model of statistical process control and maintenance
based on the delayed monitoring". Reliability Engineer-
ing & System Safety, 133, pp. 323-333 (2015).

17. Salmasnia, A., Kaveie, M. and Namdar, M, \An inte-
grated production and maintenance planning model un-
der VP-T2 Hotelling chart". Computers & Industrial En-
gineering, 118, pp. 89-103 (2018).

18. Duncan, A.J, \The economic design of-charts when there
is a multiplicity of assignable causes". Journal of the
American Statistical Association, 66, pp. 107-121 (1971).

19. Nguyen, D.T., Dijoux, Y. and Fouladirad, M, \Analyt-
ical properties of an imperfect repair model and ap-
plication in preventive maintenance scheduling". Euro-
pean Journal of Operational Research, 256, pp. 439-453
(2017).

20. Salmasnia, A., Soltany, F. and noroozi, M, \An
economic-statistical model for production and mainte-
nance planning under adaptive non-central chi-square
control chart". Journal of Industrial and Systems En-
gineering, (2018).

21. Zhang, C.W., Xie, M. and Goh, T.N, \Economic design
of exponential charts for time between events monitor-
ing". International Journal of Production Research, 43,
pp. 5019-5032 (2005).

22. Zhou, X., Wu, C., Li, Y. and et al. \A preventive main-
tenance model for leased equipment subject to internal

degradation and external shock damage". Reliability En-
gineering & System Safety, 154, pp. 1-7 (2016).

23. Zhang, C.W., Xie, M., Liu, J.Y. and et al. \A control
chart for the Gamma distribution as a model of time be-
tween events". International Journal of Production Re-
search, 45, pp. 5649-5666 (2007).

24. Khoo, M.B. and Xie, M, \A study of time-between-
events control chart for the monitoring of regularly main-
tained systems". Quality and Reliability Engineering In-
ternational, 25, pp. 805-819 (2009).

25. Lee, H. and Cha, J.H, \New stochastic models for pre-
ventive maintenance and maintenance optimization".
European Journal of Operational Research, 255, pp. 80-
90 (2016).

26. Xie, M., Goh, T.N. and Ranjan, P," Some e�ective con-
trol chart procedures for reliability monitoring". Reliabil-
ity Engineering & System Safety, 77, pp. 143-150 (2002).

27. Xie, M., Tang, X.Y. and Goh, T.N, On economic design
of cumulative count of conforming chart". International
Journal of Production Economics, 72, pp. 89-97 (2001).

28. Kijima, M., Morimura, H. and Suzuki, Y, \Periodical
replacement problem without assuming minimal repair".
European Journal of Operational Research, 37, pp. 194-
203 (1988).

29. Kijima, M., \Some results for repairable systems with
general repair". Journal of Applied probability, 26, pp.
89-102 (1989).

30. Darghouth, M.N., A��t-Kadi, D. and Chelbi, A, \Joint
optimization of design, warranty and price for products
sold with maintenance service contracts". Reliability En-
gineering & System Safety, 165, pp. 197-208 (2017).

31. Wright, T.P, \Factors a�ecting the cost of airplanes".
Journal of the aeronautical sciences, 3, pp. 122-128
(1936).

32. Talbi, E.G., Metaheuristics: from design to implementa-
tion John Wiley & Sons, 74 (2009).

33. Ghodratnama, A., Jolai, F. and Tavakkoli-Moghaddam,
R, \Solving a new multi-objective multi-route 
exible

ow line problem by multi-objective particle swarm opti-
mization and NSGA-II". Journal of Manufacturing Sys-
tems, 36, pp. 189-202 (2015).

34. Salmasnia, A., Hajihosseini, Z. and Namdar, M., \A
joint determination of production cycle length, mainte-
nance policy, and control chart parameters considering
time value of money under stochastic shift size". Scientia
Iranica, (2018).

35. Perez, R.L. and Behdinan, K, \Particle swarm approach
for structural design optimization". Computers & Struc-
tures, 85, pp. 1579-1588 (2007).

36. Eberhart, R. C., Shi, Y., and Kennedy, J, Swarm Intel-
ligence (Morgan Kaufmann series in evolutionary com-
putation) . Morgan Kaufmann Publishers. (2001).

37




