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Tardiness scheduling and self-reconfiguration of Kknowledgeable
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Control of CSE of Ministry of Education, Southeast University, Nanjing 210096, China)

Abstract: Aiming at the problem of low assembly efficiency and unreasonable worker assignment of an aircraft engine
assembly line, an optimization model of tardiness scheduling and teams self-reconfiguration of knowledgeable
manufacturing system oriented to aircraft engines is constructed. A heuristic algorithm is proposed to optimize the
schedule and the numbers of teams simultaneously. In the scheduling optimization layer, according to the characteristic
of an aircraft engine with complex assembly precedence constraints, the properties of dominance relations of operations
involving the objective of product tardiness optimization are proved and its corresponding operation adjustment
algorithm is proposed. An initial assignment of operations on parallel assembly teams is given, and a modified
procedure is described. In the self-reconfiguration layer, the numbers of teams are adjusted on the basis of a workload
balancing principle. The simulation experimental results show the effectiveness of the proposed model and algorithms.
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p 13l NN 45 35 Bl 5 Al Ja HLIE B 16

7 b T S EC I 8] 2 A1, P 36 - o )
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# 5

E32%

*®2 PHASWEIERASILE

f=15

f=2

n a B Gap% Gap%
60 R b 1 A
0.8 0.2 2140.6 43452 50.7 392.5 988.1 60.3
n=4 0.5 0.5 1685.4 2717.0 38.0 143.1 215.3 33.5
0.2 0.8 944.5 1148.7 17.8 133.5 170.3 21.6
0.8 0.2 8 865.7 16936.5 47.7 49499 10237.0 51.7
n==6 0.5 0.5 6264.6 10323.1 39.3 32324 6574.7 50.8
0.2 0.8 3110.8 4092.7 24.0 1943.7 2676.7 20.0
AR 2B B, 26 CHY, R E R T f € {1.5, 2}, =
AN E Z ¥ o, B € {0.2,0.5,0.8}, #i PIHETT 2 7
10 ~ 20 2 [AIFEATLF= A= BEAS 1) AR IE 4T 101K, 15 B 2)z
SERWNFR 2 Fron. & SCERLLR A OGS RN
_ 32
Gap = 100 x (Zo — Z1)/Z,. (15) -
Hor: Zo N E TSR I S R A IIE, Z) N EM 4

J R A 1.

P 2% 2 AT L, AH BT i 0h 25 i 28, 3504 5 11 25 il
A A T N, T 3 M 3R N 38.0%, K B HEL A S (1)
e 2 R T 2 HEAN N G B A T 4 AT
FAIRAS R 30 B T T /NI, 244 I 1) 2 T 2 7 38 e 3
RO 20.9%. 40.4% H152.6%. 7] LAE H, 54§
ARTE S S BT 7 A IN, B i () 2 T 2R 0 34
HH .

32 {HEIXW

N T AR A SCHE H A 4 R T HE B M R L 2
VRNV ZE 101 5 v e (1 4 P, At X A TR AR 7] R
HEATXF AT B0 6T G B S BT (R 7 R i
GERA, ARG G0 3 AN [ 2 IR )77 i S T 45 R AR

DS HEIERM TR EN T LT
{2,3,4,5) HEEHL=AE, S8 2 B S TRE ST
TP HE RO

)Sy: HBIEHRM TFEEN T LIF R REE
{2,3,4, 5} HBENL A, B 2 B I EA TR ES T
TFHETE (1,2} PN A, 5B 3 2R EA L7
BENTF LFEERNO;

NSy HIEFRM LFEEN T LI EE
{2,3,4,5) FRENL 42, 5520 32 AN TFEE
17 TP ARt 7e (1,2} RRaLA= 246, 55 4 E g A
THRAESHT LFEERNO.

P EE R € {10,20,40), %M YEm € {4,8,
10}, B AN S L HE P — AN 2SR ZH. T 2 T B[]
R AT, 510935 53 43 A, 72 S B SR AE ST IR 1, 6] 1134
E)or A, A A A (14) P2 4R, Hodb f € {15, 2).

SR F S W AR SR T X LA T

Bl5 WRPRRECE

1) SCHR [2] H BEAE A SO0 b, R H
7 LI, K B B (R B2 1T 8 TR ST SR A B F, 1%
Hikid NHC.

2) Sk [12] 2 H () SEFT/ECT U 7€ 7 45
W00 P BE A AR SR IR AR R B RV R, SR A
SEFT/ECT L 0) #& AR T 7 HE 5 Bt T ik A7 HE P,
ZE AL HS.

FT 5 & 7£ Matlab 1 & 1217, 12173455 4 Intel
(R) Core (TM)i5-4590 CPU @ 3.30 GHz, RAM 8 G, %}
ANSEIG ML IZAT 10 IR B SCARIR IR N H, 5
HVEHC I HS HEAT LLAL, K3~ RS HIH T % 455
R AR S AR SRR IS AT I ) R RS (25 28, {25

6=100x (Z—2)/Z". (16)

Forpr (FE TR — BB 1) T ): Z 9 SR P 25 H AR A,
Z* NEE R RT3 B ARE, 648 /N R R e
AR

2 3 ~ 3% 5 AT L, FHEC T Sk [2] B9 HE 7 5%
1 SEFT/ECT W BRI S92, A% SCH th i) TP HEI
TEAE £ X 4t BAAR A6 B A5 19 AS [F) B AR 256 12 A ol 2 )
WA BE [ 3 B SR AR AR fEn € {10,20,40} =
T AN TR R ) R3S, 85925 HC 1T 2440 22 5690 il R
10.9%- 11.3% F113.3%, 515 HS [1)°F 20w 22 2 5 518
31.8%. 35.8% F144.0%. v UL H, il 5 ] AR A5 AR
KA EIEIB T 0 e AR 5. 75 SRR IS AT 18] J7 T, B
V5 HS 3R i 0] 75 BT 75 I 18] 55 A0, AH R 15 1R A 14 o 2
Z2 0T SR 2% (Sa) H T B2 R R, AR AL T B
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*3 BELERWLE(n = 10)
f=15 f=2
n XxXm ﬁ/f Sl Sz 53 Sl 5'2 53
Z 0% Timel/s Z 0% Time/s Z 0% Time/s Z 0% Timels Z 0% Time/s Z 6% Timels
H 5083 0.0 0.3 1253.6 0.0 1.3 28445 0.0 7.9 405.5 0.0 0.2 11383 0.0 1.2 2800.3 0.0 8.0
10 x 4 HC 553.5 89 04 13913 11.0 1.8 32322 13,6 9.8 4453 9.8 04 12702 11.6 19 31426 122 11.7
HS 6083 19.7 0.2 16202 29.2 1.0 3978.1 399 4.6 5402 332 0.1 1635.6 43.8 0.7 37943 355 4.6
H 2143 0.0 0.2 621.6 0.0 1.8 1349.2 0.0 6.0 138.4 0.0 0.2 4358 0.0 0.7 1049.2 0.0 54
10 x 8 HC 2304 75 0.3 718.0 155 2.8 1417.8 5.1 7.9 152.0 9.8 0.3 484.1 11.1 1.1 1117.5 6.5 7.8
HS 246.8 152 0.1 8404 352 1.1 17684 31.1 3.6 170.0 228 0.1 592.1 359 04 13329 270 3.3
H 1752 0.0 0.2 396.7 0.0 1.0 1040.7 0.0 5.6 111.5 0.0 0.2 3243 0.0 1.0 766.5 0.0 4.8
10 x 10 HC 1889 7.8 0.3 491.8 24.0 1.6 11014 5.8 8.0 130.2 16.8 04 3544 93 1.6 8424 99 7.1
HS 220.6 259 0.1 561.7 41.6 0.6 13722 319 3.0 147.0 31.8 0.1 4737 46.1 0.5 11232 46,5 25
*4 EHERERXTEE (n = 20)
f=15 f=2
nXxm ﬁ}f Sl Sz Sg Sl S2 Sg
Z 0% Time/s Z 0% Timel/s Z 0% Time/s Z 0% Time/s Z 0% Time/s Z 0% Time/s
H 1961.8 0.0 1.1 59479 0.0 8.8 113722 0.0 529 17849 00 09 52003 0.0 105 121848 0.0 434
20 x4 HC 20999 7.0 1.5 68247 147 124 131894 160 63.1 2030.8 13.8 1.3 60243 158 146 138049 13.3 81.2
HS 24538 25.1 09 8516.8 432 56 17591.7 547 27.1 2306.7 292 0.7 7480.8 439 7.0 183355 50.5 22.1
H 7717 00 07 27970 00 7.1 5670.8 0.0 46.0 768.1 0.0 0.8 23877 0.0 7.0 51269 0.0 463
20 x 8 HC 7937 29 1.1 30435 88 10.1 61689 88 62.0 8369 9.0 1.5 26622 11.5 106 5724.1 11.6 64.8
HS 893.0 157 05 36925 320 42 7573.0 335 225 9920 29.1 0.6 3476.7 45.6 4.0 7167.5 39.8 21.6
H 7082 0.0 0.8 218.1 0.0 5.2 4251.7 0.0 38.1 5223 0.0 0.7 16454 0.0 7.0 3808.4 0.0 455
20 x 10 HC 7634 7.8 1.3 2522 15.6 114 46748 100 645 566.7 8.5 1.5 1849.1 124 134 44052 157 90.7
HS 925.1 30.6 0.5 299.1 37.1 3.0 55149 297 193 6624 268 0.6 23709 44.1 3.7 5121.5 345 21.7
x5 BELERWLE (n = 40)
f=15 f=2
nXxXm ﬁY£ Sl S2 S3 Sl SQ Sg
Z 0% Time/s Z 0% Time/s Z 0% Time/s Z 0% Time/s Z 0% Time/s Z 0% Time/s
H 90476 0.0 6.0 23321.1 0.0 49.2 47399.8 0.0 227.7 8051.8 0.0 6.4 225063 0.0 535 430292 0.0 299.1
40 x 4 HC 99074 9.5 9.0 264129 133 66.1 56085.1 18.3 379.5 88774 103 10.7 25557.1 13.6 78.1 50899.7 18.3 403.0
HS 124853 38.0 4.6 36410.556.1 28.6 75874.7 60.1 151.1 111654 38.7 4.8 361289 60.5 31.0 69036.4 60.4 145.5
H 4160.1 0.0 44 101347 0.0 485 19972.1 0.0 342.1 3700.2 0.0 4.8 93442 0.0 519 208169 0.0 294.1
40 x 8 HC 45069 83 6.7 11321.8 11.7 653 229049 14.7 4403 40919 10.6 7.7 10983.517.5 729 24315.5 16.8 3709
HS 5469.1 31.5 3.4 14900.0 47.0 26.5 28943.2 449 155.1 50849 374 3.5 13419.743.6 27.0 29839.7 433 131.1
H 31253 0.0 4.7 8491.7 0.0 51.8 168664 0.0 301.8 2619.5 00 44 75369 00 478 167055 0.0 283.1
40 x 10 HC 33582 74 88 94685 11.5 70.6 19596.1 16.2 369.1 2976.1 13.6 7.0 8619.6 144 833 18837.0 12.8 346.1
HS 40923 309 32 11912.6 40.3 26.6 23970.042.1 150.0 3616.1 38.0 3.0 10470.1 38.9 25.2 23532.7 409 130.5
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HS, H {1732 17 I [8) 48 1 — 5. ob 7= i 45 140 1 28 (S
(3 R I L, 42292 HR IS 32 A7 I IRDAR 22 AR K fHL: AR
SRR 0 S AR B AR AR
4 & »B

RS U2 R BB 2 1 A 9275 5, S T
REWC LR B SR 1 MR AR, B T T e
VAR SRR AL TR A B R R SR AL B, St g SRR
W T R A (0 B N L 0 . B 5 R HC A
HS () 5256 65 b 25 2 0 LU H, T3 o 150 R0 3 5 e 1
3 LR AE R IR P2 53 2 BE R 10 R 2 R 3R A3 4%
Hefi.

HE— DR FU UL B o T B, T LA S| S 4
MV I L By A A R > 1 e
NG, 22 R OR AR Hh TN B4 ) 36T 3 il T T 1%
$et 58 B KUK, 53 48, o8 T3 0 AR b 42 18] oh 3R AT L
TP RR B R — 25 R 50 77 1.
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