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Experimental Study and Parameter Identification of Dry Friction Vibration
Damping in Squirrel Cage Elastic Support

SONG Tan, CHEN Jiuru, LI Pu, YUAN Qi

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: This paper aims to address the issue related to the vibration reduction mechanism and
uncertainty in friction parameters of dry friction dampers in squirrel cage elastic supports. To
achieve this, a two-step parameter identification method is proposed based on a simplified model
of bilinear beam element. First, a stiffness analysis is carried out using the beam element bending
theory and finite element analysis. An empirical formula is proposed to calculate the bending
stiffness of the squirrel cage., which yields smaller errors compared to traditional theoretical for-
mulas. This provides initial conditions for parameter identification. Next, a test bench is estab-
lished for dry friction of the squirrel cage elastic support. The frequency sweep test of the squirrel
cage elastic support is carried out with a changing contact pressure on the end surface of the squir-
rel cage. The stick-slip characteristic curve and the optimal normal pressure are obtained. Based
on the stick-slip curve of the elastic support of the squirrel cage, a two-step parameter identifica-
tion of the beam element and the bilinear spring element is performed using the genetic algorithm,
and the parameter identification result verification and error analysis are conducted. The results

show that the hysteresis curve area error of the simplified model of the bilinear beam element is
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within 10%, and the calculation time is shortened by 92. 34 % compared to the three-dimensional

finite element model. This model provides an efficient and simplified approach for the dry friction

damping design of the squirrel cage elastic support.

Keywords: squirrel cage elastic support; parameter identification; stiffness analysis; dry friction

test; optimum normal pressure
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Fig. 1 Structure of the squirrel cage
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Table 1 Structural parameter of the squirrel cage

% 0 98 4% R RN FLE S A&
B b/mm  F h/mm & r/mm £ r/mm  F L/mm
4 4 58 62 103
6 4 58 62 103
8 4 58 62 103
10 4 58 62 103
12 4 58 62 103
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Fig. 2 Meshes of squirrel cage elastic support
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Fig. 3 The relationship between the rib width of the
squirrel cage and the bending stiffness of the

elastic support
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Fig. 4 Cross section of squirrel cage elastic support section
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Table 2 Comparison of flexural stiffness of elastic supports under different squirrel cage bar widths

o/ b/ n/ rn/ E/ . 8/ krem/ ky/ ky/ ky/ A A A
mm mm mm mm GPa pm (10°Nem ) (10° Nem D) (10°Nem ') (10°N+em ') % % %
4 4 58 62 210 1.00 493.0 4.06 4.05 4.05 4. 04 0.13 0.13 0.25
6 4 58 62 210 1.50 214.0 9.35 8. 86 9.95 9.52 5.24 6.42 1.82
8 4 58 62 210 2.00 109.0 18. 30 15. 70 19. 70 19. 40 14.21 7.65 6.01
10 4 58 62 210 2.50 622.0 32.20 24. 60 35.70 34. 80 23.60 10.87 8.07
12 4 58 62 210 3.00 19.6 50. 50 35. 40 59.10 56. 90 29.91 17.03 12. 67
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Fig. 5 The error comparison chart of the corrected formula
and the classic formula for the elastic support of the

squirrel cage
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Fig. 6 Schematic diagram of the squirrel cage elastic support

test bench
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Fig. 7 Flowchart of the squirrel cage elastic support dry
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Fig. 8 Squirrel cage elastic support without the rubbing disk
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Fig. 9 Squirrel cage elastic support with the rubbing disk
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rel cage elastic support with 5 Hz excitation test
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Fig. 11 Simplified force-displacement hysteresis loop

for squirrel cage elastic support
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Table 3 Identification of bilinear stiffness parameters for
squirrel cage elastic support for changing normal

pressure test

EE /N k/(MNem ') k,/(MN+m ")
14.21 2.88 1.17
20. 58 2.38 1.14
24. 50 2.52 1.15
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Table 4 Comparison table of equivalent viscous damping ra-
tio of squirrel cage elastic support changing normal

pressure test

Fx/N o./Pa L/ % Ae/ %
0 0 0. 36 0

14. 21 3231.01 2.87 697. 22
20. 58 4 679. 40 3.18 783. 33
24.50 5570.71 9. 00 2 400. 00
27.93 6 350. 61 12.00 3231.11
30. 87 7 019. 10 13.55 3 663. 89
34. 30 7 799. 00 10. 56 2 931.12
37.24 8 467. 49 4.88 1 255.56
40. 67 9 247,39 0. 62 63. 89
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Table 5 Beam element simplified model parameter table

H/mm R/mm E/MPa  p/(kg+m *)

136. 00 46. 81 488. 81 7 850
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Fig. 17 Simplified model of dry friction damper with squirrel

cage elastic support
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