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Structural Design and Vibration Reduction Optimization of
SCARA Wafer Transfer Robot Hand "
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Abstract Wafer transfer robot hand is an important component equipment to realize high precision and
high efficiency automation in the process of wafer handling. The structural natural frequency directly af-
fects the motion control performance of wafer transmission during operation. Based on the principle of
planar 3-joint direct drive rotation motion and vertical lift motion, a SCARA (Selective Compliance As-
sembly Robot Arm) four-degree-of-freedom wafer transfer robot hand is designed. Firstly, the modal a-
nalysis of the ultra-thin mechanical finger of the SCARA wafer transfer robot hand is carried out by An-
sys Workbench software. The structural size of the finger is optimized by using the uniform wheel rib
structure, and the optimized first-order mode is increased by 42. 79%. Then. Ansys Workbench is used
to optimize the overall structure of wafer transmission. It is found that the stiffness of the base part is

weak, which is the main reason for the low-order mode of the whole robot hand. For this, the structure
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optimization is carried out for the base, and the optimized first-order and second-order modal frequencies

are increased by 52. 03 % and 30.55 % respectively. Through structural optimization, the overall low-

order mode of the wafer transfer robot hand is improved, and the accuracy and stability of the motion

control process of the wafer transfer robot hand are improved, thereby reducing the possibility of reso-

nance and avoiding resonance, and effectively ensuring the stability and reliability of the wafer transfer

robot hand in actual work.

Key words wafer transfer robot hand,
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Fig. 4 Overall structure of wafer transfer robot hand
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Table 1 Material properties of aluminium alloys

Young’s
modulus/GPa

Materials Densily/(kg/ms) Poisson’s ratio

Aluminium alloy 2770 71 0.33
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Table 2 First six orders of modal intrinsic {requency
of mechanical finger

Mode Natural frequency /Hz
1 50. 129
2 164.52
3 317. 34
4 385. 14
5 433.97
6 794.93
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Fig. 12 1~6 modal shapes of mechanical fingers
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Table 3 Natural frequencies of the first six modes of
the optimized mechanical finger

Mode Natural frequency/Hz
1 71.578
2 225.35
3 405. 00
4 408. 74
5 564.77
6 973. 74
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Table 4 Frequency of the first six modes of
the robot hand

Mode Natural frequency /Hz
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Fig. 15 The first six modes of wafer transfer robot hand
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Table 5 Material properties of structural steel

) Y s
Materials Densily/(kg/ms) modzrli*g/(;Pa Poisson’s ratio
Structural steel 7850 200 0.3
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Fig. 16 Optimisation of cylinder and top cover structure
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Fig. 18 Robot hand optimisation model
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Fig. 19  The first six modes of the optimized robot hand

WL 7 B AR e B — B F0 B 45 25 0 R 4y
SRR T 54. 49 % F1 64. 24 %, $E E T & IR A% AL

o T BB MR B RS A ROPR B T AR S PR T AR



512 Z5E R4 SCARA B i A 1% L T 45 F BTt 5 0 18 1k 7

AR RS P AT S

x6 MUBRBEAMRSERME
Table 6 Natural frequencies of the first six modes
of the optimized model

Mode Natural frequency/Hz
1 79. 005
2 101. 650
3 160. 060
4 164. 690
5 167.430
6 263. 740

z7T RUBEH—MFZHERIREI L
Table 7 Comparison of first-order and second-order modal

frequencies before and after optimization

Mod Primary Optimized Increment
o
¢ frequency/Hz frequency/Hz percent
1 51.139 79.005 54.49%
2 61.890 101. 650 64.24%
5 i
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