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Experimental Surface Roughness Estimation
in Multi-Pass Horizontal Grinding Operations

Hoo-Gon Choi*, Jae Yoon Kim**, and Myung Koo Yeo***

ABSTRACT

Surface roughness is one of the most important characteristics in machining processes. This study presents
probabilistic models to estimate surface roughness experimentally in multi-pass horizontal surface grinding
operations from three independent distributions such as the initial surface roughness distributions of workpiece,
the distributions of the wheel radius, and the distributions of distances between major active grains. To specify
the model characteristics from surface roughness measurements, either the probability satisfying a given surface
roughness or the range of surface roughness satisfying a given probability have been estimated while grinding
conditions are fixed. Finally, the relationship between grinding conditions satisfying surface roughness range

under a given probability can be established.
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Table 1 Experimental environment
Type of workpiece : S-45C, 35 X 35 X 100 (mm)

Rotational speed of grinding wheel(rpm) : 1700
Type of grinding wheel Feed(m/min)
Experiment 1|WA46-H2 305x38 X 127(mm) 40.34
Experiment 2 |WA46-H2 305X 38X 127(mm) 51.06
Experiment 3 | WA46-H2 305 X 38 X 127(mm) 58.54
Experiment 4 | WA60-K0 305 %38 X 127(mm) 40.34
Experiment 5 | WA60-KO 305 % 38X 127(mm) 51.06
Experiment 6 | WA60-K0O 305 X 38 X 127(mm) 58.54
Experiment 7| WA46-K2 305X 38X 127(mm) 40.34
Experiment 8 | WA46-K2 305X 38X 127(mm) 51.06
Experiment 9 | WA46-K2 305 X 38 X 127(mm) 58.54
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Table 2 Measuring environment

Measuring device

SE-2300(Kosaka Lab. Ltd., Japan)
(probe_type)

Sampling length 4.0mm
Evaluation length 0.8mm
Probe velocity Imm/s

Measuring parameter |[R(maximum surface roughness)
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Fig. 3 Experimental results using a WA60-KO
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Table 3 Input parameters using a WA60-K0 wheel

at 58.54m/min feed

Rotational speed( V)

1700m/min

Feed( V)

58.54m/min

Distance between active grains(a, b) |3450m, 3750um

Radius of grinding wheel(c, d)

154600/m, 1548001m

[nitial surface roughness(g, h)

5.8um, 7.49um
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Fig. 7 Window for determining the estimator

and specifying surface roughness range

® A3 #Z Fig. 2914 E<l nie} Zo] 374
ErE AtgeR olgd FELEV Fig
87 ol vehid, d¥d FHxxE I
ol FAEE7F EAT FEC] Fig. 9%
el vehdth

Fig. 8 Screen for viewing the resulting
probability density function

dlits ol

Fig. 9 Screen for viewing the resulting

probability

342 O|2X Zujol AMEZuiolo| Hiw
o]23 ZERETS A¥EAHR 1Y 79 F£

5%9] A g4l 7 A (Chi-square goodness-of-fit test)S

AA A, AAAR7} Fig. 103} Zo] vehdd



HES - AAE - YT

@

x5 d
#ul 2y

Jdzats A A7d AkE

Aa e
2 g Aol g%gc}.

Fig. 11 Probability density function of the

experimental results using Arena

2 ATl
o]_t?—_Z_-] :&LE‘:’
A A&
Tz °A}UJ~°—
ko] 71"4(X), ﬁ*ﬁ
=M Exgse o

o] o] F & E( v)7h &

1.4

f"-(Y), Z7)1EHZ
E2(v), ¥4

Z2x9 He7l Fojd o,
g

A 8] {X|0<a<X<b}} A2t
R 2 {Y|0<c<Y<d}®} Z7IEW
Z%, {T|0<g<T<h}7} 247} 54 B2 Z
£, n3 71FFE HUXREY ”é?ﬁ}
9 <U<q 22 FOIR| =

¢

70

23
ict.
a2
Pr(p,<U<qy)= fp, Fil ) du
Lt dwol Foin A9
ERZES )
- sk Regl FIW A

e wE3

rlr

L
i
tlo
X
2o
e

o]
2

@

UdZEL *‘(l)oﬂﬂ T°1
0 wpe} o], QJApzrel Al datE e
Bx| o] Fold A$ y(AaAdxEY 3
AEE)} v AYFUY oFEE) o
8 A4Hn, g Yile FURE
o] ¥M99} A3t TUxES HHE ¢
Z & ggo] FoAAH, v& v,o F

s
o,
gh
rir
=]
g
Nz
o2
LU
o ,]2;,
e L
in
2
x

)

of Ly M

o

ox o g w

to gy 2 o

Lorir o

@ O g (P

o =
2]
)
I
ft
Lo
Aot
]

59

1=

)

z? Jm
[ to

X ol
o
£
kI e

Pt
S, gk

e

o
Rl
Mo

1. Chiu, N. and Malkin, S., "Computer Simulation
for Cylindrical Plunge Grinding," Annals of the
CIRP, Vol. 42, No. 1, pp. 383-387, 1993.

"Effects of Grain

the

Mechanics of Grinding," Journal of Engineering

for Industry, pp. 833-842, 1972.

2. Kannappan, S. and Malkin, S.,

Size and Operating Parameters on



ATZ QA DT @FHUFEEA] A7 s

Kohli, S., Guo, C. and Malkin, S., "Energy
Partition to the Workpiece for Grinding with
Aluminum Oxide and CBN Abrasive Wheels,"
Journal of Engineering for Industry, Vol. 117,
pp. 160-168, 1995.

Lee, J. and Malkin, S., “Experimental
Investigation of the Bore Honing Process,"
Journal of Engineering for Industry, Vol. 115,
pp. 406-414, 1993.

Malkin, S. and Koren, Y., "Optimal Infeed
Control for Accelerated Spark-Out in Plunge
Grinding," Journal of Engineering for Industry,
Vol. 106, pp. 70-74, 1984,

Murray, T. and Malkin, S., "Effects of Rotary
Dressing on Grinding Wheel Performance,”
Journal of Engineering for Industry, Vol. 100,
pp. 297-302, 1978.

Xiao, G., Malkin, S. and Danai, K., "Intelligent
Control of Cylindrical Plunge  Grinding,"
Proceedings of the 1992 American Control
Conference, Chicago, pp. 391-398, 1992.

Xiao, G., Malkkin, S. and Danai, K.,
"Autonomous System for Multistage
Cylindrical Grinding,” Journal of Dynamic
Systems, Measurement, and Control, Vol. 115,
pp. 667-672, 1993.

Malkin, S., Grinding Technology-Theory and
Applications of Machining with Abrasives, Chap.
1, 2, 3 and 7, Ellis Horwood Ltd., 1989.

10. Lindsay, R. P., "On the Surface Finish-Metal

11.

Removal Relationship in Precision Grinding,"
Journal of Engineering for Industry, pp.
815-820, 1973.

Brach, K., Pai, D. M., Ratterman, E. and Shaw,
M. C., "Grinding Forces and Energy," Journal of
Engineering for Industry, Vol. 110, pp. 25-31,
1988.

12. Law, S. S., Wu, S. M. and Joglekar, A. M,,

13.

"On Building Models for the Grinding Process,"”
Journal of Engineering for Industry, pp.
983-991, 1973.

oA, “Hydazgde] glejx ZHzx F
e A% Fud w2 AAesleg, 4

S VA ELICHERRE
Aol Q= A9l 13 7S

Yol e A 22
D = o L),

Ve =
A = a=gyr L0 £

259 HFURFS fr(ne TOEF 2o
9, fo(HS BEUEETFTE HY] Y =24
& S

2 2
® CASE I-1 (% L)

[ od®  24d°
f()_____’:# »
R= 30— a)(d— o) L (et a7

a(d’+abt b))
T @m0 L)

zf; a’
7
t 3a(b=a(d—0) I(%‘z,ﬂfi>(r)

a4 B
» CASE Il (- (%)

fR‘(7)= 3d(b_d)(d_ C) I(_g‘;i’a_zf)(r)

LEE,

T 3ao—a(d—0 L 8,07

71



HEFZ - AAE - AHT AL ETSIA A7 ARz

2b3 ac + ab’ile ™ 1 222 ‘A\/%‘f’
I 2K, # 12K, ¢
T Balb—a)(d— 0 (% )
abs/lze’%_L_
2) FANYAL A X7 AFEEE WEL, 60K,
Al Xx0] Hlx|E QlolH T = 2= -
1_-17\‘?_—-*] L2 & Yz}' AUYTEE B /1302\/—6‘\/2@_"\/;‘/; / )
799 EHRES X 602K, ¥ a (e o,

FAAAAL A xok ANRE WAF
Y9l %E?Hﬂ 72} fx(x) = 2e” %,

a ¥
e CASE II-2 ( c < d)
fY(y) d c I(c d)(y)

= | 4582 A

K, = (e e *(d-0), a—SVZ d o =

AzEe] FFUARHSF fr(nE TEH 7 _adie 1 RdNE

%8 (e BUEFS} B A W AT Tzl 0

23 WEHI _ad'le™ 1 PdVd _r_e*@fr
2K,  #  60eK,

e CASE I2 (bT: <"—CZ) ad’Ale™™ 1

R | L

fr(n) = {é-%}/{—%\/j:e_/‘@ﬁ +{ M\/—%eﬂgﬁ«A_@/—C@e”Eﬁ

JaK, 3eK,
3y ~4 22 —A4vy -
_ aa3/1Ke a% + 1;?{ e AJ—: n Azdz e~/]@‘/_r— AZCZ e~AE‘/_7
1 an 12aK, 12K,
_fd

_ad'e 1 " Ndd [z a4 +—-’13d2‘/?i L, W40
12K, 7 60K, V @ ° 60eK,

_agle™ 1) : (7 —M\/zeﬂ\/%ﬁ I a2 (P
60K, 7 (e 48 60aK, ¥ @ Lo )
ab®le™ 1 ad’le ™ 1 —

““{ 3K, # 3K, ¥ 4| @ble® 1 Ao/—c‘/Ze—*E”

3K1 7‘2 3(ZK1

n ab4A2€HAbL _ aaﬁze_ML -

TURK, A K, 7 PO B I

12K1 1/2 120'K1

+ absaae_AbL
60K, L abe” 1

60K,

543 —4a
_ ad’le 1 .
60K1 1'2] I(%._‘IZ )(7’) A362\/Z, » - A f\/;
o e T

60aK
N abslie"”’L B /lc\/_c\/—_g’e"l‘/g‘/_’ !
3K1 1/2 30K1 4 R

72



