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A Study on the Development of Polishing Robot System Attached to

Machining Center for Curved Surface Die

Min Cheol Lee” and Deok Ju Ha"™

ABSTRACT

Polishing work for a curved surface die demands simple and repetitive operations and requires much time
while it demands also high precision. Therefore it is operated by a skilled worker in handiwork. However the
workers avoid gradually a polishing work because of the poor environmental conditions such as dust and noise. In
order to reduce the polishing time and to alleviate the problem of shortage of skilled workers, an automatic
polishing robot system which is composed of a polishing robot with two degrees of freedom motion and
pneumatic system is developed, and it is attached to machining center with three degrees of freedom. The system
keeps the polishing tool vertically on the surface of die and maintains constant pneumatic pressure. The polishing

robot with DSP(digital signal processor) controller is controlled by sliding mode control.
between machining center and polishing robot is accomplished by using M code of machining center.

A synchronization
A

performance expetiment for polishing work is executed by the developed automatic polishing robot system. The
result shows that the developed automatic polishing robot has a good performance and well polished workpiece

surface is obtained.
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Photo 1 Appearance of the developed polishing

robot
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Table 1 Selection of rotation direction of air motor

Solenoid valve | Solenoid valve

port a port b

Tool stop OFF OFF
: —

Clockfmse ON OFF
rotation )
Counter-
clockwise OFF ON
rotation )
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Fig. 3 Schematic diagram of pneumatic system
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Table 2 Polishing robot link coordinate parameters

by D-H representation

Polishing robot arm link coordinate parameters

Joint 0 i @i a; d
] 180 90 0 I«
2 -90 90 0 I,
3 180 180 0 1,
4 6 ++90 90 0 d;=0
5 6 s-180 90 0 1
6 180 180 1 I3
Z
X 0
S,
Y, f
e
-— X2 )
1, ¥i IL 1
A X3
a, Y, 123 X5
- ATRETPE¢f i —y-i-(-;-- Axis A
Xe Y o |,
(%) 6
Axis C

Fig. 5 Kinematic modeling
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{ NC Data for 5 axis ]

G21

G17G40GH0

Mg
GR2X.0Y.0780.0C.0A0
BOX80.0250.0

230.0

G1220.0F.167

X80.0F.133
X283.235Y-180.0219.894C90.0A3.493F 204
X268.08219.420A7 333F 226
X274.145Z18.421A11.455F .247

[ NC Data for 3 axis | { Trajectory Data for Polishing Robot ]
N10 G21 o 0 o0

0.000 0.000 0.000
:gg a:;sweoo 90.000 3.483 4.902

000 7.333 4.4

N40 M51682X0.000Y0.000260.000 3% 11455 4.02459
N50 G0X90.000250.000 90.000 15.728 3.802
N60 230.000 90.000 19.932 3.717
N70 G1220.000F100.200 90.000 23.867 3.061
N80 X80.000F79.800 90.000 26.263 4.484
N9O M51X263.235Y-180.000219.894F3143.919 90.000 25.925 5.051
N100 M51X268.080219.420F66.000

90.000 22.188 5.181

N110 M51X274,145218.421F91.118 90.000 17.484 4.388

Fig. 10 Example of two type data divided from
5-axes NC data
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Fig. 12 Control input gain M,; within the dead zone

Table 3 Switching parameters

a; M Dy M, W
. -0.04 sie>0 _
Axis C 20,01 s/6,<0 M; = 1.0/ D; = 0.01 0.0
. 0.12 s>0 _ _
Axis A 005 s;02<0 M, 121 D; = 0.1 0.0
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Fig. 17 Structure of polishing tool of ball-joint
type

Photo 3 Ball-joint type polishing tool

Table 4 Polishing condition of plane surface

Size of workpiece 60x40x 10
Shape Plane
Material SKD11
Condition Ball End Mill R =5 mm
before RPM 700 rpm
polishing Feed rate 350 mm/min
Pick feed 0.5 mm
Polishing tool #200, #800
RPM 800 rpm
Polishing force 27 N
Polishing Feed rate 400mm/min
condition . #200 - 20
Polishing number 4800 - 20
Time #200 - 10 min.
#800 - 10 min. |
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Photo 5 Curved surface polishing
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Photo 6 Curved surface before polishing

Photo 7 Curved surface after polishing
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Table 5 Polishing condition of curved surface

Size of workpiece 100 %< 80 x 40
Shape Ruled surface
Material SKDI11
Condition Ball End Mill R =5 mm
before RPM 700 rpm
polishing Feed rate 350 mm/min
Pick feed 1.0 mm
Polishing Tool #200, #800
RPM 800 rpm
Polishing force 10 N
Polishing
condition Feed rate 80 mm/min
L #200 - 8
Polishing number 4800 - 8
Ti #200 - 2 hour
me #800 - 2 hour
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A. Comparison of characteristics between the developed polishing robot system and the conventional system

Developed polishing robot 5 axes polishing robot 6 axes polishing robot
system system system
Machining center + 2 6 axes robot + 3 axes tool
Structure . Gantry type
axes polishing robot system
Construction d f
ruction degree o 5 6 6
freedom
Stiffness Good Good Bad
Control performance Good Fair Fair
Cost Cheap Expensive Expensive
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B. Specification of polishing robot system

Item Specification Maker Model type
Maching center Maching Center with 3 axes DAEWOO Heavy Ind. ACE-V30
Axis C Megatorque motor NSK AS0408
Polishing robot . . . - .
Axis A AC servo mo(tiiirvgwlth harmonic H'clrr:)cl)sr:;cm :rlve FHA-17A
-
Rotation tool Single cylinder FESTO DSN-25-50-PPV
Polishing force Air motor FUJI F-6SM-28R
1 lishi Loughl d
Controller for polishing DSP controller oughborough Soun DPC/C40B

robot
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