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Vibration Control of the Hybrid Type Solar Cell Substrate Handling Robot

S, HEE T uEe, YT

Dong Il Park"*, Cheolhoon Park’, Joo Han Park’, and Kwang Cho Cheong’

1 837[A4 7Y, ERHFIERLYAATA (Department of Robotics and Mechatronics, Korea Institute of Machinery and Materials)

< Corresponding author: parkstar@kimm.re.kr, Tel: +82-42-868-7984

Manuscript received: 2013.7.10 / Accepted: 2013.7.31

Various types of large substrate handling robots are used in the thin file solar cell manufacturing
line as well as LCD or PDP production line. Because the robot handles the heavy substrate at
high speed, there are some issues such as vibration control and the optimal design of arms and
forks. As the substrate becomes larger and heavier, robot systems are also larger and the
vibration issue of the robot end-effector becomes more important. In the paper, we established
the robot modeling and the control architecture including the flexible part such as forks. Then, we
performed dynamic simulation in the various condition and analyzed the characteristics of the fork
vibration. We can reduce the vibration using the trajectory planning and input shaping algorithm

and it was proved by experiment.
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& = damping ratio

®, = natural frequency

®, = damped natural frequency

r(t)= reference input trajectory
rs(t)=shaped reference input trajectory
Al= First coefficient of input shaping
A2= Second coefticient of nput shaping
A3= Third coefficient of Input shaping
K= Input shaping parameter

T2=First time delay of ZVD input shaping
T3=Second time delay of ZVD input shaping
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Cassette robot

Substrate
handling robot

Fig. 1 An example of thin film type solar cell
manufacturing line using substrate handling
robots
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Fig. 3 Active and passive joint of the robot
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Table 1 Equivalent mass and inertia for each joint

for z joint for th joint
*\\ =
Model > ~
Mass(kg) 1292.6 904.4
Inertia(kgm?) 413.7 389.6
for arm joint for hand
Model @ ‘f/
Mass(kg) 136.5 74.4
Inertia(kgm?) 119.9 65.4
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Fig. 4 Flexible body modeling for forks
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Fig. 5 Simulation model using Recurdyn and Matlab
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Fig. 8 Vibration reduction with input shaping filter
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Fig. 9 Experimental setup of the vibration control
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Fig. 10 Experimental results for forking motion:

trepezoidal trajectory vs. polynomial trajectory
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Fig. 11 Experimental results for forking motion:

Without input shaping vs. With input shaping
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