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Geometric error Prediction and Grinding Condition Optimization using
Tagucht Methods

Long-Zhu Chi, Sang-Jin Lee, Jea-Seob Kwak, Man-Kyung Ha, Jae-Uhk Jun

ABSTRACT

Grinding process is different from other machining processes such as turning, milling and drilling because the
cutting_edges in a grinding wheel doesn't have uniformity and acts differently on the workpiece at each grinding. This
study focus on predicting the geometric error produced during surface grinding and selecting an optimal grinding
condition to reduce the geometric error. To achieve the aim, the Taguchi design of experiments was applied and the
S/N ratios of each grinding was used for evaluating the results. The predicted quantities by the S/N ratios were

compared with the experimental results.

Key Words : Geometric error (% <+ %, #1), Taguchi method (3% | *#), Optimal condition (# % % 1¥), Surface
grinding (3 ¥ielh)
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Fig. 1 Experimental setup and input-output
parameters
Table 1 Experimental equipments
Instrument Model

. . Horizontal spindle surface
Grinding machine .
grinder

3D Coordinate
measuring device
Frequemcy inverter

OMS-600(Mah}, Germany)

SV03713-2N (LG)

Table 2 Fixed conditions in experiment

Values
Abrasive: WA, Grade: K
Structure: m, Binder: Vitrified
SKHS51(HRC55)
(100? 0?7 Omm)
Single point diamond dresser
Plunge & up-grinding& wet

Conditions

Grinding wheel

Workpiece

Dressing condition
Grinding type

Table 3 Chemical composition(%) of workpiece

C
0.88

Si
0.24

W
5.6

\4
63

Mn
0.29

P
0.02

N
0.002

Cr
4.01

Mo
4.62

Table 4 Factors and levels used in experiment

. Levels
Sign Factors Unit 0 ] 5
A | Spindle speed rpm | 1500} 1800 | 2100
B Table speed | m/min| 6 8§ | 10
C Depth of cut 10 10 15 20
D Grain size # 46 | 120 { 200
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Table 5 Orthogonal array table for Lz7(3|3)

ot Geometric  {S/Nratio,

No A| B |atb|a*t’ | C |a*c|a*c [ b*e [ D | e b | e | e error(um) | gy (dB)
1 0 0 0 0 0 0 0 0 0 0 0 0 0 11 -20.8
2 0 0 0 0 1 1 1 1 1 1 1 1 1 20 -26.0
3 0 0 0 0 2 2 2 2 2 2 2 2 2 27 -28.6
4 0 i i 1 0 0 0 1 1 1 2 2 2 15 -23.5
5 0 1 1 i 1 1 1 2 2 2 0 0|0 21 -26.4
6 0 1 1 1 2 2 2 0 0 0 1 1 1 18 -25.1
7 0 2 2 2 0 0 0 2 2 2 ] 1 1 20 -26.0
8 0 2 2 2 1 1 1 0 00 2 2 2 19 -25.6
9 0 2 2 2 2 2 2 1 1 1 0 010 26 -28.3
10 1 0 1 2 0 i 2 0 1 2 0 1 2 14 -22.9
i1 1 0 1 2 1 2 0 1 2 0 i 2 0 18 -25.1
12 1 0 i 2 2 0 1 2 0 1 2 0 1 20 -26.0
13 1 1 2 0 0 i 2 1 2 0 2 0 1 13 -22.3
14 1 1 2 0 1 2 0 2 0 1 0 1 2 14 -22.9
15 1 1 2 0 2 0 1 0 1 2 1 2 0 20 -26.0
16 1 210 1 0 1 2 2 0 1 1 -2 0 13 =223
17 1 2 0 ] 1 2 0 0 i 2 2 0 i 18 -25.1
18 1 2 0 1 2 0 1 1 2 0 0. 1 2 23 -27.2
19 2 0 2 1 0 2 1 0 2 1 0 2 1 17 -24.6
20 2 0 2 1 1 0 2 1 0| 2 1 0| 2 14 -22.9
21 2 0 2 1 2 1 0 2 i 0 2 1 0 23 -27.2
22 2 1 0 2 0 2 1 1 0 2 2 1 0 12 -21.6
23 2 1 0 2 1 0 2 2 1 0 0 2 1 16 -24.1
24 2 1 0 2 2 1 0 0 2 1 1 0] 2 24 -27.6
25 [ 2] 2] 1 0 [ o] 2 1 2 [i1jo]l 1 o2 16 -24.1
26 2 2 1 0 1 0 2 0 2 1 2 1 0 21 -26.4
27 2 2 1 0 2 1 0 i 0 2 0 2 i 24 -27.6
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Fig. 2 Influence graph of S/N ratio for each factor
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Fig.3 Percentage distribution of geometric error for
each factor

#

Table 6 Optimal sets in this study

Factor Values

Spindle speed 1800rpm

Table speed §m/min-
Depth of cut 1041
Grain size #46

Table 7 ANOVA for S/N ratio

Factor| S [i2) v Fo F.os) | Fooy

A [ 621 [ 2 [311] 490* [514] 109

B 982 | 2 1491 | 7.74* | 5.14 | 109

C 7015 2 |3508]55.35** | 5.14 | 109

D [2145] 2 |10.73[16.92** | 5.14 | 109
A*B | 1.38 | 4 [034] 054 | 453 915
A*C | 2.59 | 4 | 0.65 1.02 | 453 915
B*C | 096 | 4 [024] 038 [453] 915

e | 380 | 6 | 0.63

116.36| 26
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Fig. 4 Geometric error comparison between

expected and experimental result
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