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Optimal Design and Simulation of SCARA Robot Arm

o] & AI'
(Jong Shin Lee)

Abstract: This study is concerned about the optimal design of the arm 1 and arm 2 in the SCARA robot. The mass and inertia
moment of the arm 1 and arm 2 in a SCARA robot is greatly affected on the performance such as a cycle time, and torques loaded on
1% axis and 2™ axis. To reduce the mass and inertia moment, this study carried out optimal design by FEM analysis using parametric
variables, which is a width, a height of the rib and a thickness of arm in the arm. The rib is adapted instead of reducing the thickness
in the arm. And the simulation by computer was conducted on two given paths in X direction and Y direction. After optimal design,
the result showed that maximum torque of 1% axis and 2™ axis reduced to maximum 9.5% on a given path.
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Fig. 1. Front view and dimension parameters of SCARA robot.
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Fig. 2. Top view and dimension parameters of SCARA robot.
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Table 1. Mass, inertia moment and mass center of robot parts.

AF Kg) | EREKgm) | FFF4m)
Dy 71.350 0.4549000 0.000
D, 7.634 0.2284543 0.140
Dy 5.550 0.0258000 0.350
D, 3.550 0.0051956 0457
Dy 0310 0.0000196 0.600
Dy 0.130 0.0000531 0.600
Dy 0.050 0.0000190 0.600
Dy 0.190 0.0000093 0.600
D;s 0.360 0.0001813 0.600
Dys 0.030 0.0000077 0.350
Dy 0.310 0.0000196 0.600
Dy 0.130 0.0000531 0.600
Dyo 0.050 0.0000190 0.600
Dypo 0.190 0.0000093 0.600
Dyn 0.360 0.0001813 0.600

£ 2 2R FEe F 9 A A% 2AE 9 2234
Table 2. Total mass, inertia moment and mass center of each axis.

WKy | EHEEKem) | AFFHm)
1= 78.984 1.0385 0.0136
2= 9.101 0.0450 0.0402
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Fig. 4. 3D modeling for optimization.
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Fig. 5. Parameters of arm 1.
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Fig. 6. Parameters of arm2.
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Fig. 7. Analysis conditions.
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Fig. 8. Property analysis results of arm 1.
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Fig. 9. Property analysis results of arm 2.
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Table 3. FEM analysis results.

o1 o2 o ok
APk AEg AW wm) | A
A3} A| 4, =7.5mm | £}, =7.5mm 6.93 15
ty =5.5mm | t,; =5.5mm
HH3} |y =8mm | ty, =5mm 10.05 15
t3 =8mm lyy =10mm
X 4 2R BEY 4 HA A% RdE 9 gy
@43t ),
Table 4. Total mass, inertia moment and mass center of each axis
(after optimization).
A¥Kg) | ZHERgm®) | AHFA(m)
1% 77.0220 0.8953 0.0100
2% 8.0440 0.0431 0.0332
. 326 - .

(a) before optimization

% 10. W=1Kg Z-8A A7
Fig. 10. Deflection contour in case of W=1Kg.

{b) after optimization)
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Table 5. 1% axis and 2™ axis maximum torque.

X W A2 | Y5 I A=
Zl 5 El 5

1= HuE (Nm) | 1054 | 963 | 2325 | 2105

2

2% HAYEZ (Nm) | 2275 | 21.83 | 1843 168

E o6 29 VK
Hof B,

Table 6. 1¥ axis maximum torque by acceleration, centrifugal and
coriolis force of arm 2.
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