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An Experimental Study on the Optimum Grinding of Alumina Ceramic Parts

A 4 9 9
J] H Kamg W L Kim

ABSTRACT

Recently, engineering ceramics called as the 3™ material have been concerned significantly with some
excellent mecahnical properties and many functions as new materials for high precision mechanical compone-
nts and engineering parts for at large. Then, for designing engineering parts using engineering ceramics,
bending strength value data with high reliability is more essential than any other mechanical prorperties.

But, because of brittleness and structural characteristic, it is very hard to grind with conventional tools,
and the generation of cracks and various defects of engineering ceramics parts during grinding machining
process are serious problems. Thus, in present study, surface grinding experiments with various machining
conditions using resin bond diamond wheels are carried out to obtain the most excellent guality of testpiece
surface and optimum step of grinding process for the high efficient stock removal rate to save running
time.

As the results from grinding experiments and 3— points bending strength test of ground ALQO; ceramics
parts on Korean Standard, manufactured in our country and Japan, basic technology and know-how to
develop the optimum grinding machining conditions and also high bending strength values with high reliabi-
lity are odtained.

271480 | Ejgineering ceramics(21 =) o] & Al 2he]~), sufrace grinding, diamond wheel(3 @ @4}),
bending strength(c}o]ol2 =), Alumina ceramics(E 8 %), high reliability(¢5=v}
A2t 2), Weibull plotting(32 134)

.M E e 4g A U ZA4Y AAE AL
A7} A&IHEEA, AER 297 BAE

Ul B0l #F - 45 A%, AR B BAARY S5 AR S GIR 7]
A4, B4 UG 5 UAAFH 2¥EAY 54 EHE £ YE DA A FEE A

* AL, FRVIAETL NAIERA TR S1E7EDd7Y A9d7e
oA EE B AT 24
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Table 1. Comparison of grinding wheel spec. and depth of cut

(unit : micron/pass)

testpiece Mesh of diamond wheels and depth of cut
group No. #80 #140 #270 #600
1 20

2 5

3 20 5

4 5

5 5 5

6 10 5

7 10 10 5

8 10 10 5 2

motor

- workpiece
AT T

R

. - PC .
. |powermeter

&

repicorder

by

Fn Ft power -

Dig'ram of experiment system

Photograph of experimental system

Fig.1 Diagram and photograph of experimental

systemn

cutting M/C2 2 & o] AEH Zo|9) 40mms)
AT B2 HEU 28 darFe s
I AHEA & KSTFA Y E 4X3X40mm stick ¥ ©)
HeE AA 7HF € &4 7MEE s o]
o dY#F /tE 2L AINAL & 49 E
H)w&te] Table. 191 VERY Hkt)

Alegpe] o] H)A4 o F vl Ed A
A oz AetEa s 3Rt g ol
B 1231729, multi-cutting M/C(4&E MA-
RDO CoAl, Ceramicron MX—833)2 Al-&3}4
AldH ge dedz Jd AEd F A
me} =) 7] 488 H-87](¥E MARDO CoAl,
MG40D) A cdelolE= 2 t2AE ALE-
o AP 455 2H7] HEE AYFge
22X HF AgEE 4% § o] F4 Al
e Fas vy AR X7 oM 58 A%
&3 ANHEE Al

A
Gl

Truing process ;

Dressing process

Fig.2 Photograph of truing and dressing pro-
cess
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‘initial truied and dressed condition

‘wear condition

Fig.3 Comparison of wheel surface and diamond gr'ain'cutting edge with various condition
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g A9 ANEH 7HFA-E SEM 93l
Figaol Wz vieh) Bsich Figadl (e ¢
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Agto]l Fol B A& veEhd Aot 4x9
matrix T3 grain boundaryol @3 zZYo]
AHI &S Rol7] 98 (b 18H WL
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grain

¢ . crtical macrocrack
size ’

(@) surface of testpiece machined at manufactu-
ring company

(b) surface of trestpiece ground by our team

Fig.4 Comparison of surface quality of testpie-
ces ground by our team and machined at
manufacturing company
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Fig.5 Comparison of surface roughness and wave from
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TE Z£78to Figsell vlaste Jehl Bgir 30
Figs¢] (case 2718 27L Figdd (W73
Y98 9, spark-outd 43 H7HEte AAlE)
gk FHzE 2ol GAAA AR A4
Ag AA 7FFgel vlag e 4 rhevks
ofzt AAHE BAZ 7HEFW A9 7] Ao 20
o}l A AR ol e oA,
A Azke] B¢l EH2% (surface roughness)
W F@ B4 (surface waveform) FHoA 2F
EFHE ¢ 5 AUt

T4 Aahee) A4 HY B2EE(FyFo &
ZAsto] Figedl vad] vehd Egkrh. Figes
At 71EA HokE E AF A FRd
HolHE F9 sz, 7IF =2h2 2§ F
&% 1,600m/min, HolE ¢]% X 10m/min,
2% 10pm/passe]™, SDCI4ON100RW—3.02]

Fn (N /mm)

10 -

Alumina ceramicz

Ft/Fn : 0.11

0 545C
Ft/Fn : 0.36

FEE A3 FH oz dyste] 78 Holth 0 :
a3 7 delEe HAe s aAe
Aol iAoz ot 2A velth BE¥ 7

gwu Agag A9 o 3 o4 A )
n

Table 2. Experimental machining conditions

Ft (N /mm)

Fig.6 Comparison of grinding force ratio(Ft/

grinding wheel speed © Vw= 1,600m/min
table speed ! Vs=6, 10, 14m/min
depth of cut: A 24,6810,15,20um/pass

Grinding condition

using, grinding wheel . 1Al type straight wheel
resin bond diamond wheel
(D)180X (d)3L.75X (W) X (£) 3mm
SDC 80 N 100 RW—3.0
SDC 140 N 100 RW—30
SPC 270 N 100 RW—3.0
SDC 600 N 100 RW-3.0

Truing condition

using, brake type truier - CB0K7VGW, 75X 25X 12.7mm
feed-rate - fd="75u/rev.of workpiece
depth of cut . t=20u/pass

Dressing condition

using, stick type honing stone - WA220H6V(21X 21X 200mm)
table speed : Vs=100mm/min

depth of cut: t=1lmm/pass

total removed volume + 1,000mm’mm

using, soluble type coolant
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Fig.10 Weibull plotting graph for comparison
of testpieces machined with various
grinding conditions,
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Table 3. Calculated data of various factors for Weibull plotting

ik Sic A1203(1) A1203(2) A1203(3) Foi/N+1 In In
o In o In o c In o c In o (1/1-B
1 [232| 3144 |[237| 3165 |249| 3215 |253| 3231 00476 | —3.020
2 |252| 3227 |239| 3174 |261| 3262 (271 3209 00952 | —2302
3 |256| 3243 |252| 3227 |26 | 3281 |276| 3318 01429 | —1870
4 |274| 3310 |28 3250 |27.7| 3321 |279| 3329 01905 | —1554
5 |282| 3339 |21 3262 |285| 3350 |288| 3360 02381 | —1302
6 |285| 3350 [272| 3303 |294| 3381 |295| 3384 02857 | —1.089
7 |286| 3353 |[279| 3329 |209| 3398 |307| 3424 03333 | —0903
8 |289| 3364 |201| 3371 |31L3| 3444 |[314 | 3447 03810 | —0.735
9 |204| 3381 |300| 3401 |314| 3447 |[330| 349 04286 | —0581
10 | 308 | 3427 |[301] 3404 |[327| 3487 |[338| 352 04762 | —0436
11 311 | 3437 |306| 3421 |[331| 3499 |355| 3569 05238 | —0299
12 | 314 | 3447 [319| 3463 |[333| 3506 |361| 358 05714 | —0.166
13 | 316 | 3453 |[328| 3490 |[346| 3544 [366| 3600 0.6190 0.036
14 (324 3478 | 331 | 3499 |[347| 3547 |369| 3608 0.667 0.094
15 [334| 3509 (332| 38502 |[359| 3581 |[373| 3619 0.7143 0225
16 |337| 3517 |[337| 3517 |360| 358 |377| 3630 0.7619 0361
17 339 | 3523 |339| 3523 |[361| 3586 |386| 3653 0.8095 0.506
18 | 341 | 3529 [345| 3541 |372| 3616 |391| 3666 0.8571 0666

Table 4. Comparison of average bending strength value and standard deviation value according to

variation of machining conditions

(unit : micron)

Testpiece Mesh of diamond wheel average bending Standard
Grroup No. and depth of cut (mm/pass) stregth value kgf/mm? |deviation value o
£80 #140% #270 #600

1 20 304 33

2 5 316 21

3 20 5 3038 25

4 305 27

5 5 5 324 17

6 10 5 319 19

7 10 10 343 09

8 10 10 2 326 17
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Fig.11 Weibull plotting graph (1) of bending
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group 2 of Table.1)
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strength values

(Comparison of testpiece group 5 with
group 3,4 of Table 1)
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Weibull plotting graph (4) of bending
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(Comparison of testpiece group 7.8
with group 2,6 of Table 1)
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