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Abstract

Aiming at the vibration problem of a steel pipe clamping mechanism, in this paper, SolidWorks
was used to simplify the model of the clamping mechanism for steel tubes. Workbench was applied
to analyze the modality of the clamping mechanism for steel tubes, and the first 4 natural frequen-
cies and mode shapes were calculated and analyzed. The structure, the parameters of size and fixed
support were optimized, and the natural frequency changes before and after optimization were
compared. The results show that it is feasible to optimize the dynamic characteristics of the me-
chanism by changing the shape and size of the structure and the support method of the fixed end.
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Figure 1. Steel pipe clamping mechanism
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Figure 2. Mesh generation of simplified model
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Figure 3. Schematic diagram of contact object. (a) Support base and
longitudinal actuator; (b) longitudinal actuator and clamping mechan-

ism
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Table 1. Contact object and corresponding contact type

=1 AR R AN R R IR A SR

P 5 Fefuxt 5 £273 ezt
1 TS No Separation
2 TRER AT 508 B Bonded
3 S S S5 No Separation
4 FHEFP SR No Separation
5 RIRLAT 515 B Bonded
6 AL S5 T No Separation
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Figure 4. Support base constraint settings
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Figure 5. First 4 natural frequency distribution curve of mechanism
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A: Modal

Total Deformation
Type: Total Deformation
Frequency: 24.194 Hz

A: Modal

Total Deformation 2
Type: Total Deformation
Frequency: 25.391 Hz

Unit: mm Unit: mm
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12.038 Max 11.845 Max
10.7 10.529
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6.6877 6.5807
5.3501 52645
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1.3375 1.3161
0 Min 0 Min
2, z z v
0.00 150.00 300.00 (mm) Xy 0.00 150.00 300.00 (mm) xy
[ S— S [ Em— S
75.00 225.00 75.00 225.00
(a) 24.19 Hz (b) 25.39 Hz
A: Modal A: Modal
Total Deformation 3 Total Deformation 4
Type: Total Deformation Type: Total Deformation
Frequency: 42.571 Hz Frequency: 71.32 Hz
Unit: mm Unit: mm
2020/4/28 8:46 2020/4/28 8:47
8.6043 Max 11.439 Max
7.6482 10.168
6.6922 8.8974
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(c) 42.57 Hz

(d) 71.32 Hz

Figure 6. The first 4 mode shapes of the mechanism. (a) 1st mode shape; (b) 2nd mode shape; (c) 3rd mode shape; (d) 4th
mode shape
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Figure 7. Model after optimization of supportbase
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Figure 8. Schematic diagram of connection optimization between support base and longitu-
dinal actuator
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Figure 9. Schematic diagram of connection optimization between longitudinal actuator and
clamping mechanism
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Figure 10. Comparison of natural frequencies before
and after optimization
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A: Modal A: Modal
Figure Figure
Type: Total Deformation Type: Total Deformation
Frequency: 29.97 Hz Frequency: 3317 Hz
Unit: mm Unit: mm
2019/11/24 16:10 2019/11/24 16:10
11.299 Max 11.265 Max
10.044 10.013
8.7881 8.7615
7.5327 7.5099
6.2772 6.2582
5.0218 5.0066
3.7663 3.7549
2.5109 2.5033
1.2554 1.2516
0 Min 0 Min
z v z v
0.00 300.00 (mm) :>f 0.00 300.00 (mm) :>f
L SE— | L —)
150.00 150.00
(a) 29.97 Hz (b) 33.17 Hz
A: Modal A: Modal
Figure Figure
Type: Total Deformation Type: Total Deformation
Frequency: 53.689 Hz Frequency: 99.053 Hz
Unit: mm Unit: mm
2019/11/24 16:11 2019/11/24 16:11
9.4307 Max 12.099 Max
8.3829 10.754
7.335 9.4101
6.2871 8.0658
5.2393 6.7215
4.1914 53772
3.1436 4.0329
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1.0479 1.3443
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L S— L S X
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(c) 53.69 Hz (d) 99.05 Hz

Figure 11. The first 4 mode shapes of the optimized mechanism. (a) 1st mode shape; (b) 2nd mode shape; (c) 3rd mode shape;
(d) 4th mode shape
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