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ABSTRACT

This study aims to improve the dynamic stiffness of an inspection robot frame to prevent derail-

ment from transmission lines. Finite element models for the transmission lines and robot frame are

developed for the multi-body dynamic simulation. Natural frequency analysis was conducted using the

FE models. Three types of spacer damper clamps installed on 4-conductor transmission lines are used

to evaluate the derailment of the robot. Multi-body dynamic simulations with FE models are demon-

strated for sub-span oscillation. When the robot operates,

derailment of inspection robot from the

transmission lines is determined because of resonance. To prevent the resonance, body position was

changed and thickness optimization was conducted. The results show that derailment was not oc-

curred because of the natural frequency improvement.
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Fig. 1 Natural frequency mode shape of transmission

Table 1 Comparison of natural
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Fig. 3 Finite element model of inspection robot

Fig.4 1st natural frequency mode shape of base

model

Table 2 Natural frequency of inspection robot frame

Mode Frequency [Hz]
1st Bending mode 10.56
Ist Torsion mode 12.86
2nd Bending mode 16.70
2nd Torsion mode 20.73
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Tension : 2500 kgf

Fig. 7 Multi body dynamic simulation result of base

model
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Fig. 8 Body displacement of base model
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Design variables
Thickness of each carbon pipe

Design constraints
Maximum displacement < base model 20 %

()

Natural frequency > base model +15 %

Objective function

Minimize of robot frame mass
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Fig. 12 Multi-body dynamic simulation result of opti-
mal model

Optimal model
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Length (mm)
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Fig. 13 Comparement of body displacement between
modified and optimal model

Table 3 Comparison of thickness between modified

and optimal model
Length Modified model Optimal model
[m] [mm] [mm]
DV 1 2 3
DV 2 2 1
DV 3 2 3
DV 4 2 1.7
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