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Geometric Error Analysis of Surface Grinding by Design of Experiments
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{ Abstract

l
|

Various controllable parameters of an experiment have influence on grinding process. In order to get good products with
a high quality, these parameters should be considered whether each parameter has relations to the quality. This paper
describes the use of the design of experiments to minimize geometric error in surface grinding. Controllable parameters
for the design of experiments were selected as spindle speed, table speed, depth of cut and grain size. From the experimental
results, a degree of influence between these parameters and the geometric error was evaluated. An optimal set of grinding
conditions was obtained by means of analysis of variance{ANOVA).
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Fig. 1 Patterns of the workpiece deformation
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Fig. 2 Examples of geometric error in workpiece
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Fig. 3 Experimental setup and input-output parameters

Table 1 Experimental equipments
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Table 2 Fixed conditions in experiment

Conditions Values
e Abrasive: WA, Grade: K
Grinding. wheel Structure: m, Binder: Vitrified
. SKH51(HRC55)
Workpicce (100x90x20mm)

Dressing condition Single point diamond dresser

Grinding type Plunge & up-grinding& wet

Table 3 Chemical composition(%) of workpiece

C | SSi|Ma| P | S |C| W | M|V

088 |024]0.29|002|0.002| 401 | 56 | 462 | 1.63

Table 4 Factors and levels used in experiment

Si E Uni Levels
Instrument Model gn actors nit 0 1 2
Grinding machine Horizontal g;r;g:le surface A Spindle speed | rpm | 1500 | 1800 | 2100
3D Coondina B Table speed | m/min | 6 | 8 | 10
rdinate
measuring device OMS-600(Mahr, Germany) C Depthof ct | gm | 10 | 15 | 20
Frequency inverter SV03713-2N(LG) D Grain size # 46 | 120 | 200
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Table 5 Orthogonal array table for L27(313)

No Factor Geometric
A B | axb|axb?| C | axclaxd? bXc bxc’| e e | cmolm)
1y 0 0 0 0 0 0 0 0 0 0 0 15
20 0 0 0 0 1 1 1 1 1 1 1 3
30 0 0 0 0 2 2 2 2 2 2 2 29
41 0 1 1 1 0 0 0 1 2 2 2 14
510 1 1 1 1 1 1 2 0 0 0 20
6 0 1 1 1 2 2 2 0 1 1 1 17
71 0 2 2 2 0 0 0 2 1 1 1 2
8| 0 2 2 2 1 1 1 0 2 2 2 19
9 o 2 2 2 2 2 2 1 0 0 0 26
0 1 0 1 2 0 1 2 0 0 1 2 16
1| 1 0 1 2 1 2 0 1 1 2 0 16
2| 1 0 1 2 2 0 1 2 2 0 1 20
B 1 1 2 0 0 1 2 1 2 0 1 11
14| 1 1 2 0 1 2 0 2 0 1 2 13
15 1 1 2 0 2 0 1 0 1 2 0 20
6| 1 2 0 | 0 1 2 2 1|2 0 12
17 1 2 0 1 1 2 0 0 2 0 1 18
18| 1 2 0 1 2 0 1 1 0 1 2 17
9 2 0 2 1 0 2 1 0 0 2 1 21
20| 2 0 2 1 1 0 2 1 1 0 2 14
21 2 0 2 1 2 1 0 2 2 1 0 2
ni 2 1 0 2 0 2 1 1 2 1 0 12
Bl 2 1 0 2 1 0 2 2 0 2 1 16
U 2 1 0 2 2 1 0 0 1 0 2 25
250 2 2 1 0 0 2 1 2 1 0 2 14
2| 2 2 1 0 1 0 2 0 2 1 0 27
270 2 2 1 0 2 1 0 1 0 2 1 26
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Table 6 ANOVA table for geometric error

Factor | S ) V | Fo | Foos | Fao
A L1109 | 2 |5545] 374 | 514 | 109
B | 707 | 2 |3535| 239 | 514 | 109
C | 260 2 | 1180 79 | 514 | 109
D | 893 | 2 |465| 300 | 514 | 109

AXB| 29 | 4 | 823 | 056 | 453 | 915

AXC| 16 | 4 19 | 013 | 453 | 915

BxC| 257 | 4 | 643 | 043 | 453 | 915
E | 89| 6 | 148
T | 6620 26

Table 7 ANOVA table for geometric error after pooling

Factor | S o A% Fo | Foes | Foonp
A 110.9 2 5545 | 6.43** | 3.55 6.01
B 70.7 2 3535 | 4.10* | 355 | 6.01
C 236.0 2 118.0 |13.69**| 3.55 6.01
D 89.3 2 4465 | 5.18* | 3.55 6.01
E 155.1 18 8.62
T 662.0 26

*

*

1 99% confidence level, *: 95% confidence level

Percentage (%)

Factors

Fig. 4 Percentage distribution of factors

Table 8 Predicted average geometric error

Factors Average values
“(Ap) 206
A (A 159
2(Az) 197
n(By) 19.6
B n(B;) 164
n(By) 20.1
%(Cy) 152
C 7 (Cy) 184
?l ( C, ) 24
2 (Dy) 164
D w(Dy) 188
21 (Dy) 20.9
A B, C, D 7 Q49 mgge] § 2448 ol
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Table 9 Confidence range of each factor

Factors Average values
#(Aq) 189223
A u(Ay) 14.2~17.6
u(Aj) 18.0~21.4
#(By) 179213
B u(B;) 14.7~18.1
©(By) 184-21.8
2(Cy) 13.5~169
C #(Cy) 16.7~20.1
#(Cy) 20.7-24.1
#(Dy) 14.7~18.1
D w(Dy) 17.1~20.5
#(Dy) 192226
2
T | VM
L wf
[&]

A0 A1 A2 BO B1 B2 CO C1 C2 DO D1 D2
Fig. 5 Graphical illustration of geometric error

Table 10 Optimal sets in this study

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

Grain size #46
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