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Nonlinear Dynamic Modeling and Numerical Analysis with Clearance Joints
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Abstract: A nonlinear dynamic model for the clearance joints in space deployable mechanisms is established, and
the nonlinear dynamic characteristics are studied. The clearance joint entity is equivalent to a T-type beam model. For
the radial and lateral collision at the ends of two sides, a detection algorithm for collision points is proposed for the first
time. The analysis models for the nonlinear contact force and friction corresponding to different collision types are
established, and the equivalent force at the collision points is applied to the T-type beam model. The dynamic
characteristics of the T-type beam model under axial impact loads are analyzed, and the results are compared with the
analysis results from the ANSYS software, by which the effectiveness of the nonlinear dynamic model for clearance
joints is verified. The dynamic response characteristics of a deployable truss structure with multiple clearance joints are
analyzed, and the influence mechanisms of the clearance joints on the dynamic responses are investigated. The results
show that the nonlinear dynamic responses of deployable truss structures can be analyzed more precisely by using the
dynamic model with clearance joints, which can provide support for the dynamic design of deployable truss structures.
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Fig.1 An entity with clearance joints

@’

H2 TR
Fig.2 T-type beam model

HRAEL Y B HE R BEAT R) L B b R A S AR A
RO SR 2 i A X B Bl o X 4k ST I E] B BB
B il 5 S 2 A A A ) A R B T S B
(] i 50 i 445 Ay v ) I 7 7 00 1) 1422 1 8] B, 4 A 3
Pt o 2G5 5 b B e AR i S BRI )
fill 43 (AN B 3 Ca) B 7R ) 5 24 B 5 4 il & A2 A2
F14 il 3 IF L PR A A2 1o lf 42 (AN 181 3(b) B R ) o il HL
M iy A0 A% 1 Bl 98 0k AT RE [R] N AR S BOfE is Bl ad



o5 37 & 2020 4EH5 11

T =5 B ECHE A N LM B ) 2 AR R R o) B 53

(R TR R R HES R RS- S N e S T g -
AN [R] — A SF T P o il R Gl 2 0 AR S IR R
TA% I 2] P A S [R) A L T A
0 5 5 8] AT R TE AL Y FE At A PR R A i B il A
B 2 0 e PR 2 B D T 45 AT AE AT 9 3 SR
Ao T o BT A R B A S S e
T, e ) DR Al A A 2 2 1) 10 Ak il 4R 2 A
TRAE R fih

A 1 4 8

(a) U] i A

7 [ 4l 8
(b) AL
B3 = AliE A 12 m Al 4E

Fig.3 Lateral collision and radial collision

12 Z#EREEHNNEFTE

AN HE T 2 R ) B BE T Y 45 3h g i
WAy AT SRR o AN BT IR R ] B A B 1 S AR A A
L CUn P 1T 7R ) BTk o T P 2 T 2R 84 RS A AT
BT 7 BB RS 45 b H 0 05 2 25 0 R, & D
FALR N Ry, Horp R h i 4 5 1.2.3,

7R A E T O 4.5.6.8,

B o B AT 13,23 .37 1 46 .56 .68 #5 JH 45 F T
2 1 IR 2 PR TT R B B, W] AR B — AT
FRUREHY (1) 25 44 5l 124 5 B Ry

Mi+ Ci+Kr=F+F, (1)
K M CLK 53 B R AN 25 B 18] BBt 1 485 44 It
T B R R R R

HY 2 B T A O R 4 AR 31 U B R

=[x X Xy Ty T5 Ts Xy IS]T

x=lu v w, 0, 0, 0,]

F AN 5 1 6, F o BN Ay A 4 1k e
IR Ak, W] IR R S B2 0 R BB R Bz ik ) 4y b A A
35,

2 (1) BRI A 3 8] B B 14 ol 1 2 B AL, AT Ly
i b, B B AR 5 48 1 Bl D) Ay B . SR A
B4 B0 AR 43 1 1 Newmark 36, BIVA] $E4T 25 1] R 4%
B S5 KA 19 ) T3 2 1N 43 AT o

2 GRS AR

(2)

2.1 EMAEIERNEE

WP LT s 1 V) B B B B 1 Ak R 8 A
A, Bl 2 D R T R4k TR AR T, B R A B TE 1
42 i G 458 43 A R TR 00 P14 TS o Y il AR S T [ 0
SRR R LA 2, 5 3 B 4 12 b AL B E T
it TAT [ 0o 43 50 Ry 0 4 R0 50 435 Al H 0 B 48 X A AR
H R, HE L 4 AR AR N R,

61 T

B4 M AhAEE S TR

Fig.4 Analysis model for the contact collision on the left side
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Fig.5 Equivalent application of the radial contact force
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Fig.6 Equivalent application of the lateral contact force
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Fig.7 Analysis model with clearance joints
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