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Abstract: To solve the assembly problem of the aircraft engine with uncertain rework, an optimization model of
rescheduling and teams self-reconfiguration of knowledgeable manufacturing system (KMS) oriented to aircraft engines
assembly line is build, and an integrated optimization algorithm of both is proposed. In the scheduling phase, dominance
relations of operations aiming at optimizing weighted completion cost are derived and applied to generating an initial oper-
ation sequence. Three neighborhood structures are defined. A variable neighborhood search (VNS) is used to optimize the
the assignment and the schedule of operations on parallel assembly teams. In the self-reconfiguration phase, the configura-
tion of the assembly teams is generated according to the assembly line workload balancing without violating the assembly
skills constraints, and then optimized by a tabu search (TS). The simulation experiments validate the effectiveness of the

proposed model and algorithm.
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Fig. 1 Tree structure of assembly products
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B3 VNS IEE T %,

WA FEGR, IR AR AR T AR
PR,
4 {HESLH (Simulation experiments)

15 BSLEG o NP IR o P25 1) 8k LG IE 5
AP 06 LA DL S AR RN RV A A5 2) Jl it S5 1
by R FEE A D) F S Bl 36 I T HE R R A R
P FEFPEMATLAB Y- & 21T, 1847358 Nintel(R)
Core (TM) i5-2400 CPU@3.10 GHz, RAM 4G. LA
L2 R B EE I 2 [A) A 0TS 5, 1% 36 L 2R (]
B0 R B AE I 2EEC TR, 2 ) : S5 AL P L 1 4
PE I3 HUINBE AR3ETE BRUETE, BTSALIRBE,
BRI B AL IS 1) RN A BE B I 80 2 fic 42 1)
NILA20 MR, ATEEECA, BHIC3F Y 5 (1)K 3))

PL, BRFR0E, R XA T AR R ShHLT &> 32 i
=35

5.

1 FAE KBRS &
Table 1 Information for aircraft engine assembly

T RIF A BERCEE  ZERCHSTE] /R
1 - EKRBEINIA R2EEE 10
2 1 RSB piiais 40
3 1 L BEYE 32
4 1 Eim: e BREYE 27
5 1 FEER AR TEREHE 3
6 5 NgREe  RIEHLEE 30
7 6 NZfime LR 11
8 7 0w mEHLEE 9
26 25 aliilsN = I3
27 25 JEHLIE RUJEALEBE
28 24 AL FE2EE
29 28 AEEMLE RTEHLEDE 23
30 28 EEEAMNERT SR 10
31 30 mEESHET U 5
32 31 mEESNET SRR 44
45 35 EINiE RUJEALEBE 16
46 35 JEXES A JEALEDE 3

N T ISR RGO 2R R B K AR A R
(R 23501, S0 AN [) 4D T B ASE AR 23 4 1 003 )
B SHREIT:

WG TR EE A& B R S E ng 2R 4 B
B2 A%, 16BM, 15CH). 65 (B2 5 A%,
26BA, 26CEHABE (BHE3EAL, 3B, 2 &
C A, iR T RN A2 G 4G, RIS /EABRIC
A0 e A L8 E e T 4H L 2% 1 R L 4 e 2 il 2 b
(F=2). 5F(F =5)M10F(F =10); A HE R4

a, B € {0.2,0.5,0.8}; ZEAECLH BIIRZN A o AR [10,
50] I35 51 o3 Ay RSN 8] 56 T A E IR 1,6]
(385145 Ay AL Rl €[0.309,,,0.8CY. ], £
W OO NEEIE R A 2 A 45 8] N IEAEBAT
7 i oK 56 LI ); TSHEE PR R RK NS, i
KIERIRECN10; VNSEE H d5 KAME I IR
100, K NIEIAETH50.

Y5 ERSHOE X, HhiE 5420 B, &40
DR ) B ST IE 4T 109K,

Ltr =0, =0, BATAIR K EE AT 152 4]
GRPLAHIC B AN PR T

B T 2 i BT 2 P 48 P 2B g AR A Ay g
TEOLEAT T EXTI, i LS R k230K,

TE XCEERLLR B GE RN

Gap = 100 x (Zo — Z1)1Z, (20)

Hordr: Zo NPHH AN BRI LT BB 1 AR I,
Zy N ER G LS A .

FHER2-3F 3 ol UG Y, AR T SR Je i i
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b 5 A A R BB PRI, EE A JE P30
ARG, SRR B A 2R SFRAT10FR 2R
FREE LT 0P 35 25055 2249 ) R5.52%, 7.84%F!1
8.33%. HIULAT I, A S5 PC AL (4 Re AR B I $2
SRt )RR e iR WV G SR =E

FHAN, W23 0] LUK BLAFAE — Lo B it 4 7 g
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B4 RO BETA 1 v DAY /2 e T 2% B ) J X R I
BFRR, AR m S, R T
AT S, BEIN T 48R AT
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VRS TCAE b 4 1) 3 52 10 8 A D, SR A 3R 3
o503 () 1R R DU e B, 7R BRI 23 L S
B3 R PR B B A TR IR K 3EmE B, SRS
[ 8 R0 % 25 2 i T AT HE P ARA, o SCAR
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HH R4 0] LU H, PEAS [FRERE ) 3k 1] /R, A
SRR ) TP VR AE A/ M= i 58 LR (]
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AT Ar]— PSS [ REUEEA 7 SR AR IS BTV FE R B [RISAI7E T s
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k2 AR (n = 2)

Table 2 Computational results for experiments (n = 2)

F=2 F=5 F=10
n a p Gap/%
) AEMN Gap/%  EKM AEM Gap/% FEK AEN Gapl%
0.2 0.8 42942 436.82 1.69 41858 43348 344 41020 431.06 4.84 3.32
4 05 05 88543 93698 550 887.55 94090 5.67 88540 947.38 6.54 5.90
0.8 0.2 1137.28 1206.36 5.73 1127.28 1211.76 6.97 1115.50 1204.72 7.41 6.70
0.2 0.8 57531 582.04 1.16 55479 57644 3776 55595 582.67 4.59 3.17
6 0.5 05 123998 1295.18 4.26 1196.93 1301.13 8.00 1188.28 1288.65 7.79 6.68
0.8 0.2 2007.80 2149.68 6.60 1908.34 2138.52 10.76 1910.00 2137.52 10.64  9.33
0.2 0.8 863.60 882.00 2.08 843.33 883.50 4.55 83448 885.78 5.79 4.14
8 0.5 0.5 186555 1967.02 5.16 1843.33 198043 6.92 1856.43 1978.08 6.15 6.08
0.8 0.2 2962.72 312490 5.19 2835.38 3149.00 9.96 283738 3147.04 9.84 8.33

k3 AR E(n =4)

Table 2 Computational results for experiments (n = 4)

F=2 F=5 F =10
ng « B Gap/%
BN AEW Gap/% EH  AHEW Gap/% B OAEW Gap/%

02 0.8 77210 790.10 228 75561 786.69 395 749.61 782.83 424  3.49
4 0.5 0.5 1784.48 1914.83 6.81 1753.85 1921.23 871 173493 1913.03 931 828
0.8 0.2 3040.06 3264.40 6.87 2963.50 3272.00 9.43 2932.88 3259.16 10.01  8.77
0.2 0.8 80024 848.09 564 777.13 84641 819 77852 85240 867  7.50

6 0.5 0.5 2330.03 252530 7.73 2308.13 2542.93 923 229028 2547.47 10.01  8.99
0.8 0.2 3559.82 3940.04 9.65 3590.66 3959.88 9.32 3535.06 3931.84 10.09  9.69
0.2 0.8 1189.56 1283.84 7.34 115293 1286.14 10.36 1142.81 1282.67 1090  9.53

8 0.5 0.5 212588 229633 7.42 2047.38 2285.85 10.43 2049.28 2301.55 10.96  9.60
0.8 0.2 4094.06 446540 832 3988.00 4504.96 11.48 391336 4456.60 12.19  10.66

4 HRILK

Table 2 Comparison for computational results

no AP
F=2 F=5 F=10 F=2 F=5 F=10
H 1923.50 1893.23 1915.28 4120.30 4138.73 4210.80

ECT/LFT 2537.92 2531.22 2467.55 5624.67 5686.87 5645.17
LFT/ECT 2636.47 2650.87 2588.40 6094.65 6015.78 6079.90
EFT/ECT 265348 272352 2620.77 6223.61 6278.07 6405.07

H 3045.27 3069.47 3037.08 4888.90 4939.38 4809.75
ECT/LFT 4011.47 405645 406032 641533 6433.08 6418.11
LFT/ECT 4436.92 4430.58 4354.03 7428.57 7369.75 7466.37
EFT/ECT 4438.03 4439.52 4634.05 6841.67 7039.45 6953.17

H 419335 4198.02 4172.58 5641.15 5591.25 5618.78
ECT/LFT 5489.75 5508.52 5480.27 7335.15 7399.20 7372.33
LFT/ECT 5978.02 6038.58 6073.50 8377.65 8266.07 8155.85
EFT/ECT 6132.10 6115.13 6053.38 8159.60 8289.48 8118.80

5 %5 (Conclusions) T — G S BSR4 R N [ S AR A
KR T AAEARHE R TS REVIEAD 15, SCUR s R H M 5 2 e 4 B 45 AR 24
I, T T R R MR, SR O, WAL T B A B 530 MUUECTY
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