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Abstract: The problems of joint optimization between product family architecture design and sup-
plier selection was studied, and an interaction evaluation mechanism was proposed based on leader-fol-
lower strategy. According to the leader-follower decision-making mechanism, the leader-follower joint
bilevel planning optimization model was established, the product family architecture design was the
leader and the supplier decision was the follower. The product family architecture design was decided
by upper level of the model that was targeted at the utility-cost ratio; the suppliers of module selection
were decided by lower level of the model that aimed to costs. The two-level nested genetic algorithm
was constructed to solve the problem, and the coding processing strategy with product family charac-
teristics was added. The model and genetic algorithm were explained in the case of passenger car chas-
sis.

Key words: product family architecture design; supplier selection; joint optimization; bilevel pro-

gramming; genetic algorithm
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Fig.1 Problem diagram

TE R IR Ak 1] e, 60 7 b i 1 T A 3
AREHAE S (1,2, koo K ) FUG R Y B B 45
VEAE A (1,2, sl oo o Ly by DA R 33 S0 450 B 5
VEI I DI RE RO i o FEABIHL A3 S 38 A He Fn
A RS 3 AR PR R T I T B
BIOTE Al BEAL R TE BT R 2 R T R .

o« 10

IR S T AR A I E R e M. fife
AV ) — BOIE X my k€ {1,2,-4.K
B e AL A RZEII, W SR & FRAEHR A9 55 1
AMRBET R /R mo o 75 il RS B TR] AL s ]
LA 38 O 7 T A B B 2 5 vh e AT 1B 4, AL OR
[ (4 7= A e IR L, 7= W AR TR B P (P =



7PN R AR BT 5 L R e Y MG —AE

it |

{Pjoj =1:2,,J 1) &R R 24 ) A, &
IR R B A (1,2, 2Shs LA B i i R
A A 2 2 B N B R AT A 7 Y [ E R BB
SR W J AR B IRV JEAS o AR 77 i 1) A R 3 P SR
A H DT AR S A e by O 4 137 g i A2

L1 ZEE5SH

BT LA b X ] RS S A A bk S AL D AR
Stackelberg Pt #) 2 XUZE F LB AL AR A, I
X AU ) 1 JE R 2 A SR ) 32 OGER AT
SRBTRIREGEET e i SR R T 4 G A
(0 F €2,  BRE 0T TR 1Y) 2B 9 0 R BRI T A R, AR
s B S HnE

(D BT IZHIFE T =M T
BB A K B A2 L 0 i
ML S,

(2) R BTALSE 20 Yo x5 R
AP ARIE S - DR A BYOR R R b A
ARBEH S (DB, y,,, FORBENLRT s 42
HERIHR b (AT L,

yS et

(3) ZEAEET G i hEH L B £5REI L (1T
REROH wae TS @ 72000 BB EEERE R p o,
Wi i P IEA 7= R SR T B Q, L B ik
BERM S 0 5 0 AT A D Re U o
BOR 22T ey LR s SO E £ (0 £ BRI L Y
A Cl, BER R s $RALEITL £ AR 3E T L K AR
W 1 JXUBGE BRA Cyy VIR R 7 s BREAEABEBR & F) £ 2B 33
LR A AR M 7y,

P TR 1 E R R AR KA A 5 A L
B DR R BIE R, B X ={X,, . X,
e, X b= (e g = (e
= T s ) BRI G
Koz . FIRBEN R BERESZ b )2 ah R G 7 56
(29 o, T L e SR i BB A 46 1V 7 Ok it T gk A
B, [ 2 FroR A S RIS ARE T ) H S AR e A A
)RR O E B B X AR 1
HEATOAL T Z AR RS TR AR i 2
PR R AL 7 6 B AR AT AL T Ak
R oy RBSG EZE.

TjrK o °°

[ ERRARE B FTIEBR N
. N
g | BAMR | 1] | ] k1 - K
s | 1] ] o] 1] ] IR
o s ————————— 5 Damasered
! 1 L1 i
B sevones 5 mmproenes d bwmrereere " e il
: :--- Zin ---: :--- Zjtk ===l E=- Zim ---: == iRk ---:E
e ;i 4 & |
I\;X = { i ety Tkttt LKLy Zjrn AR S -"‘-.r,-mu_gjl' BeH:
* -““-“""--"-“-“"-“-""""""--"""""""";"""-;- <z PR
FREMAE T e T
e, (T o e
Y i bEER
L o | 1 |~ | s | [ | 0 FrER
B2 T=HE
Fig.2 Variables
1.2 kB LR RIR RN

BRI Y b JZ RS 7 SRR AT AR SR
ARSI 5. BIR B R pREUR R C B TSR
(8 A B 0 X I B R SR G — R PR A . PE A R
A 9 DU 5 R i R A ol ) £ B R AL, X
FT Aol 5 7 i AR AR BB BT DR E T AR
SCRE B BAS S AE D 7 i E B A e A F AR
FPM g R R O N A 2L R 5T
HR 0 2 AR SR T P A B 7 O U
KEw, AETER. KU, 2@ NWTRAR
FUN R A BRI 255 R0

R
U; = 2 E Zwmlm—mumz +e; (@D

r=1 k=1 [=1

A wp HH E DMRRTE ™ SR IE P, R,

L
max (& yu) = 2 ZUUP;JQ,/C (2
j=1

i=1j
J

Py = Vi /Eew,j (3)
j=1

XL jrkl > Ijrklek/ D

r € {1,2,,R};k.k" € (1,2, ,K)}

Lp R

K R
EZ ‘ Ef.rrkl - Zfz’ru =1 NG
k=1 (=1 r=1 r=1
R K
DD aw =1 L€ {1,2,,L) (6)
r=1 k=1
Ly
Drw <1 k€ {1.2,.K) )
=1
R e N X jrkl € {O,l} (8

A C R BRA s Ry i 3 HE AR B b FLE AR B £
B A R
.11 -



HEKLIE TR 45 30 % 55 19 201948 1 H 2k A

J % 1k 7 it A2 B B Ab BLIR BT A 5 i A
Zrysgm, () KMoty i =i g%
TR ME A, AT % P AR Y AE Rk B R 0
(MNL) JriE AR 8, = 5 iR 4 M 5 1T 29 SRR
i TR LB A R B M 2 SRR ST L A i
Bl AR R B R, () RRA KB
IR H b T A B W] — S A e, (5 RoR
7 it 25 S OR[N TR 6 A e 2 B
T, ) B i B A A P rp i B A
P s A E R . (7)) RoRBAFEAR
Pe HRBIE P — A Ak Wil % A e £, 208 &
TR PR SR AR I I 2
1.3 TE

BRI | J2 D SR 7 i T AR A DR AN 7 AR
T MRS BRI B e 4 o - TN o BB TR,
)2 H b R R B BUAS L R B AS A 4
[ 5 A | AR IR SR W B A R0 XURS: LA . R 2 H
PR A R R s )2 AR B & AR Sk )2
) R e SN N O = AN VA = R I

min  C(xju »yu) = CF4+CM+CR 9)

] R K L
CcM = Z 2 E E(,‘Eg\fjruyu\ 1o

j=1 r=1 k=1 (=1
K

J R Ly
ct = 2 2 2 Zcizwl'],—u?’u.\ym 1D
j=1 r=1 =1

A, CF R B AR s CM SRy 4R 07 B9 6 5% AR s CF S it
L B R DRI RS
TREARFERPEAR.

yusNjw < N, s € {1,2,--,S} (12)

Yy € 10,1} (13)
A N R AR R s SRR b 0 L 15 N
Ay {3 7 7 BG4I B 8 O
A (12) RN g 62 8 J1 20 A, B A B
s AR H b 5 A PR R RS A SR
feseae 1, 13 R/ARPIRAZEAE 0 1 1 Z 1]
HBUE .
1.4 EBESHRHER
BT bR R, ] DL ST R AR
548 0 1 5% 56 T Ak 1 R K A5
max F(X,Y) = z') zj:Uup,jQ,/C 14
min C(X,Y) :’ (,T‘"J+l(,‘"" +C*® (15)
Horp TR A — S 5 A 0O 7 Z 61 0 b b
WAL R A . XA WARSLHG AR
(4 ~ X, XA5 WAREMH LA, KX
(13),
F i TR AR T RAE IO R 3 R A A P Ak )
FUAT AR SR — > 35 MO A ABE 78 A7 A, 7 R 4R
o« 12

M AE o 2 PR R T O I 7 A SR
BT X AL 77 il 38 £ A5 B 3o 5 N L AR 75 2k I
e IEAT PSR A A B E R A . BENE
i DR S ) P AR R B4 R LRI R
B LA C bt an B2, LR 2568k
Mo BRI AR R (XY ), Bl R ™
sty R R 7 58 RN DO R R R T 5

2 MEXM

2.1 HiEwmg

XUJZ AR SR it J5 0k 0] 43S B4 T Uk R ) 42 T
RIS EHE TR AR B B i P SR AL ) L
PR, 1 de LR AL W Ok AR R — AN
WA T 2Lz i L2 A o S 5K g T 2
B SR FH B AR A R0 547 154, B 245 2 i
fife o TA142 7 VR SR A — 5 S AF RIS IR S i b R A5
M (4 52 [R) R, SR 38 ae SR A B2 TR) A 3 B2
MU . FeAb o R0 B ITIE R Y TR A
BRI AR — SRR B R 2 TR KKT 4%
PR . PR — SRR K 0-1 JEZ
K ) R, Ay o5 T AR S 1 8 AL R LA 4 R I 8K
PE A SO T WS S AR L R AN 2 A%
VR SR A L2 ), K 2 IR A P R A R X
G3h 25 F 2 . N B B AL S 1 LU S S 80047 3K A
SRJG KGR A R 2 ) R L 45 R Y iR 4y
EIEAT AR
22 KMEIE
2.2.1 ZRER3E

R i /AR F 2 TR R R e R rh OV 2R
1) TG A2 R B, T X SR A RN A TR

(1) Jhg e, A% 5 05 19 52 B0 Ll 2 4 i
fiff TR 1 1] 82 7 Ol — A A PR B 1 B L B Dy e £
i, JE T A2 P R, A SR A i £ s e 5
%L ANk B2 (ULC) 5 F )2 (LLO) B4,
HEFZEY a4 i X Yy, &3
e R VI o= [ PR iR 2 N Y L = L1 B SR SR % N <)
KRR A B A BRI A B, ] X R X K X L, 3¢
AR R SR A R — B A R I, AR E I
JZ R AU RN Y — A AR, A A
PR AR 6 L AR He JIr X6 07 ) A B £ B I AR 3 % .
R A KR K X L X S B4 3E [ 8 %t
JE A 7 i AR, EL A g AL DL P 4

(2) XL GAR R Yt R 0] ZAE— 2 1 2R
TR X AR, w3 SO PR AT
T 428 P A A AR Y 0 A DL — 2 B A R A8 e fl AT L
) —FB oy, Y — X Y A pl ke B e L b AT 4%



7RG BT 5 L R e A T OGBR A —— A

________________ ]
| & | 1 1
| ] { . - 1
FREA X = (X, X, o,y L3 [0 1 [r] Bl o 1] 1 (1 [SsiRoRiRENR
]
LABUk POET——
P T By
HABIR Ljr = {I,‘rl [ o R ;ijﬁ} nnn
| S e e e et e e e e b |
| s e TR T e T S = 1
Brwan V= oo, e [T

B3 EFEREERWGRG
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Simulation Analysis and Experimental Validation of Micro-feature Grinding
for High-elastic Alloy Steel 3J33 with Considering Hardness

XU Luyao

LI Beizhi

YANG Jianguo

College of Mechanical Engineering,Donghua University, Shanghai, 201620

Abstract: Aiming at the problems of machining difficulty and experimental complexity of high-

elastic alloy steel 3J33, a simulation study was carried out in the machining processes. Based on the

elastic-plastic mechanics, grinding mechanism and finite element analysis, considering hardness for

single grain grinding thin rib a residual stress simulation model was established by professional metal

cutting simulation software AdvantEdge. Simulation analyses and comparisons of the residual stresses

of different hardnesses for thin ribs were conducted when grinding and verified through the experi-

ments. Finally, the reliability of the optimized simulation model was verified.

Key words: flexible joint; hardness; residual stress; micro-feature
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