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Table 1 Geometrical and material data

B, B,
Radius of round head r (m) 0.0075
Length 1 (m) 0.3075 0.6
Width b (m) 0.015 0.015
Thickness t (m) 0.002 0.002
Youngs modulus E( GPa) 70 70
Poisson’ ratio 0.3 0.3
Density (kg/m®) 2.7 x10° 2.7 %103
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Table 2 Time step required for stable solution

and CPU computing time

Method Penalty  Time step for ~ CPU computing  Simulation

factor  stable solution time results

ACCM No 1x1077 2 h 57min 48s Normal
LS-DYNA 0.01 2x1078 1 h 6min 26s  Distortion

LS-DYNA 0.1 1x1078 2h 8min 6s Normal

LS-DYNA 1.0 1x1078 2h 2min Ss Normal

LS-DYNA 5.0 1x10~° 19h 49 min 2s Normal

BEAR, INIEL 3 — 6 (951 s BT 3535 45 2R (i
20) KB, MR eR 8O %, % T AR A 31 P (K
WA X 3R -2 0.01,0. 1,10 15,0 B 1%
OL) , T2 A E e AN TR A 3k /N ST IR 5 (I
3) exit B HA R R L G TR R B —E
FEHE (5 HEE TR AEAEA K (B S - 186) , AT LA
D A RS T NG ORI AE R AT ]
REFF 2 AR OO AT KT 1. 0. Big BN
T AR BN R RS W (B SEBRTTS R 3 IO
MR, O TAREIRG E 4528, WP K SR
/N PEEL RO T HRCR. T IL,  T AR RO
FITFEAER ST AT U AN BETCBR i A, b A2 22
1 2 YR B G 1 1] IR

M3 - [ 6 ) ACM J5 kit B g R (524k) &
B, XA R HA A OB ST R 2 X

A SCHE T B AAAE
60 T T T
--------- LS-DYNA £=0.01 timestep=2e-8
—  ACCM timestep=1e-7
501
40 +
z
B
<
(=]
'
0 L ) | L
0 0.5 1 15 2 25
Time/s -3

[5/3  ACCM 5 DYNA {ij[HF 0.01 ByRlif ) Hh£k
Fig.3 Contact force (ACCM and LS - DYNA s =0.01)

60 T T
--------- LS-DYNA f5=0.1 timestep=1e-8
sl ACCM timestep=1e-7
40}
~
B
I
S }
L 20 ‘v
10}
o}

L L L L
05 1 15 2 25
Time/s

|54 ACCM 5 DYNA §ij ¥y 0. 1 [yl Jy fli £k
Fig.4 Contact force (ACCM and LS —DYNA fs=0.1)

60

--------- LS-DYNA f5=1.0 timestep=1e-8
ACCM timestep=1e-7

50

40+F

Force/N

L | . .
05 1 15 2 25
Time/s -

K5 ACCM 5 DYNA SiPEFJ 1.0 (i Iy i<k
Fig.5 Contact force (ACCM and LS —-DYNA fs=1.0)



EC I 2013 455 11 45

60 T T T
——————— LS-DYNA fs=5.0 timestep=1e-9
sl —  ACCM timestep=1e-7
z
T
=4
(s}
w
10 ! L . !
0 05 1 15 2 25
Timefs 3

K6 ACCM 5 DYNA i T2 5. 0 iyl Jy i £
Fig.6 Contact force (ACCM and LS - DYNA {5 =5.0)

2 EARAEIX I R

2.1 #ZmaiElERE

R T BIEAR SCHRE S (4 Rl AR B 7 2 0o AR AR
P IERYE , B T R A AR A R S . sl 7
JIT 7 A 52 56 25 R R L R S I e AL AT B
{4 < 9 [5] AF: A THT 55 A, Polytech Gmbh 23 w] il 1 Y
OFV —300F #EOEIM R (LDV) (Sl i AR 1.
5V E I H 4 8 SL 8 A 4L, flb i T AR AT 2 1
HEE O PRGBSk
Tl A N AR sl 2K

strain eaue Controller
Sra gauge.
Limit plate. strain gauge Junction box.

Power source.

workstation.

P 7 Scgmde R EIAl

Fig.7 Experiment equipments

W7 Fs, —IFURAT By MR AR 15—
HE R E AL SRIGHT B, A iR, R EDK
SPLEARI By R S R K BIVRE SR R 4R
JE, BT B, 1435 B 8 1 WO IRACHEA T . 22
i 25 YO, Ao ) BIE A N 20 R B, B9l 0.
21m/s, A P31 22/N T 0. 5% . FERER S5
HRRIE SR 7 O B [ g R e — AN SR . fE - 2B
W B A P A T DN AR ) 2 P AR AR T

S 56 3o i v s e A S A0 0 1] 5 7 ) A il 8 5
T, O BT 1) R S il 2 32 BRI, S 8
LA TR 0 2 45 81 ) i A8 ) 1 iR F) il £
1, R o i B TN A [ R st Bl H 7 LA SR
FR AR ) A IERRTE.

TEASTR AT, 4 R AN FH B8 A5 5 0 %) W T Al 43
By REBEATRUELS B, P AR A P A UL
AT Fs sA 250N ER 3 Fs.

®3 FUFOMBMEHESH

Table 3 Geometrical and material data

B, B,
Radium( m) 0.01 0.01
Length(m) 1 1
Youngs modulus ( Gpa) 70 70
Poisson§ ratio 0.33 0.33
Poisson ratio (kg/m3) 2.7 x10° 2.7 %103
Initial velocity (m/s) 0.21 0
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Table 4 Geometrical and material data of double pendulum

B, B,
Width (mm) 0.01
Youngs Modul (Gpa) 200
Poissons ratio 0.3
Density (kg/m?®) 8 x10°
Contact angular (rad) 47/3 Sn/4
Contact angular velocity (rad/s) 3 10
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STUDY ON CONTACT/IMPACT DYNAMICS OF FLEXIBLE
MULTIBODY SYSTEM WITH TOPOLOGY VARIABLE °

Hong Jiazhen Liu Zhuyong'
( Department of Engineering Mechanics, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract There is an increasing number of discontinuous dynamics problems, such as contact and impact, in
the engineering field. The known modelling theories and methods, which are used to solve the continuous dynam-
ics of flexible multibody systems, are not able to solve those problems or to solve those problems perfectly. In this
paper, an appending constraint method was proposed to solve the contact/impact dynamics of flexible multibody
system based on the idea of topology variable. The impact experiment of flexible bars was designed to verify the
validity of the proposed method. At last, a multi — variable method was proposed to solve the multi — scale prob-
lems of time and space when the global simulation of the discontinuous dynamics of flexible multibody systems was
carried out, and the computational efficiency of the global simulation of the discontinuous dynamics of flexible

multibody systems was improved by using this method.

Key words flexible multibody sytem, contact/impact, topology variable, numerical simulation, experi-

mental research
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