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A Study on the Development of Polishing Robot System
Attached to Machining Center for Curved Surface Die
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Abstracts Polishing work for a curved surface die demands simple and repetitive operations and requires much
time while it also demands high precision. Therefore it is operated by skilled worker in handiwork. But workers
avoid polishing work gradually because of the poor environments such as dust and noise. In order to reduce the
polishing time and to alleviate the problem of shortage of skilled workers, researches for automation of polishing
have been pursued in the developed countries such as Japan. In this research we develop a polishing robot with
2 degrees of freedom motion and pneumatic system, and attach it to machining center with 3 degrees of freedom
to form an automatic polishing system which keeps the polishing tool vertically on the surface of die and
maintains constant pneumatic pressure. The developed polishing robot is controlled by real time sliding mode
control using DSP(digital signal processor). A synchronization between machining center and polishing robot is
accomplished by using M code of machining center. A performace experiment for polishing work is executed by
the developed polishing robot.
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Pic. 1. Appearance of the developed robot
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Pic. 2. Shank for attaching to machining center
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Fig. 1. Structure of polishing robot with two
degree of freedom
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Table 1. Polishing robot link coordinate parameters by
D-H representation

Pe=[,CyC5—~ hSy— ,CyS5
Py+llS4CS_12C4+l3S4SS (1)
P+ 15— G

Polishing robot arm link coordinate parameters

Joint X a i ai di
1 180 90 0 Ix
2 -90 90 0 le
3 180 180 0 1,
4 6 4+90 90 0 ds=0
3 6 5-180 90 0 Iy
6 180 180 1L 13

O 2 dAvi2 ¥ A A
Fig. 2. Establishing link coordinate systems for
polishing robot
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Fig. 3. Circuit for synchronization between machining
center and robot

< 5% NC data >

G21

G17G40GS0

M18

G92X.0Y.0260.0C.0A.0
G0X90.0250.0

230.0

G1220.0F 167

XB80.0F 133

X263 235Y-
180.0219.894C90.0A3.493F 204
X268.08Z18.429A7 333F 226
X274 145218 421A11 455F 247

<C,AZ X data >

< 3% NC data > H

[+ A tme
N10 G21 0.000 0.000 0.000
N20 G17G40G90 90.000 3.493 4.902

N30 M19 90.000 7.333 4.425
N40 M51G92X0.000Y0.000260.000 90.000 11.455 4049
N50 GOX90.000250.000 90.000 15729 3.802
N60 Z30.000 90.000 19.932 3.717
N70 G1Z20.000F100.200 90.000 23.687 3.861
N80 X80.000F79.800

90.000 26263 4.464
90.000 25.925 5.051
90.000 22.186 5.181
90.000 17.484 4386

N90 M51X263.235Y-180.000219.894F3143.919
N100 M51X268.080219.429F66.000
N110 M51X274.145218 421F91.116

18 4. 5% NC data9) ¥ o
Fig. 4. Example of two type data divided from 5-axis
NC data
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Fig. 5. Block Diagram of total system
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Fig. 6. Configuration of pneumatlc system
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Fig. 8. Phase trajectory
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Fig. 7. Phase trajectory
of C-axis
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Fig. 10. Position error of
A-axis

1Y 9. CE9Y A3
Fig. 9. Position error of
C-axis
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Fig. 11. Velocity error of
C-axis
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Fig. 12. Velocity error of
A-~axis
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Pic. 4. Surface after
polishing
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Pic. 3. Surface before
polishing
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