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Abstract . In order to make the servo pressure machine have good drawing performance, it is necessary to
plan its trajectory reasonably. The six-link drive mechanism was dimensionally optimised in the previous
work to improve the basic motion performance of the press, while the acceleration and deceleration control
of the servo motor and the planning of the motion trajectory of the slider are required in order to give full
play to the advantages of the high energy efficiency and high efficiency of the servo press. A trajectory
planning method for the main drive mechanism was developed for a large six-link servo press. Firstly, a
high-precision kinetic model of the main drive mechanism was established based on the " Coulomb-
viscous" friction model. Then, considering the process constraints and requirements in the stamping
process, an improved model of servo motor acceleration and deceleration control based on composite
trigonometric function was proposed. Finally, the energy consumption and efficiency of the main drive
mechanism were analysed. Taking the periodic energy consumption and production beat of the slider
movement as the optimization index, the multi-objective optimization function was constructed by linear
weighting. The constraints such as manipulator feeding time, maximum speed of the slider, angular speed

of the driving part, dynamic limit and thermal limit of the servo motor were introduced, and the multi-

Wk B9 2022 03 =31 & [EIH . 2022 - 04 —25

EE&WEB: FEELUZITRIE (2020YFB1710700)

TEER A HREH(1979—) , 5, Z 8z, 1A S0, 3280 A =5 5 gk ) 1 5 5 3 U0 ) 55T, E-mail: xudaochun@ bjfu. edu. cn

BB R Tk (1983—) 50 ISR -5 S0 , 5 98 T80 25 5 2 K 5 D R LA A BEC , E-mail; shaozf@ tsinghua. edu. en



52 3 WIEH . T ot S8 = ek B0 4R I L0 R 3 F 5 451

objective optimization design was completed by using genetic algorithm. The results showed that after

optimization , the energy efficiency of the main transmission mechanism of the servo press in one cycle was

increased by 4.54% , the production beat time was reduced by 3.23% , and a good drawing process

mode was realized.

Key words: servo press; trajectory planning; “ Coulomb-viscous” friction model; acceleration and

deceleration control; multi-objective optimization
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Lo 2 8847 3. G B 4. =AMAT ST

Y’

B3 NIEFF RSP E E
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Fig.9  Dynamic force diagram of six-link mechanism

TE R BB AL 2l v, 519 18] frY J2E 482 460 #6 AN T it
B, It HXTREFE RS2 AR K, D A 3l g 2 g v
BB A B . AR I AL S IEA LA b,
JEE A5 2 R oh T OGN BB ) A e sl RN T B AR B
A BT S HILAG B B 0 2 A v R G AT T) EE 45 5
PR R AR R TR AT RO AR R T T S
Brfg oL o

DIFE OA W 5Ent &, %) Hoilt 47 52 71 o3 e il 45

F, . +F,, +f,sinf,, +f,,sinf,, =

—-m,a,sinf, —m,a,, cosf, (1)
FlZy +F11; —-m,g - fi,cos0,, —f,cos0,, =
m,a, cosf, —m,a, sinf, (2)

gV RS
M - (F,,, +f,sinf,)rsinf, +
(Flz}, —fi,c0860,,)r,cosf, —m, gR. cosl, =], a,
(3)
Hrp a, =, R, =a, A 1,
a, =w?RC, =w?/\mr,

11y FlZ}
0,, = arctan

Ilx 12x

Ju = (:U“ll A/ Fflx +FT1; +1, o, lrll)sgn(wl)
S = (/~L12 A/ F?Zx +FT2} +1, lo, _wZIrlz)Sgn(wl _wz)

0,, = arctan

J. zml)\zlrf
Krp Ry ——4F 0A B0 B3 d0 0 IR
Jo—HF 0A 58,5 0 WG s i
F\,,——F OA1e¥ g @) 0 &b Fiv 52 J1 1) 7K

IR

F\ ——FF OA FERE S H] O AL 7 2 1 0 T8 1
44

Froi——FF OA TERE SR A 4 FF 32 3 1) 7K
434

Foo,——FF OA {ERE SR A 40 7 % 7 10 78 1
7

m,——HT OA J5i i

Su— xR 0 AR EERE
SR A MR EERE
0,—— &1 F., 5 X Rl e s
a,—FT OA fifinid &

o, — T 0A M E

Ao —FF OA L 8 R &L
04 KJE

0,—— &N F, 5 X i)k A
FF OA 3 i Jin i

FF OA Y [ i ik 12
n,—FF OA TERE SR O AbBRGPEBE 3 R AL

r

anl

a,



454 £~k

IR

2023 4

Ma——FF OA TERE R A Ab RS 1 B 45 R ¥
¥F BC AT DE 0043 47 i B 2K 01, R PI23E

DL A KF ABD W BFGExE 4, %5 FCHEAT 32 0 40
Lt

Fo +F,, —F, +fsinf -

fi28inf, +f,,sin0,; =m,a, (4)
Fyo, = F,,, +Fy —figcosfs, +

Sfi2cos0,, —fryc086,, =m,a, (5)

IRV RS
= (Fy, +/fysinb,; )r,sind, + ( Fo, = frc080,, )rycosf, —
(Fy, 4551005, ) T5sING5 + (FSG} —f55C0805, ) TsCcOS05 —
m,gRcos(6, +v,) =J,a, (6)

56y

Hoep J. :mZ/\zZri

05 = arctan
56x

0,, = arctan
23x

Sfu = (Mzs A/ Fis.\ +F§3y + 7 lw, — o, |r23)sgn((u2 _ws)
S5 = (:“56 A/ F§6x +F§6)‘ + 75 lws = wg |r56>sgn(w5 _wﬁ)

. 2
. ) a,7,s81n6, + w,r,cosb,
a, = —a,rsinf, —wr cosf, — -

3

. 2
as758Infs + w;rscosts

3

2 .
r,a,cos86, —r,w,sind,

2 .
a, =r,a,cosf, —r,w,sinf, +

¥ 3
rsascosfly — rywssing,
3
Xf my——=F1#F ABD Jriid
yi—FF BD Wyh L 5HF AB Y A1

pos—FF BC AR R B AR Rk 1 B 458 2R 5
pss—HT DE TERE SR D AL RS PR EE 5 2R %L
ny T BC FERE BRI B Ak i 3 AR BE 452 R 5L
Nse— T DE TERE SR D Ak i PRI RE 15 R %L
R, —— =T ABD FULEFe g A BIBEE

T~ A FF ABD B85 A 105 51 i
6,——FF AB 15 X i Je i

r—FF AB K I
0,—FF AD 5 X 1% fo

re——FF AD K J¥

S5 B AR EEHE T
Jso— xR D AL EEE T
051 Fpy 5 X B I A
Oss—— 8 11 Fso 55 X iR £
ZHAFF ABD JC IR B K23
a,—— AN ABD JSC i JEE 1) 3 0
VAT B E N BETE X G, 0 H AT 5% J1 70l 48
Fo, +fgsinf, =F, (7)

a.,

F,+F-m,g+fgcos0s, — Fg, +f;, = —ma (8)

Hrp S =ug Fosgn(w)
m,=A,pr (i=1,2,3,6,7)
F,=(Am, +A,my +d,my + Agmg +A,m;) g
qrpooa, V-1l 1 R

p—FF R MR
A — R R R
m,——#T BC Jfi &
me—FT DE Jii i
m,—— I YL &

S 15 HeAb g sh BE 18
v T e R
a T e s fE

O—— 5 1 Fo 5 X Bl I £y

2.2 HEESHHER

LA RS R SRR TR T
JEE 488 R 00 T A5 0 T A BB A A TR A Y ) 2 80
PR I 5 T 0 3 S A Y 2 B AT B Ml R R RN
PLFE 5 3R SRR A v 1
2.2.1 {EFER

) W R Ty ML 3 2o AR v FF R MR — R 45 B9
5 Q235, HiAH kL% B 7 800 ~ 7 850 kg/m’, %
A Y ) HL AR, T LI S AT 1R 2R %
500 kg/m i S b5 ] AR FE 3 ML HT 4 A4S 25 8 A ) L 25
V] {37 X R A AT 22 AL, 9T DA 76 5 op BRORF 1 4 %
B R 2000 kg/m, X FNEM SR =M, BT
HzD B =M EE A, HL b i A R K i O
B, NI TE AR R REA,,. ERNCAHN =M
FFEEIACIF LA A, =12,
2.2.2 SRYWEEHE AL

TE PR AR P JEE 52 A5 TR0 X 4% A Bl |l DGy i
Frah g s R B T N f = uN + nor, Fo A
JEE 458 R 00 o FORS AV FBE 482 3R B0 ) 05 AR A0 SE BN
BLIHEAT A B A, DAA DRSS AT R b W 5 SEBR

B 5 R AR B TR 1 LT B Bl 2 b i g
PEHEAT T R G0 A5 2 B, IF R 5250 5
X A — R E R R AT T PR . AR L
GERR AR SO AR BE 55 3R 550w JBC O 1, Kl 7 2 42 %
BonHL0.25,
2.2.3 E#H

T TH BRAT FR 5 s 0 sh R R) B 7 LT A
PERE 52 M, CRUEAL S ALK 52428 30, e 7 HLIE & 2
it ISP Al 2% %0 5 ) BEAT P-4 AR R A S L
NN I E e e b, ER/hEE, N F, =
A Y mago b A T OB, T AR S B A L
A EAE R TR EL, 10 R [E A R AT 1



%2 1)

WIEH . T ot S8 = ek B0 4R I L0 R 3 F 5 455

ARG AE, T LA B S AR RO O AR T AR B

PN AW B T 2 2 BB o 785 SE PR Y AR %K
PEREAT XA P R B A =0.95,
Ix10°
— 4=0.80
8x10°F — =085
) . 4=0.90
L EEr — 4=0.95
& ax10° A
W
E a0
=
0
_2><105 1 1 | | 1 1 1
0 50 100 150 200 250 300 350

ELEYG)
Bl 10 A [a) - i 25 JO0T il AR 8 4 19 5 i
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Tab.1 Speed trajectory parameters of six-link

servo motor

24 UG (E AL (E
0,,/rad 1.05 1.12
0, /rad 2.62 2.48
6,,/rad 5.24 5.86
wy,/ (rad-s™") 0.24 0.32
w3,/ (rad-s™") 2.09 2.41
wy/ (rad-s™") 2.09 2.41
X,y 0.25 0.13
Xy 0.25 0.52
X3y 0.25 0.76
X4 0.25 0.31

x5, 0.25 0. 54
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Fig. 14 Diagram of multi-objective solution process
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Tab.2 Comparison of target values

5 HT E] /s JE WP /g
AL 4. 856 878 010
etk E 4.699 838 150
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Fig. 15 Crank rolling speed curves
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Fig. 16  Crank torque curves
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Fig. 17  Calibration results for dynamic limits and

thermal limits of servo motor
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