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Abstract

Aiming at the phenomenon of vibration and abnormal joint response in the operation of walking

robot, the dynamics method is adopted to simulate the contact state of the clearance model of the moving pair,

and the natural frequency of the walking robot with clearance is analyzed , avoiding the problem that the nonlin-

ear factors are ignored in the simulation analysis of the computational modal analysis method. With the help of

transient dynamics simulation, the displacement response of the walking robot with clearance is calculated , and

then through the Fourier transform, the frequency response curve is obtained, the corresponding frequency of the

curve peak is the natural frequency of the walking robot with clearance. The existence of joint clearance can re-

duce the natural frequencies of the walking robot, but the clearance does not affect the mode shapes. The first-

order mode is the sway vibration of the platform and the support leg along the X—axis, the second—order mode is

orthogonal to the first—order mode, and the third—order mode is the torsional vibration of the platform and the

support leg along the Z-axis.
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Fig. 1 Geometric model of robot leg
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Fig. 2 Geometric model of robot branch chain
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Fig. 3 Parallel legged walking robot
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Tab.2 Load and time step setting table
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Fig. 5 Displacement response curve of ideal model excitation position

D FHT 24 P WAL X8 7 PR R AR SR AL A S5 M Y
WA R BT AT AR, B A 4 g
{H, VEAEFTAER X R AL A AR R T 4 9 ) [ A
AR, — M OL T, R RE AS X ALARES A B4 45 1 5
Wi, FUBIBCHT 3 B A R, AR 5 3 Fuik
AT R 5 ] B R Xok 7 B4 T 3 9 I A A A< R R I 5k 3
Pise M3 HRT IR, A TR B R B [ A A
ESL RN

*3 WHERFI3HEEMRER

Tab.3 First three natural frequencies of the two models
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Fig. 6 Displacement response curves of the excitation positions of the

clearance model under the three states
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Fig. 8 Frequency response curves of the excitation positions of the clear-

ance model under the three states
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Tab.4 Modal simulation results

1By 20 3B
&4 45 %/ Hz 6.743 6.747 12. 809
BIASPRTY WX B | U YR IR | 2R Z 6

PLAF AN RIBSRAIE R I - HLas A\ 2L v 5 F BT
BHALE AU, PLEs AMLARAE XY 1A 2, Bfd

A: Modal

Total Deformation

Type: Total Deformation

Frequency: 6.743 Hz

Unit: mm

2020/11/9 16:03
2.779 1 Max
2.4703
2.1615
1.8527
1.5439
1.2351
0.926 36
0.617 57

0.308 79 2°
0 Min b

A: Modal
Total Deformation 2
Type: Total Deformation
Frequency: 6.747 Hz
Unit: mm
2020/11/9 15:54

2.780 1 Max

2.4712

2.1623

1.853 4

1.544 5

1.2356

0.926 71

0.617 81

0.308 9

0 Min y

°

z
X

A: Modal
Total Deformation 3
Type: Total Deformation
Frequency: 12.809 Hz
Unit: mm
2020/11/9 15:57
3.405 5 Max
3.027 1
2.6487
2.2703
1.8919
1.513 6
1.1352
0.756 78
0.378 39

y
0 Min  |[,e
X

(el) %E3Hr

(b2) # 2B PRm

(¢2) S 3FiRM

PLas NI BURSIILER o BARROBLSIR B ANTE 9 B 7R o

PLas A 1B 5 2 B P 2 2 3 o0 AL A% N F 6 78
Xoy i WA S i SRS . AR, 1Bk
BUME, L SCERAE XOY T X 577 1) A9 #8458 4R 3 5 2
B PR AL, R S ARAE XOY TV Y Sl T ) Y B R IR
g 3HH R R BN HLE N 5 5 R SR EE Z Bl
MRS

A: Modal
Total Deformation 2

Type: Total Deformation
Frequency: 6.743 Hz
Unit: mm
2020/11/9 16:02
2.779 1 Max
2.470 3
2.1615
1.8527
1.5439
12351
0.926 36
0.617 57 %

0.308 79 °
0 Min Z . x

250.0 500.0

(a3) %1 HrPRM

A: Modal
Total Deformation 2
Type: Total Deformation
Frequency: 6.747 Hz
Unit: mm
2020/11/9 15:57
2.780 1 Max
2.4712
2.1623
1.853 4
1.5445
1.2356
0.926 71

0.617 81

0.308 9 2°

0 Min X
250.0  500.0 250.0 500.0

(b3) 5 3FrRm

A: Modal
Total Deformation 3
Type: Total Deformation
Frequency: 12.809 Hz
Unit: mm
2020/11/9 15:59

3.4055 Max

3.0271

2.648 7

2.270 3

1.8919

1.513 6

1.1352

0.756 78 5

0.378 39

0 Min 2°
x

250.0 500.0

250.0 500.0

(¢3) % 3HPRM

9 HLEs A HT 3 B A R A &

Fig. 9  Diagram of the first three modes of the robot
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