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Abstract
When demand changes, manual adjustment cannot respond in time and make assembly efficiency low. To take aim

Aircraft engine is assembled by plenty of assembly operations that have complex precedence constraints.

at minimizing the total weighted sum of product completion time cost, the earliness penalty of operations, and the
self-reconfiguration cost of teams and groups, an optimization model of aircraft engine assembly line scheduling and self-
reconfiguration is constructed. A decomposition algorithm based on local optimal sequencing is proposed and the schedul-
ing problem is decomposed into single machine operations sequencing problem. A local backward inserting search strategy
is designed. An integrated optimization algorithm for assembly job shop scheduling (AJSS) and self-reconfiguration is

developed. Numerical experiments validate the effectiveness of the proposed model and algorithm.
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Fig.1 Assembly process for aircraft engine
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Table 1  Parameters of products
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F1 3 M1

F2 F1 5 M2 0.6
F3 F2 2 M4 0.3
F4 F1 4 M3 0.3
F5 F1 4 M3 0.5
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Fig.4 An ideal schedule for products
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Table 2  Original information for assembly line

P4 WHRAE BT BEA YRR FRIB

() (o)
T AL P 2 200 HLInPE 3 250
B T ) 25 PR 1 250 B 2 200
P AL I BE 2 300 PR 2 360
7y Bk 3 150 flhept 2 310
HRE R 1 200 TR 2 150
* 3 EMAERAPIEEAE B
Table 3  An aircraft engine assembly information

I IA) ST 58 TR
(BI) (T //N)

TIFgis PUREAE RTPgS A

1 Wi=EESL A - MEEPE 10

2 H A 1 mJy¥E 40 1.8
3 Al PRI 1 BURYE 32 0.1
4 EiliE 1 WREYE 27 0.5
5 AR 1 1% Pt 3 1.3
18 I g5 ma 17 HlEZWIE 16 1.4
19 I g ma 18 Bl 5 0.9
20 I 95 m e 19  HESmHHE 8 0.9
21 I 23 m# 20 HlngE 6 0.9

22 1 %S mes 21 U FRPE 10 0.8

44 AL 35 WEHLRYE 16 1.8

45 IR 35 REHLIEYE 16 0.3
46 Bl 35  RiEHLESE 3 1.0

A R AE Matlab P& B EIs T, RARSE
LS E: SRANERE: o = 0.4, 8 = 0.4,
v o= 0.2; RENHLEALB B A=A 4 = 1,
€ = 1.5, & = 0.8, FFXF T2 Ak B i1 %% ic 2k
PR E AR ET G PRI G O, HEAT 10 RO FLSELG, 4531
W 4 fios.

M1 4 WL Y, RHT A A Sl b ke e 2k BT 21 9F
TR, AR > 32 %, HRY e e 4 2k
FAVEREAT T WL ERT, Ui TR R A AR A A
SARAT . 10 U B B/ AR 1508.2, X6 M
FIYELLC B WK 5 P,

R4 FEMIHTE AR

Table 4  The cost before and after reconfiguration

Frs AN () i (JT)
1 2313.6 1515.8
2 2442.0 1540.5
3 2268.5 1514.7
4 2514.7 1508.2
5 2299.2 1708.6
6 2346.6 1718.3
7 2335.1 1673.7
8 2419.6 1587.0
9 2214.3 1509.4
10 2272.9 1651.8
11 2342.7 1592.8

R5 HMA R YA

Table 5 Assembly line information after reconfiguration
Y4 A Y4 A
T e AL BE 3 FHEEHLIE 2 1
ML G i HE 2 BN 3
MLt 3 Y 1
PR 3 LBt 2
Bt 1 YL 1

3.2 HE#WHR

J T B UE BV MR RE, B 3 RPN TR T 4
P18l (AR SRR RS SRS ) ik
IR )T, an &l 8 Frow

TEE

(a) =it (b) PIIREH

(a) A single-level structure  (b) A two-level structure

O]

(0) =2

(c) A three-level structure
K8 Frahghith
Fig.8 Types of product structure
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Table 6

Computational results for numerical experiments

FHFT A (TT)

FHJE A (TT)

S1 S2 S3 o 8 ) ) ) ) ) ) Gap (% T (%
T mon WME WS BORl JME P p (%) %)

0.2 0.2 0.6 1755.0 1317.0 1496.5 1667.8 1317.0 1462.9 2.2

20 0 0 0.3 0.3 0.4 2818.2 1944.9 2 398.8 2312.6 1944.0 2180.3 9.1 9.4
0.4 0.4 0.2 4146.1 2572.9 3319.4 2955.8 2354.3 2761.1 16.8
0.2 0.2 0.6 4 482.7 4058.0 4227.3 4083.2 3551.8 3817.7 9.7

0 20 0 0.3 0.3 0.4 6294.0 4 874.7 5470.0 5601.2 4411.7 4 883.5 10.7 12.3
0.4 0.4 0.2 10082.0 6813.1 8276.5 8501.3 5826.9 6902.4 16.6
0.2 0.2 0.6 13539.3 9154.1 10852.4 9348.5 7956.5 8957.1 17.5

0 0 20 0.3 0.3 0.4 22908.2 11 256.6 15091.1 17168.0 9947.8 12430.9 17.6 17.9
0.4 0.4 0.2 30449.0 18 353.4 24370.3 23018.1 17 282.8 19835.2 18.6
0.2 0.2 0.6 6454.6 4295.9 5280.2 5823.9 4295.9 4595.1 13.0

6 6 8 0.3 0.3 0.4 8 863.6 6530.3 7337.4 6733.7 5644.9 6108.6 16.7 17.9
0.4 0.4 0.2 13429.3 7870.1 11 366.4 10049.7 6 358.2 8627.4 24.1
0.2 0.2 0.6 2456.7 2209.1 2813.7 3011.4 2202.7 2578.0 8.4

30 0 0 0.3 0.3 0.4 5065.8 4134.5 4526.2 4420.2 3679.9 3987.3 11.9 10.9
0.4 0.4 0.2 5997.4 5221.7 5627.9 5083.1 4715.1 4932.2 12.4
0.2 0.2 0.6 9922.7 6984.2 8551.1 9131.4 5913.1 7180.3 16.0

0 30 0 0.3 0.3 0.4 18405.3 12639.2 14 894.4 13740.3 10074.0 11634.3 21.9 16.7
0.4 0.4 0.2 15545.8 13423.5 14 428.1 12989.0 12164.9 12648.1 12.3
0.2 0.2 0.6 36291.7 27495.4 31084.3 31017.0 24 305.9 23116.9 25.6

0 0 30 0.3 0.3 0.4 39897.5 31094.2 36910.4 31489.4 22307.1 29182.0 20.9 22.3
0.4 0.4 0.2 67 540.6 53934.1 60213.4 56 697.0 38 848.7 47 847.4 20.5
0.2 0.2 0.6 11523.1 8453.3 9855.5 10172.0 6991.1 7936.0 19.5

10 10 10 0.3 0.3 0.4 18 148.0 10009.6 15322.5 13 556.9 9325.6 12125.6 20.9 20.2
0.4 0.4 0.2 23282.9 15463.4 18625.8 17312.6 12912.6 14 851.3 20.3
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Table 7 Comparison of computational results
0 (%) 0 (%)
NxG a B NxG a B
S1 S2 S3 S1 S2 S3
0.2 0.8 24.2 12.7 10.9 0.2 0.8 24.8 25.4 11.1
8x6 0.5 0.5 13.4 17.3 11.1 15x6 0.5 0.5 30.4 21.4 15.7
0.8 0.2 20.6 15.8 12.3 0.8 0.2 27.5 17.3 11.4
0.2 0.8 13.8 13.8 11.4 0.2 0.8 32.3 16.2 14.6
8x8 0.5 0.5 24.1 16.3 15.7 15x8 0.5 0.5 21.0 21.1 10.7
0.8 0.2 23.3 18.7 16.3 0.8 0.2 19.7 26.9 10.6
0.2 0.8 16.2 12.5 10.3 0.2 0.8 33.8 30.2 12.1
10x6 0.5 0.5 18.7 12.6 10.9 20x6 0.5 0.5 24.9 17.3 10.4
0.8 0.2 16.9 19.2 10.3 0.8 0.2 25.4 23.9 12.1
0.2 0.8 17.8 12.6 8.1 0.2 0.8 38.8 23.7 13.6
10x8 0.5 0.5 20.5 10.2 10.7 20x8 0.5 0.5 33.9 25.8 14.5
0.8 0.2 17.8 20.3 16.6 0.8 0.2 25.1 24.8 17.1

A 10 A 22 Ak PO A o SR P R AR
fhi 22365 L 0 = (f — fo)/f, 2P f R EE
FLIATRIR) HAREINE, fo AR ) TR
VERSVEAR 2 HARES(E. AR T (SR 45 R W]
DAt FEAN R i FUSR SOA B R T, AR
H 1K) TP RS 5 R A TP PR IIAN 7 i 58 T ()45
PR R

4 it

A SRS K Bk BC 2 FE AR AL AN P | =
ey ) FEREAT TS, UEWD T TR A HES IR, 3 e
Bl i 2 K H A SR LA S, MR SE SR 4 2R T
LI LT &5 ig:

1) U5 A RERY] T E R A6 2T

2) St TWKR + OSD BUUWATLE, A 3CHe
HH PR ) i e DR 3> SEEAE AN ) RIS ) 2R 3 A
AL RE.

FESE R EL R R R, MU RS HL R & 2
AN E [BALA 1Y, XA IR Wi — A7 . 3 4h
XL K s LR IC T T AL LA, 2
T RGN AR R BE A, Xt —AMEA
R ) AL

References

1 Yan Hong-Sen, Liu Fei. Knowledgeable manufacturing
system—a new kind of advanced manufacturing system.
Computer Integrated Manufacturing Systems, 2001, 7(8):
7—-11
O™ PR, MK UL RIS RGH - AULHERIE R G THENLE L
i R4, 2001, 7(8): 7—11)

10

11

12

13

14

15

Xue Chao-Gai, Yan Hong-Sen. Study on gray decision-
making methods in the self-reconfiguration of knowledge-
able manufacturing system. Systems Engineering-Theory &
Practice, 2004, 24(11): 94—99

(s, PR, SR 2R e B T AL T I A (8 Y S T TR
RO TREEIR S5, 2004, 24(11): 94—99)

Yang Ren-Zi, Yan Hong-Sen. The method of fuzzy classifi-
cation and searching for knowledge meshes based on infor-
mation granularity. Acta Automatica Sinica, 2011, 37(5):
585—595

(BT, PR, eI 05 JEORLRE (R 500 R 9 ISR 43 2B 5 R R U7 V.
H3hfk2Ak, 2011, 37(5): 585—595)

Li Jun, Dai Xian-Zhong, Meng Zheng-Da. Automatic recon-
figuration of supervisory controllers for reconfigurable man-
ufacturing Systems. Acta Automatica Sinica, 2009, 34(11):
1337—-1347

(R, Wk, IR, MG RS E R A ER. A
F2EAR, 2009, 34(11): 1337—1347)

Wang Li, Zhao Jun, Wang Wei. Rescheduling method in
production process of cold rolling based on the partial recon-
figurable production. Acta Automatica Sinica, 2011, 37(1):
99—-106.

(CER, BIR, EAR. ST 2w IR EETE. A8
fh24R, 2011, 37(1): 99—106)

Goodwin J S; Goodwin J C. Operating policies for schedul-
ing assembled products. Decision Sciences, 1982, 13(4):
585—603

Huang P Y. A comparative study of priority dispatching
rules in a hybrid assembly/job shop. International Journal
of Production Research, 1984, 22(3): 375—387

Russell R S, Taylor B W. An evaluation of sequencing
rules for an assembly shop. Decision Sciences, 1985, 16(2):
196—212

Adam N R, Bertrand J W M, Surkis J. Priority assignment
procedures in multi-level assembly job shops. IIE Transac-
tions, 1987, 19(3): 317—328

Philipoom P R, Russell R S, Fry T D. A preliminary in-
vestigation of multi-attribute based sequencing rules for as-
sembly shops. International Journal of Production Research,
1991, 29(4): 739—753

Reeja M K, Rajendran C. Dispatching rules for scheduling
in assembly jobshop—part 1. International Journal of Pro-
duction Research, 2000, 38(9): 2051—2066

Reeja M K, Rajendran C. Dispatching rules for scheduling
in assembly jobshops—part 2. International Journal of Pro-
duction Research, 2000, 38(10): 2349—2360

Thiagarajan S, Rajendran C. Scheduling in dynamic assem-
bly job-shops to minimize the sum of weighted earliness,
weighted tardiness and weighted flowtime of jobs. Comput-
ers & Industrial Engineering, 2005, 49(4): 463—503

Xie Zhi-Qiang, Li Zhi-Min, Hao Shu-Zhen, Tan Guang-
Yu. Study on complex product scheduling problem with
no-wait constraint between operations. Acta Automatica
Sinica, 2009, 35(7): 983—989

(H o, 43600, ML, b T. LT A R R R 5 2=
BRI, AZhk2ER, 2009, 35(7): 983—989)

Xie Zhi-Qiang, Teng Yu-Zheng, Yang Jing. Integrated
scheduling algorithm with no-wait constraint operation
Group. Acta Automatica Sinica, 2011, 37(3): 371—379
(WG, Mg, M. SRR DA sl m s G ERYE. A3)
AR, 2011, 87(3): 371-379)



146 H Z/ A 41 %
16 Wang Lin-Ping, Jia Zhen-Yuan, Wang Fu-Ji, Meng Fan- FBRE KRR A B s

17

18

19

20

21

22

23

24

Bin. Multi-production complete job-shop scheduling prob-
lem its solution. Systems Engineering-Theory & Practice,
2009, 29(9): 73—77

(EART, BHHRIG, FART, d k. 27 TSk e B il R R ook
fif. R TS E SR, 2009, 29(9): 73—77)

Wong T C, Ngan S C. A comparison of hybrid genetic algo-
rithm and hybrid particle swarm optimization to minimize
makespan for assembly job shop. Applied Soft Computing,
2013, 13(3): 1391-1399

Cummings D H, Egbelu M P J. Minimizing production flow
time in a process and assembly job shop. International Jour-
nal of Production Research, 1998, 36(8): 2315—2332

Pathumnakkul S, Egbelu P J. An algorithm for minimiz-
ing weighted earliness penalty in assembly job shops. Inter-
national Journal of Production Economics, 2006, 103(1):
230—245

Terekhov D, Dogru M K, Ozen U, Beck J C. Solving two-
machine assembly scheduling problems with inventory con-
straints. Computers & Industrial Engineering, 2012, 63(1):
120—134

Maboudian Y, Shafaei R. Modeling a bi-criteria two stage
assembly flow shop scheduling problem with sequence de-
pendent setup times. In: Proceedings of the 2009 IEEE In-
ternational Conference on Industrial Engineering and En-
gineering Management. Hong Kong, China: IEEE, 2009.
1748—-1752

Yu J, Yin Y, Sheng X, Chen Z. Modelling strategies for re-
configurable assembly system. Assembly Automation, 2003,
13(3): 266—272

Yuan Ming-Hai, Bai Ying, Li Dong-Bo. Research on multi-
objective optimal scheduling of reconfigurable assembly line.
China Mechanical Engineering, 2008, 19(16): 1898—1903
(BEHIHE, AL, AR WML 2 H AR BT oT. L
BT, 2008, 19(16): 1898—1903)

An Yu-Wei, Yan Hong-Sen. Solution strategy of integrated
optimization of production planning and scheduling in a
flexible job-shop. Acta Automatica Sinica, 2013, 39(9):
1476—1491

(ZEA, MR, FPEAE 2 a7 v b e e A I A S A SR
B EhiaEdR, 2013, 39(9): 1476—1491)

i

Az BRSSO AR LIS R S E
M. ASCEAF R

E-mail: xqwan87@163.com

(WAN Xiao-Qin Ph.D. candidate
at the School of Automation, Southeast
University. Her research interest cov-
ers self-reconfiguration of knowledge-

able manufacturing system. Corresponding author of this

paper.)

AR ARM AT AR AR £
PRI R sYaans 7 AT D TR AE
IR GE, T,

E-mail: hsyan@seu.edu.cn

(YAN Hong-Sen
School of Automation, Southeast Uni-

Professor at the

versity. His research interest covers

production planning and scheduling,

knowledgeable manufacturing system, forecasting.)

I U KM AIM R R, B H
WESETT ) A i R G020 BT S 4, kR
HERGE AR, S TRASR
i AT S L.

E-mail: wangz@seu.edu.cn

(WANG Zheng
School of Automation, Southeast Uni-

Professor at the

versity. His research interest covers

analysis and control of manufacturing systems, robust con-

trol of supply chain systems, analysis and optimization of

the design process of products and engineering systems.)



