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Wafer Industry Design Case Study of Target Trajectory

for Reducing Trajectory Deviation

of a Belt-Driven Articulated Robot*

Tota FusIMURAT, Yoshiro Fukurt and Hiroshi ITo?

This paper deals with high-speed and high-precision transfer control of silicon wafers by a belt-
driven robot. We propose a target trajectory design while we only can change the trajectory due to
the industry s strict development limitations. The proposed trajectory design has a piecewise linear
type velocity profile. Gradients of each segment in the piecewise profile, that is acceleration, are
designed with a consideration of two factors: The effects of belt elasticity and kinematics between
the amount of belt elongation and the amount of tracking error. To reduce the amount of tracking
error effectively, we also propose a design indicator which combines the two factors for designing the
profile. An experiment with the belt-driven type wafer transfer robot UTM-R3700F, currently in
use in industry, illustrates that the proposed trajectory design with the proposed indicator reduces
tracking error compared to the conventional trajectory design.
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Fig. 1 UTM-R3700F

Hand tip

Fig. 2 Coordinate system of UTM-R3700F
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Table 1 Specs of the UTM-R3700F

I, I5,I3[kg-m?] | EHEE—2 b

0.003365, 0.002114, 0.004943

lg1,1g2,lg3 [m]

) > 7 i OB b OELHEEE

0.07018, 0.06697, 0.10821

ll,lg,l;;[m} VI E

0.16, 0.16, 0.30

P

mi,ma,ms [kg]

5.974, 4.288, 3.449

k1,ko[N/m] AV bR EL 118x 103, 118x 103
dy,do[N - s/m] | "~V MEFERE 104, 104
max0; [rad /s] R B A ) 8 11 4.449
maxfy [rad/s2] | HEWIR Y A ok 27.186
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Table 2 Change in orbit deviation due to change in max-

imum angular velocity

REAERE | Y7 b WE AR E [mm]
[rad/s] F AL s| | T LENME | MROBIE
0.95MMV 0.845 1.307 1.508
0.85MMV 0.880 1.147 1.265
0.70MMV 0.970 0.625 0.832

Table 3 Change in orbit deviation due to change in an-

gular acceleration in arm-extended posture

L Lo %7 b BN S [mm]
FUNNEREE [rad/s?] | &4 & [s] | MIXLEME | Mo B
1.3« 0.815 1.223 1.617
« 0.845 1.312 1.607
/2 0.985 1.023 1.089
/3 1.125 0.815 0.736
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Table 4 Change in orbit deviation due to change in an-
gular acceleration in arm-contraction posture

FOLBD 57 1 B [mm)]
FIREE [rad/s%) | % 4 2 [s] [ W LBITE | SROBITE
1.65« 0.790 1.537 1.600
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0.8 0.880 1.555 1.573
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Fig. 5 Target trajectory 61, of proposal method (Exten-
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Fig. 10 Comparison of extending hand trajectories
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