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Performance Evaluation of One Aircraft Engine Assembly System
Based on Numerical Analysis
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Abstract; Aircraft engine assembly system is a kind of complex manufacturing system with characteristics of rework and re—entrant loops.
It’ s difficult to be analyzed by using numerical analysis method unlike Jobshop models and Flowshop models. In this paper, taking the
productivity of aircraft engine assembly system as research object,a model of the aircraft engine assembly system is built,a performance
evaluation algorithm is proposed based on the overlapping decomposition method to study the throughput of aircraft engine assembly line
and compares the results with the discrete event system simulation. The results of numerical experiment show that this algorithm has a
high accuracy, can reduce the time of performance evaluation and can estimate the system performance effectively.

Key words: numerical analysis;complex manufacturing system ; performance evaluation

0 35
Wizs REMLAER S BRE S T FEEN/NTE, H5EMEAEEFEENEN, BN HE R

]]III'

il 38 AR GE AR 7 4 T i i R SR BTt R A

Fe BRI T2 R A 4 B At e kg, ORISR SF L el 20 55 ) WS 5 ik oy P

IR ORI SRR Ty, 7EXF & Sl A7l 45 4 K AAMEITEMBEITE,

B 5 AL S Ik A4 T ( Rework Process ) 5% AT S R AR R — S KW R TR i oA T
(Re—entrant Process) BIE ML, — & & ShHLEY A r= i 72 (M PIHL A J6 A 7= 2R 64T 20 B, Gershwin A1 Berman'"

R T 2% 5 VR B A R TR I T AR 2 B T R AR A R R e AL AR 2SS

LR RGO AR A T AT AN Ty AL MG Dallery 55§21 1 56 T WAL AR F- i 5 72
L 4 ER AT A PR RE T A B0 (DDX B3k ) . fEIL B

Wi A 2012-11-26 & B B H#A:2013-02-27 ) £& H ki Bt 18] ;2013 -05-09
E£WA . EHRKARPHEE L% B H (60934008 )

EREEIAT AN (1989-) B RN B E S A B FE07 1) il i RGeS A S A s 9T 0, e, 20, e A S 00, 0F 50 1)

Joihil i RGBT AR
[ £& AR Ik « http ; //www. enki. net/kems/detail /61. 1450. TP. 20130509. 1058. 023. html



$24 . HEBAR SRR

03 &

I, Colledani £ Tolio"*' $2 H T 7EHL A% HA £ Fh I i
AN BATA LI I

BAEED P, Li & BEE T LR WL Jobshop
1 Flowshop FUSE 475 189 FH . Meerkov” 1 545
THRTFREFEMBITAEREA R E L, %
DR AE RS R TR R AR B R R
SREHLA: P2 R HR MR, Chiang 25" 48 T H 47
A 7= 22 40 WL BE ZE AR 2 A LR AR SR 1 11387 vk DA
T AR, Lit7 DR AT AR P2 2R B 40 Hr h
P T HE S LA 7 f# 771 (Overlapping Decomposition
Method ) , BEWE A 0l FAh & A 3R 14 T2 1 2 e A= 7
RGERIEF, L 45T T4 A e A EL
B R PR AR B, R B LSRR T
T Petri M PEREPEAG 795

B — BB X T AR 2 A AR G 0 P BE PE A R FH AT
FL I, Y G T R g BRI Y
AT, AR AT B ) R el B AR
TERlE RGP RN . SCER [ 13-14 ] 43 Bl % i 7
A RGN E AR K R X R A RS AT T
BT, D E L SEUE A AH L PL S AE T3
IO 3 SEBRAE Y | R B AR B R
GE NP REME

SCH LIS KB HLAR E R G 0 A 7 28 R 1 RE PRA
Hw, 74 = R | 1 8 S WL o it ik ik
TP REPEAL , OF 5 B WO 0 L 45 R AT LA,
L) SEIREE SR, SCrh W BUE AT O vk A e W BI, A
TR =, BEAS AT A P4 & S 7= RS TEBE

1 RGEEBIRES R EEE X

Az REPLA I R G0 Je — 8 R R 4 1 6 E &R
G, 30 A AN A R AL I R G AT T A
PRI A % i gl AIL AT R PR B K BT LB B R S AR A 2
HEAT 2 /DT , 75 B U IO 25 R 5 23 0 & sh ALk
ATIA A S, R K S ML B A G A G B R FE 5
REMO LS 5 55— U A 00 G 1 R B DL 5 B 53
S P ER R IE — 3k, 33X > 3k R EE AN T (Re —en-
trant Process) , Kumar''® T~ 1993 4 & k32 TRl & A
He =2k (Re —entrant Line ) BYHE 2%, I 4E 4 X 43 Flow
Shop F1 Job Shop M55 =2/ ™= R G0, SEBLLE R IFEH
UG IR AR IS 1 K S ILAT RE B T A 7 4 58 UM
To WRIETE, A& SHLSE B e ) 26 255 1 2 W Y
TR 3 10 & S AL T 46 2 T50 30 5 — U o
AT S SORE Ry 55— UCREIC , 43 il i BT R I
E| Ut € EURE Y T AN H i e/ € T PO
IR RIS B A% 1 A& BhAIL , AR5 240 E B T, i 4
A REFR A B AN T (Re—work Process) . 246 A5

& IR o B R U B AR 2 S AT W
ROWAEMER KB E R (2 +2 x (e +a” +
=))W

FET UL X R B ML IE 2R 58 00 43 B, I X e e ik
FEH AN/ N T B T Ak, 55 025 K sh AL fic 25 G A A
W 1 R B SRR 58 iU 1B LY AR R BILAS |
(5] L AR R MLAR (R A 22 v X,

Hem, o my, Fom,,-,m,, VLB HR 8] B 2% i
XML ES K L4 T8 2 %% T )7 2 e 28 P2 2R 1T m, hy
IRER BRI T X 2 il 52 1) & Sh WL EAT IR 4K 56, m,
R IATT  HRAEAG 0 AN G A% BRI A Kk
SHLIEAT I3, m, hy B AG T PR 5, X 53 fife 6 A8 TR A8
HEATRCBEAG I, m, Ay TG 56 R 5 — U A
55 R A H 10 A sh ALk BIALES m, EAT o0 A B 55 K
B Ak I R L% AR = RS

h T O AL A PR RE A I B A — AR

M. AL ES, B m - omy, , my,,,
Moy My My My T

m, e M5 G Hi=1, - 14 0 m S
B FRIMLES  H i=al -, a21 ) m Ry EIHL
arstr i=t, W m ARG ;i =d B m, R o L
fsi=fd W m EERBLES i =c B m R T K5
PR

P, i€ M: HLES m, B e

r.,i e M Pl mBEER,

B . iHZ% WX ES, LB,
B, ,B,,B, ,B,,B,,B, ;

B.,i € B: HLERHIZEMhIX ;

N.,i € B: ZupIX B, (%8,

o HLES m, FARAEARGI IR AT 25 5 R AN B 4% 1 R 1F
Jn T HE

B HLEE m, LT ARSI B 25 5 Sy R 58 B TR
W,

B B 2s R SbLAE 7 R G0 — SR B 2 (DL
m, e my, BB, B, ) A TR (PR
My yoymy, WX B, - B, ), — &AL m]
e (RLFEHLEE m, ,m, my, ,m, FIEWIX B, B, ,B,),—
AN AN L 0] % (AL 5 LAY m,,m, ,m, m,,m FI2E v
X B,,B.,B,,B, )4,

K ANHLAERL R G R LA i IX e
[ P — e 32 HAE R AN T

(1) BRG4GB HLE A PAIRAS  IEH TR
RS GHBERRE , YL T IE 5 TR, 5E8 L
PN ] A 7= A T A I R B A 7, R R L
(AN TR AR R] , S ALAS e A BB, AN BN T T4

(2)HLER m, i € M AIEF 38170 0] 55l s ps AL A

’Bl4 ’B

al 9 ’



559 1

FRACNAF 2T RGBS e S L i R G RE VA - 25 -

Line 14 Line 15

Line 4
M2 g,
a3 B3 s B.s 36 B.s . Line 12
. . . Line 8 Line 10 Bau . Barz
Line 6
Moe B|:14e Mma| | mo | Mato| | mas[ | C Mae [ Jmas
L L ) Line 18 [ Line 20
ine 7 Ba7 Ba9 Ba10 Bal3 Line 16 . B.1a . Burc
Line 1
QL PO PO O~ PO PO PO pC
Am, Bi m, B, m; Bs m; B; mg
Line 2 Line 3 Line 9 Line 11 Line 13 Line 17 Line 19
. . Line 27 Line 21
Ma1 Bal
Line 23 Line 25 .
Mo Bs Mo By, Mu By M L|r|13e1229 s Line 31 Mua L|r|13(j433 m, l-a
1-B
Ba16 BaZO BaZl
Line|2 |une |24 |Line 2|6 |Line 2|8 | |Line 32| Line 36
C
Tmalﬁ Tman ?mals Tmaw Tmazo manT

A1l MEEHIEK

[, i1 p, AR, BDHLES m, Y44 i
WIS 5

(3)ZEMWIX B, ,i € BEAAARKNERE N0 <N,
<o),

(4)7E L BEZ0 UHLEE m (i e M i #1,¢) BTG T
LR AR, IHLES m, Ab TR H SRS, FF .

OIRERI A A% HZZ WX B, A, Hlas m,
WX B, BLZE  Ka I A GA% HE v IX B, i,
BLES m, Bz IX B, BHIE;

@24 % ShHLTEAL AR m, LA I Ry 5 W5 — YR 2% i
HZEwhIX B Rt HLES m, % B, BHLZE K00y 58 i 5
TSR LA m, KA 2 B IE

(5)7E t W20 YMLEE m.(i e M,i #1,c) {T— EJiF
G IX Rz ik, MIHLES m, A TFHURIRZS . 55 .

OB N — B LA KR A4 FIL
RS

@Y ZZwhIX B, F1 B, W K28 it HLEE m, 2bFHL
HRA

(6) 55— URALFLHY & ShbL S A G 5 LY
K SHLLLBGR AN T 0% % sh L3 A #R R i A e g, B

fit R A A
YN TR RAMIR, REEBITRE)T,
AN RGP A — YR 5 50 UK T R B LA
AR08 53 A

() TEDLES m, B AT Y A U 3R 5 0 & sl
Kl A B IHEE RN (0 S a < 1) , KIEHE
REANHAEZE WP IX B, AR 15 B0 T 2 Bk 21 52 wh X
B, KGR RS HLEZ X B, RIEHYNE O
WL R B, SF RO

(8) TEMLAF m, LiEAT Y T A, 5 B YK 2B T 1Y)
RHLE T LE P22 T A 56 10T A7 36 TE 1) & 2l Lk [m]
EYS L R (i TE S TVBNI Tats ) I el s R Sl ER R Sy b STt
WA 2Ry B, T R GRS I IETE S 1726
— YR TC AN R R IC Y & B BIL A3 A AR TR, A 0 AT A
HB=0.5,

2 MEEITEEX

SCr A B PP 2k ) R AR B A 1 2R 55 A
AT RGE R CAT 1 8 72 72 R ATy 1
TEoRAE . SEHAT 430 4 B AR G250 i T L2 B0
AR =M, T ZE—



.26 - HEBAR SRR

03 &

2.1 EBRRFZEMSHE

HR A B WL 2 i 0, S L s &
BIPLAETC R Ge o7 il R B AT AR 7 2, o LR G A3k
2 el ARl i EE N L g 2 A A H A
G I B LR A S, B m, ,ms ,m, 55,
OYFREFE T E A MINLERIEATIY, R th SR e
LKINE— B ECE ES NS G, HRE R T —
NESHILAFE DREEN R — 6, B E XM
B LS P E] T A HILAR R ZE op DXL il — A B A T I A
&, mE 1 hMRS, TUMNMEE — B EE ML IT
I, LA AR m, FFAG, E 28 B & & W ALEE m, 15
1B, BEHEMEZRIX B, R T — & BITAE %, H
M\ m, TG 5, ARG 28 2 S BILAE 7 2R 48 0 i
37 AT AEFRL (I FTR) , RSB RS
g AN E T — ML, o iR 2 5 S L g 2 1 AR
AN R AT AR = Lo 40 m, 23 A Linel | Line2 |
Line7 (85— G HLES, Line3 B — G HLES, PR 5
XF S HGHA T T TE
2.2 BEEENRSHMNEE

O IE  BR AT A PR TP AR E & (LA R R JEOR ML
S EESWILSE S BT EERRE. TR
R R K HA R 2 0 A0 #1575 A TR], PR S {3 B8 B
AREAERLAME O BEAT 5387, &1 2 rh AR Sy 25 i
FA) 2 e A = R AR

Linel Line3
ms ms my
By B;
—>
m; B, Line2
—>

B2 KB RGHEAER

R 2.1 A G D5 1%, AT LR 2 i AR
GEoT NI 3 AR ERATRYE L

Linel ;m, ,B, , m,

Line2:m,,B,, m;

Line3: m],B,,m,

Horbmy, m3, my 53500 my 53 f# %) Linel | Line2 |
Line3 Y BELAT RECL T, HLAF my EEE -1
B sp XA AR BT AL T OUECARAS i 7E BT A
TR XA RS 24 T AR . ARG
TR LR B ZE RO R OR B BB UL SR, 2 ry L ps
TR F R HLAR my BB ARAIR R 155

ry =r,Prob{m, TG Y B, BHIE} x Prob{m, A H
B, YUk |

Py =ps +ry =T (1)

[FBEAT A3 m3 oy BISENT .

ry =r,Prob{m, ITH B B, BHIE} x Prob{m, A H
B, YUk

pr=py s - (2)

ry =r,Prob{m, WA B, YUk} x Prob{m, B4 #
B, YLk}

pi=p, 41y -1 (3)

PLE DA 2 o RS i A 28 1 e e 2 b B S AL
I SEECE Ik . U H, mT DAL 2s & sh AL e
REPIHLES m, ,m, ,my,m, ,mg ,mg ,m,; ,mg ,my ,m,,
My, My My My, M My my, BEATARER S HLER m,,m,
AR B0 LU BRI , T A T S A 204

P m, 7ER SR B2 b IX B, il
SIS B2 o X B, i A B0 T Ak T BH 28
W& TE B, HEPRE N TOVERE . & m m)*,
m® Y BRI m, SRR E H 4T AR 2 4R Line33 , Line34,
Line35 [HYRELIMLAT 752

r’ =1, x [1 = a x Prob{m BFEMIX B, FHZE} -

(1 —a) x Prob{m, #{ZZ X B, FH %€

p=p o =1 (4)
= xax Prob{m, WA #Z WX B, YU}
pl=p ot - (5)

=1, x (1 —a) x
Probim, WA HIX B, YLk

plEpoer =y (6)

Bl m, TER BB Ry A 58 R BC H 22 vh X B,
RSO T AL TR ZRS I R X B, s B B
TREFIUERE . A m® ,m® 53R m, B AT
ALk Line35 , Line36 b REIUIDLAS , 155 .

r® =r. x B x Prob|{m, WAY; B, % |

pl=p ok -] (7)
riﬁ =T, XB X Prob%mc ?ﬁﬁ?ﬁ B,, @_Lﬁk}
pl=porr = (3)

2.3 ERKME

M 2.2 95 f iy vk, T LUK & S LB B R 480
fifthy 37 FHATAE PR TIRARSR AR . (1) ~ K (8)
BIPRS00 1 T S LA A X I A H
Fri P e 5 — A LA LR O ME R LA K3 — A AL
TR ZE MR, E LT ST.(j) RS i &H 474
PRERTESS j UCGE A S — B LR BB ZE R R, BT
BL.(j) FR5E i SRS j R P RS — AL
TPV . SRR AT .

ST.(0)=0, i=1,--,37 (9)

BL(0)=0, i=1,--,37 (10)

MR 86 2% AFREAS 25— UGS R I BR AT A 7= 4%



59 1 RN 26 F T AE AT B 25 A Sh DL L R Gk RE DA 27 -
BB, DA T SRR 7 B o 17 472 , i

(BT 735 o T W B S e P S T 40 6 1
357 FHEE AT 2% Gershwin 35 T 40 1 7 0
& Meerkov %{F%%E"Jﬁ?ﬁm o N EITAE TR
TP T R T Y A 4 ER T A T M B (0 A
PR L PL SHLSERIHEAR ) o 5 S pr, () o i 4k
FTAE =R U PO T 2 73 AR T AR
7= —4lpr, (j) M ST.(j) BL.(j) . M ST.(j) ,BL.())
AIHE Y R YGRS 8 4 sh AT 2 2k B, FEEAT R
WY, H R RS R WSO I LR SR

~—~ o~ —_~

pry =Ppr, =1 = Pply; = Pry

Pry = pry, + pr, (11)

pry =B X pry

S PR WA R AR RE RGCHG A 3 | 1T A
SRt

PR = pr,, - pr, (12)

3 R
S T IR R R R B, X B S0 1 45 B 5
W07 B S5 R HEA XS LG, 0T 100 LIRS 328
T2 S (9 S BN S5 % T 91144 P U
r. e {0.05,0.1,0.15,0.2,0.25} i=1,--,14
p. € 10.01,0.02,0.03,0.04,0.05} i=1,-,14

r, € 10.04,0.08,0.12,0. 16} i =al,---,a2l,t,d,
fd,c
€ {0.02,0.04,0.06,0.08} i =al,---,a2l,t,d,
fd,c
N, e {5,10,15} i=1,---,14
N, € {10,15,20} i =al,---,a21,t,d,fd,c

ae {0.1,0.2,0.3]

RSB BA IR VS2010 C++
i, FEOFEFD R T AT 1 28 v X AE ) bR B 22
oM EE BRI 5000 A7 FCE B R I BE il R 40k 1 H
SEARZS  FEHE T R0 50000 A4 45 51 HE WL ¢ 45 51 | 45
BRGEM AR, B BB B A BEVLIR 22 158
M), 12U S 36 FP R FH— A5 7 . 10 WREOT-354H 14 75
PRI MR BELIR 25 18 B SR, 8 SCBUE 7 i S B
TR LR R2E R

_PR - PR

PR

HAPRAT PR 43 34675 B0 B 0B 0 27 175 51

B A =R R IR RN 3 iR,

x 100% (13)

01y
008+

0.06 -

ot [ M b
wil IR RN o RN

e (%)

-0.04

-0.06

-0.08
0

B3 St B
R SRR AR 1 PR,

K1 EBBRAH %
Average | e | max | el lel <5% 1el <10%
2.6 10. 1 87 99

PG T T SR ST E R 25 A KR 2%
L 87 % BITENL Y IR ZETE 5% LA, A 1% BITE N,
BRZEETE 10% DA b e KiR 258 10. 1%, 100 IR B EUE
SIFTSEIAERT R 0. 31 s, 17 100 YK A9 07 E 5L 56 A A
15.5 s, HULEEMEAS BI45E, SCrh 55k fg 6% BRI

RETPAN B A RO PP AL T 25 & s 7 RGP RE .

4 LERIF

i*ﬁﬁm S R BB TC 4 ] 3k S S 2R il ik R ¢
PEREVEAG IR T R T BN A0E . Ak
HHoRE S 2R i 1 2R G800 i D R AT 2R R GE, I
%ﬁiﬁ%%ﬁﬁﬁ%ﬁﬁ?%oLﬁ%i%ﬁﬁ%
X R WA RS AR A bl A = e BB
RGRITERE, BIRZIETT LU DRSO b th A PR alﬂ
(B ORI rp 4 (5 AL 09 A AR AL U [R] , 7E AL
et AR B O T ok A R R E S IR, A
HRRITTE b A AR S 5k A7 it | (RS N
P38 R B v 25

Sk

[1] Gershwin S B,Berman O. Analysis of transfer lines consisting
of two unreliable machines with random processing times and
finite storage buffers[ J]. IIE Transactions, 1983,13 (1) :2-
11.

[2] Dallery Y,David R,Xie X L. Approximate analysis of transfer
lines with unreliable machines and finite buffers [ J ]. IEEE
Transactions on Automatic Control,1989,34(9) :943-953.

[3] Colledani M, Tolio T. Performance evaluation of transfer lines
with general repair times and multiple failure modes[ J]. An-
nals of Operations Research,2011,182(1) :31-65.

(T#% 31 1)



FEoM =

A R T AR Z AR 5 TR SR R - 31 -

REAE T

KR X

Yyst. AT N

3

&L RPAER

A5

ERIE
SC R T RT3 A RIS A B R

B AR T AR R B B B | [a] i s 2% 18
TS U 22 )2 2 RN, LA RO i) 22 48 X
i, & FEFANTGR 1 1 OB RS WA SC A% 73 FI B A
A% A 3l 2w RUE LA LUSE 4 i S B

SE 3k :

[1]

(2]

B0 & XURE, SR IR IR R R[] 1T
MBI ,2006,33(2) :1-7.
s AEESE OIS R R PR B M].
5 Je s S R, 2005.

(3]

(4]

[5]

(6]

[7]

[8]

(9]

OB FET AR R OCH B R BT 5 S
[D]. P2 P42 T RHER,2009.

S, FER 7 R SR A A TR B R R S b
PO [J]. B 5 A TR ., 2005,18(2) :216-222.
BEPHER BRAERE T 20 A: . ARG AR AR DR v i 1o R
FELI] HEPLEAR 5 %% ,2010,20(10) :207-210.

Natsev A, Naphade M R, Smith J R. Semantic Representation
Search and Mining of Multi—media Content[ C ]//Proceeding
of ACM International Conference on Knowledge Discovery and
Data Mining. Seattle, WA ,USA : [ s. n. |,2004 :641-646.

Wu Y, Chang E Y. Optimal multi-model fusion for multimedia
data analysis| C ]//Proceeding of ACM International Confer-
ence on Multimedia. New York, USA: [s. n. ],2004.572 -
579.

Hauptmann A, Chen M Y, Christel M, et al. Confounded Ex-
pectations : Informedia at TRECVID 2004 [ C]//Proc. of NIST
TRECVID Workshop. Gaithersburg, USA ;[ s. n. ],2004.

B4 AR, X KK, £ R A SCREE 43 B 5 2L
(I 1. A EHLE B it 5 BB 22#41 ,2008,20 (1) :85-92.

[10] % B —FPEUBOCHEE SO RARIN Tk [T]. JLatfE B

Bl RaE244,2010,25(2) . 75-78.

(1] X1 3,5k BSOS R HIEAREGE )] Lilg ks

W ARBHFNR) ,2007,13(4) :477-484.

[12] Li Min, Gao Jue, Wu Jiajia, et al. Semantic Object Segmenta-

tion in Video Retrieval [ C]//Proc. of the 2nd International
Conference on Electronics, Communications and Control. [ s.

1. ]:.1IEEE,2012.

[13] Ganong W F. Review of Medical Physiology[ M ]. New York:

McGraw—Hill Publishing Company,1999.

(&% 27T W)

[4]

[5]

[7]

(8]

[9]

Li J, Blumenfeld D E, Huang N, et al. Throughput analysis of
production systems :recent advances and future topics[J]. In-
ternational Journal of Production Research,2009,47 (14) .
3823-3851.

Jacobs D A Meerkov S M. Mathematical theory of improvabili-
ty for production systems| J]. Mathematical Problems in Engi-
neering,1995,1(2) :95-137.

Chiang S Y,Kuo C T, Meerkov S M. ¢ —Bottleneck in serial
production lines[ J]. Mathematical Problems in Engineering,
2001,7 :543-578.

Li J. Performance analysis of production systems with rework
loops[ J]. ITE Transactions,2004,36(8) :755-765.

Li J. Overlapping decomposition; a system —theoretic method
for modeling and analysis of complex production systems[ J].
IEEE Transactions on Automation Sciences and Engineering,
2005,2(1) :40-53.

Liu Y,Li J, Chiang S Y. Re—entrant lines with unreliable a-
synchronous machines and finite buffers : performance approxi-

mation and bottleneck identification[ J ]. International Journal

of Production Research,2011,50(4) :977-990.

[10] 3= #F, 5 40, %308 fliERE LAER BT AR AT

[11] f%

BEA Tk [ J]. P 22 3830 R 24 2% ), 2002, 36 (3) . 278 -
281.

B GO S S T B i R
BRI (], THEHLE BUHE R 48,2001,7(5) (42—
46.

(12] TAW, s IU5R , FMEHE. B8R A R G 0h ELEORTE il & &

SRR ], RGENTHAAAR,2000,12(1) :27-30.

[13] RICH , RAIE. ST UML BB 5e 4™ R G0 BRI 5

(147 x|

[1]. AEVURS A shibim TH AR 2010(2) :95-97.

FLE ML XIAH). FET SystemC Ry IR K )
BRI BRI ). R T R34 ,2010,50 (1) .
145-151.

[15] JE4H, R, B, 55, L Tt e i 3 iz K 3h

PUEECAE WAL IR BE [T ], 3FFEPLEAR 5 & Jé, 2012, 22
(9) :205-209.

[16] Kumar P R. Re-entrant lines[ J]. Queueing Systems,1993,13

(1-3) .87-110.



BT R A A R TR SR RS [HRRER ..

(=" BN, VW, CHENG Hui-chuan, WANG Zheng
(=R FEIC)1, CHENG Hui-chuan (ZRRG A2 A% TRE R G i 5 1 I 80 o o 92 0 ==, YT 08 1
5%, 210096) ,  {EUE, WANG Zheng (ZR g K2 H shAL22BE, YL R4, 210096)
RS LA S RIE
ISTIC
YL Computer Technology and Development
M, 250 2013(9)

225 30HR (1625)

1. Gershwin S B.Berman O Analysis of transfer lines consisting of two unreliable machines with random

processing times and finite storage buffers 1983(01)

2.Dallery Y.David R.Xie X L Approximate analysis of transfer lines with unreliable machines and

finite buffers[#h3CHIFI] 1989 (09)

3.Colledani M. Tolio T Performance evaluation of transfer lines with general repair times and

multiple failure modes 2011(01)

4.Li J.Blumenfeld D E.Huang N Throughput analysis of production systems:recent advances and future

topics 2009 (14)

5. Jacobs D A.Meerkov S M Mathematical theory of improvabili-ty for production systems 1995(02)

6. Chiang S Y.Kuo C T.Meerkov S M c-Bottleneck in serial production lines 2001

7.Li J Performance analysis of production systems with rework loops[#FCH#iFI] 2004 (08)

8.Li J Overlapping decomposition:a system—theoretic method for modeling and analysis of complex

production systems 2005(01)

9.Liu Y.Li J.Chiang S Y Re—entrant lines with unreliable a—synchronous machines and finite

buffers:performance approxi-mation and bottleneck identification 2011 (04)

10. M. B 20 ) SO il R 98 TAR G vt (KR8 AL RE 20 A vk DR8] =04 20200 K424 2002 (03)

UL 7. Tt A5 B JE 107 B e R G G Je SR T T8 30T = SEHLEE it A 48-CTVS 2001 (05)
12. TV, SJU0R. PhEAE BEHCT AT R G007 ELBORTE B R e h i DI TR SC] - R e iy 2 4). 2000 (01)
13. R0V R e TOML I MR 5e A7 AR 4807 SO BT IT e ST =L LR S A an kil TR 2010(02)

14. R T AT, X4 A H§-Sys temClr) HE AU I 4 R) 48 LS O SRR OR8] - 8B T K22244) 2010(01)
15. Juhn. AR, A 2 TR SR I RS A s L e 4 (] DA o 2 DRI SO =T SEHLEOAR L i

2012 (09)

16. Kumar P R Re—entrant lines 1993 (1-3)

ACHEHE: http://d. wanfangdata. com. cn/Periodical wjfz201309006. aspx



http://d.wanfangdata.com.cn/Periodical_wjfz201309006.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e6%b1%87%e5%b7%9d%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%aa%e5%b3%a5%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHENG+Hui-chuan%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Zheng%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%9c%e5%8d%97%e5%a4%a7%e5%ad%a6+%e5%a4%8d%e6%9d%82%e5%b7%a5%e7%a8%8b%e7%b3%bb%e7%bb%9f%e6%b5%8b%e9%87%8f%e4%b8%8e%e6%8e%a7%e5%88%b6%e6%95%99%e8%82%b2%e9%83%a8%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e6%b1%9f%e8%8b%8f+%e5%8d%97%e4%ba%ac%2c210096%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%9c%e5%8d%97%e5%a4%a7%e5%ad%a6+%e5%a4%8d%e6%9d%82%e5%b7%a5%e7%a8%8b%e7%b3%bb%e7%bb%9f%e6%b5%8b%e9%87%8f%e4%b8%8e%e6%8e%a7%e5%88%b6%e6%95%99%e8%82%b2%e9%83%a8%e9%87%8d%e7%82%b9%e5%ae%9e%e9%aa%8c%e5%ae%a4%2c%e6%b1%9f%e8%8b%8f+%e5%8d%97%e4%ba%ac%2c210096%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%9c%e5%8d%97%e5%a4%a7%e5%ad%a6+%e8%87%aa%e5%8a%a8%e5%8c%96%e5%ad%a6%e9%99%a2%2c%e6%b1%9f%e8%8b%8f+%e5%8d%97%e4%ba%ac%2c210096%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gershwin+S+B%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Berman+O%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e1.aspx
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e1.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Dallery+Y%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22David+R%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xie+X+L%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212069512.aspx
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212069512.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Colledani+M%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tolio+T%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e3.aspx
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e3.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+J%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Blumenfeld+D+E%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Huang+N%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e4.aspx
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e4.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jacobs+D+A%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Meerkov+S+M%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e5.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chiang+S+Y%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kuo+C+T%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Meerkov+S+M%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e6.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+J%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0210517096.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+J%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e8.aspx
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e8.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Liu+Y%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+J%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chiang+S+Y%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e9.aspx
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e9.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b9%b8%e7%a0%94%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%98%93%e7%ba%a2%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%a4%e6%96%87%e6%88%90%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_xajtdxxb200203014.aspx
http://c.wanfangdata.com.cn/periodical-xajtdxxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%be%af%e6%89%ac%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8c%83%e7%a7%80%e6%95%8f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%a5%e9%9a%bd%e7%90%aa%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_jsjjczzxt200105009.aspx
http://c.wanfangdata.com.cn/periodical-jsjjczzxt.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8d%ab%e5%86%9b%e8%83%a1%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%9f%a9%e4%b9%9d%e5%bc%ba%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e5%9b%bd%e5%9f%ba%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_xtfzxb200001008.aspx
http://c.wanfangdata.com.cn/periodical-xtfzxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e6%96%87%e6%b6%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e5%8d%8e%e7%82%b3%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_zhjc201002026.aspx
http://c.wanfangdata.com.cn/periodical-zhjc.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e9%a2%96%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e4%bc%9f%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%85%a8%e5%88%a9%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_dllgdxxb201001027.aspx
http://c.wanfangdata.com.cn/periodical-dllgdxxb.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%8c%83%e9%87%91%e6%9d%be%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%a5%e6%b4%aa%e6%a3%ae%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e4%b9%85%e6%b5%b7%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_wjfz201209052.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kumar+P+R%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/ExternalResource-wjfz201309006%5e16.aspx
http://d.wanfangdata.com.cn/Periodical_wjfz201309006.aspx

