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Fig. 1 The model of translational joints

M Ay =0 B, W IE ST, nEl 1 (a) B
AN Ay >0 B T E R — 0 B A, anfal 1
(b) BR324 Ay, <O B ¥ T8 A 575 — 00045 9 e fk
WE 1 (e) frs. W E AR TS P m 2
W1 AN AS Y Lagrange F6 7 A HAT F AR

Ay =%( Ay | +Ay)
Ao =gl =Ay) b
v =5 AT =Ay
Hh 2 T B AN
Ai=0,05=0,A3 - Ay =0,(i=1,+,n")

i
Ay Z[Al::l""’)‘“t”*y’
Ay =, Ay, 1,
Av=[ Ay 17,
A=y ey g 115
W =(2) AT
An = Ay + Ay
{AN= AN = Ay o

1.2 BRREFRE

HUA ZR G0 Hh o P PO S B R AT 2o ), S
JEAC BE AT SUR] 73 Sy JE - T R SRR R TE Y
FEAS PR AR TR ) iy 8 S M S B 1 1 3 5 P B
(ZEBUETT 5 R — E B R ME) | J5 2 a2 A 0
A 2L R R (A B B W B BE 48 B B 35
P ) 1O AR SO SRR A T BE A R A Sy Vi B Y
JEE AR AL,

BEEECHE 3l 2705k, e TR R ) 5
R

Fﬁ:{—/_LiI/\Nilsgn(v,) v, 70 )

—po; | Ay 18gn(w,) v, =0

A, B o E AR AT B B R B e 18] A
B s oy 73 9 Ry 6 T 5 0 B[R] 9 ) i EE AR TR
B DA AR T T B bk 1] 25 5 7 2K /) 5 Sgn
O) NFF T BRI 0,0, 0,73 1) DA T SRR T T8 8 R X
3 FVRR D 1) ik J3E 5 Sen () g A pR g
L)

+1 v, >0
Sen(v,) =J[ -1,+1] » =0 (5)
-1 v, >0

HIZC(4) FI3(S) , AT LAZE H , 25 18 B A AR T 5 A
AR 16 03 RE 23 0 2, R 48 7 B U — e
L, B0 240 T8 P19 T R AL 1 G i AR S I, EE 8 1Y
BUETEIZ G .
2 ABEBAFETE
2.1 ZERGEHHFEFE

5 —2K Lagrange J7 f 2 L 2R R GBI 127
TIRERA RO Z —. B BRI AR T e A
(D) ZFR AR R

D(q) =0 (6)
A, @=[e, 0. 1" BREM KL AT
H

¢(q,t) =0, (j=1,-,n)
A, n RSN LA 4 EE B A
o(q,t) =0 (7)

I e 5 —2& Lagrange J5 72 Al #3 2 R G0 8 1707
Vs

d(ar, T -
5(5) Rl AT AT RN
D (q) =0 (%)

d(q,t) =0



54 1]

FIRRAAE S PR B IR S 2R Z NIk RGBT 337

KX T HRGEMERE,Q WS I LI, @,
D, Sy HINAF TR (6) F(T) HRE T LA, Ay, A
N Lagrange e+, 43 | AR W58 B TA 1) 29 5 T F
SRR T (8 118) , Q, AVEM T b
MR T LTy, B (4) R, W B B4 )
[T X AT R ik

Q,=PAy (9)
X, PR TCE N R G AR bR K AT i ] —
B SBUBREL AL = [, A, 1]

H(9) FRAZ(8) , I Baumgarte 24 Hif
SEALTT I, TR (8) Al R N

MG=h+Q +®d,A + D, A +PA; (10)

DG+D,g+ad+pD=0 (11)

Dj+Dg+D,+aD+pD=0 (12)
X,

@, = (@) B, = (D)

o=@, (@

WS 50 = S M SR

FFE(10) ~ (12) %y FLAT A A 30 4 2%
Jif RGP =0, JTF4L(10) ~ (12)
BT Ay A IR AEAHOT AL, o HIAISE (03
(EHF R 7 ok % AR T AR 55, P 0, A
AT A (=1, ") O R R R T
G A A SRR R FA4L, R P 1B B2
SR H B sk A,
2.2 BMEEAER

FIFISR(3) AT AL (10) ~ (12) F7 ik
e AR TS 48R (10) ~ (12) %%
P

G=B+M '@ A+ M '@ A +M'PA; (13)

D,G=C (14)

@,4=D (15)
X,

B=M"'"(h+Q),

C=-d,4-ad-pPD,
D=-®,4-®, -a ®-pd
B (13) LA (15) 5, TR AR
A=G-WA, -W"A; (16)

W=(oM'®,) '&oM ',
W' =(oM &) 'dM'P
R (16) fRA(13) 17
G=B+M'®,G+M " (D, -DW) A, +
M~ (P-d,W")A;
B EAXRAK(14) 17
®B+dM 'D,G+dPM (D, -
DW)A + DM (P -
D,WHA =C
PRt B RoR
SAy +S7 A =b (17)
X,
S=p M (D, -DW),
S* =M ' (P-d,W"),
b=C-®,B-®M '&,G
PR3 HRAK(17) 15
S(AV A7) +8° (Ay +Ay) =b

W ERFoR A

ATAL =AM +b (18)
H

AL =0,A0 =0, (A7) Ay =0 (19)
K,

A" =S+8" A=S-8"

A (18) FIE (19) Hybr v 7K T2k 1 1 b i 5t
(HLCP) "' 13 FHR PEE A 5 B TR A
Ax s BRIEHEHARA (3) T3] Ay, Ay 5 FEAS LA
A (16) 00T 3Rt 3R 8h 2 5 g (3 108 A AR
LR AT R (10) I8 FH % B340 J7 78 i 4
(BT v BV AT SR H 2% 2R 6 938 Bl R .

3 8Hl

3.1 s
ASCUN AR EEAT HLAY S 5], Al 2 Froi, Her
FEFF OA R O, B ¥ R WA, H He B W0k i
ZRBSET NN R O Bl i gy 15
A J, =16/3kg - m*, i m, =4. Okg, H .0 5
O ShpgEEEs Ay Ly = 1. Om; fiAwxF O, Bl 5% o 1t 4
N T, =1/6kg + m® JFidE Ky m, =2. Okg, HFrta 5 0,



338 B N ¥

5 o 6l % W

2014 445 12 %

BAYEEES A L, =0. 25m; WA TR my =0. Skg,
B 0, R R Ly, =0. 5m; O #iF) O, Sy EE 25
N Ly =1, Om; ¥ B 5 Ve ) 1) 3 Sl EE 4B R B00Oh
=0.2; HAH I E w =3. Orad/s.

P2 BhAA - SR LR

Fig.2 Crank — rocker mechanism
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THE NUMERICAL METHOD FOR MULTIBODY SYSTEM WITH
FRICTIONAL TRANSLATIONAL JOINTS AND
DRIVING CONSTRAINTS"

Wang Xiaojun' Wang Qi*"  Zhuang Fangfang’
(1. Department of Electron and Machine, Changzhou Institute of Technology ,Changzhou 213002, China)

(2. Department of Dynamics and Control ,Beijing University of Aeronautics and Astronautics ,Betjing 100191, China )

Abstract This paper presented a modeling and simulation method for the rigid multibody system with frictional
translational joints and driving constraints. The geometric constraints of the translational joints were treated as bi-
lateral scleronomic constraints and the driving constraints were rheonomic constraints. The frictional model of
translational joint was characterized by the type of Coulomb%s law. The dynamic equations were obtained by the
Lagrange equation of the first type and the constraint equations of translational joints were given by distance func-
tion. The problem about the translations of the normal constraint forces acting on the sliders of translational joints
was formulated and solved as a horizontal linear complementarity problem. The Baumgarte s stabilization method
was used to decrease the constraint drift. Finally, a crank-rocker mechanism was considered as a demonstrative
application examples. The numerical results of this example show some dynamical behaviors of the system with

frictional translational joints and constraint stabilization effect.

Key words multibody system, frictional translational joint, driving constraint, linear complementarity
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