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Evaluation and optimization of geometric error by using Taguchi method

Long-Zhu Chi*, Jae-Seob Kwak’, Man-Kyung Ha"

IL Abstract ]I

This paper deals with the evaluation of geometric error and the optimization of process
parameters in surface grinding. Taguchi method which is one of the design of experiments has
been introduced in achieving the aims. The process parameters were the grain size, the wheel
speed, the depth of cut and the table speed. The effect of the process parameters on the
geometric error was examined and an optimal set of the parameters was selected to minimize
the geometric error within the controllable range of the used grinding machine. The reliablity of
the results was evaluated by the ANOVA.
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Fig. 1 Patterns of the workpiece deformation

Wheel : WA46LmV
Workpiece : SKH51
Wheel speed : 1,800rpm
Table speed : 10m/min
Depth of cut : 10/m
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Wheel : WA120LmV
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Wheel speed : 1.500rpm
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Fig. 2 Examples of geometric error in workpiece
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Fig. 3 Experimental setup and input-output

parameters
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Table 1 Experimental equipments

Instrument

Model

Grinding machine

Horizontal spindle surface
grinder

3D Coordinate

measuring device

OMS-600(Mahr, Germany)

Frequency inverter

SV037I3-2N (LG)

Table 2 Fixed conditions in experiment

Conditions

Values

Grinding wheel

Abrasive: WA, Grade: K
Structure: m, Binder: Vitrified

Workpiece

SKH51(HRCS5)
(100x90%20mm)

Dressing condition

Single point diamond dresser

Grinding type

Plunge & up-grinding& wet

Table 3 Chemical composition(%) of workpiece

C| Si;Mn

P| S | Cr|W |Mo| V

0.88]0.24] 0.2 10.02]10.002{ 4.01 | 5.6 | 4.62] 1.63

Table 4 Factors and levels used in experiment

. . Levels
Sign Factors Unit 0 1 2
A | Spindle speed rpm [ 150011800} 2100
B Table speed [m/min| 6 8 10
C Depth of cut (m 10 | 15 | 20
D Grain size # 46 | 120 | 200
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Table 5 Orthogonal array table for Ly (3")

Factor Geometric
No Al B| axb a<b? | C axc axc? bxc | D] e bx C2 e | e error (1)
1 0]0 0 0 0 0 0 0 010 0 00 15
2100 0 0 1 1 1 1 111 1 1 1 23
3100 0 0 2 2 2 2 212 2 212 29
4 1011 1 1 0 0 0 1 111 2 212 14
51011 1 1 1 1 1 2 212 0 01]0 20
6 ]0j1 1 1 2 2 2 0 00 1 1471 17
741012 2 2 0 0 0 2 212 1 1|1 22
8]0 |[2 2 2 1 1 1 0 010 2 2 (2 19
9 {02 2 2 2 2 2 1 111 0 010 26
101110 1 2 0 1 2 0 112 0 1|2 16
1mjtrio 1 2 1 2 0 i 210 | 210 16
1211470 1 2 2 0 1 2 0|1 2 011 20
131111 2 0 0 1 2 1 210 2 041 11
4111 2 0 1 2 0 2 011 0 112 13
150111 2 0 2 0 1 0 1 {2 1 210 20
16112 0 1 0 1 2 2 01 1 210 12
1711142 0 1 1 2 0 0 1 ]2 2 01 18
1811]2 0 1 2 0 1 1 210 0 1|2 17
19120 2 1 0 2 1 0 2|1 0 2 |1 21
201210 2 1 1 0 2 1 012 1 012 14
21120 2 1 2 1 0 2 110 2 110 22
21211 0 2 0 2 1 1 042 2 110 12
231211 0 2 1 0 2 2 110 0 211 16
24|12 |1 0 2 2 1 0 0 2|1 1 02 25
251212 1 0 0 2 1 2 1]0 1 012 14
26122 | 0 1 0 2 0 2|1 2 110 27
271212 1 0 2 1 0 1 0} 2 0 2 i1 26
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Fig. 4 Effect of grinding parameters on
geometric error calculated by S/N ratio

Table 6 Optimal sets in this study

&
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Factor Values
Spindle speed 1800rpm
Table speed 8m/min
Depth of cut 10im

Grain size #46

Table 7 ANOVA table for geometric error

Factorf, S [ @ \i Fo |F.05!|Foo
A |1109| 2 |55.45|3.74(15.14]10.9
B 7071 2 |35.3512.39(5.14 (10.9
C 1236.0) 2 |118.0)7.96]5.14]10.9
D 89.31 2 (44.65]3.01 (5141109
AxB | 329 4 8.23 1056]4.53]9.15
AxC| 7.6 4 1.9 10.1314.53]9.15
BxC | 25.7| 4 6.43 [ 0.43]14.53]9.15
E 83891 6 {14.82
T 662.0| 26

Table 8 ANOVA table for geometric error

after pooling

Factor] S | & | V Fo  |F0.05|Foon
A |110.9| 2 {55.45]6.43*x} 514 | 6.01
B 70.7{ 2 |35.35| 4.10% | 5.14 | 6.01
C 236.0| 2 |118.0(13.69*+| 5.14 | 6.01
D 89.3 | 2 {44.65( 5.18+% | 5.1416.01
E 155.1|1 18 | 8.62
T [662.0 26
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