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Development of An User-Friendly Integrated Program and
Teaching System for Automatic Polishing Robot System
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: Polishing a die that has free—form surfaces is a time-consuming and tedious job, and requires a

considerable amount of high-precision skill. Some workers tend to gradually avoid the polishing work because
of the poor environment caused by dust and noise. In order to reduce the polishing time and cope with the
shortage of skilled workers, a user—friendly automatic polishing system was developed in this research. The
polishing system with five degrees of freedom is able to keep the polishing tool normal to the die surface. The
polishing system is controlled by a PC-NC controller. To easily operate the developed polishing robot system,
this study developed an integrated program in the Windows environment. This program consists of four
modules: the polishing module, the graphic simulator, the polishing data generation module, and the teaching
module. Also, the automatic teaching system was developed to easily obtain teaching data and it consists of a
three dimensional joystick and a proximity sensor. The joystick is used to simultaneously drive the polishing
system to an arbitrary orientation and the proximity sensor is used to obtain teaching points precisely. Also, to
evaluate the stability of the driving program and the teaching system, polishing experiments of a die of saddle

shape were carried out.

Keywords : user-friendly automatic polishing system, PC-NC controller, integrated program, the automatic

teaching system
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Fig. 1. Mechanism with five degrees of freedom.
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Table 1. Specifications of polishing system.
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Table 2. Comparison of characteristics between the
developed polishing system and the
conventional system.

Developed polishing | Five-axis polishing | Six-axis polishing
system system system
Three -axis  vertical | Three-axis  gantry | Three- axis articula-
Structure machining center +|type + Two axis|ted robot + Three-
Two- axis polishing | pneumatic tool sys- |axis tool system
head tem
Degree of 5 5 (AZL £F 23 6
Working 1250 mm X 560 1550 mm % 1000 1200 mm % 800
space mm mm mm
Carrying

capacity 2500 kg 8000 kg 5000 kg

Stiffness Good Good Bad

Control

performan Good Fair Fair
ce

Cost Cheap Expensive Expensive
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Table 3. Specifications of teaching system.

Element Specification Maker
Joystick 30JBK-ZT-30R3 SAKAE
Pneumatic cylinder | DSNO-25-50-PPV-A FESTO
Proximity sensor | SMEO-4-K-LED-24-B | FESTO
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-50.914 -17.972 —1.7““ GIIZ'I6 337

—-130.568 —-17._.972 -—-1.399
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Fig. 16. Generation of NC data.
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Fig. 17. Graphic simulator.

Mscriptien
Mator x Activate [Range 0..1, Defauit 1100=1:1200
Motor x PMAC-Commutation Enable (Range 0..1,

Motar x Posltion Scale Factar{Range 0..8.388.605
Motor x Velocity Loop Scale Factor{Range 0..8.35)
Motor x Pawer-On Serva Position Address(multip
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Fig. 18. Setting motor parameters.
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a9} 4% 2 A% wA Alsdel Ud AHYE Bt
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8 gl drkifsl A48 sl & A E B9 £
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—

¥ 4. WA} A" ik 91X wERYE 4.
Table 4. Repeatability of the teaching system.

xlyl|lal|l2|B3|dA|5|6]7]8|2H)]:0|H32F
point 1|48674|141.072(-2.089; 2.0p4(-2045| 2.072|-2.072} 2089120761 -2094| 2068] 206! -206

point 2|72182)41.072( 3249|- 3.236| -3.240|- 3.262|- 3.240| -3245( 3.276| -3.280|-3.249) 354 35

point 3|5690|41.072|- 4.9 - 4.49| -4.99| -4949| 498014968 4.936|-4.967|- 494 -496% -4%

point 4|48674164.202( -3.112-3.143(-3.152;-3.1300 3152 3.136{-3.1301-3152} - 3174]-3138 314

point 5|72182|64.202| 4224 -A.228) - 4228 A228)-4268| 4.20(- 4228| -4.237|-4.81[-4232) -424

point 6/95.690,64.202| 59| 5.981|-5981{-5.989) -5972| 5968 59631 5976| H.I%|-5976 -597

point 7\48674{87.332) -45%0| 4.364( 4309 4564{-4573) 4582)-4582) -43%5) -4617)-4617) 438

point 8;72.182|87.332| - 5.680| -5.664] 5.702{ -5667)-5.684| 5702 -5.702) 5711|-5671|-5702 568

point 9|9%6.6%0(87.332| 7.380| 7.330| 7.308) 7.334(-7.39| 7.308| 7.306| 7.3%0} 7406|-7.367| -1.37

a9 19 ek F3.
Fig. 19. Die of saddle shape.
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Fig. 20. Teaching data obtained the teaching system.
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Table 5. Maximum variation at each teaching point.
o #wal

point 1 0.034
point 2 0.030
point 3 0.030
point 4 0.034
point 5 0.041
point 6 0.015
point 7 0.037
point 8 0.022
point 9 0.036

I3 21 9ok F3o) wiE vl
Fig. 21. Polishing of a saddle die.

9 22 Al 3o 2% 4.
Fig. 22. Die surface after polishing work.
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