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Dynamic Modeling and Analysis of Decoupling Punching
Mechanism with Symbolic Positive Position

SHEN Huiping' HUANG Kaiwei' DENG Jiaming' YOU Jingjing® YANG Tingli'
(1. Research Center for Advanced Mechanism Theory, Changzhou University, Changzhou 213016, China
2. College of Mechanical and Electronical Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The punching mechanism was an efficient automatic forming equipment. There were many
researches on the structural parameter’ s optimization design, motion analysis and characteristics of the
punching mechanism. However, there was relatively little dynamic analysis of the new punching
mechanism. In order to expand the application of the punching mechanism, an optimized planar punching
mechanism with one-DOF and two-slider output eight-bar was proposed. The mechanism had symbolic
kinematics and contained three sub-kinematic chains (SKC) , of which the inverse dynamic analysis was
performed. Firstly, using the principle of structure coupling-reducing, a two-slider plane punching
mechanism with zero coupling degree and single degree of freedom was optimized and designed. The
topological structure was decomposed and the coupling degree of mechanism was declined to be zero (k =
0). Therefore, it was easier to obtain the symbolic forward position, velocity and acceleration. Then, the
basic principle of the ordered single-open-chains (SOC) method based on the Newton — Euler principle,
which was proposed by the author’s team, was introduced, the force analysis of each component was
carried out. And the inverse dynamic modeling of the mechanism was established to obtain the dynamic
supporting force and driving torque of the mechanism. Finally, the inverse dynamics modeling of
punching mechanism was established by using the Lagrange equation, and the errors between the N — E’s
SOC method and the Lagrange method were compared, which indicated that the former had high modeling
accuracy. The research result provided a theoretical basis for the popularization and application of the
SOC-method based on Newton — Euler in mechanisms that contained some SKCs and the strength analysis
and dynamic performance optimization of the punching mechanism.
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Fig. 1 Plane punching mechanism with single-input

and two-slider output (k =1)

Bl — A %A (2 - 3) A —A4F 1 I
PAFAL(4-5-6-T)4Lpl, Hop 3 3(P ) Sy b
Fisk, B 6 (P,) S Hi BIERLAS , Hoar 8 AR50
Fegh@l (A ~H) .

AR IZALRG L 3 A [n] % B0 i 57 A A% T 1R AL
£,=3 MU A AR AT

m 3
F= ;ﬁ-— Z £,=10-(3+3+3) =1

P AZ MR (S B — A S R (FF 1), 4 b
3 3 U5 v, J5 ) [0) T oh He i i B AR 6 0, 75 W)
SEIRF ZE ) A7 B o TR W0 B SR AT SE A
SESIRUENNTZ N NI S ST T IUNEE & o

R B e 1 29 SRS TR 300 45 L g 1 24



%3 1

WHE 4 A5 I i ) B oh FE AL 8l ) 2 A 5 3 403

WA (i=1,2,3) 73517 :
(1551 g A-B-C— P

A= Efz_ll ¢, =4-1-3=0
=

HAR B/ 712 B (SKC) 9% 4 JR L,y A —
B-C-P MRS 1 /I\SKC’/H\*I%%EEHO‘%I

1
K, :7|A1| =0

(2)%5 2 [l D~ E—F— P, A g

A, = _zz,f;_lz -§,=4-0-3=1
(3)% 3 [ §% iy G — H #

A=Y fi-li-£,=2-0-3=-1
PRIUL, A 2.3 A R 2 A~ SKC, A N
P =%( A1+ 1A, 1) :%(1 +1) =1

PHLI AL & B34 SKC, B SKC (0) . SKC! (1,
1) A E N ik, =0k, =1, I, HLATHE
B k=max{k, k| =1, X ZWE KA E IE
W B E — A MR LA i, R, 7 B O iR B B
BEAr BT e A 2 A%, O RE AT ) 3t AL e sBSOME e 1T AN B
AAES e (555 fif B0 ik, A5 I U Bk 58 Bk O i BT
f#) o
1.2 HMEBIEITRERINDH

R AR AL AL B R & B2 AT B B ML 12 3l 2 L 3
JI2E G AT SR A W SE B, Syt SCHR [ 31 148 1 F- BE AL
Ty 35 ) o B0 M B i O vk A SCis TP Y
T IEEREIE G L 2 [ b s 3
Al D.E & If, 580 09 e i AR LA dn 8] 2 i, B
A AL R A BE N 1 B3 O R RS, HLIG 45 ]
OEATD U = MR Ny

A-B-C-P R4 1 [, Bl SOC, , A[ 15

A= Zfi_ll -£,=4-1-3=0
izl
D G- H %% 2 7§ 1) SOC, , 7T %

P2 Hh RS Y B A T g i TEALAY (< = 0)
Fig.2  Single-input two-slider output punching

mechanism after topological decoupling (k =0)

Ay= Y fi-L-§,=3-0-3=0
i=1
G —F—P, % 3 [mlj%, Bl SOC,, Al 453

A= Y il =£,=3-0-3=0
AL 4N B R BB 6L 5 3 A SKC, 4
SKC, (i =1,2,3) JLIBA IR NE . AL, BLEIB &
WA | TG40 5 B FLAT 7 5 5 0 i3 3%,
6T 3012 R A

2 EBHESH

2.1 EIERE
WNTEL 3 B, Lhsi H O Jel K -F HLAR T 1) A
xS E AR R

B3 TG T Il R E 32 @
Fig.3 Kinematics modeling of plane punching

mechanism with zero coupling

BT 1 s, o A A @, SR8 J1 5 M
FATREITRRIE N LG =1,4,5,7); =Rl
2 MM =B K (BD.DC) 2y L iU (BC)
HLsmg A AR S AR SRR
O S, BB IB i s AT BC DG .GH .GF 5 x Bl 1E )7
] IR A3 @) @ @3 @u o

BT 0 MR AR B0 PR Sz Bl o A S OR i 7
VNI ELA SRR A IR T AL A A AR L
SRR A SORE % 07 5 T TR LA B L AE i
KA, B IZ AU B2 08 3 A SKC 4% [ 37 B 1 IE
fifp SR A%

(1)SKC, (A —B—C—P,) [kt

WA= (m,n) WA

B =(m+![,cosp,n+1 sing)
C=(m,n+!sinp - l,sing,)
D=(m+lcos(0+¢,),Y, +lsin(0+¢,))
l,cosp =1, cosp, (1)

(2)SKC, (D — G- H) 1k fig
3 RAR @, w0y S G IALE N
Yc - YD

L

(2)

@, = arcsin



404 £l #HL

EE 2021 4

l: + li)u - lzzx D
————— + arctan — (3)
217 ZDH XD

G = (l,cosp,,1;sing; )
(3)SKC, (G~ F— P,) )k it
KAG A F A bR

F = (1, cosp, — lscosp, ,0)
BT AL I BT L = 1 A
Py =T = s (4)
BT B0 AL T LA s, W 55 45 FE 5O
S(i=1,2,- 7)) AL E A
1

S, = (;—(XA X)) 3V, ) )

¢, = arccos

1 1
S, = (?(XB $X 4 X) 5 (Y, + Y +Y) )

S,=C=(m,n+!sinp —l,sing, )

So= (5 (X +X0) (Y, +Y0) )
S, = (%(xc +X,) ,%(Y(, +Y,) )
S, = F = (L,cosg, - lscosg, ,0)
S, = (%(XG +X,) ,%(Yc +Y,) )

2, SKC, (i =1,2,3) f1 45418 g &l (1) 17 & 1
FIRIR R A o 0 AT bR B, 08 T T B L
R R AT
2.2 EE REESH

RIFF 1.7 A SE e il % 2, 1 B 3.6 AU A% 3l , He
(ff1) L (Ff) I

0, =¢ w =¢, v,=Y, v, =X,

o =W, Q,Tw; A=V, a5 =g

FCAH P 932 Bl ] 23 A D B0 oy 8] Y 2302
3y, LK GE 3 1T B0 Rl e 3, 1D

a,=w, v, =X, a, =v,

vy, =Y 5

T RS PLA A A5 5 U0 8 R, I, A 5

SRAFHUAG BYFF 53X O ) 34 532 F Matlab 2 7215 2]

M3 R s R HR T E L 5 ADAMS fjj 5

EFEAT XL, AP 4 o, R BT AL A 12 3l 2 45 7
LR figk ik 2 1E 4

3 ETN-EHNFRFEENNESN

3.1 EARFEIE
BT N—E B9 7 5001 85 10K % o 1 2 In) 8L

as, = Vs,

MEE)E/ (mm - s

P4 Fonisk (TSR 3) 8B ok B2 b £k
Fig.4 Velocity and acceleration curves of main

punch (slider 3)

A I YR AT — IFBEHLH T R A T
T 1% SKC M B, T 45— A~ SKC, 3T 4 $h 43 it
W TAEIFEE SOC(A,) .SOC(AY) .SOC (4, ) 5
G A — SOC (A )Y A7 AR A1 % R 1T
HE AL 36 kA IS B Rk A HE L R
TRV 5 K 45— SOC (A ) By s A~ % J2 0 A 28 1
Stk NTTATSR HE kAN HE L8 B S0 . 2R
5B 7 1 R A 4 A 35 B LB SR ) S s o — 2
S R 20 FF 51 1 g A3 KR BT 45 7 A dik 2 7 50 R
SR SIL

S5 0 W RS A AL BLK L B HCHB 4JE & =0,
FF L, T 5 4 7 1 4008 i B AT 7 450K A 3 4 SKC
WRYSEIZ Sy, R AR5 T 1
3.2 HAEHH

Hi 2.2 4 TR UCH S 3 4 SKC 4 4 1 O
W 3 £, FBHE S35 M,

S =mag,
f. =m.a..
iy i sty
M/i =la,

KFF' [UNRN % i 4*@1#@1—'[) S, E](] xX.\y Wﬂﬂﬁfﬁ
L——50 i DR PE G0 14 e Bl 15T
o5 i AR PF A i




%3 1

R 2% BA RS UEm R b IRALG 2 ) 22 i 5 0 i 405

(1)SKC, (G —F—P,) W% )15 Hr
- GF i3 6 952 )1 53 Hran il 5 fios o

F
K5 SKC,(FF GF W 6) 1932 J1 43 #7
Fig.5 Force analysis of SKC, (rod GF, slider 6)
- GF #9715 J1 55505 7 hy
Rpy + Ry + /5, =0

R, +R,, +f5y -msg =0

(5)
Mg =R (Y, =Yg) 4R (X, X)) -
Ry (Y, =Yy) + Ry (X, —Xy) =0
X6 AT oA A
Ry = —mgaq (6)

i (5) ((6), il fiE iz gh &l G F B/ s T)
Roy Ry X Ry (Ryyo

(2)SKC, (D~ G~ H)iy5z J1 51 #r

¥ GH .GD 1) 3% 10 Hr e 6 fros . [H iz 3l il
G RE & BHE, B R Rigy I Rygy  Rogy 73 B AT
GH .GD L3zl G A isZ 1.

H Ry
(a) FFGH

6 SKC, (¥ GH.GD) By J1/3 ¥t
Fig.6 Force analysis of SKC, ( GH and GD rod)
¥ GH .GD 1971 5 J1 5 #5757 72
Ry + Ry +/5, =0

(b) FFCD

R,y + R,y +f;, —m,g =0

R, +R,, +f,, =0

Ry +Rypy +f,, —m,g =0

R (Y, -Yy) +R, (X, —Xg) =R (Y, =Yg) +
Ry (X, -Xg) +M, =0

Ry (Y =Yg) +Ryy (X =Xg) =Ry (Y = Yy,) +
Ry (X, =Xg) +M, =0

(7)
BB G I8 R N

{ch +R oy + Ry =0 (8)

R, +R,;y + R,y =0
B (7). (8) ,KffE— 1 /oo — R4, Al 1%
SKC, NPT LRI TT Ry Ry o
(3)SKC, (A-B—-C—P )Wz Jis#r
T2 e P KAl AB (932 143, an &L 7
FIr 7 o

C
(a) 492 P,
Bl 7 SKC, (¥ 2 s P, K Al AB) (W 3% 11 55 #7

Fig.7 Force analysis of SKC, ( member 2, slider P,

(b) ihtEAB

and crank AB)
2 19 5 ) 5 T RE R
Ry + Ry =Ry +/,, =0
Ry + Ry — Ry, +f2} -m,g =0
“Rp (Y =VYy) + Ry (X - X)) -
R (Y, -Yy,) +R, (X, -Xg,) +
Ry, (Y, -Yy) -R,, (X, -Xg) +M, =0
(9)

T3 1 7 R N
R.y +myg =m,a, (10)
Al AB 1) 1 55 I3 - 75
Ry + Ry +/, =0
-R,, +R,, +f1),—m,g:0
Ry (Vy =Yg) =Ry (X = Xg) =Ry (Y, =Yy) +
Ry (X, -Xgy) +M, +M=0
(11)
f (1) B AT SR fiAl AB B9 3K 3 J1FE M,
3.3 HELA
FER ML S, o LA B RS S 8 2 1
Ji . EASRShEfEE 0, N 1 rad/s,
0 (5) ~ (11) il id Matlab 2% #2315, ] 154
18 F R Y SR AR 2, an 18] 8 ~ 10 7 5 B 5 )
FHOMOh £k, i 11 P R
W EAUREHL S A B ADAMS b, 65t i 4 4> 44
PR g5 [, S Py HAP K 0. 01 s, £ EL I [ Sy
10 s, 3R 45 K 0AE HLAY B 3 J3 %5 M 5 Hoth £, fn
KL s s o
i BT AT, BRe TS0 5 07 ELAE A th ZeAH Y



406 &l #Hl

M 2= 2021 4

x1 \FFEHENEHORTSH
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