H31% H2
2011 45 A

(E Y N R N ¢

Journal of Guilin University of Technology

Vol. 31 No.2
May 2011

TEHS. 1674 -9057 (2011) 02 —0278 —08

NBESFHET SMT F=mEF=AX B Z B R GA KiF

ek,

(L EEARER TR HUMCS el T2 Be, 179 Hebk

@ E: FrX) PCBA 4%l A9 SMT j™ dh A2 B e,

Jop s

5410045 2. JUPGLAERE HUBCCARR, JOVE I 545006)

ST — P AL LT BRI A PR R A

AN ZR AR A R 55 HERR T 1 o 207 A UG T T B i | ROBHINT [ A S B ) 2 T IX ) s,
SEHRN E RV BERCRY , IR AT RERE KPR R e i i e Y, AR Je B L Sk A R . 5

TZBE R LIS, TR R T

“Ye @A Y B BOAR RO LR RS [ 8 R A | Sk

(R38R B K A ()78 SR 2 BA T s o SEIG 45 SR IAE T Honl 41, AT S ZME.
KEIE: TSN AW, B, SRR, XEE

HESES: TP391
0 5l 5
WM K28 AR M7= 5 T R, SMA. (sur-

face mount assembly) 2N MIGEN ZH ). £
A /LR AR R, DL AR B A B
A P E R SMT (R4 FAR, surface
mount technology) 7, I, SMA ZH % 4 [H] Y
G IR FE AR

KT SMA L0 B ), M 20 40 90 4F
ke, EANCETFUAT THSE: T M Tipak 25 4
8 7 SMT I B HILE e sk TAE F it i, Jf
e R T B 3E B BAIR KRR ATR s VT Leon
SRR T A SMA SERCHLRIE R I B RN, W
LR S8 WA W il PCB Al fé Iy 45 1
BEXPMHBCE Tk, gl 7 HARN AP R B
RIR 2R, S S Bk,
ST HRE B P Neammanee 551 £ XA 1%
BHESAS R 0T L L A S 40t B[] 1 5 1)
SMA SBEPC A B2 [a) 0, i 37 45t iy R 4 SE A% 37 e D 1)
PEARARRL, SR 388 4% 530125 5 dee /% 1 I ] 308 32 R

IFs HHEE: 2010 -07 -25

MNEIRSES: A

VO, T LB TR R O R 4 R A R o
SRR AR FCIR R IR P Ji S5 AR — 4% SMA 25
LRI TCE PR AN E )R, ST T d K IR/ N B R
B, DU/ NI TR g BbR, s AL ik R AT
PeflsR i ; NV Hop 25050 51 3f 222K B AT HL A Y
SMA HEE i i [ 55, 7 2 HARIE AL R, (045
PCB #4321 e 45 G HLES -4, 45 G HLES 1 PCB HE
J¥HLIG PCB AR b e PRI 2, - RITIR A 1L 55
VEHEATSR A Y Crama Z5°°7 5 SMA 5 g 9 25 3t
QUM $ 20 i A T 1, 336 e
T YL ORI SMA | BAHLZE LK SMA FIZHL
PRIOOCAL TR (), A r T HBCE R, SR
K AREEIATRAR; F R Lin 25706 SMA 2/ 774k
BGLAY ML R R R B 2 AT O R R I, 4G
i5E 1 I AR A 77 ) SMA BRI FIECRE, AR5
PR, DA & F I R AEAFRE T SR A R,
AL VA5 45 A 77 4R 1) 97 B R 3t 0 B 0 P AT 55 3
e

TEFRE, X7 W RIRT SR B e, v, 28
WL SR R AT TR I T U 5 ML) 0 A Sk A 1

E&WA:

EE &N
513 H&N

JUUG A AR BT E CREREA 0991251) 5 7P il i R 505 Se s il R H SR IT & 90 H (09 - 007 - 05
_O11) 5 ) PUBRART R SHEATT A 113 5 A (B2RRE 0992006 -8)

XIHLEE (1966—) , I3, L, 0% P O 1ol < 3 A sh Ak 515 B AL B E FREE T #2155 UL5R , liudian@ glite. edu. en,
XIRLEE, JATEAE. AR A FT SMT ™ bl A MU B i B8 & GA SRR [T, HepRERTR2A224), 2011, 31 (2):
278 - 285.



F2

X ZESE : ABESAE T SMT 7= il A2 = KUK A S GA SR

279

P T IE , 22kiE F T I SRR A TR A
SRR EE X SMT A= 728 2 5 W A L2 18] 6147 4
BRI, LA I s 6] -5 B 46 IR 3 ) 22 A1 e K
ARG A i 18] B /N S F RS R A T ey 4 i 6L
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BEMBR iR R 58, Z it T SMT [mIHE= 1L i
B BRI H s e B, P 3818 3R AR e UL
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Jj: SMT A j72kd 5 ,j = 1,2, ,M;

k: TINS5 bk = 1,2, ,N;

L: S ITR LA .0 = 1,2, Ny

re LA LA —S Y, = 1,2, ,N;

Qi TAF i BN THbE,i < Ny;

Sy LAF r TEAE L BYAL R BE, S, = 0 IR
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EST,: T4 i ide 5 UG i LHF[A] (job earliest
start time) , YRR ;

LFT,: A% @ B 5 Mo 25 ol fin i ] (job latest
E)

AT, . A 774 j AT ARG I T AgFp SMT 7= LT,
BOE L 22 BOM B W) 55 1) Ve 45 1 ] (machine
ready available time) ;

FR ;17728 j 15 BB (machine failure
rate) o
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AR — XAV R, 47 a = b, 00 @ B —4

WA XL = [a,b] F1l = [e,d],H L
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3.1 HBEAR
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HAT B A58 N (R IMARFR O G R AR, 1258
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XFUCTL IS A AR 28 OB FiE T80, AR
A POP’ ;
FFHAS 8 %F POP, 4T 84, A
POP” ;
T POP” | ANA )38 N BE(E A g5
M POP, Rk h, AL, M POP” ik
M —h, MERAAAIE K POP,
z=7+1
ENDWHILE ;
itk POP, Hhid 1 BE (R SR U 1) MA

4 ST

8 x max[ (FT, -620.0),0]} +
35016 x max[ (514.0 - ST,) ,0] +
6 x max[ (FT, -636.0),0]} +

[400,5007 1 x max[ ((391.0,445.0) —ST,),0] +
7 x max[ (FT, - (612.0,644.0)),0]} +
[200,300] {4 x max[ ((463.0,535.0) —ST,),0] +

8 x max[ (FT, - (636.0,668.0)),0] 1.

4.1 EFHK e ERER (12)
SN SMA T Aol — 354 SMT A4k 4 o
%o EEEX S Quadris, Sony 14797 K &3y B Xpslyj=1,-4k=1,-, (13)
=1
BLEGE G B L R R R oA ), HA i & — FF - SF + LOD[48.6LX. +2. 68X
SO B AR 290 3 [T = Tt LOZLS O 2 63 ¢
1.5% . 2.5% . PR ETF AN TRTE R sk 2 e+ 16- 67X+ 128K 4
%ﬂﬁﬁiﬁ?ﬁ}%{%, %Hﬂ‘ﬂ]ﬂi} 30 min, (12. 50,15. 63)X61k + (4. 35 ,6. 52)X71k] .
HAAS PR AT 2 MU TR SMT - p7 ST, +1.03[44. 87X, +2. 68X,y +
Ly gl s =Y =~ LI > 4B fr
)j:ﬂlj{?fj]n]:o IEJ anﬁfﬁifzjiiiﬂﬂiﬂ%i 53'57X32k +19-61X42k +1'24X52k +
i B Gl e 1
QEKIFJB@ (F1). (12.50,15.63) Xy, + (4.35,6.52) X, ],
PERTAEAE 3T & R B R [3,2,3,4,6,1,
4] (5.6.4.8.6.7.8]. BUETXFx 7 Fl SMT 75, FTy = STy + 1.015[60. 34,5, +2.68X,, + [ (14
D) i a Y8 I 53.57X,, +23.53X,, + 1.24X,, +
4.2  HEFMK )& EE (12.50,15.63)X,,, + (4.35,6.52)X,,, 1,
H TR, T E bR RS FF S LS 44 ST 4 L Tox
min F = 3 500{3 x max[ (7.0 = ST,),0] + w = STy + 102544, 87X,y +1.72K;y, +
5 x max[ (FT, - 586.8).0] ] + 37.50X,,, + 15.04X,, +0.79X,, +
900%2 X max[ (36. 0 - STZ) ,0} + (9. 76,12. ZO)XW_ + (4. 35,6. 52>X72k] .
6 x max[ (FT, -611.5),0]} + k=1,
7
150013 x max[ (349.0 - ST,),0] + ST, = Fl ) + 30.5K,. = 1,4,
4 x max[ (FT, - 619.5),0]} + ' ' =
2 000 {4 x max[ (370.0 - ST,),0] + k=17, (15)
*z1 iTRER
Table 1  Detail of orders
/ ~ aid . h—l
PRER R S St ETANLRRE )
1 3 500 01T07 25T10 72 78 58 78
2 900 02T12 26T11:30 336 336 336 524
3 1 500 15T13 26T19:30 28 28 28 40
4 2 000 16T10 26T20 120 102 85 133
5 350 22T10 27T12 282 282 282 41
6 (400,500 | 17T07 - 19T13 26T12 -27T20 32 32 32 41
7 (200,300 | 20T07 -23T13 27T12 -28T20 46 46 46 46
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b I L3011 75 plot thisgoodgen, *s" )
2 z a X ST)or = 1,0,N, (16) B ALACHUIN 1, gageneration = gageneration + 1
},7\]/1 = (Xr}A X};’v\i’jk)’r = 1"“9NO end
== (2) Ak R B T
(17) " function selectroulette ()
4.3 {EBIGEHR for i =1 :population _size
X RO R AT, XY p(@ = 9) = 0.5 THIRLIE N BE L) p, = £,/ 21,
Bf,a +b = c+ dHONRIE W, BCATREEEKF-K end
0.5, MR (15) 25y, 1A FHHE Y BRI sort () X3 N7 BEAS LU0 64T HE P

7
p(STy, = FT;,_,, + 20 X;) =0.5,
j=1,-,4k=1,-,7,

A 2 5t DX TRL Ry 9 3 R A 3o B vk )
KA WZ B R S i e B
4.4 HERWBEEEERER
441 mA HTAH 4 FETLRSBS T M
i, FTLASE gwid AT 4 Br, Jet RSB 7 i,
Bl 1 BoN e @Ry 154, R85 1.5.4 5
PRERTES 1 AR PERINAS 1.2 3 SR,
4.4.2 AndeAPEEE) R A SRITHENLTT AL BT IR
FORE, JHERARFAF TR, DURIERI A6 {H N
AT, SR OB T =5 040, FPEEALEL K
i 20,
4.4.3 #HAEHEAZS  EIR MATLAB 7.1 HA 5
&35 T H GATOOL, {H & B id T ek B it 1k,
A Ay 5 DX W) B 29 R ) BB A . i, &4
HHME TRk AR, Pl T EE
BRIRRAY SC B R A
(1) FeRfrEry
Function dispatchmain( )
PRI S B pR £L initialparameter ()
TR AE AL AP EE R4 initialpopulation ()
for k =1 ;population _size ( FE R /N)
A SR Fimemoney () e 5 K i 2
end
2B EL gageneration i 1
while ( gageneration < = generation _size)
TH 46 3 pR B e $: A 3E selectroulette ()
V& B 38 LR R A T3 gacross] point ()
I 28 AR S pR 0™ HE 53 gamutationswap () Al
VEFEHLES B 725 S pR B0 2% B K gamutationmove ()
i h, AR RAMAFIZE S AR SR — 1R
21 SE 4758 T HARR plot ( generation , duetime )
hold on

for i =1 population _size
T RBMA gawheel (i)
end
for i =1:population _size
PR AR BEALEL ¢ = rand
for j =1.length( gawheel )
if(r < gawheel(j))
T ——g
break
end
end
end
(3) H AT SRR
Function gacrossl point( )
AL X F-FEEL ngacrossKids
index =0
for i =1 :ngacrossKids/2
index = index + 1
WP 1 ANACAA parentl = gaparents (index, ;)
index = index + 1
WEPES 1 A parent2 = gaparents (index, ;)
EPEAZ X5, csite = ceil (rand * string _length — 1)
7oA 1 ASF AN gacrossKids (i, ;) = [ parentl (1;
csite) , parent2 ( (csite +1) ;end) |
FEAES 1 AT gacrossKids (i + ngacrossKids/
2,:) = [ parent2(1;csite) ,parent] ( (csite +1) :end) ]
IR T L R AR AR G+ 1 RS
PTG 5 5 D F 77 A A
end
(4) PR ACHE ¢
function gamutationswap ()

B 5 T 3E BN ngamutationKids

for i =1 ;ngamutationKids

WPE 1 A ANA mparent = gaparents ( round ( rand
% (population_size—1)) +1, )

TPk R ) 52 XA 1
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P1 =find(rand(1,string _length) < pm)
P2 =find(rand(1,string _length) < pm)

75 S 388 /F mutationparent (1, :) = [ mutationparent
(1:(pl =1)) ,mutationparent ( p2) , mutationparent ( ( pl
+1):(p2 - 1)), mutationparent ( pl ) , mutationparent
((p2+1):end) ]

7 1 ANFAR gamutationKids (i, ;) = mparent

FIWT e A R LR SRR AR+ 1 RS
AT 5 5 W B A 1Mk
end

(5) B FapLMUE s By
function gamutationmove ()

PR B B 2% 5 movePoints = find (rand(1,3) < pm)

5 S
for i =1 population _size

forj=1.3

if movePoints = =
gaN(i,j) =gaN(i,j) +1
gaN(i,j+1) =gaN(i,j+1) -1
end

end
end
4.4.4 frpaliX SRR 20 EAURECH
10, AR p, 7 0.8, ZRMARp, H0.05, ff
LR AR R, 2, 4% iR MATLAB 5L 5k
PR, XA GRS ALFEAT SR A 0 05 EL DK AL BT 1,

fEE Ta by &R 5Ta (. Row)

10 101
ee®0 0 o000 00 ©e®0e®® e, 00
N
= (a)
= st 5t ®)
&
EX
EASASASASECASASACACA NS CACAvAVAvACACR VA wRY)
0 5 10 0 5 10
AR AR IR EL
8r (© 8 (d)
o o
6 O 6 o
op o o
O 4 o 4+ m]
#H O m]
2F o 2F o
o m]
0 123 4567 0 123 4567
BRNLE R =R) FEFENCE (R AE=4)
B ROHEEBITER
Fig. 1 Diagram of sample simulation results

e (7 Fom) XEHW B, TR,
REARAR R AL ARE, bR T 4. Bl 1e, d Ry
WAL TR SR AR5 1 B A, DA AR b A 07 5 )
SIXFRE 7 Ffr SMA A Ak b - 14 4557 43 ) %o 7 4
AR 1L 2 (L EXTIA 1 AL 3 R
XPREER 2 SRAE ek 4. 5 BRI 3 Ak
6. 7 (i EXTI AR 4 45

HFAEESARE, E& KAL)
Hermmn & 2, iF e mk, Rk
AR BN A HE ™ 7 %

B, A2 AHETEAE S B AL AR 1 26 7
M2 SAE . BEAPRIIEE 1 M2 SO0, FoRHT
25 SMA TE55 1 45474 BRI ;[
H5 45 SMA S 2 S BN, 5 M35
SMA 7255 3 A4 BRI T, 56 1 M6 %5
SMA 7E55 4 S5 P28 AR T, RV et HE ™= o5
%0 7245316, XBF, §14:0 0 JT,

5 ZERIE

SMT AR = Aillxt SMA i T BEA T Fi AL Ao o a0 2
1, R LR B ASES R
VTR AN PRI i w] SR SR LAl B, ST
TR A AT 55 WO B, 5 e A% 0k it
Foskfg, LAEAE P e R i . A VORI &
T . BRI e A

SEBIALE B T %7 vk i S AR R R A 4
MR IERYE, FECRERY T Pt s A 1
ARk BB g i 19 MATLAB SRR 727 5% 4 ik
AZIFANLAY ERP 8 MES 2R g8, al LA By /v
A E) B sh A7 4 B A AT 55 HE . %0k ik
XHARZHH | 2 HARBIE S W B A B2
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On SMT Production Schedule Under Uncertainty

LIU Dian-ting' , ZHOU De-jian
(1. College of Mechanical and Control Engineering, Guilin University of Technology, Guilin 541004, China;
2. Department of Mechanical Engineering, Guangxi University of Technology, Liuzhou 545006, China)

Abstract; Facing the problem of the SMT ( surface mount technology) production plan in PCB ( printed circuit
board) assembly firm, a kind of new method of arranging the assembly tasks to the production lines under un-
certain condition, where the customs’orders predicted and the fault rates of the production lines are considered,
is presented. lis corresponding mathematic model, where the scales of orders predicted and the arriving time of
materials and the supplying time of orders predicted are described as interval numbers, is set up. The model is
converted into an ascertain one by possibility-level, and then solved by GA ( genetic algorithm). The structure
of this GA, especially, the method of octal chromosome coding, are proposed in this paper. And the mutation
operations include the swap of the genes on two points and the length of the segments is changed randomly. A
computational example is studied, the results reveal that the model and the converting method and the GA are
correct. The method presented has high reference value in solving similar problem.

Key words: task plan; uncertainty; modeling; genetic algorithm; interval number



