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Estimation of the Ground Surface Roughness
Applied by Acoustic Emission Signal

Jae Seob Kwak*, Ji Bok Song**

ABSTRACT

An in-process estimation of the ground surface roughness is a bottle-neck and an essential field in
conventional grinding operation. We defined the dimensionless average roughness factor (D.A.R.F) that exhibits
a roughness characteristics of ground surface. The D.A.RR.F was composed easily of the absolute average and
the standard deviation values which were the analytic parameters of the acoustic emission (AE) signal
generated during the machining process. The theoretical equation between the surface roughness and the
D.ARF has been derived from the linear regressive analysis and verified its availability through the
experimentation on the surface grinding machine.
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Fig. 2 AE Signal Measured in Grinding Operation.
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Fig. 3 Experimental Status for Signal Acquisition

Table 1 Specifications of Equipments

Items Type & Features
. Spindle Speed : 2800 rpm
Grinder .
Spindle Motor : 0.75 Kw
SN A-82
AE Sensor .
Wide Band
) Physical Acoustic Co. 1220A
Pre-Amplifier

40/60 db Selective Gain

Hitachi Denshi, VC-6023

Oscilloscope L
2 Channel Digital Storage

A/D Converter | 12 Bits A/D Resolution

Computer Pentium-300MHz

7 74 He ZdE wAs7] g8 Ze 4=
(pre-amplifiennE AF-&3lo] 40dbE ZZ 3l gict. 7
EH e 2359 ¥s A5 S #EE] fl8id oA
225 I (oscilloscope)Z A EE A 7}H3}EHs 3t
B EalsS 2t A/D HEVE A8l @



244 - $A% - @G LEGHA A7 A4m

olzl dlol¥ & HiFH A%, BY 7AA7)%

NBRASE Fa7] Gt AR A Measured Ra Surface Profiles
vl ol Alg® APxE Table 29 Hrh 1 }
Table 2 Experimental Conditions 0'57{““ et DT Ao A o
(5th piece) ' T ]
Experimental Conditions I
Items
Wheel Velocity, Vs 1320 m/min "
Workpiece Velocity, Vw | 5, 10, 20 m/min 1
0.85 L
Depth of Cut, h 5,10, 15 gm ,u.m e
(10th piece)
Coolant Not Used T
Cutting Method Down Cut T

.

3.2 AE M39t EH AT e AlmE .
Fig. 432 27} STD113} STD61S A&, A4t7} L22um Wﬁ%ﬁwﬁ#
P g%l Bl ME B4R BR ALNE B (I5th piece) |

A3k ZAolt, STS113 STD61 25 74347}

Agel @A EA ALY @ol EARE @

ol
AL

N

0,

+

4

(a) STD11

4

29 Ad7Iek AE stEhdere] A A 1_4
A& SholE 7] sl A& silth AE Ik
RE AE A3 ¥ WHEE —4”]0}& 44
(absolute average)®} AE 419 Hqfghol o3t

oJFE)Y FLRE Jvehic :it:%ixl—(standard 0.97 ym
deviation)E &8t x, 4¥AHE Fig 59 2 (Sth piece)
4. AEH%e FAl Gad mE AL A
of Mg oz Frista dovt, ddgtd BF
Azbel Wges v A H BEE BoFa gtk
aYnZ AE AZe A"y nEHAE S 272 um

atod HHH R AW ARG Tk Ao B (10th piece)
Fedhs ¢ vk wEA B2u AANE JdF%
8l7] ¢l AE Az 9 - sehdg R FAEE 5
2l 3®wW AE7] Al9(dimensionless average
roughness factor, D.ARF)E TS #o] AHolsl

¢

Measured Ra Surface Profiles

4T

oﬂ =

of ¥w A7 THAHQA AHANUAL FHE 3.60 um
A w3holt}. (15th piece)
_ _Absolute Average
DARYEF = Standard Deviation )
1
. L

2(){ x)?

Fig. 4 Roughness Profiles of the Ground Surface

(3
=N
W



Za4g - A8 FFLERHRA A7 A43
—
T T T T T 1.70 T T T T T
s b | T Absolute Average S ® : Measured
E —0— Standard Deviation - : Regression
§ 12k | —®—Measured Ra ‘/./o/' ~e—* d1z _ = 165 [ |
g g
> ®. e ES 3
A 2

é 10 - .\o/\. \' 110 % S 1.60 [~ 1
§ £ 2

5 b
g 08 408 3 £
fﬁ & s -
Ed Q 3 o
2 L - | 3 o
z * o\o W oo E 2

5 150 | J
2 00 P o000 2
-_é oaf  BCa Y \o/tl> \? N qo04 $
1 1 1 1 1 1 1 L

< 6 2 4 6 8 1 12 M 1% 18 20 145 - p

Grinding Pieces

Fig. 5 Variation characteristics of AE parameters

and measured surface roughness

714 n& dHole e i,

A% g, xE AE Az BAge Ve

Fad W A&7 Al DARFE 7H 3
ol ZFUtdl wE AE Al&eol 7 Zw3l(absolute
average)®t FAlgtol Wig 4l E(standard deviation)
9] W3l v& <ougit],

x;© 859 AE

3.3 DARF2 ZHAHEZ|9 Az
A¥E B3l AE M3 2XRE 73 DARF9
tEd TAES ~Edel22 £ 5W A
718} BB AE Fig. 63 Fig. 701 A8
15 T T T—r— 7T T T T
® : Measured
14 1 r————: Regression B 1

w
T

-
[N
T

T

o
T

Measured Roughness, Ra{um)

o

i
T
1

o
®
|-

e
o

D.ARF.

Fig. 6 Surface Roughness versus D.A.R.F in STD11
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Fig. 7 Surface Roughness versus D.A.R.F in STD61
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Fig. 9 Estimated Results of Surface Roughness in STD61
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Table 3 Calculation of Estimated Error Rate in STD11

STD11
Estimated Ra | Measured Ra | Error (%)
1.083 1.04 4.1
1.164 1.12 3.9
1.202 1.18 1.9
1.210 1.23 1.6
1.341 1.38 2.8
1.424 1.46 2.5
1.543 1.56 I.1
1.602 1.62 1.1
1.781 1.75 1.8
1.821 1.80 1.2

Table 4 Calculation of Estimated Error Rate in STD61

STD61
Estimated Ra | Measured Ra | Error (%)
1.376 1.45 5.1
1.450 1.50 33
1.478 1.62 8.7
1.682 1.78 5.5
1.73 1.76 1.7
1.80 1.78 1.1
1.931 2.02 4.4
2.295 2.23 2.9
2.498 2.57 2.8
2.554 2.46 3.8
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