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A Research of Multi-objective Optimization Based on AGA for
the Facility Layout in Crankshaft Automation Workshop
SHEN Kuan, ZHAI Jing-mei, ZHANG Tie

( School of Mechanical & Automotive Engineering, South China University of Technology, Guangzhou 510641,
China)

Abstract: It is necessary to optimize the facility layout, which can improve the production efficiency and re—
duce the cost. A multi-objective optimization model for the facility layout of crankshaft automation workshop
was created: it was based on the principles of minimum material transport cost and maximum workshop area
utilization, also added the constraint of auxiliary devices ( loading and unloading robots) . A kind of adaptive
genetic algorithm ( AGA) was used to find the best solution of this model. The crossover and mutation prob-

ability based on the Logistic curve could adjust adaptively, which was advantageous to the evolution and the

global optimal solution.

makes the logistics cost less and the footprint decrease,

reduce the cost and improve the efficiency.

Compared with the old layout, the optimized layout including the added robots

which has certain significance for the enterprise to

Key words: facility layout; adaptive genetic algorithm; multi-objective optimization
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X Z e, JET Hollomom. Krupskowsky 55 Power J7FEaf fh&& b0, W r MR S8 R PE IR AL By, eI oy
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MORHERE N 1.5 mm B, B0 R RBE 04 BTF 218 00h 42.95 kN, BURHRCR S N 30.58 mm, 25T Power 75 B i 3043 51 1 it
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FEAr A AN EE R BRI . BT =P A S b e L R T SR A B 2 L, IRl S A8 % L A3 BIAS ) 4k
BEARY SHE B SR b R T SR e, i — 0 N A SR R TR L 2B R Hr R e R .

KRR RO S WERIAL PP A oBHY

FESFHS: TG386

Influence of Different Hardening Model for the Simulating Results of the
Aluminum Alloy Sheet Stamping

JIN F(:ixiang1 ZHONG Zhipingl LI ]:t:ng\iiav:)2 MENG Hui®
(1. China Academy of Machinery Science and Technology, Beijing 100044;
2. Beijing Research Institute of Mechanical and Electrical Technology, Beijing 100083;
3. Technology center of Harvard, Great Wall Motor Company Limited, Baoding 071000)

Abstract: Influence of the different plastic deformation hardening model of 5182-O aluminum alloy sheet stamping effected on
simulation results is investigated. The curve of stress-strain relationship is got by the uniaxial tensile test. Based on Hollomom,
Krupskowsky and Power equation the plastic deformation hardening model materials is obtained with curve fitting at room
temperature. The stamping experiments and finite element simulation analysis of thickness for 1.5 mm and 0.85 mm of 5182 sheet
are processed. The contrastive analysis of stamping experiment and simulation results are made. The experimental and numerical
results show that forming force for 42,95 kN and maximum drawing depth for 30.58 mm with the sheet thickness for 1.5 mm, the
maximum forming force for 41.5 kN based on Power equation are closed to the experiment result, the drawing depth for 30.546 mm
and thickness distribution based on Hollomom equation is closed to the experiment result. The experimental and numerical results
show that forming force for 34.47 kN and maximum drawing depth for 33.792 mm with the sheet thickness for 0.85 mm, the
maximum forming force for 34.27 kN based on Power equation are closed to the experiment result, the drawing depth for 33.636 mm
and thickness distribution based on Hollomom equation is closed to the experiment result. Simulation results of aluminum alloy
stamping is processed with three kinds of hardening model. Influence of the different hardening model effected on simulation results

is obtained by comparing with the sheet stamping experiment of aluminum alloy. Furthermore, the theoretical guidance is provided
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for research and analysis of the forming process for the automotive aluminum alloy parts.

Key words: aluminum alloy: hardening model: stamping: finite element simulation
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UL Sk G

BN, MEETEEEE 1D, 2D,

3D | % OD = rigids JLFHKES, He 2D %
BrhEEHS (A 903%), TEATIER
MEESNRSEED. 2D WE L5 KER
CQUAD4 X CTRIA3 fREHETHRS, W
R 8~15mm, EREHIBITHRE. K
FhIE R A Adhesives BITHITIENL, RE
Bz EMSIERE Acm BTSN, BN
F RBE2 BITIHRIET RN FFRARNNELR

ESHRI TR AWM, BEE 7.85%10°kg/m’,

SATALE 0.3, F#MAEE 210GPa,
22 ETHNOFERTSNTERES &

2]); 3

BESTHRES —REESHE. 5
BkerEAHITEE, BENERELNTD
EH RN —XEER THERN, BOR
ATHRPOIE ETTRHAR £ IRIEIXER

B 3 BESHRTER
Fig. 3 Finite Element Model of Body in White

EIER, BINARSEE, BT TR
BRTRE, FRZTE. EITETHNE
B, EER 6 NS TR B IRESE IO
HERSH. FBARKREF NS (U=
12 4), DUERMEBSETTNRERF O
b (N 52 6), MWEX 6 MNSA z [z
#%, DANCHE 21~zs, BPARTEI (2) T
BEIEFTHRIEA 6904N/mm (T
B 1.448x10* mm/N) ,

EHERRES, —REBESHNERIK
wENERRABERHTEE, AEEE.
LRIBIRSSERIN—XEE. RENSD, M
R NEB. RERREEER BT
REOBRITIEE FH#TRE. Wk ED
fh R BRSBTS R — B, B AN = Y
z @f#%, HFIRER (4), TRUREGHER
BHIR/NA 526535N-mrad (HIEEEE A
1.899x10rad-(N-m)™!) ,

23 ETHESERTHBESHRNIE

231 BESESHTE

ESESEAESEMNERRENE, 5
E SRZHINIRTER, BRESTRIE
MEESHEELM RS (RRLLBE/NT
5%), ELFERSITTER, THEREDLAE
H5SEE R %L, E#F A MSC. Nastran 1
Lanczos JEMTTRR, Hd W IEFEMES

BRATZHER—1k. REEME M EIESS
#, 8150 M EKEENR | Fix.

F 1 7150 MESESH
Tab. 1 Parameters of First 50 Modes

B HRMz  ESREN  ESRIE | BSHME MEMHz  RESREN BSRIE

/N-mm! /N-mm’!
1 17.87 1.4101E-04  1.7769E+00 13 51.75 9.0805E-03  9.6004E+02
2 19.44 1.4068E-04  2.0998E+00 14 53.29 3.2096E-03  3.5987E+02
3 24.96 8.0067E-02  1.9693E+03 15 56.32 2.6323E-02  3.2963E+03
4 30.52 5.4087E-02  1.9896E+03 16 57.78 3.1548E-03  4.1587E+02
5 30.86 3.2267E-03  1.2132E+02 17 58.56 1.0826E-03  1.4657E+02
6 41.34 4.5368E-02  3.0606E+03 18 61.85 5.8294E-04  8.8023E+01
7 41.74 1.8958E-02  1.3039E+03 19 62.58 3.9594E-03  6.1209E+02
8 42.94 1.1297E-02  8.2213E+02 20 64.46 8.4156E-04  1.3804E+02
9 43.72 4.1849E-03  3.1576E+02 21 65.70 3.3544E-04  5.7155E+01
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10 47.22 1.6633E-02  1.4644E+03 22 66.84 9.1562E-03  1.6151E+03
11 49.42 4.5095E-03  4.3482E+02 23 69.37 7.5533E-04  1.4351E+02
12 50.48 4.1593E-03  4.1844E+02 24 70.24 5.7723E-03  1.1242E+03
WS HRMz  ESREN ESRIE | BSHME MEMHz  RESREN BSRIE
/N-mm! /N-mm’!
25 72.36 5.1860E-04  1.0720E+02 38 85.48 3.8230E-04  1.1029E+02
26 72.95 2.1915E-03  4.6043E+02 39 86.47 1.2466E-03  3.6798E+02
27 74.18 6.4251E-03  1.3958E+03 40 87.94 5.4929E-04  1.6769E+02
28 75.66 3.6280E-03  8.1982E+02 41 88.30 2.7416E-04  8.4392E+01
29 77.14 3.2705E-03  7.6839E+02 42 90.04 3.6636E-03  1.1727E+03
30 78.61 5.0728E-03  1.2376E+03 43 92.90 7.1567E-05  2.4383E+01
31 79.49 3.2013E-03  7.9859E+02 44 93.44 4.0944E-04  1.4112E+02
32 81.02 2.0988E-03  5.4388E+02 45 94.16 1.5397E-03  5.3897E+02
33 81.39 1.0795E-03  2.8229E+02 46 94.36 1.2143E-03  4.2683E+02
34 82.49 4.6966E-03  1.2616E+03 47 97.10 1.4376E-03  5.3511E+02
35 82.55 1.9967E-03  5.3714E+02 48 97.69 4.9870E-04  1.8789E+02
36 83.99 3.2889E-03  9.1604E+02 49 98.65 2.1298E-03  8.1835E+02
37 84.76 1.5026E-03  4.2613E+02 50 99.84 4.6228E-03  1.8192E+03

xS TIZEESARTREE
50 BYsE PEAARZS BOSR ARZS B AR
B, x=FzExR#HE 8) . REL
ESRIEHBENRBRITITERNSLERERL

EXBRE 6 SMBHAREE 6 ANE
= BinE. ARSIEAEFINVI, 523
AN SIE AT 1~6, TTINEEIFR 2 HH
12 MU RER z BESTERE R TERE

BESTRENNSH{E 12 4, ﬁw]ﬁ#ﬂﬂ A, XERFIHTH 10 ey REEE.
R 212 A S B IS T
Tab. 2 Modal Deformations at 12 Measure Points

o ST ST M = 1T STV WEV M VI

M1 M 2 M3 M 4 M5 M6
2.1858E-04 -3.2059E-04  -1.7032E-04 3.0382E-04 1.1065E-04 2.4606E-04
8.4484E-05 -6.2150E-04  -1.5659E-04 3.0248E-04 9.7609E-05 2.7525E-04
5 -3.2924E-04 3.2039E-04 3.8464E-04 -2.2051E-04 3.2088E-04 1.4742E-04
-6.3238E-04 1.1515E-04 3.7575E-04 -2.0348E-04 3.5000E-04 1.3262E-04
9.2262E-03 -1.8353E-03 4.6081E-01 -4.7800E-01 1.8804E-01 -2.0996E-01
1.0573E-02 -5.1174E-03 4.3712E-01 -4.6171E-01 1.9319E-01 -2.1557E-01
4 -4.6852E-01 4.6983E-01 2.5663E-01 -2.3737E-01 -1.7314E-01 1.8618E-01
-3.8022E-01 3.8741E-01 2.4437E-01 -2.2843E-01 -1.5059E-01 1.6902E-01
3.1021E-05 1.4457E-02 -4.3344E-02 -5.1814E-02 -3.5931E-02 -3.1527E-02
3.0146E-04 1.1772E-02 -4.4510E-02 -5.3051E-02 -3.8460E-02 -3.4267E-02
6 -4.5472E-02 -1.5310E-02 3.6750E-01 5.8841E-02 -6.7486E-02 -1.9016E-02
7.5800E-03 -7.9996E-02 3.6195E-01 6.6977E-02 -4.3327E-02 -1.4394E-02
1.2384E-02 2.6151E-02 -6.0398E-02 -2.3779E-01 2.3716E-02 3.9111E-02
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7 4.4919E-02 -3.3596E-03  -6.5780E-02  -2.3527E-01 1.7621E-02 2.6745E-02
] 3.7443E-02 3.1995E-02 -7.4659E-04 1.0495E-02 -1.5965E-01 -1.6048E-01
2.2064E-02 1.6577E-02 -8.8627E-03  -1.9596E-03 -1.7121E-01 -1.7159E-01
9 -3.1668E-02  -3.2163E-02 6.2664E-02 7.9761E-02 2.6638E-02 3.1372E-02
-3.1186E-02 -3.0992E-02 6.7058E-02 8.5372E-02 3.5300E-02 3.9498E-02
10 -8.2192E-03 -1.5400E-03 1.2283E-01 -8.5814E-02 4.1340E-02 -5.1963E-02
-8.3387E-02 8.1131E-02 1.2171E-01 -8.7237E-02 5.5933E-02 -5.7656E-02

232 BETFESELHERESTHNIE
RIE 1.3 PIREFIMNBISESSETES
BRI EN T % BREAESEERAR
(17), JUBEEMIBSHERETIE. &

M EL, EHEEEEMPHRAE
B, 5B NZEIFTENTHEZEALL, 6.
7.8.13.15 UK 40 (T MZETHERER K,
HAPE SH (—MTHiES) NERETHE
KR, aENFITEERN 26.94%,

3 BT 50 M ESHiRETTIENRAEUE,
R3 ENTHRETHE
Tab. 3 Modal Contributions to Bending Compliance

M RETEHE | M ZRETHE | M ZETWE | B ZETHE | Y ZEHRE
54 /mm-N-! 5 /mm-N-! 5 /mm-N-! 5 /mm-N-! 5 /mm-N-!

1 2.7267E-08 11 5.5410E-07 21 6.2305E-07 31 4.5995E-06 41 6.6694E-07
2 3.0470E-08 12 4.7791E-06 22 4.6110E-07 32 5.3832E-07 42 2.9328E-09
3 2.7679E-08 13 1.8349E-05 23 2.5211E-07 33 5.2838E-07 43 4.5188E-06
4 2.3753E-09 14 4.7873E-07 24 4.5269E-06 34 1.6093E-06 44 1.0831E-07
5 1.6758E-06 15 1.0628E-05 25 5.6918E-07 35 2.7191E-06 45  -4.8324E-10
6 5.1906E-06 16 1.0780E-09 26 1.3042E-07 36 7.2238E-07 46 1.6495E-06
7 6.4313E-06 17 3.6056E-06 27 1.6405E-07 37 2.3588E-06 47 2.1260E-07
8 3.9019E-05 18 4.5707E-08 28 5.0214E-09 38 4.4757E-07 48 7.8590E-07
9 4.3961E-07 19 3.8643E-07 29 1.7610E-07 39 5.8350E-07 49 9.7752E-11
10 7.3825E-08 20 9.3831E-08 30 1.7952E-07 40 1.0914E-05 50 6.4002E-08

BEMEHRETRERIN, XHET 8 20 BitE=E-36.59%; BT 30 B, H=-31.70%;

BEESTHIRNAEE. A TEES
ﬁﬁﬁmﬂfiié BEREHER RETHEEH
EAEERREER KR, FREXER
BITTERT 10 B, BT 20 BY...... 87 50 BhEYSE
ERHEzM, REEENE 4. MNE
4O EY, BEITENMELS, FE
MR EEEREELIE - EENEE, X
SaE#ENF T EIERENTHEE T
SR, EITER 10 e, SERETE
B2 M5 22 PINEHhREERZE-63.46%;
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BT 40 By, RIEZE-14.42%;
BE4R/N\EI-8.89%, MBEZTb&ETFE. ALt
RECTRUERT 50 Bk E = FIEIMEAE
SEANTHEE. INFSHNEEAA
1.320x10*'mm/N, ZHNIERIATHEEL
B2 7578N/mm, 5% ST AKBREINIE
EAELE, REH 9.76%, X—itEERRLY
HIERRTFAR (17) ¥EESTHNIE#
THERTHERERSAERMK.

Eq/y S0 By, =
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1.4E-4
1.2E-4
1.0E-4
[ ]
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A 5291855
2.0E-4
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9.8928E-5
/24345-5

L}

L] 1.3196E-4

/43955-4

#1067 Fi208h

AT30H

Fi40H B508+

B 4 ThhEEML
Fig. 4 Curve of Bending Compliance

333 ETESERHERESHAENE
FMARSERITEAENENT RS
THRIEEM, BEMESNE (REES
MEESBERE) SNAH z AESTERE
AT (18), KEBHE TR TEMIESEE

THNE, REAHENR 4. BILEHERED
IR, HEZEESMIHUEXNES,

5B 3IBNFNEE 4B IRAR I SATTRAERY 75.06%,
HAPE 4 f (—HAREERS) NRETE
i 53.79%.

R4 EMHEEETHE

Tab. 4 Modal Contributions to Torsional Compliance

M EETEHE | EERHE | B RETE | Y EZETEHE | B RETUHRE

£ /frad(N'mm)!' | 8  /frad(N'mm)' | #  Arad(N'-mm)!' | #  /rad(N-mm)! | #  /rad-(N-mm)’!
1 7.5765E-13 | 11 5.5835E-11 21 2.8704E-12 31 5.3563E-12 | 41 3.3028E-12
2 8.9501E-13 | 12 5.4330E-12 22 1.5374E-12 32 1.2562E-12 | 42 1.0495E-11
3 4.0413E-10 | 13 5.9701E-13 23 3.0714E-11 33 1.0776E-12 | 43 3.4506E-12
4 1.0215E-09 | 14 3.9857E-12 24 1.1495E-12 34 3.3852E-12 | 44 9.0025E-12
5 4.2735E-12 | 15 8.8054E-14 25 7.4618E-13 35 4.1335E-12 | 45 2.3827E-13
6 1.9785E-11 | 16 8.4116E-14 26 1.1951E-11 36 1.8969E-11 46 2.8523E-11
7 1.5428E-11 | 17 -4.4432E-14 27 2.3434E-11 37 1.8517E-13 47 -5.1136E-14
8 2.7569E-13 | 18 2.1881E-11 28 1.2815E-12 38 2.9682E-13 48 -1.6119E-13
9 9.8261E-13 | 19 8.0321E-14 29 2.1837E-12 39 9.3588E-14 | 49 1.2801E-12
10 6.0160E-11 | 20 2.1357E-12 30 3.5601E-14 | 40 4.6754E-12 50 4.3646E-12

RIESR 4 PAVEHERF AT 10 2 50 BHey
FZETHMEZMN, FHELHE S FRNEEHREL.
ME S R UEY, HEREEMESSHE
B, METEMEULS, HREERE
ExMFinEr—EEE, X/MESHELT
BEMESHEZEETEE. 57 10 Y, #
HEERMEZME 22 PHEZERE
-19.53%; BJ 20 By, HHZE-14.79%, B 30 B,
1HZE-10.79%; &I 40 By, RIEE-8.72%; %
TEI 50 By, MEZEMEERF-5.54%, It
i, HEEEHELTMETESE. Alit, &

63

SEENHEZE DT IAR 50 PHESE
EREZMET. BARESTATES
BIMIEE R E H 179410 rad- N'm) !, 52
X B9 NI R EIR A 557392N-m/rad,
58NS FERTENERSE 5.86%, %%
RRE, BT (18) AN EHITHIR
TITERUTH, BRERSBE.
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M A 7026N/mm, tHEEZ T, Bid
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5218tk BEERITITESE MHERE
BERIRENAA-3.17% (BHhFETHE) M
251% (BETTE). T, HENENHE

REELR% A, EL A AKX BRT
ﬁ#ﬁzﬂﬁsﬂ’\]o

x5 BRTSITES S ERXTEE
Tab. 5 Comparison of Static Stiffness Values Between FEA and Test

HEE BOEUET  BOPHETS ESHEDE ESTETE
% ERE RE
25 i M BE/N - mm! 7026 6904 -1.74% 7578 7.86%
HEERIE/N-mrad”! 543750 526535 -3.17% 557392 2.51%

4 g
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Proces Analysis and Numerical Simulation of Hot Extrusion of Magnesium alloy Wheels
CHEN Kai, YAN Yinbiao, XU Yue
(School of Material Science and Engineering, Nanjing University of Science and Technology, Nanjing 210094, China,
Abstract: Traditional automobile wheels made of magnesium alloy are mostly produced by die - casting, but the defects of this
process exist in the die-casting. According to its good thermo plasticity, this paper puts forward the use of hot extrusion process to
form this magnesium alloy wheels and based on the analysis of its structure. prepares two extrusion forming methods and the corre—
sponding die structure and then simulates the extrusion schemes by the Deform-3D platform. The results show the extrusion process
scheme is better.

Keywords : vehicle wheel hub: extrusion forming; process analysis: numerical simulation; Deform-3D

W 1 Ca) o1 @b B s DX s [N, 46 8RB i R H
0 gl‘é' R KA 0 %ok PR 8 A 1 5K

la aus
~ i

Pt LA HHEA -;:mznr i e A % ORI 7 LR R
AR KL G A8 & IR K

uan«mwmﬂmﬁ ZEES TSR IT
HATARE A SR M E R R X, R RS T 2R
e AL 1 5 Ut (10 B 5 AR O T T 0 1
FHCENSA [N Ho SRR IR AT BB G
P A A I I T TR & -

G 4 L B A 2 ST A8 57 ER 19 7 T
KT SR BRI T . i TRRE R K S A AN\
AR RER . DRI B 3 TR 5 6 — S L o NIRRT
56 HRF FEAC BN T2, Beit T RN 5 R B 1 W\ T
JE3EAT O BEIL 3t Deform—3D £ £5 04 5 £ 4 [ Wl T
77 FAEAT BT 55 33 9230 TR 30 G 445 L S\ >
OIS

SRELE AR L MRS W1 2 b T e e 5 G 7 LA 47 1 B
ST ACHRA 5 AL AL AT R R G e 1 i 2 R A 0 R SR RO R
A EAREY S0 mm B LAl SR LR S e ITRIRTR st o 5 o 0 5 PR O 0 S A S04 1) FLI S L
FE R FF LS OGB48 TR o e S 3 201 45 4 A~ Ak Tt ) WP T 58 %
PSR LTI R A R RS A £ b 28

BLUE: 4 50RO 15 1 (20122x04010101)
YEE WA BREE (1991-) , 95, AR o A Bk o 0 B A €6 ik 90 14 e 70 W0 O«

66



‘BEEEYURSER ISR S PHRERTIVAEHIE I ik %

[EiE.

BoR

B2 HEARIMXMEEALHE

FIEH R 2 Wk 3 fros, JF R AR 61 2 38
41 v 11 2 3k 5E RR AR S0 SRR 4R 4 32 A4, B AR e
S A 388 i it A TR B 8 R PR 0 4 P IR IR 817 — FE R
B GERR. A, %07 R W PR SE R 5 e 1) LI Y
B711

sk
R

A

M) i

B3 HEAR2NRAZN

2 HERMSHIER

2.1 HERMETLE

FUFA Pro/E 58 R AEELE O A R BE AL 9 = 4 BERI Y
JAIYRROE R 7R 57N e SN 1 R [ RN Y
Gt LI JLAT B R 5 N Deform=3D i &b B EE e, 20 88 16
i 1 5 PR R IR S 360°. MHEMItETh S ACE
TR AZSO BAEMIRY, b3 TR 2 mm/s, BEBE R
Hmo.2@,

T TR, T W08 S8, A Sk HUBE I Y
1/5, XPPEL SR 26 10 oh 34T SR A BRI 8 52 - fi s sE ks
FEML PR RIE RSB s R .
EARDMER2MBREUSCR A 4 fros.

67

() 1 (b) JH2

B4 HERA=HE

22 BRI

P 5 Jeom WP 7 58 B B TR 28 T i 4% LA ity
TNt . o LAt e 455 TR O %8 1 FORTEG (14 s 48 2 1 3 4 4
Ak G R A B T AS B R I LA AE A 2
By s I B s P S8 O TR A A7 A 04 L 0 B Oy 7 T, M4 S

@ Ji %1
Bl s MRS R SR EE SR

(b) &2

FYHET7 98 2 BT AC B0 0 1A T2 AR 5 B8 6 8 33 0l B
B JoAT o A7E R 19 30 )M 198 A S AT L DL AR il
POTRG . P58 | v, i T B4 R TR A 300 ofE LA N Y
R s « B S 5008 Y U il 3 U S i el 7 T Gk
By T 75 58 2 45 S i s 108 S it RRG TEE WU 7 5 B 1 3% 88 4
1) AR % » (1N 2 A R En 0 AR R AL A R A AR 4
Jifa B 1) T

XFEE 2 Bl R ARSI R 2 MO R g T
BHEHR 1.

2.3 FHMEDIT

2 g HE g SR £ 1 I oF LA AT 616 55 2 8 8 43
AP 6 B, thPE 6wk, 5 1 RO R 32 3
SHAGTE 5 AR S dE i) fLiE Ak . fedE P BERI A 1,
HSBEEERAS & BRI ALZ9 R 4, SEAR 1ML 5 DU REAE 24k 5, 48
i AR G ME AR <10 R T O SR 2 0 O 1 FE A b B
REAE <1 HABFE A4S O A R AE £ 0 1 4 R4 1114 7 00 52
A0y 3, KA I FE G e R AR £ 1.1,

2 7 8 B A I8 A del K DA 340 D e i ) L ) Ak £
el (ER B BB B RLEE SR S L0 T dpos 2 D) BR BT LA
AR A HOTE . PR, 0 b 2 A4S T R R i AR 35 T
0 BR T FEAR IR AC R L T JU R R R T R 1 R
PF I RS AE KT % 2.



‘BEEEYURSER ISR S PHRERTIVAEHIE I ik %

LR

U4

R

2 HFEHE 1 AR ASH

A% 2 i 3 fras, 7 Rl B AR ak 2 8
A1y H P Sk 8 AR SR SE A AC 4R A 22T, EREE
FRHE A5 T B9 B TR 2R 0 o I 3 4 1 CHR A 7 — £5
Rorbseie Mah, %0 ST EPRTTER 5 ek ) LR
BT

AN

Coll iy

\ /// o 2

B3 HERR2 RSN

2 BERMUSITGER

KR AT

FUF Pro/E 5 pRHEBEE: X I BER 1 = 4k BURY ()
T, A R P LR S B R . 3
(1) LA R 5N Deform—3D i b 5 3, 2 W6 2 ffs
i VL SE R BERL I 360°. BRHIPE R R AT
A AZ8O BHEHHERY , oh Sk F R S 9 2 mm /s, BEE R
k029,

H T 9 T 1 I8 SR A S BB ()
1/5, % €300 P 5k btk 4T Hh 0 BT 5« LU 52 iE
WM 2L RS T e e T . B
FEIFER LA % 2 o B P 4 TR

2.1

68

(b) H#2
B4 HERE=HE

(@) H#1

22 HHBRG

P 5 v Pl or 5 B B TR 8 T I 455 IS 41 it o
AL n UASE A5 IR 7 98 1 O i 6 480 7E 1 3 0 A
AL ek LT $F AR BB IF H AR AEAS D F R bk
BEs - J 3 8 T 2 Pl P PR R 5 A 0 L 5 O g 71 L, S A U i
Rl IR AR AN 8

(a) A&
Bs FFEARBFRERMEENER

(b) Jig2

BEHET 3 2 U AC B0 e 0 0 AR 56 8, $6 I8 3t DI, G
P TEAT o A5 LA 4 S M 2 Ak S TS AT L I Al
MBS J7% 1o d 1 S8 IR Al s R e LU S5 A 2
JRUSF 80 S A 1) s 3 » 5 B0 O T A o 77
e LT A 58 2 4 I O 0 i 1A o 0 TS WUV e PR T % 80
0 R » (R 2 A 7E R 0 AR AR LA A TR A i 4
Jifh 2 4 R

APEE 2 Ry SSRGS 2 1 U ROR & L i T
PR 1.

23 FHMTHN

2 P IR AR R £ 1 I 5 o [ 475 e A1 £ 28 2 18 2 4
At 6 Fior. i 6 W, 7R 1 BRSO N A
SHATE S AR AR AR SLIE AL . Fedm b BERAE S A 1,
FHABSEAR 45 B RS2 0 4 SR MR B U S AZ 24 S, 4
s A I AR AL <L X T U SR 2 I R AR o B
[ < L AT A 405 1 S R 29 A 1. 4 SR A TR P R0 i
ALYy 3 SRR I KL AR 1.1

2 Pl G BT A IS e K X 35 350 g s A 1) FL 3 Ak 1
L (R 03 A bORHAE S5 0N T b oHs £ DB B BA
BEAR AT 8. PR, R L 2 AN 7 S R 14 B 4R 35 BT
Ko BR T e AR RO G WO T, JER A AN TR 1 R TE
PRI R R R T IR 2.



‘BEEEYRSERFIERE PRERTIVAE SRR it %

(@) BT ER
BE6 RRFNEESH

(b)) EL

2.4 HAAHHT

B 7 XL T 2 A R A 58 Al Sk R B R A T 9 AR
i, i 7758 2 55 R BER B BE D e X LN DT R 2
EEWIRHE P BB - R R. R T AL
A th TR g 4 5 ELEE Al BT i 46 ) 800 o K E|
4000 tbh ko £ RTINS 1 RO R 2 MG BT
FRASALAH ZEAR G, (H B A R T, BEJE 7 %8 1 W2
AT A SRR L & T T R 2. R 2 Bl KAk
LI 4 500 i % 1 BT R RO L 7 500 1

9000

|—2

7s00f =1

6000 -

',_:::4500-

3000 -

1500 - e
_—————‘——é_/

0
0 8 9 95 100 105 110 IS

{i#imm

B7 LHEEHmTET e

R 175 2 AR ph 3R R B 2 R
SE I AN SR B G T 4 ) LR A S A L 19 1
B B4 R IS T TG ARG S

SEER, JTH 2 BT HHE IS Dy A T O 1 SRR B
TR R .

3 KR

HAMA R R, FE 2T AR L. BrelREH
SE IR T % 2 %8 4 BE AT FA T R 9 38 1], B2
FOE R R REE ) % 380 C, Hr EEIE N 2 mm/s; 7F
50 000 kN HL_F 38 AT #8455 R A Al 45 FES il 6 TS T
HEG 2T 25 2 Hh ik R DA SR A K SR T

IR TE UG » 4 RIS P 8 . T BLAE it
3o LN T 0 % B0 R I ) R ek RS I
ARFEAE AR AT S ik — 22 B0 E S AT IRy R ) sl
17

8 ANERTRER

4 &I

D) 2087 T A6 Gt Bt BB B S TR A
AR IR BT 00 77 90 AT ST A% 5 R B 5 B AR LU » BT
HOE T2 M i AR -

2) £t 7 T 1R L B0 o R, L T 2 R R U T
SRS RREILEN R 0t S AT S B 2 BT - & R R
HELRTHE 1.

3) 3 9 By ko B TIE T AL 4% S o 1 0 9 B
e LA SR .
sETR:

07 A8, Rk, CHYL S BRSEERHTR. PR AN

U oA G 24 2003, 13(2) :277-288.

(2] Togic, SLEER. B e b aE e G S 5L R R iR
e U1 PR RE . 2010, 29(8) 13745,

RIRR, TOhiEE, WA, OF. B A SR Gt O] MnT
L&, 2012, 41(15) : 104108,

5, BAE HeeERem Stttk ). g5 emTH
A, 2012, 39(11) :1-20.

Behrens B A, Schmidt 1. Improving the properties of forged mag—

K

i

7}

frnd}

(5

[

nesium parts by aptimized process parameters [J]. Journal of Ma—
terials Processing Technology, 2007, 187(3) :761-765.
[6] sk, MibR. 25T DEFORM-3D (¥ 534 & 3 5045 FE R 43
B 0. #m0E, 2015(7) 11674168,
deb Ay, EOIH, FEM. T DEFORM=3D i) 16 1 iJF 4>
b7 0. HLBEE 5 Fsh e, 2011(2) :57-59.
PR, B, HREK, 5. 3T Deform (9837 £ RE HE T K
HEart D). KisE % TR, 2016 (1) :63-67.

iJ

=

[8

[}

69












	空白页面
	空白页面



