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Find: X={xx,,.......x,})) CR'
/

Find:X={x1,x2,...,xn}T CR" i=1,2,3..n
. n C_(x.)—Czli" )
MinS(x,): {w’[ Y w,———"—E]
) ; k C;[nax _ CZ““
A —Ax)
_ 2 max i 2
A T

max

Subject_to VL <A, V= zxivi’M = Zmi
0 i=1 i=1

p=%:pg: k= () ko, M= Zmi
i=1

0< xmin< xi< xmax< 1

(2)

(3)

X (D) ¢ Z THRI SR ML BARREL; (2) 1, A(p) R sl 28 A 4 30 FME AL B bR ek 55 =X
(3)h, S(x,) AR 822 T-BURIEE FATCR BRI 22 B bR ML R m R8s TOLIANEL 2 A A A
REIBEL w, , €™, CM™, Cox) , A, Ay A®) , q 232 BI5 kAN THCRIAUE 55 kA TR ZRE H
Pra RARL B b A TSR A AR sR B/ IME 5 & AN TSR FAR pR B S8R F AR eR B0 e i OF
PSR H AR R AR B/ ME T80 AR PR A FETT I 7 ( 2<g<4 ). M) BAReRE T LIE H, 24
S(x,) BT e ME 0, 454 T00 T B ZEBE B bR sR B[R] T80T 2208 B AR R B e/ A, RIRE RR Ak

FARBT A A5 H AR R ECL s B E A 3R 3 s pR B B R (L
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FARITT, B 75 EZAE HyperMesh H X5 HR Ff— Yk
PEATIE S A0 TR . AR SCHE HyperMesh A6 HIL R AR
RUEAT T — RIS S A, S m 1 Wks i, il
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11 SEEHEX
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Fig.1 The machine tool model after meshing

ASCHURIIB RS HT200, AU RIS R 120 GPa, JAFALL R 0.25, %58 7 200 kgm ™,
TAES R, AR R 210 GPa, JARA L R 0.3, 25 8 7 850 kg-m ™,

1.3 AIRERRIERE

HyperWorks A Z A bR 5, AT LS, A0 R B ARAR AR

1) BRRRRARKR F o FHRE SLILATAR SR (9 5 S A1 55 ) 28 () (08
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2) BRtn g . AT IUMRRSEIFIR TR

3) ViR RE I F DT 1R S A R AR 1T 1

4) FAICARARZR o B E AP RHRRE R ARG R 1 T )

5) GRAAR AR . FHRAIZR /sy s ICE R

N T T SRR AT R SR AR R I F L AR R AR R 2 0 B AR &R

2 HIMLUBIT R

21 EFsLEERM2ERREZITINE BirLigit

SERFRFMICAE T X B X R BURR , HAR AR R RICR A B A2 B IX Sl B R 5], R I EfL Ak ik
THA IR B R BT X, FE ST AR rh S AR S sV AR BT DI, S BLTT Al Ay
B DI, AR AR B 3 A CR N 2R 2 000 N, 4350028 X, Y, Z 1) ) X Hee A7 327 53 Bt L SR 5 P LAAH XS
W R R AR A SR, R R/ N R BbR BRSO A A T A
22 HEEEMEHIMLK

A BRI H AR — B2 231 LU B i T LB i A3 v g e — B e KAk Ry H A ek
TR ZEAARTRA A 3B E R AR o DA A R — B R i [ A 3 e KAk Sy B b R AR LI A 3 15
BRI, H B B Uk A3 Al BE R 2 — N BRI E, H 2 L AR AR A, XA ] BE 2 S EU LB
R 2 (8] BAH BRSO AT H BR R I BRI, 1T R ST 2480 R R I A A0 £ b
oAbty B s pR A AT DIRG9 s ik B A R 5D IR 7 11 [0 &2, - HL7E Control Card BT 15 ¥ MODETRAK
R, LR e Az S, PSR AE Sy B AR eR TR PR ARG | T L AT DU S B R i 4 1Y
L, A XS e Al an F Fs (R 1) 6
F1 EREIEESITE

Tab.1 Modal comparison before and after iteration

BEARUAEK BB /Hz 5 A /Hz 5 =B/ Hz S5 VOB LA/ Hz
0 67.510 41 125.630 2 168.399 5 228.746 8
5 69.254 60 131.542 7 192.336 5 243.068 2

23 ETs/NFREMSEXEHEEMENS BIRAK
B /DR R IR 2 H Rt MIC AR R 25 S S Z2 W H R A S A RS0 HARAIR & 44 h
DAL, B AR T R HLIE S G~ R A5 2 ) id 2% i i/ 32 B AR R (4 H B e, DRSS AR AR
AT B S 2R R BN LA T O, FERBEAS X HE R LA 2.
x2 ERBIEREXLE

Tab.2 Modal comparison before and after iteration

EAR B B — RS/ He 9 RS /Hz 5 =B /Hz VUL /Hz
0 67.607 99 124.684 4 140.963 7 189.7319
30 68.735 72 126.2917 186.356 7 2422192

3 IHEEMETE RS IENT b

3.1 AT IR AL SRR b
LA TS AL S5 Z2 B AROU A RN B A BRI AL A R4 5 S AL BOIR B A o SRR 25 M A 1
oA CAFy b 5 E WS R AR 2k i FE AR AN 5 B4 i A A n ) , FAE SCAiT i AR 25 A 1 (i 2 () , 2(b) ) i
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Fig.2 Ligament structure model before and after the column modification
3.2 S ETEE X ERNI EXTLL
R3S HEIEEX RN EXT L

Tab.3 Column relative stiffness comparison before and after modification

J7 I &R EF NI EE /(N - mm™) UG FRIRE/(N-mm™) ENURMEUCRT (L)
X 1] 25 893 28 386 1.096
Y] 14 056 15201 1.082
VAL 53172 56 899 1.070

3.3 IHEEMETERASEHERT L
SEREEUCHT R Sh SRS L L2 4.
®4 IRHEHATEHSHENRE

Tab.4 The dynamic characteristics before and after the column modification

- &R B BEHCET)E FL M O /ET)
4]
P Hz IR E /mm 5% /Hz & E/mm e & /mm
117.5 2.172E-3 / / / /
/ / 120 2.25E-3 / /
300 2.055E-02 300 1.912E-3 1 0.093
X i)
/ / 485 4.334F—4 / /
/ / 712.5 3.28E-4 / /
/ / 920 3.1E-4 / /
62.5 2.522E-2 62.5 6.352E-3 1 0.252
375 1.072E-2 / / / /
/ / 385 1.4351E-3 / /
Y]
/ / 712.5 2.208E-2 / /
/ / 782 2.952E-3 / /
/ / / / / /
62.5 4.989E-3 62.5 1.257E-3 1 0.252
375 1.462E-3 / / / /
/ / 412.5 1.183E-3 / /
VAG!
415 6.576E-4 / / / /
/ / 712.5 4.636E-3 / /

/ / 782.5 8.081E-4 / /
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FH 2% 5 FI13E 6 AT, X [ o 7 AT A6 SO PR I o s Sl A R WREL 53001 4 25 893 Nemm ™', 2.055%107° m,
B NI e Zh S ARG 4> 14 28 386 Nemm™',2.25%10™°m , W& B #4225 9.6% . Sh A FriE 4 5
T 1-0.225/2.055=89%; Y [] : 37 AFAE SO B R I o e S IRIRAEL 53 314 14 056 N-mm ™, 2.522x107° m, &
UG HERRINEE S5 SHASHRIE 4051 15 201 Nemm™, 2.2082x 10" m , fE U5 # W FE 2 75 8.2% (B A FRIERE
1 9.52%; Z ) : S A A BT BRI BE L B s B SRR AE 70514 53 172 Nemm™, 4.989%10°° m, 18245 A NI
IR 5 Sh YRR 2350 56 899 N-mm™,4.636X10° m, IEHUG #4551 7% sh 4R & 1 7.076%,

4 SIHEEHETEEN G SRR

P ORUG ST AETE Profe W BN E B U ML, S A HyperMesh H it 47 A% il 43, s i 5 fHJE B0 /8
SUMBHRRME 8 SO H B I 293 27, 765 A ANSYS il A 7 sl AR 4t -
SEAB TG ML S AR E T L anER 5, 3R 6 i .

=5 IHEMBIRENERSRFIEXTLE F=6 IEEMBIRENREFEXTLE
Tab. 5 Static characteristics of the whole Tab. 6 Dynamic characteristics of the whole
column before and after modification column before and after modification
(C] BuUs . s . L
MR LA EUCHTIN BRI SR
Jrie W R ! g o . "
. . (511 UEE /mm N /mm  {E/(JS/H)
(N*mm™) (N*mm™)
X 9439.55 10 758 1.1397 X 0.026 3522 0.018 8555 0.716
Y 14 460 15 805 1.093 Y 0.096 888 8 0.0170799 0.176
7 11 900 13 031.3 1.090 5 7 0.1158310 0.0194712 0.168

5.6 AT MBS , ST 2B N TP U S LA ER K EEAE 307 1] XA R, 0 R . X )
13.97%,Y 5111 9.3%,Z 15181 9.05% ; BEAL SN A4 PEHE 57« X 7 10) 28.4%, Y J5 0] 82.4% , Z J5 1) 84.2%,

5 45iE

RSO X B AR AR fie /N FE F 4 ML A TR R 4 D0 A I SR A s AR 3 R 3 MIC AR IR A 2 1
NS EAT 1 4R, TRDINE X R B A i S7. 1 B AR A S 2 E AR A A B i, D) RSy 1
ST IR /D MU LB B A R oK H B9A9 2 HARFR M B AR I3 AT TR ML,
AL S HT ST AT SR H R 2 B bR MRS R4 G ST AT R ST AR B S5 A AT T S O
TR T SEAE AT S B sh SRR S LR LR i sh 25
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Topological Optimization of Column Structure in Vertical Machining Center
Based on Hypermesh

Zhou Xinjian', Wang Ruofei', Wu Zhiheng’, Ruan Hang', Hu Weidong'

(1.Key Laboratory of Conveyance and Equipment of the Ministry of Education, East China Jiaotong University, Nanchang
330013, China;2.Guangdong General Research Institute for Industrial Technology , Guangzhou 510651, China)

Abstract: Column, as a key component in vertical machining center, affects machining accuracy and structural
properties, whose dynamic characteristics like natural frequency have large impact on the whole machine fea-
tures. In this paper, single-objective and multi-objective topology optimization have been conducted on the
column of GSVM6540L2 vertical machining center by the module OptiStruct in the finite element analysis soft-
ware HyperWorks. According to the optimization results and experience, the static and dynamic characteristics
of the column and the whole machine are improved.

Key words: vertical machining center; column ; HyperWorks ; topology optimization
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Simulation and Modeling of High Speed Railway Traction Power Supply
System Based on Simulink

Liu Shibing, Yuan Lin
(School of Electrical and Electronic Engineering, East China Jiaotong University ,Nanchang 330013, China )

Abstract: Based on the composition of high-speed railway traction power supply system, the whole traction
power supply system can be abstracted into an electrical system consisting of the power supply, traction substa-
tion, traction network and electric locomotives. By modeling these components in the MATLAB/Simulink soft-
ware, this paper establishes the traction power supply system simulation model. The simulation results verify
the correctness of the proposed model.

Key words: traction power supply system; MATLAB / Simulink ; simulation model
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