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Experiments on the Grinding Conditions
for Helical Scan Grinding of a Glass Material

D.W. Lee*, CJ. Oh*, E.S. Lee**, O.H. Kim**, S.C. Kim**

ABSTRACT

In normal grinding abrasive particles of a grinding wheel rotate on planes parallel to the direction of
workpiece feed, which may induce continued scratch lines on ground surface as the workpiece feeds. Instead in
helical scan grinding the planes make an angle, called a helical angle, with the feeding direction. Thus scratch
lines produced by abrasive particles per one revolution are discontinued which implies that the generation of
scratch lines are suppressed by the helical scan grinding.

In this study some experimental works have been done on the helical scan grinding of glass to find the
effects of grinding conditions on the surface roughness and estimate the optimal grinding conditions. The helical
angle, feed rate, material removal rate and the wheel speed are taken as factors for three kinds of grinding wheels
i.e., coarse(#140 mesh), medium(#400) and fine(#800) diamond wheels. The experiments are scheduled by
Taguchi technique and ANOVA has been carried out for the interpretation of the results.

As a result of this study effects of the factors are verified quantitatively showing that the major factors are
changed according to the wheel's mesh size and the helical angle is one of the influencing factors on the surface

quality.

Key Words : Taguchi technique(Th% ), Helical scan grinding(&2]d 470 914}) Diamond grinding
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Fig. 1 Schematic of a helical scan grinding
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Fig. 2 Photograph of an experimental setup
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Surtace Roughness, Ra (um)
-

Trial No.

Fig. 3 Surface roughness of each run, #140 wheel

Run FACTOR

No. I 2 3 4 Table 49 AH&¥ 715+ g3 #oh  S:Sum
1 1 1 1 1 of squares, ¢:Degree of freedom, V:Variance,
2 1 2 2 2 F:F-ratio, S':Pure sum, p:Percent contribution.
3 ! 3 3 3 Table 4914 2= whe} o] Qabde]l FHzxd
4 2 ! 2 3 JFE vHE QaEolFH - F2-AAR-
: : - ; : AP ol o) Sawe] gl X4
> 3 ] 3 : olit AN HAFEe) e Ae FAY +
8 3 2 1 3 AEE ¢ 7 U =8 YA e FHERE
9 3 3 2 1 T AR AFE T AR Fad daxAe
Sign A B C D

Table 2 Factors and levels
Factor Level
# 140 # 400 # 800

Sign Factor Unit 1 2 3 1 2 3 1 2 3

A Helical angle degree 30 60 90 30 60 90 30 60 90

B Feed rate mm/min 500 1000 1500 500 700 900 400 500 600

C Removal rate mm*/min 500 900 1200 50 100 150 5 10 15

D Wheel speed m/sec 15 20 25 15 20 25 15 20 25
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Table 3 Data table for #140 wheel

helical . removal wheel
Factor angle feed rate rate speed
level Ul o2 3] e 2 3 1| 2) 3] 1] 2f 3

38 |34 127 |38 (4.7 [42 |3.8 |47 |42 ]38 |47 {42

data 4.7 (53 |47 {34 |53 152 |52 {34 |53 |53 [52 |34

4.2 |52 [3.8 |2.7 |4.7 |3.8 |4.7 {3.8 (2.7 |3.8 [2.7 |47

level sum [[12.7/13.9|11.2}99 {14.7{13.2}13.7[11.9|122

level mean|4.2314.63(3.73]3.3 |49 |44 [4.57]|3.97(4.07]4.3 [42 |41

Surface Roughness, Ra(um)
3

Trial No.

Fig. 4 Surface Roughness of each run #400 wheel

Table 5 Data table for #400 wheel

total sum 378
helical . removal wheel
Factor angle feed rate rate speed
Table 4 ANOVA table for #140 wheel level o2y 3 v 2| 3| o) 2| 3| 1| 2] 3
factor S 5 v F S P 1.49(1.62}1.481.49|1.59| 1.6 |1.49]1.59|1.6 |1.49]1.59]1.6
helical angle| 1.22 3 0.61 122 | 206 data 1.59|1.5641.35{1.62|1.561.55|1.55|1.62|1.56]1.56|1.55|1.62
feed rate 4.02 2 2.01 402 | 679 16 |1.5512.02]1.48|1.35]2.02{1.35(2.02|1.48}2.02{ 1481 35
removal rate| 0.62 2 1031 0.62 | 105 tevel sum ||4.68|4.7314.85]4.50 (4.5 |s5.17)4.30]5.23|a.6a]5.07}4.624.57
wheel speed| 0.06 2 0.03 006 | 1.0
error 0 level mean [1.56]1.57}1.62{1.53|15 [1.72]1.46]1.74|1.541.69]1.54]1.52
total 5.92 8 100
total sum 14.26
3.2 %— , Y& #400 HAH
o ]9 A} &) 2 3
w00l AL ST FA e Table 6 ANOVA table for #400 wheel
% ig.4 9} Table 5, Table 6ol Wit} ol #
HzrE z+ 9l x}g} ke of Mol 3ol Ale] H) factor S ] \Y F S| e
a}] UHT tEs o 4 ogul, muznod Jas helical angle | 0.00509 0.00255 | 10.00509| 1.9
Ml Qs A7 S-olsanolaby] &9y feed rate | 0.08816 0.04408 0.08816(32.9
Azve] o vehga dowm, 7zt Qlxe] At removal rate} 0.12402 | 2 |0.06201 0.12402 |46.3
< ioLoﬂéL‘)ﬂ ns] Hnd w24 veElhga ok
wel SaAzte) odEe TA" 4 gl Arole wheel speed | 0.05056 | 2 | 0.02528 0.05056 (18.9
otk ojshzre dY Ask= HaAFAA error 0
WAzt ELE F 10% FIEY FAES B total 10267831 8 0

st AEAHe AT
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33 MM, 2T #800 HAY Table 8 ANOVA table for #800 wheel
AL #8009 AA1ES AES HA2 A v S TV 5 5 1o
2 Fi % ES :
= 235 09} Table 7, Table Sdli_»f}. a4 WE helical angle}0.00669 | 2| 0.00335 | [ 0.00669 |22.1
SEL. z| = © A= as S
A FFE wAe A dE SE-deE- feed rate | 0.00016 | 2| 0.00008 | | 0.00016 | 0.5
A~ A~
AAE-olFEES] FoR "}Ejf"} 91‘4- Nk removal rate] 0.00229 | 2]0.00115 | | 0.00229 | 7.6
g x7b AuH ‘311}01“1 o] & FAE wheel speed | 0.02109 | 2[0.01055| |0.02109 [69.8
9J4& Ht} olARL At ng}“ A error 0 0
2 u)$ Fuj2g Axolry, B FAate gl total 0.03023 | 8 100
T Aedzte F Az 283 AAYL wola
ek olshge SN AR ALIFUAAL O w gseia AEa QA 94 D g9 9l
FHES EWY F 0% FARY FUIE T o g4 a4mAL o) Table 3, Table 5, Table 7
A AHET Ada. of 73z olalol Table 95 B HA Aatz
AL Ader)
%0 Table 9 Optimal grinding conditions
T 125 helical feed removal | wheel surface
E 120 wheel| angle rate rate speed |roughness, Ra
4 mesh
-3 degree | mm/min | mm*/min| m/sec gm
P
g 110 #140] 90 500 900 25 2.6
s #400| 30 700 50 25 1.31
e : ‘ s s 10 #800( 30 | 400 5 25 1.02
Trial No
Fig. 5 Surface Roughness of each run, #800 wheel 3.4 231} 1A

Table 7 Data table for #800 wheel

helical - removal wheel
Factor feed rate
acto angle rate speed
level || v 2] 31 v 2| 3 of 2| 3] 1] 2} 3
IS AEN PRI IWEISWETRE] AN SWEA SUs] FNEITN IR E]
data vspae)rosfer asfuisuas|in Jaefeie]nis|a
ro3|isfi24]106]1.08] 124} 1.08[1.24|1.16]1.24]1.16|1.08
level sum [3.29(3.44]3.48]3.39(3.4 [3.42]3.363.47(3.38]3.56|3.44]3.21
level mean|i.l (1.1s5[116fa3 0013 L 2{s]1.13]1.19] 145|107
total sum 1021
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