a3k Fad
2024 48 H

K om Tk k¥
JOURNAL OF TIANGONG UNIVERSITY

e Vol.43 No.4

August 2024

DOI:10.3969/j.issn.1671-024x.2024.04.012

B X EEFEREARTFINENR N FEDH

B2 A RV ERE A

g 1,2

(1. RETARE M TRRARE, K 300387; 2. KEET A ASA KEET I LR R H RS0 %, K 300387)

W E: ARSVMAD A FZ S, AT @AM, B F &S AT A RS MRS S ks h
ol B0 e o Bt AR EAE AR F] Al ADAMS AR P R RH B AR AR, S EH S AR AT S ik
HEAF O S ATHABEAT S ) AR JL, AR R A A A E ) IR R AT R L S ) AR At
FAFBHAFHEY R, AREREAV . B5EX TR, 2 X T RWA S £ 8 KRGS, FB8 M
Heig B ok B B AR Z ;18 MW SE B woALE B AR, W STALM B B S R AT A M AR B B R AT M
B, T VAME K Mo AR ) RS 3 1 SRk Bh e % vk

KB : 5 XN ATy FAEAT; S 55 ST
NEHS: 1671-024X(2024)04-0075-07

FE %S THI13 XEkERRRED: A

Dynamic analysis of planar flexible six—bar mechanism with multi—joint clearances
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(1. School of Mechanical Engineering, Tiangong University, Tianjin 30087, China; 2. Tianjin Key Laboratory of Advanced

Mechatronics Equipment Technology, Tiangong University, Tianjin 300387, China)

Abstract: In order to improve the accuracy of dynamic analysis, the effects of multi —clearance joints and component

flexibility on the dynamic response of multi —body mechanisms is considered, based on the planar six —bar

mechanism. The dynamic simulation of the six —bar mechanism with multi —clearance joints and flexible

connecting rod is carried out by solid modeling and citing the "impact function" contact force model in ADAMS

software. The system dynamics under clearance number, clearance position, clearance size, flexible connecting

rod and clearance coupling are investigated. The simulation results show that compared with the single clearance

joint, the multi —clearance joints will produce greater contact force, resulting in more intense acceleration

fluctuation of the component. The closer the clearance joint to the motor position, the more obvious the influence

on the dynamic behavior of the mechanism. The influence of clearance on the dynamic fluctuation of the

mechanism can be greatly reduced when considering the flexibility of the connecting rod.
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Fig.1 Six—bar mechanism with multiple clearances
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Fig.5 Displacement curve of slider 2 with different

number of clearances
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Fig.10 Dynamic response of slider 2 with different clearances

& 10Ca) AT, M E BRIE/N T 0.50 mm B, B
M4k ARG AR ER N, SHEEIZEEAY G,
YA BRI F] 1.00 mm B, 3 il 2 2 Mok b
. B ERR, S h 225 . th &l 10(b) 7]
0, B ) BRSO AR R, AL Sl A il 2 22 3
1o MR B R AIE
3.3 SFMMERATIME

R T RIS TSN B ST ] BRI B Bl 2
SN IR BRICEA: ABAQUS X AT HEF 7 Rk
R I B e TE B 2 v ek A T, oM AT S 8
% 3 R,

#3 FEMEHSH

Tab.3 Parameters of flexible connecting rod

28 EYCIER S8 EYCIE
K /m 0.15 (kg m™) 7 800
BE R A/m? 0.000 1 TN 3930

HPERHR/GPa 170 BB 20

T : A DU TR



- 80 -

X B T I kK % %2 &

R

A AT 221 A I B RS B [ A AR 43
335.29 Hz.864.57 Hz 1 916.24 Hz, {H[& 11 fif7s . 555
4 600 r/min I} SRS ST IAIARFAE S 10 Hz, JEARIEF]
FAARR I 1A 4015, DR AN 25 77 AR AR B T IR o

fJe  FE ABAQUS COMMAND 7 H I 4 Hh SCfF
(.mnf) J5 A ADAMS H, A= B 5 18] BeUFN 22 14 38 4T 119
FSFAILA, i 11 iR .

e

(a) FRVEEFFOIIRRA

(b) — B (145 45i% 335.29 Hz)

(d) =B ([FA 452 916.24 Hz)
B 11 FHEEFES

Fig.11 Flexible connecting rod mode

0.2

N T WS EAT 00T 18] B e X LA 5
JIERFE R RN, U 05 A S W AT R R 0 A5 1
AT MBS AR I 12 R

HT & 12 mT1 AR5 A RAEET AL o, B IEA
7 [ B 5 ), WL 9 e 2 A2 % | R 1 it 2k 5
R AR EEA RS — 0, RUIBI BB XRS5
FESL MR/ I 5 Bt 0] B i A 38 22, LA T Bk 2 /9
R Bl A (L AN 3 5 W TR AT 2 22 DA R
S AT ER 2 0 T3 e 2l e L T S k) | R TS AT
FME 2N I BE 72 5 7 A — R BRIV 5 25 IR AT
FNEZ 5 N AN R (R e B B4 (H b
DI L 7 AR R R 7= 5 , I HLAESE2E i 2] LRI 3
FEARAE T B sl S e 24

11 12(d) A& 7 R, 25 R P e v 46 R 7™
PR Ak AR EE R LRA AT B 284, T SR BRAE 12
fith 4R G W R/ N o DR T R A A il 47
I, ZEPE I AT A SR A T REAS 2 vl 29055 il R 22 1] 19
il 0 R, o8 9 B 14 2 48 O B0 /D, e fk

JIR N
40
— =[Hp -8
~  30p--- i /
\;n 2 \"
£ 20 _. . .
=
*,ELSJ 10
(o]
= r
EIT
_20 1 1 1
0.20 0.25 0.30 035 0.40
i [a)/s
(b) WiHe 2 g
15
— =Ep
R YU LF1] 578
Lol o
—-— FjiE

0.5 F

R A B9t/ x 10°N

0.20 o.ﬁs 0.30 0.'35 0.40
s ) /s
(d) #5sh@E) A Zb il

12 A[E B R &2 B iR ER 2 B 0 S M R

Fig.12 Dynamic response of slider 2 with different number of clearances

— =
- - Rl
g %0 <o T
8 —— JIAH
& o2
o™
X
£ o4
_0‘6 1 1 1
0.20 0.25 0.30 0.35 0.40
i [E)/s
(a) WrHL 2 ik
5.0
~ — =[]
® ) - = - BB
£ 7 - H R
= —= FiAR
- 0
i)
o =25
%
gz
-5.0 1 1 1
0.20 0.25 0.30 0.35 0.40
HiF 1Al /s
(c) Mrbe 2 ek B
4 & it

ARSCHIESE T % 22 571 [l B -5 AT 2Rk - 1T 7N
FAOUR BB St TiR4i R 2R T ADAMS H i ]
AR M IR, G T S TR B AT SR A A X AL

FBh 1A ERE BRI

(1) TR] B2 (s LA i3 2 i 1 7= A2 72 , =
SO S Bz Sl S 2 1 PABIRES , s 2 % 1]
B2 W) ) SRR B, AT ] B 52 ) ) SRR T
Z AR R

(2) FEFE I BUECR (3G 2, Wk 2 A A



55 4 1]

G DG, 5 2R RIB R EAFHUGI 3) 12250 B

-8l -

SR A RIS R R BEBOR , R D T B
(3) (e85 RIS, (A1 BE 2 AL ML 5k
AT W XHHILAS (42 1~k S B A
(4) ZIEFERTZNER;, MR AR e 22 52 vh
[ A it il R A A, DRI ) 142y R
MR , 5 NI LA, R R IR 2 R

SE M-

[1] FLORESP, AMBROSIO J, CLARO J C P, et al. Translational
joints with clearance in rigid multibody systems|[J]. Journal of
Computational and Nonlinear Dynamics, 2008,3(1).:112-113.

[2] FLORES P, AMBROSIO J. Revolute joints with clearance in
multibody systems[J]. Computers & Structures, 2004, 82(17/
18/19) : 1359-1369.

[3] WUXZ, SUNY, WANG Y, et al. Correlation dimension and
bifurcation analysis for the planar slider —crank mechanism
with multiple clearance joints[J]. Multibody System Dynamics,
2021, 52(1): 95-116.

(4] FI4EE B IREEIR] B AL B ) AR YERIT ST D). MR IR

My IRTE TAlk K2, 2011
BAI Z F. Research on dynamic characterisitcs of mechanism
with joint clearance[D]. Harbin: Harbin Institute of Technolo-
gy, 2011 (in Chinese).

[5] KHEMILI I, ROMDHANE L. Dynamic analysis of a flexible
slider—crank mechanism with clearance[J]. European Journal of
Mechanics—A/Solids, 2008, 27(5) . 882-898.

[6] ABDALLAH BEN M A, KHEMILI I, AIFAOUI N. Numerical
investigation of a flexible slider—crank mechanism with multi-
joints with clearance[]J]. Multibody System Dynamics, 2016,
38(2): 173-199.

[7] DUBOWSKY S, MOENING M F. An experimental and analyti-
cal study of impact forces in elastic mechanical systems with
clearances[J]. Mechanism and Machine Theory, 1978, 13(4).
451-465.

(8] WhAEsR, PRELHT, Tl 55, 25 08 = AR IR L E B AL Y

23 [AILA 52 @%ﬁiﬁﬂﬁﬁ'—"%*ﬁﬁfi[ J] R8h 5 b, 2021,
40(1). 297-307, 316.
YAOTQ, CHEN R B, WANG L H, et al. Flexible multi-body
dynamic analysis method of spatial mechanisms considering 3—
D cylindrical hinge clearance collision[]J]. Journal of Vibration
and Shock, 2021, 40(1): 297-307, 316 (in Chinese).

[9] WANG G X, WANG L. Dynamics investigation of spatial par-
allel mechanism considering rod flexibility and spherical joint
clearance[J]. Mechanism and Machine Theory, 2019, 137. 83—
107.

[10] GU P Y, DUBOWSKY S, MAVROIDIS C. The design impli-
cations of chaotic and near—chaotic vibrations in machines[C]//
Proceedings of ASME 1998 Design Engineering Technical
Conferences. Atlanta, Georgia, USA: ASME,2021.

[11] i‘J%ﬁ: PINAR B 5 DX I 5 ) B 3 P LA 42 T o B 23 A

J ERRZEZER, 2021, 44(2): 53-64.

LIU Z Y, SUN D Y. Tracking accuracy analysis of a flexible
manipulator with interval joint clearance[J]. Journal of Chong-
qing University, 2021, 44(2): 53-64 (in Chinese).

[12] SCHWAB A L, MEIJAARD J P, MEIJERS P. A comparison of
revolute joint clearance models in the dynamic analysis of rigid
and elastic mechanical systems[J]. Mechanism and Machine
Theory, 2002, 37(9): 895-913.

[13] YAQUBI'S, DARDEL M, DANIALI H M. Nonlinear dynamics
and control of crank—slider mechanism with link flexibility and
joint clearancel[]J]. Proceedings of the Institution of Mechanical
Engineers, Part C: Journal of Mechanical Engineering Sci-
ence, 2016, 230(5) . 737-755.

[14] TANHY, HUY J, LI L. A continuous analysis method of pla-
nar rigid—body mechanical systems with two revolute clearance
joints[J]. Multibody System Dynamics, 2017, 40(4): 347-373.

[15] CHENG S G, CHEN H W. Dynamic analysis of reciprocating
compressor with two revolute joint clearances[]J]. IOP Confer-
ence Series: Materials Science and Engineering, 2019, 677
(3): 032079.

(16] AL, AL, BUT, 2. & Z I B nl AR 3l )2

AR R A L)) FRLFE, 2018, 39(7): 724-731.
QIU X S, REN Z B, GUI P, et al. Dynamic modeling and
simulation of a flexible deployable solar array with multiple
clearances[J]. Journal of Astronautics, 2018, 39(7). 724-731
(in Chinese ).

(17] JEADE. & e £ 18] B 64 2 1k T AR 3 2541k 23 A D],
K HMORE, 2021
QU R Y. Analysis of dynamic characteristics of flexible and
deployable mechanism with rotating hinge clearance[D]. Chang-
chun; Jilin University, 2021 (in Chinese).

[18] CHEN Y, WU K, WU X Z, et al. Kinematic accuracy and
nonlinear dynamics of a flexible slider—crank mechanism with
multiple clearance joints[J]. European Journal of Mechanics —
A/Solids, 2021, 88 104277.

[19] ZHENG E L, WANG T Y, GUO J, et al. Dynamic modeling

and error analysis of planar flexible multilink mechanism with

clearance and spindle-bearing structure[J]. Mechanism and Ma-

chine Theory, 2019, 131, 234-260.

SALAHSHOOR E, EBRAHIMI S, ZHANG Y Q. Frequency

analysis of a typical planar flexible multibody system with joint

clearances|J]. Mechanism and Machine Theory, 2018, 126;

429-456.

[21] LIY Y, WANG C, HUANG W H. Dynamics analysis of planar

rigid—flexible coupling deployable solar array system with mul-

[20

[

tiple revolute clearance joints[J]. Mechanical Systems and Sig-

nal Processing, 2019, 117, 188-209.

AR5 3HE
DG, T B, S5 % 22 5T TR B T SR S AT ALY
B E T KRR TR 74, 2024, 43(4): 75-81.
JIN G G, HE S, WEI Z, et al. Dynamic analysis of planar
flexible six—bar mechanism with multi—joint clearances|J]. Jo-

urnal of Tiangong University, 2024, 43(4): 75-81(in Chinese ).



