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A Study on Dynamic Characteristic of Robot Cables
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ABSTRACT

In this study, the finite element modeling for the signal cable and pneumatic hose of the industrial robot
is developed. The modulus of elasticity of signal cable and pneumatic hose is predicted by deflection test.
Finite element model for the signal cable and pneumatic hose is developed by using the modulus of
elasticity obtained from the tests. The developed finite element model is estimated through the vibration
analysis. This study shows that the developed finite element model can be effectively utilized in the

dynamic analysis.
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Fig. 1 Robot Cable

(b) Pneumatic hose
Fig. 2 Bending Test
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Fig. 3 Cable stiffness
Table 1 Cable property
Cable Signal Pneumatic
Length, L 100 mm 100 mm
Moment of l
inertia, 1 718.69 mm< 5379.69 mm<
5 1.1 ™
— 16.318 mm/N 2.5667 mm/N
P
Young’s
modulus, E 26.631 N/mm? 33.129 N/mm?
Fig. 5 Equivalent FE
3.1
Table 2 Table 2 Material pro
Fig. 4 . Model

Equivalent signal cable

Young’s modulus

33.129 N/mm?

Poisson’s ratio

0.49

Density

1.06E-06 kg/mm3
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1%tbending — 120.31Hz 2"bending — 311.01Hz

15ttorsion — 348.87Hz
(@) solid signal cable

15bending — 119.83Hz 2™pending - 313.27Hz

15'torsion — 363.01Hz
(b) equivalent signal cable

Fig. 6 Normal mode analysis of equivalent signal
cable

Table 3 Material properties of equivalent signal cable

model
Model Equivalent signal cable
Young’s modulus 30.5 N/mm2
Poisson’s ratio 0.49
Density 1.91E-06 kg/mm?3

Table 4 Comparison of natural frequencies of signal

cable model
Mode Natural frequency (Hz) Percent
solid equivalent solid |change (%)
1" bending 120.31 119.83 0.39
2"%hending 311.01 313.27 0.72
1% torsion 348.87 363.01 4.05
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Fig. 7 Solid FE model of pneumatic hose
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Fig. 8 Shell FE model of pneumatic hose



15'bending — 272.78Hz 2"@bending — 619.66Hz

15%orsion — 450.57Hz

(a) solid pneumatic hose
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Fig. 9 Normal mode analysis of pneumatic hose

Table 5 Material properties of pneumatic hose

Model i . - . .
,Ode Pneumatic_hose a cable harness in multibody dynamics, Proceedings
Young’s modulus 26.0 N/mm?2 ) )
Poisson’s ratio 0.49 of the KSME Spring Annual Meeting, pp. 310~315.
Density 1.06E-6 kg/mms3

Table 6 Comparison of natural frequencies of
pneumatic hose model

- Natural frequency (Hz) Percent
solid shell change (%)
1% bending 272.78 268.520 1.59
2"lbending |  619.66 610.23 155
1% torsion 450.57 459.86 2.02
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