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Optimization of Grinding Conditions and Prediction of Surface
Roughness Using Taguchi Experimental Design
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ABSTRACT

Grinding is a finishing operation of products in various areas. Surface roughness of industrial components

obtained in grinding operation is a critical quality measure but is a function of many operating parameters and

their interactions. To achieve higher surface roughness and to identify the influence of grinding parameters on

surface roughness, it is an ideal situation for using the design of experiments. This paper presents an successful

optimization of grinding conditions and prediction of surface roughness using the design of experiments. From

the experimental verfication tests, it was observed that this approach was useful as a robust design methodology

for grinding operation.

Key Words : Design of experiments(2 8 A1 &%), Taguchi method(™H7%)

7), Surface roughness(XHA 2 7))

1. MB

Q7T L 2B BEFLEA EXE ulid
ZPE Aoz Ag37) fid, 47 F5A7
2ol ol$ Mo HAUF /IFEUE & F T
FAol gtt. Y AATEeE Bddte AR
7} B 1 QRS AE L5l 28 g9
oo 9L uHuE, 7t Qixte] digk H@rp w
gretUe} 1ztE o] A5 28-S Frhetes AL v ¢
FR_% dojr}, og Zo] ojd FAH FAF=

Aed: 2003 1249 19Y; AAMSUY: 20043 49 99

# WA PG 7| ATt
E-mail jskwakS@pknu.ac.kr Tel. (051) 620-1622
. AR AT

37

Abz

7]%), Grinding conditions(
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Table 1 Factors and their levels used in experiment

Factors Code | Level 1 | Level 2
Abrasive A WA GC
Grain size(#) B 120 200
| Depth of cut(um) C 10 20
Table speed(m/min)| D 7.5 12.5
Spark-out(No.) E 0 1

Workpiece : SKH51

(100%22x20mm)
Wheel speed : 1800rpm
Coolant : Wet

Constant factors

Table 2 Mechanical properties of specimen

Tensile strength (kgi/mm?) 230
Practure strength (kgf/mmz) 546
Fatigue strength (kgf/mmz) 62
Young's modulus (kgi/mm®) 22,100
Hardness (HrC) 62

Table 3 Chemical composition of specimen(% wt)

w
6.23

C Ni

0.8

Si | Mn

0.38

P
0.03

S
0.03

Cr | Mo \"

0.37 3.90}4.70 1.76{0.23
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| Desired objective I

Design of experiment
Q Factors and levels
0 Orthogonal array

|

Experimental evaluation
3 S/N ratio evaluation
Q Influence evaluation
Q ANOVA

1

Optimum conditions

Surface roughness prediction
QO Optimum condition
O Arbitrary conditions

(by S/N ratio & regrgssion)

Verification by experiments
Q Optimum condition
Q Arbitrary conditions

Fig. 1 An approach for design of experiments
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Table 4 Standard Lis(2'’) orthogonal array

Factor
Run A|B|AB|C|AC|BC|DE|D |AD|BD|CE|CD|BE|AE | E
1 1 [ 1 1 1 1 1 1 |1 1 1 1 1 1 1 1
2 1] 1 1 1 1 1 1| 2] 2 2 1 2] 2 2 2 | 2
3 1|1 1 | 2| 2 2 2 1 1 1 1 2 2 2 |2
4 1|1 1 2] 2| 2 2 12| 2 2 | 2 1 1 1 1
5 1|21 2|1 1 2 2 |1 1 2 2 1 1 2 | 2
6 1| 2] 2 11 1 2 2 2| 2 [*1 1 2 2 1 1
7 1221212 1 1 1 1 2 2 2 2 1 1
8 1122272 1 1 | 2] 2 1 1 1 1 2 | 2
9 201 211 2 1 2 1] 2 1 2 1 2 1 | 2
10 2010211 2 1 2 1211 2 1 2 1 2 |1
11 2 1] 2] 211 2 1 1| 2 1 2 2 1 2 |1
12 2 1| 21211 2 1 | 211 2 1 1 2 1| 2
13 2 2|1 1| 2 2 1 1| 2 2 1 1 2 2 |1
14 2 2|1 1| 2 2 1 | 2|1 1 2 | 2 1 1 | 2
15 2 211|211 1 2 11| 2 2 1 2 1 1| 2
16 2211|211 1 2 |21 1 2 1 2 2 11
Table 5 Experimental results and S/N ratio for surface
roughness os| 4
-[Measured surface roughness, R,(um)[S/N ratio, 2
Ru Ral R.2 R.3 7, (dB) an )
1 0.34 0.44 0.37 8.27 8 ' : :
2 0.34 0.30 0.30 10.06 E ‘ '
3 0.31 0.32 0.35 9.70 =4l i
4 0.62 0.58 0.62 433 *§ : : ’
5 0.33 0.31 0.32 9.89 @ ‘ : ,
6 0.36 0.32 0.36 9.18 oal :
7 0.44 0.47 0.46 6.80 Al A2 81 B2 Ci C2 DI D2 E1 E2
8 0.48 0.47 0.50 631 Grinding factors
9 043 0.48 0.47 6.73 Fig. 2 Box and whisker displays for surface
10 0.54 0.58 0.56 5.03
1 0.50 047 0.55 5.88 roughness
12 0.48 0.44 0.45 6.80
13 | 037 038 0.41 8.24 718 Say 2T YEpd Aotk aLol=
14 0.30 0.32 032 10.07 AYP AN dojA FAAAZY A, &, FAF
15 0.33 0.30 0.31 10.07 2 oAdA FHALTY 25%AA 75%7MA XTI
16 0.38 0.32 0.38 8.84 & =N Fig 29 2#25E 4= 2717}

sl APoA dojW RHAAY gt oj2R
B AAE S/N ratio™= Table 59 2t}
Fig. 25 Z xo] =F s & xHAZ
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Table 6 Response table of S/N ratio for each factor

Factor
A B C D E
Level 1 8.072 | 7.105 | 8.439 [ 8.202 | 7.077
Level 2 7.712 | 8.679 | 7.346 | 7.582 { 8.707
Difference | 0.361 | 1.575 | 1.093 | 0.620 | 1.631
Fig. 32 24 QAEY FFo] ¥l wahr x
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7t & W3l wE o9 vt 34 Y
AALsE, & 7]-¢7] W@yt & Ax d5F 7}
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Influence of S/N
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Influence of SN
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Depth af cut (am Table speed (m/min)
9
Factor E

o

Influence of S/N

~

0 1
Spark out

Fig. 3 Influence graph of S/N ratio for each factor

Table 7 Optimal grinding conditions of each factor

Factors Notation | Conditions
Abrasive A, WA
Grain size(#) B: 200
Depth of cut(um) C 10
Table speed(m/min) Dy 7.5
Spark out(No.) E> 1

9, AANVLFTEY BUAZAVE A AxpE F
W sle] webd ke wh-g ®utolel 7+ °11}
a«l A5 A% osiMdE F3EFES W= Table 8
o AR5 FEAg A3 IFIE FEA F
8 FFARET Yetd Rez = Y4Ae 27

g Aut0} g0l BEAEBE)S that Zo] Al
k=
B1E1=% (my +ns+mo+10) N
BEz——l‘(U2+773+779+7712) (8)
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Table 8 Response table of S/N ratio for interaction Table 9 ANOVA for S/N ratio
Interaction ) . )
BC BD CE BE 5 i Vi Foi
A 0.008 1 0.008 0.57
Level 11 7.527 | 7.851 | 7.685 | 5.883 B 0.154 | 0.154 11.00%*
Level 21 9.380 | 8.453 | 6.469 | 8.271 D 0.023 1 0.023 1.64
Level 22 7978 | 8.405 | 8.223 | 9.088 E 0.166 1 0.166 11.85**
BC 0.691 1 0.691 49.35%*
of . Interaction BC N Interaction BD | BD 0.288 ! 0.288 20.57**
z, z, CE 0.298 1 0.298 21.28**
';' f\. § BE 0.691 1 0.691 49 35%%*
:g 7 Depth of cut 0| r:g T Igﬂe speed :
gl [ e =, ol (e) 0.291 20 0.014
120 200 120 200 Total 2.684 31
Grain size Grain size
9 Interaction CE 9 Interaction BE o
z / z ,,/D E129.8% (B) 8% (A) g 30.9% (E)
28 B8
g 7 A g 7 Spark ous
z | —O— 10pm < —0-0
- 6 | —@—20um 1 = 6 o~ —e—1

0 1
Spark out

200
Grain size

Fig. 4 Influence graph of S/N ratio for interactions
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B 11.7% (D)

B20.7% (C)

Fig. 5 Percentage distribution of surface roughness
for each factor
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Ra(op) = 10710520 = 0. 29,m (12)

38 S/N ratioS o]-§3 EHAA] S57)H9
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(13)

Ra(A,B,C,D,E,) = 0437um (14)

Ra(A,B,C\D\E,) = 0.356pm (15)
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T ge 9oz 14 23R4L A (163 ol
A4S
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4 (169l 7+ APzAH doly

RYse] FYAYNN QA s
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2 a8yl d=kel A7(B)Y AutFoly 3F
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R,(A,B,C.D\E,) = 0.28um (19)

R, (A,B,C,D,E,) = 0.449um (20)

Ra (AlBl CIDIEZ) - 036ﬂm (21)

o]E AdE SN ratioZ o] &3t o3 ¥
AD7) @ 2 Aok 9ge ¢ & vk

Table 10 Analysis of variance for multiple regression

S ®; |4 Fy,
Regression | 0.0755 S 0.0151 | 5.5917*
Rasidual 0.0270 10 0.0027
Total 0.1025 15
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Fig. 6 Surface roughness comparison between
expected and experimental result
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