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Optimization Design for Multi-linkage of High-speed Mechanical Press
Li Yejian Sun Yu Hu Fengfeng
Nanjing University of Science and Technology,Nanjing,210094
Abstract: In order to exert the ability of press, and solve a series of problems of high-speed me-
chanical press, an compound optimal mathematic model about geometric parameters of main driving
organization of high-speed mechanical press was established, which took minimum of crack and maxi-
mum of punching angle as the evaluation index. In the meantime, the optimal model was established
with MATLAB. The optimization results show that the punching angle of organization is increased by
13.5%, and acceleration of main slider is decreased by 35.3%. The displacement curve is smooth in
the near of bottom dead center. It is beneficial to a bundant deformation of materials in the process of
stamping, the design of dynamic balance, and to improve the dynamic precision of the bottom dead

center.

Key words: high-speed press; multi-linkage; optimization design; motion path

0 5=

VAR B A HL - AR SR A Dl i TSR
J& T %8 o e A ) e oK G L R T R
T35 %8 o 2 A (0 75 5K 5L 4 (1B AE A 87 b 4
R ST ALA L SR A0 e A R R T 45 AL
F LA 2 B LA A R 19— R 81 0] 8, 7243 2 4%
FTIHLR) TAEPERE 8 5 kb T4 © B AR
WO I E A R, B R AR X s R
FIHUAE S AR O BF 5 AR X 558 2 40 B+ A9 Bru-
derer A ] L E A Minster 24 w5 &7 T WA

Y B HI2013-08-20
EE&TE . FZERHERELT(20132X04002-082) ; 1195145 B 5 32
PEIH R 9 B3 H (BE2012174)

[18] Kovdes A, Kis T. Constraint Programming Ap-
proach to a Bilevel Scheduling Problem[]J]. Con-
straints, 2011, 16(3): 317-340.

[19] LuJ, Shi C, Zhang G. On Bilevel Multi-follower
Decision Making: General Framework and Solu-
tions[ J]. Information Sciences, 2006, 176 1607-
1627.

[20] Emam O E. A Fuzzy Approach for Bilevel Integer
Non - linear Programming Problem [ J]. Applied
Mathematics and Computation, 2006, 172: 62-
71.

FEH T R A DG AR E A 2R D
T FE A5 B AT A B R R L B | AR K Sl LA
TR PSRN TR AR 25 HLA B DL R ML R ) AR B
tezh & R E M e 4. Bl GALSQP.SLP 4§ 5
% DA B K AR RE N ALK N T e bLAS 47
Tk, Il ANSYS, ADAMS Y Insight 3 fig
R T A% 8l 3R G2 4 FF1F U S 5047 Ak, 42
L QAN €L oY 0RO S b)
R TR 1 MLAZ Bh ML L JLATT 2 5000 Ak (0 3 4 38 A
AN — 538 T % o S ALALAS JL AT 2 50 BF
o XFFIUTS B Bt ik, B e
1) 52 S50, SR 5 R FH AR T2 8 A AT 3 AS R 48 14
BT S8, B E A 0 700 iR A B R AT B
B TAERE RO EA G, BT as R —,

[21] Green P E, Srinivasan V. Conjoint Analysis in
Marketing: New Developments with Implications
for Research and Practice[J]. Journal of Market-
ing, 1990, 54 3-19.

(HmE K B

EEF . @, 0, 1985 AFk, KRR MG & 543
BT A . EBHIT Oy B S . # AL %1954
g, RMR¥EME &5 M B R. W L5 A& .
AR L1983 AR A R R 2 A B B U P

e« 3]



PEMLAE TR 26 55 1 ) 201548 1 H kA

AR —sE R 0 . ML 2 S LA S T AT AL
ML SECZ MAFTE RS S B R AR R R R R T
o — 10 2 A AR B P LT 2 80 — & 1Y IN
HEDOT, H T e LI 2 AT A% S LR 7
SR AR TR G B 2 BT BSOS 68 5 3 MIE
FEER 25 X 75 fifp R A RD RS, IR0, 5 4R 5 B9 ALY
PALTEA 16 45 E B i 3 TR 1 BLBLRG 18 Ak 11 B9
SR [ A

TR R IR TAEPERE L 75 B R A HY T
VRN £R WA 5 22 BT A X B2 A SCAR 8 2241 g i
BUBRE 3 LAY P BE 25K, LA A S 6 0 o % £
B RNV R B X BF A Hp B 22 AT v AL AR T
PLOLK JLAT 2 Bk AT i Ak it

1 AL AR AL Y 2 S

Z AT T e A7 HLA% S LAY D H s 1A L
Lo AZAUA 322 AILAE 0O il 4 90 SR ALK L RLAT
RS A A B AL . AR A 3 R % g L
o R Sl R A N T s g R
Breiy B B iz S R0 AF R 42 g, DGR AT A2 A
S LR ERIIT SR ELER B, %
BUR o, S AT LA BOR B Bl g o [ B R AR IR0 1 e
JIHL A I A IR 53 e TR A s B i BIL P 52
BT AR B phdy B AT AR

1 SHEEENNEERER

2 BRI HLEY R A It

— e B P A 0] R A o 2 K IR 25 ) v 4R —
P x = (zaxy, xR R g (x) < 0
hy () =0 URAAF BT AE £ Co) BUm/IME . Bl
A IR BT 175 R

min f(x)
s.t. gi(x) <O 1= 1,24t
hi(x) =0 j=t+10+2,,p
oA, F(x) g (x) hi (x) B d JTERREG F(x) N B bR REL
g () ARFERATEM 0 () WEXRARKAM > Bk

i

¢ 32

2.1 gitLTE

R Fe R Iy, g R 2 B 0 i A sh LR
S A HR FR A bR DA T AR Y BE B Pl O
W IE 8] K ) Ay b OE e Dy 3 L B, A2
Hom A B SHLE E 8K TR B sh o 1
FE5 AL B 1 B o BB B0 b W PSR
N

B B

2 BipEHM

XF & 2 AT B o3 A AT DE I 2 R ALIG
1B SR L S ECA IR BE £, ERF K L,
PIAFREE L0 B R IAFREE 4 s B HREE AL
B n MBS ESE om b, WL ZZFF
FE SR S ALk i a7 53 2 803k 8 A, Tt

X = (2122252524 525525227 535) | =
(L sly s by ly oLy smans )T

2.2 HBREH

o U AL A T RN R e L AR AR f
A A SRR AR B P AR TR R R 2538 3 AN By
Bt IF H T AR R B, v AT R, R
AR 2 PN B R ) 28 G T 2L

ST AE R T AILAT B B BEAR Y A2 B R
5 2 P T2 MR 45 TR IR T
N PR GE s AL Sh LA B9 P dE bm . 4
LU ME A SR TAEMERE A SCHE R T &8P RZ
FIUR B /IS AT B 1 o F B8] L 25 AT 32 J1 IR0 &
B T 9 P R I 2l K o B NS ) AR R
Ko — e AR E A s HL R AR AR AR
A IR PR AR R B B, X S W B AR R R R
W shAa — 5 BRI B 1k TR = A 2480, DU i 7 o
e,

it b 2 ALY Y S Bl o o3 s ARG B R A
MBYIBATRE A B A 0 T U L, s
0% TC L 2 B A B AL 2 R L Y T R AR
VA T 72 A RIS AV 52 T 0 52 0 e B ) 32



ZAF AL E AL At s T — 2 A T

1] e i

K&, MBS AR Az 01 BUE L, Btk B AR Ak
AR A< B2, DARR il i il 52 5 DT ok 20 ity il e 4
U/ B 1 B RS TR L H R T T RIS AT R B [ B
WA Bl T /NG B FL AL 67 28R A U 3 [ AR AL
8 2l - A7 00 e T ME 2, 45 B R G0 00 AT 5 PR R
i

PR 7 LAY SE B T 50 O BILAE (1) 32 3l 2% 43 B
AL, B8 o A A DT JE K TR o i A v
() 728 T B[] A AR AR T8 5843, HILAR A% 52 03 S fin 34
A W it A BT R AL B A A Y
Y,

HUAL (4 P70 48 b5 B 348 5 1R AL Sk 48 R Oy
] o i ATE S 7 HLA 0 DE A0 F8 pm i, & B E L1k
HAn R dE 8 2, VL@, G225 B
22 L) P R /0N T B RS U B B/ AT R Z
Fd /NEE AR B s . R T INAL &R BOE K e 14
B —Z bR R MR W b R B
JEFNFF B BE B A0 02 AN — B0, i BB AT A R
UM 22 WABER AR DAL SR A o 72 b B G R A
b BAR o it £k T U sm AT, G B KBz
B RR, LML B A R Tk
R A AR SO 25 AN AR B bR A i EA T IH — 1k
A IR SR 5 B ANAVE R A AL B AR sR AL fif e 1
PN — B PR 22 B R B[R] R

LS A6 B bR AE DL AR i AR b, AR Bk
ST I R J7 W), 25— R I B N ik
H AR A 7 0148 R IR T B A% 3l £ AR
XA AT R e LA 2 R4 HIL AR T AL
BT 58 . A SCHE ax SefL Ak B b i 48 Sy AH I 19 2
TR PR BS R b 3L ol IS X R P BB 5 L PRIE e
NPLEA RIFMEETERE.

g5 LR aR A SC LA il 52 0 3 OR i R R
FAE Ak B AR . Z4F 6 0L 25 sh DL 1 25 &
oAk B b5 R ECH

X =0/l + ¢/ (o.— @) (D

Horr, o AL HAR R EE L B 20 mms . o,
G390 RO R 3 AT T 5 AROR T G B R il A
s o A2 MRS A RO AL B AR (E L B 0. 57,
2.3 AREH

XoF T 45 58 14— Fh Z2 4T 55 80 ) AL B T
X, HHIER WIS EAREZ AR ERA S H
VE 1) 2 BCRR Re 5 A S s 1 LR Lk 1) T4k
SHCRE G F BB T W TR &
FEAEA BE AL = 2 B A% 3 1 5 PR RE A8 B, [m] I 45
e IR D5 A SN 3 N VA i[O R o
AR ARSI,

(1) T AL 2509 RO e e 75 28 0 B
oS AN USRI EPOR VA ¥ | SLEREA L SN
LERAREKNH

g1 (X) = ZTimin — 2 <O
22 (X) = & — Timax < 0}

(2) NPRIENLI RE IE 5 i3 1 L) I e Bl Fn 3z

P, 7 AR A A5 A

X)) =15, —1L+1<0 (3
AL B TIE 2 R ) T S B VF A AR SO
260 mm,

(3) AR AERE DAY R 1, 5 BRI B B
BE U B SRR (AR SR

g1 (X) = h— hp <O D
A e R RV B R

(4) M ARAIE 3 &I B BB 1E 5 32 8l e nT o)

AT L)

g5 (X) =

(2

m*+ (h—1, + 1) — 1, — 1, <0 (5
26 (X) = 2oy —n—1; <0 6)
HH 20, N Oy 55 2 AR,

(5) B AL S AL 1Y 52 T3 R B SRIE DL
18 TE 6 3 B M%7 R S /N A 2o A b 32 R
AN 11452 3 o 6 (0 4% i 2 s ) A I 29 TR % A

2 (X)) = @— @nx <0 (7D
s e AR KRS M — I 407 ~ 45°,

(6) A PR UEJ5 FRAILAG 6] 55 B 100 5E 1Y D) Be DL &
BT I & BEME 2 AL T B AE S0 L BT
NREAL TS,

Z A 2 A Y B P T B AR S B,
PLFF5KFT7 I e f de /N o BEIEL O, sSARBR
(00, — 1) B 3 A gARFR N (0.0) 0, FAETR
HFmsh),

3 HFGREE
SR 3, IR A5 R A0 O R 15

x=h—1,+1
y=m (8)
Z=mt A (h— 1+ L)°
tand, = m/(h— 1, +1,) €D
costy = (2 + 15 —12)/(2l52) (10)
0= mn— (0, +0,) (1D

e 33



PEMLAE TR 26 55 1 ) 201548 1 H kA

M PLAF AN BE AL K P 7 B, ST B LR

A
gs(X) = n/2— (0, +0,) <0 a2

(7) R T 3 N 32 2l @) e B R 2 i 32 ) AR
ML 2 17 7] 58 BN BLAT S8 L Y i B
b F R B S B S ARIE Oy 8FE O 5 O5
LS

2 HE 2, AR AR 1R Y T 7 X, 2 i B
R Rl TR A i I N o S AT R 2 R N U
DL AR A, BT il R AR B 2
RE . HE AT ,0, SN0+ 1) A B
MR K 0ROy fEAEFR R (mu k),

c
B4 LTHFAREER

R 2% 5 B A B G 2 AT A
e =h— +1L)

y=m } (13)

Z=mt A (h—1— 1)
tand, = y/ax = m/(h— 1, —[,) 14
costy = (2 + 12— 1)/l (15
costy = (I + 15 —=2")/(2L1) (16)
cosy = (Iysinf —n) /15 (1D
0=, +0,+0;)—=x/2 18
y<<wm—40 19

M5 (19 @ r AEX AR

g9(X) = —cosy —sin(0; +0, +0,) <0 (20)

HRAE N T 225K, A DR UE 2 AL 0 B 04 i ToRS
JE AT L S EOb AR R LR 7 o
NEELH AT AT LA B/ NEUR B R i 22
2.4 RMUHERER

PLIETEWE & v i) S AL 2 2 e 3 T HL 5
H H B AL S i, 2 O 2 R AR 8
FE T L BRI B B TUAT 2 40R12 3 281
AT 2 Bingi G itk Ot 5 — ML =X & 3 s )
BLF AL S AL 0 4% 2 P e 2F 47 % Lb . DA WE A £k
o« 34 o

M IE Bk S A B . R I HL AL S PG Y 2
BEARSHEAT . AP IR 600 kN, 2K H I3 47
FEH 3 mm, W HATFE N 20 mm, 39 e ok T A%
H% K 1000 YK /min,

BUBEE 3 BIL Y 22 A BILAG 85 52 J¢ CFF R %k A 3%
2), Atz sh A B E M ER R MGG 455 T
PRCRBAR, WA 5 1 e B AT 1 B 256 P fE
Ko BRI RE TG, LRI GA 5k
TR AR Y R 3 2 B S SR T o T L R DAAR G b g
TR B R K A S % B LT 1
TR B SAR R B RRA R
A e B AR 2 2% BE L Bl T B LB AR 1 & e L % 1)
L 245 BRI A e, BT LA SCR AP K8 Rk
itk 22 FFHILARE 3 AL 32 4% s ARG i fE Ak ),

BT B ARG HRRN 2 560 25 5 & S 800 IUE S
[l 18 & 2 808 A0 O e U L i 20 K f kit
g — B, Bt AR R 8 A IR
BEHOBGR K R b, AT LA 3 — A 8k B 5 36
78 Y 75 2 A) CE IO S Herp kB R/ B 356
BN LA I ) & 22 B L BT LA R B AT LA B — A
AHXT B INEAE 75 B — A S DU A L 78 Il | &
U KA, 50T LIRS AR ) 52 2 B . SRR
FEAS ] S ARG 45 5 1 0 KA R R 25 ] R
BAEM B LR B R — MRS Ik R Ik,
R [ 25 6] S B R —H S8

FEXFZS (] S A48 R iR rp L IR RO T Y
HRWE AL B AT B 20 SR AR AT AT PR S5 1
BRI, 4% % 25 0] o i BT A AR S 2 R A% 1
21 (XD, go (XD, s gy (XD FEAT HI T, 396 2 45 7
gk 2, 75 WA T 3H 58 30 1 0 0 =X (1) o i WL
RETEM R AR (X)) BB /ME, HE R E
Z3 S B, B 5 SR AP K R X Z AL
FORAL BT R SRR L Ho s, AR,

G Lk F 2R ARS8 B MATLAB %i
BRI L 38 2 O A A3 B0 AR LT S8, j
S QRSN )

X" = (18,300,252,200,248,197,31,316)"

B 2 b A5 Bl iE sh s th 2L Rl 6~
Kl 8 FiR .

&l 6 Fif 7 b 15 b 45 F 32 0 He 0 A% il 4k L il &
6 TJH1, Z2 KT 4546 1% i e 2% £ (0. 88 rad) B — it 45
M S %% £ (0. 78 rad) B8 K T 13.5% , i [ #%
100 38 A T AR M 8 AR i 8] ZE L A5 B T T
PR REY 3853 288, B2 8 T T A o 0T ) e At
BUAE 3Z T3 1950 i 1 AL v 2% 46 74 1) %) o 5 DA
M T8 .



A

1
fean s 12

I = X
Iy % Xy

3~ F I, T—TF R
Ts—F 5, Tr—"F 5

iR A i & 1 ?

1 &< &+ 53

i=3,4,6,7 |

Bs sHaktrizE

— 82
B
E g
B
& —90
=
— 94 ‘
0 0.4 0.8 1.2 1.6
i ii§% s @/ rad
Boe sz
1.5

— ZAT4H
—-— —BEH

MYSHEE o/ (m + 57
&

0o 1 2 3 4 5 6 7

i % s @/rad
E7 EEMLE
o~ 150
4 S\ — 4N
—— %

HE R a/(m «
I
2

0o 1 2z 3 4 5 6 7
i fy ¢/ rad
B8 Nk MLk
&7 JIT 7 o 9 e 235 A 32 0 Bl B il 4L i [
TATLLE L TE 0~ B, 24T 45 o il 4k A )
B — WA RN RS P /N, b AR i
4 JE AR I ) R AR, A B T s s AR R

M4 i T ML 5 A . 22 FF 45 4 8 T de R
JER AR W PR R R R T 4.1%,1%
e RAEAE 0. 5~ 1. 5m BE 8] 72 By BE PN . DTG 45
1B R RS ],

&l 8 it /s oy 1 o &4 44 2 W e fm 3 B il 4k L il
P 8 W, 22T 45 F 32 W B o ool A — 4
YN R N T 35.3% , BRGS0 R
B BTN TOMERE L B T W B Sk
BE Lt — B T TR RS R 7E R AE AT
22 FF 25 ¥ 11 3 Y e fn 3 AR Ak A L 3 UL PR R
— i {H L X W W P T A AR R )
ML b R B B 32 3 B DA AR X 18 52 /9 o R g b R T
s T AR 2 fih s Ak 2 ik 0 R U0 o A
JE ik AR, T8/ T B B 2l A b R B
B bt ORUE T 32 LA EL 1 75, LA™
(R0 TOKG BE

3 #ib

(DARICE S I3 B 45 1T 2 S LR T
PLIY IR BRAL S HLAG L OF i 5 T WLk B9 2 H AR Ak
ROA R R TR s A R B R o T e A AR R £
AL PEREIL 4 B 16

LA 73 B 25 2R 2 B iAW I R /0N /)
1l AR 52 0 R R B A AT R LA A s AT
BE o o BR 3 AT FRGE B . b R B M B OR T
13. 504 » T BU KB I A2 B #2088 A F T 4 R
AT AEE R T o . T B R R R T
4105 W B BN T 35. 300 A F T

¢« 35



PEMLAE TR 26 55 1 ) 201548 1 H kA

Ik /L
H%ﬁ%ﬁyﬁ%ﬁﬂﬁﬁﬁﬂi%@m%

PRIGHR SN . 42 5 T SE R Bl SR

JUM S8z sh 2 Bt 28t 7 =%,

SE
(17 B, PN, S50k, LT 20 28 W 7 00 25 5 R 3 L

(2]

(3]

(4]

(5]

[6]

[7]

[8]

(9]

iV A LT EHLA TR, 2010, 21(18) .
2143-2148.

Zeng Liangbin,Sun Yu,Peng Binbin. Synthetic Dy-
namic Balance Optimization of High Speed Punch
Based on Dynamic Response[ ]J]. China Mechanical
Engineering, 2010, 21(18): 2143-2148.

BT, Bk, KT, AL R U D ML P
e B R IO (—) [T, R & 45 5 1 o
R ,2005,40(4) :27-30.

Zhao Shengdun, Zhang Xuelai, Gao Changyu,
et al. Investigation on Inertial Force Balance As-
sembly Units and Their Dynamic Characteristics of
a High Speed Press [J]. China Metal Forming
Equipment & Manufacturing Technology, 2005, 40
(4):27-30.

Azpilgain Z, Ortubay R, Blanco A, et al. Servo-
mechanical Press: a New Press Concept for Semi-
solid Forging[J]. Diffusion and Defect Data: Part B
Solid State Phenomena, 2008, 141/143(3): 261-
266.

PR . BRUDERER f& # i e £ R By L5 [C1/ /%8
Du i v ] B e R B 23 8L SCEE L [, 2008,
Hong D K, Woo B C, Kang D H. Application of
Fractional Design for Improving Performance of
60W Transverse Flux Linear Motor[ ] ]. Journal of
Applied Physics, 2008, 103(7).:1-3.
FIGETE , J8 KRR e 3 ALK P e AL i O Ak
WD Rk HLB 3. 2007, 38(12) . 232-234.
Wang Xiaoli, Zhou Tianyuan. The Optimization
Design of Inner Sliding Block Mechanism of Eight-
bar Linkage for Press[]J]. Transactions of the Chi-
nese Society of Agricultural Machinery, 2007, 38
(12): 232-234.

MiE =, Z A IRE L3S ae 40 5 it it
FE[D]. L. 1585 K4, 2008,

2R ME L PV R AL 3T ANSYS 19 £ i AT 4L
HIVEREDE LT . IR+ AR . 2011.36(6) :80-83.

Li Chunye, Sun Caixia, Zheng Huien. Performance
Optimization of Multi-linkage Mechanism Based on
ANSYS [ J]. Forging & Stamping Technology.,
2011,36(6):80-83.

XM, BT ADAMS 1 2 4T LS 8k kit
S5O wtsE[D]. F & L ARBHE KA, 2011,

36

[10] W, K&, 0,55, HUBUE PN EATHLE

oA [T, % B T K 2 2 4. 2013, 53 (1)
64-70.
Yang Chunfeng. Zhang Sheng. Li Yunpeng.,et al.
Optimization Design for Six-bar Linkage of Me-
chanical Press[ J]. Journal of Dalian University of
Technology ,2013,53(1): 64-70.

(110 s, & FuE, B4 . 45 ﬁﬁ*ﬂﬂ‘%ﬁtﬂiﬁ?ﬁﬁﬂ@

A w AJF 4 N T3 [T ] P 2 5C T OR R e AR,
2012,46(5) :57-62.
Xie Jia, Zhao Shengdun, Liang Jintao,et al. Vari-
able Sequential Combination Response Surface
Methodology for Press Rod System Optimization
[J]. Journal of Xi’an Jiaotong University, 2012,
46(5) :57-62.

[12] ZEE.5K5K .l 7. 2 T 1518 3 2% 70 i 19 1R & 3K

RSP T ], v B HLAR T2, 2004, 15
9): 771-774.
Li Hui,Zhang Ce, Meng Caifang. Optimum Design
of Hybrid-driven Mechanical Press Based on For-
ward Kinematics Analysis[ J]. China Mechanical
Engineering,2004, 15(9). 771-774.

[13] Shang Wanfeng, Zhao Shengdun, Shen Yajing. A
Flexible Tolerance Genetic Algorithm for Optimal
Problems with Nonlinear Equality Constrains[]].
Advanced Engineering Informatics, 2009, 23(6):
253-264.

[14] REE. @, BRICSF. BT Z HiRHUIE 4L
SRR BT ] AR HLBR A 4R . 2012, 43(4) .
225-229.

Song Qingyu, Li Jian, Yin Wenqi. Mechanical
Press Six-link Mechanism Design Based on Multi-
objective[ J]. Transactions of the Chinese Society
of Agricultural Machinery,2012, 43(4): 225-229.

(157 ARAEPC. 4R . B 55, T ik m L ik
FIR I MLizs sh At e o7 sk L) ], R H K, 2011, 36
(5): 81-84.

Lin Weiging, Li Zhenshi, Li Jianping.et al. Opti-
mization Method for Movement of Multi-bar Press
Based on Genetic Algorithm[]]. Forging &. Stam-
ping Technology.2011, 36(5). 81-84.

(FE K B

TEEE . &%, 55,1087 454, w5t 3 T RSO TR 2 B
WA R . EEBGE T M O e T . RRIB
2Fi. 3 F,55,1964 A B TORENUM T AR A BE AU
AT E S0, %%, 5 .1988 44, BRI T RN T



