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Modeling of a Timing-Belt Drive System Used in a Large-Scale Panel-Handling Robot

ool A 1=
29", 244

Eunim Jo' and Sungsoo Rhim"*

1 Z3|th&tw 7| A S8t (Department of Mechanical Engineering, Kyung Hee Univ.)
P4 Corresponding author: ssrhim@khu.ac.kr, Tel: +82-31-201-3248

Manuscript received: 2013.7.10 / Accepted: 2013.8.9

Most of large scale solar panel handling robots adopt the timing-belt drive system for its driveline
because of the simplicity and the easiness of implementation. The vibration caused by the flexure
of the timing belt would increase as the size and the weight of the panel that the robot handles
increase and the vibration would deteriorate the precision and/or productivity of the whole robot
system. For the development of a proper control system and for the improvement of the design of
the robot it is important to estimate the oscillatory response of the robot system including the
flexible drive system properly. In this paper a flexible multi-body dynamics model of a large-scale
solar-panel-handling robot with the flexible timing-belt drive system is developed using a generic
multi-body dynamics analysis program, RecurDyn.

Key Words: Flexible Timing Belt Model (8¢ Ef0|Y #E ) Panel Handling Robot (I{'d 0% %), Multi-body
Dynamics Modeling (Ct=4| 59 ZEHE)
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T = Motor torque on driving pulley
Fy, F,= Tension between pulleys
J1, J,=Inertia of pulleys

11, r; = Radius of pulleys

0, 6, = Rotational angle of pulleys
N;, D;= Constants

q = Distributed load

6 = Deflection

L = Length of beam

E = Elastic coefficient

I =Moment of area

b, h = Horizontal and vertical length of cross section
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paper

3 Location of timing belt system
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Fig. 2 Robot arm and each timing belt system location
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Fig. 3 Timing belt system in each link
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Fig. 4 Schematic diagram of timing belt drive system
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O Contact Point

Timing Belt
[ il s ]
Timing Pulley

Fig. 6 Profile of teeth and contact points of timing belt
and pulley

Beltline

Driven Pulley \ Driving Pulley

Timing Belt

Fig. 7 Typical model of timing belt system
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Fig. 9 Cross section and bending part of timing belt
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Table 1 Parameters of timing belt flexible model

Parameter Value Units

Density 1.817e-6 | kg/mm’
Poisson’s Ratio 0.26

Young’s Modulus 12300 N/mm?
Shear Modulus 4730 N/mm”

L 0.1745 mm*

Moment of Area Iyy 0.0436 mm*

I, 34164.9 mm*
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Fig. 13 Simulation result — Translational vibration in X

direction
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