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Optimization of Job-shop Resource Configuration for
Minimizing Manufacturing and Tardiness Cost

Tang Suzhou Gao Yuan Wang Delun Huang Liang
(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract

In the discrete manufacturing environment of a job-shop, an optimization method for the resource
configuration adjustment in order to minimize its manufacturing and tardiness cost was presented. With
the material flow and work flow of a job-shop, a manufacturing process simulation model was first
constructed to evaluate the performance of each resource configuration adjustment properly. Then by
combining the production simulation method and improved simulated annealing algorithm, a solution
algorithm for adjusting the resource amount of work centers and the production routings of products
(or the configuration structure and usage way of resources) jointly was designed. In the proposed
algorithm, the search and selection of neighbor configuration alternatives was guided by the critical
production path analysis, and its convergence rate was then accelerated. It can gain better solution
quality and efficiency than the traditional random search method, thus is more suitable for modeling and
solving the large-scale resource configuration problem.
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Fig.1 Instance of production routings in a job-shop
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Fig.2 Material flow and work flow
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Fig.3 Expression of production process
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Tab.1 Machining time of parts in each process h
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1 3.96 1.18 1. 40 1.50 13.90
2 3.76 2.40 2.80 2.24 13.24
3 5.04 3.16 1.90 10. 80
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Tab.2 Percentages of production cycles shortened

TAEF L k
1 2 3 4
hy,/h hy, =0 hi; =0 hy=ay, +ay +a; hy =a; +a,,
At} /h 0 0 0.74 0. 65
55/ % 0 0 5.32 4.68
hy/h hyy = ay, hy, =0 hyy = az +ay hyy = az
At /h 0.22 0 0. 60 0.50
55/ % 1. 66 0 4.53 3.78
hay/h hy =ay +ay hy =ap, +ag, hy; =0 hy =0
At /h 0.77 0.31 0 0
55/ % 7.13 2.87 0 0
Ty
i /% 2.93 0.96 3.28 2.82

AL AN TR B AR A HE R IR A M
GEURAI P e B i, R I S 30 5 A0t RO, B O
FHH AR, BRIV PS4 T %

3 REIRRE

N DRAIE BT 5 IC B AOR A 7 ad R E HT
ES AT ARG A, S — BT IR B AL SR
R, LS B b o WY IS B R (R LA AR A
W) 5 LA SR g, K,
A G E B BRI 0 A 7 AR 7 L0 A TR T
BT SN VR 5 TR DA 3B S SR A o AR B AR
B, S A BAUGR OOk L — i R 32 4 i i S
AELHR M — R ) 3 SR AR 3 3, L LA S B B
ﬂnFZ

(1) WEREESH AFENRIRE T, L 1L R E
T, A o URESER K] @, @, AW IR TAE N
LR T,

(2) AR Py s A 7= Bl 0 B2 50, A 2 i
GEURIC B s, 5 T2 p PRBE & 1528 7 U 4
FA AR T H bR R B S, R BT BRI
R =0, TZHBERE L, =0,

(3) 2T 5B & 7% (s0,po) T IR
BEAR . Vs A M AR (7 25 i BT U5 C B A A
Bt s 1) A A B s, (6 =1,2, -,
M) MR O B i A 5 3 (6) T 4% 3T Btk UK 5E 1t
6] (928 Bl i, TR s, 19 F bR s f(sop s o) B
FIICN foeo SRJG , FEAFE EFEME R N M A AAE A o
BB a s, AT — B s, I EPEME R B E N

(owe = Soe)?

P(slzsog) = M

/Z (fowr = Joe)7

Hodrof o H (800, p0) IR AE, B b5 R BRI 1
A7 5 SR B S R PR s S8y O B AR R OB
JEEXHE R 7 ) R AR FEFE A GRA L0 <y <2)

(4) FEB IR & AL (s, ,p,) B 7 HA 2ot
P TSR R HAR R BUA /o IE4A L =1, +1,5%
HER(T) o

(5) MG T4 R2Z MLk — 4 5k T
2RO AT R R R T ST T R o

(6) FEH 9T IR L& IABE (50,0, ) F 5 HA ™ 3t
PR R EARRBUE [, o FFA L =1, + 1,5
BT .

(7) BCAf =fi —fo . 45 Af <O, 45320 ¥ IR I &
7GR T8 (sy,p0) S TR £y =/, 5 75 DU 4 e AR
Kop=e VU (CHAP K NHBO) BZH T E,

(8) AL, <@, LR 3) ;4 1, =@, ,1fi 1, <
D, WEEIR(S)

(9) # 1, +1, =@, + D, R H K o JHE Y1
B T4 T=al, #ZFGRLIERE T, 0455114

(7)



LR

JESRIN S - A5 S A e/ Sy BB B 2 ) B IR 16 i BT Y 241

K mWA 1 =0, =0, 585 (3) .

FREES NI K & O, X HEREE S
TR AT S AU B, 52 B AR R B 1B 20
AL St o 51 GERULIR KO ik 14 58 4 B AL 408 1
R T AN 7E BT UG B R R i AT S B A
O A Xt AR QB AR AR VAN IR A B v AT B R BE
g 7 35 AR A R bR S5 B S A A

4 sl

R VLA AT 5 — HILBON 28 (]2 — A i 70 11y
PRk A T8], 2R 4% 3T 8 A 7 19 J7 SN 40 T A
DA% 2 (8] 114 9% 5 C B 00 A 1908 491 30847 J7 3 Bk
4.1 o) R 5 B R

FETa 7 dh e o 12 B, 2 X 1 AR B TT AL
P AT AR B4 7 b Y SR T i SR AR R AR
P IAT BT RN 5 58 T A 0 T BT A Y 2 e ofe
7e ROE AR ik 3 P, B A JE 1 AFr i
o RORE 5 1y S 48 R AR T, 24 T I 9 — > 32 R
JE N AE 200 73 0 W BT 4 BRI T, G o BE UG
R REAE I L T 3 75 SR A [ I i 4% ) s o AR
A%,

B EE e AR O B RO A D S A
By s AT FR R B A . & TR L
B RORE w, 19 24 RS R R BT R B W A R
Yo JEE A ¢, ARSI B r A3k 4 s

®3 FRamBERER

Tab.3 Demanding information of products

P ATtEmEmE TR/ Rl AT
F5 /d W kRiE /d /TG (A>ed) !

1 4.57 29.21 2.94 25 50

2 5.24 23.38 2.24 18 45

3 3.56 24. 06 2.44 18 45

4 3.27 38.34 3.38 15 15

5 3.95 41.42 3.38 12 50

6 2.04 23.93 2.27 14 43

7 3.03 14. 80 1.79 16 55

8 4,24 50. 21 3.05 17 15

9 12.00 30. 21 2.96 19 35

10 2.85 45.83 2.87 12 12

11 5.54 31.17 2.33 10 15

12 9.93 23.28 2.64 11 18
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Tab.4 Resource configuration parameters of each work center
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CNC 100 6 900 60 8 4 12 9
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Tab.5 Process routings and work time for each product

FRFY TERS T2 4 T T /h C,/76- 4! %
A1) 3,6,6,5,7 (1.10, 2.05, 0.47, 1.97, 3.79) 1
: A(2) 6,6,6,5,7 (1.28,2.05,0.47, 1.97, 3.79) 0
A(1) 2,2,6,5,7 (1.03,1.73, 1.58, 1.81, 3.79) 0
? A(2) 6,6,6,5,7 (0.55,1.10, 1.58, 1.81, 3.79) 1
A(1) 3,6,5,1 (1.10, 1.81, 0.79, 1. 18) 1
’ A(2) 3,6,5,7 (1.10, 1.81, 0.79, 0.95) 0
A(1) 1,5,6,7 (1.10, 0.63, 0.39, 1.77) 0
4 A(2) 2,5,6,7 (0.95,0.63, 0.39, 1.77) 1
A(3) 6,5,6,7 (0.79,0.63, 0.39, 1.77) 0
A(1) 1,6,5 (2.21, 1.58, 0.95) 1
5 A(2) 2,6,5 (2.52,1.58,0.95) 0
A(3) 6,6,5 (1.89, 1.58,0.95) 0
6 A(1) 5,1,2 (0.32, 1.81, 2.76) 1
7 A1) 3,6,6,6,6,6,5 (1.29,1.77,1.58,2.76, 3.35, 4.93, 3.15) 1
A(1) 2,4,2,5,4,6,4,6 (0.24,0.08, 0.16, 0.16, 0.06, 0. 16, 0.08, 0.12) 0
’ A(2) 2,2,5,4,6,4,6 (0.28,0.16, 0.16, 0.06, 0.16, 0.08, 0. 12) 1
A1) 2,1,1,1,5,2,4,5,4 (0.39, 1.73, 0.93, 1.32, 1.18, 0.60, 0.39, 0.20, 0.39) 1
’ A(2) 6,1,1,1,5,2,4,5,4 (0.30, 1.73, 0.93, 1.32, 1.18, 0.60, 0.39, 0.20, 0.39) 0
A(1) 1,1,1,5,6,4 (0.21,0.18, 0.08, 0.21, 0.08, 0.16) 1
1 B(1) 48 0
A(1) 1,5,6,1 (0.47, 0.30, 0.35, 0.28) 0
! B(1) 54 1
A(1) 1,5,6,2 (1.32,0.39, 0.47, 0.50) 0
? B(1) 80 1
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