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A study on grinding of alumina ceramic balls

using magnetic fluid

Sang Sik Kim

Department of Mechanical Design
Graduate School of Industry
Pukyong National University

Abstract

This study is to apply to the theory of Rosensweig, R.E that buovance is
produced when a magnetic field 1s impressed to the magnetic fluid in the
nonmagnetic materials of the magnetic fluid inside. also it is to examine and
analyze various characteristics reaching to the grinding of ceramic balls after

mixing abrasive grain to the magnetic fluid. as a result of it.
1. As for the grain size of abrasive grain #120, 220, 320, 420, per ball is the

removal quantity 3.86, 3.75, 2.73, 2.17 gn/min increases to #120 but it did not

increase any more and 1t increases about 1.8 times than #420.

2. Decrease of totality average diameter per one lot is ground 0.231, 0.238, 0.239



mm/hour in the concentration of abrasive grain 10, 15, 20vol%, high
concentration of abrasive grain of increases to grinding a little bit and the

decrease rate of an average diameter is increased exceedingly to 15vol%.

3. Change of removal quantity is exceedingly small in the difference of 1820rpm

and 1400rpm rotor rotations.
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Fig. 2. Schematic diagram of experimental apparatus
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Table 1. & 2@z S4S Yl

Table 1. Main specification of experimental material

Division Characteristic Value Notes

Sinterring process PLS

Alumina ball | Density 3.9g/cm
Hardness(Hk) 2000k /m
Model number - SMF-110 Samhwa Electronic
Viscosity(27C) 1000cp

Magnetic fluid | Specific gravity 1.30
Magnetization(8kOe) 350
Solvent Mineral oil

the Fig 4 & ¥l A8 ARl Folnl PLSHOR Ax® 2T A7

HES UEE A0w AZA A7 QFF Boko] AAAAE wo] wAlAI 7T
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Fig. 4. Photographs of before grinding alumina ball

Table 2. & XFoi Aok 2g 4T Ao AR B L FF2 vheha

fu

B AZAAE FEARA Ao, ATFEE o A0mAT. FRL 223 A

0% ol AW A ALE L Sk

Table 2. Weight and vanation of diameter of alumina ball measured before
grinding

Total Total

Ball number 1 2 3 4 5 6 7 .
average| weight

(Average | 01 935|946 | 937 | 945 | 948 | 937 | 9.1
diameter(mm) 129329

g

Deviation(mm){ 0.09 | 0.11 | 0.10 | 0.11 | 0.14 | 0.12 | 0.08 | 0.10
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AP E AAs7 Aste] dArtdd APH o2 JFS vA = AFFAY At
Ae dudgdoz AASIed AdFAE 4 € 449 AAFAS TYsk
AES ey ARG FAY B ZEZF 1,000rpmel Yoz s A Eo)
dAgst'” gL A& 5 Qo] w4 ALFAZ wAstE AP st
Table 3. & AdxAE& Jehl At

Table 3. Experimental conditions

Grinding Load 6 N
Revolution 1,820rpm 1,400rpm
GC #120
GC #220
Abrasive grains
GC #320
GC #420

Grinding time 3, 4, 5 hours(7, 9, 11 hours)

Magnetic fluid : 90, 85, 80vol%

Mixture ratio
Abrasive grains : 10, 15, 20vol%

_12_
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Fig. 5. Schematic diagram of ball grinding in
magnetic fluid
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Fig. 7. View of grinding rotors for alumina ball
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4. 23434 9@ n#
4-1. AR A3}

411 obAl dEel e FFAA, A4WA D Ank Az
Table 4.5 @vlal GC #1202 3AZHE dAvldt & 233 Az Fo HT
AR5 ARV D Avkde ZFstel dehiglon), A4 FAs vty 2 2w
£ 23 go) dAnprh Ho} 1NEY m@ste AYS stRen), 224 47 a3
2 more 1Az Antz 933 glelAdh

Table 4. Removal quantity of balls ground for 3 hours

Ball 1 5 3 4 5 6 7 Total iqtal
number average| weight
Average
diameter | 87 | 872 | 873|874 872 | 87 | 871 | 8717 1103585 g
(mm)

Deviation | 051 6,01 00150021 | 0,02 [0.015|0.017| 0.0169

(mm)

Removal
quantity | 0.7 {063 10731063073 ]|0.78 | 0.66 | 0.694

{(mm/3h)

Avkge A FEARE AehEe] FAEAZ WHE Jehyes, Avtae
F T A7A°] 941lmm, A7 F FHE AALE 8739mmP e, FAvFS
27.0mm/mine) 32 & 1% BT 24E AvFEL 3.86m/min7t ARtEILH, FHoR

£ 9F 1563%7F #A U

17 -



ol#} Fig. 8 & GC #1202.2 3A|F Avkdk B o xlxojr)

Fig. 8. Photographs of ball ground for 3 hours

ole] Table 5. ¥ AutAl GC #2202.2 U3 712 27402 3 A7
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FAvkFe  26.22m/mine] 9,

o
e
2
o
ru
)
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=
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A ok 0.78m/min A5 dAvlFo] FA3tAC).

Table 5. Removal quantity of balls ground for 3 hours

Ball 1 2 3 4 5 6 7 Total
number average
Average
diameter 874 875 8.74 8.75 8.75 8.74 8.74 8.744
(mm)
De(rv;l?fll)o“ 0.015 | 0.01 | 0016 | 002 | 0.017 | 0017 | 0015 | 0.0157
Removal
quantity | 069 | 062 | 066 | 063 | 067 | 0.71 | 074 0.674
(mm/3h)
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Table 6. & dvkal GC #3202 T4 718 Aoz Avpeldl-s weob 22

473 BAE QEdE o 4N Aok el AL F AU, BRARH FFAH
9 AvkEg FAstel dehy
FAvhES 1913m/mincl® 2 A% HFAZ AvkRe 273m/mingdov, ol

2o #1203 wlwsted 7.87m/minc] ZAstATh

Table 6. Removal quantity of balls ground for 4 hours

Ball Total
number 1 2 3 4 5 6 7 average
Average
diameter | 878 | 876 | 875 | 876 | 875 | 876 | 875 8.759
(mm)
D‘i‘r’ﬁ‘f“ 0017 | 001 | 0015] 002 | 001 | 0.013 | 0015 | 0.0143
Removal
quantity | 06 | 064 | 071 | 064 | 063 | 07 | 067 0.656
(mm/4h)

Table 7. & Aokl GC #4200.2 FU3 718 0= dAnfelgd S wie} 22 3

FAvEL 152m/minel™ = 4T BTEAA AvhEFS 217m/min® .9, Al

2 #1203 Bl ste] 11.8um/mino) 7238k}

_19_



Table 7. Removal quantity of balls ground for 5 hours

Ball 1 9 3 4 5 6 7 Total
number average
Average
diameter | 877 | 878 | 876 | 877 | 878 | 876 | 877 8.770
(mm)
D‘a’;li?)o“ 0.015 | 0.012 | 0.013 | 0.015 | 0.018 | 0.019 | 0.013 | 0.0150
Removal
quantity | 066 | 07 | 064 | 058 | 067 | 0.7 | 061 0.651
(mm/5h)

obef Fig. 9, 10 & 28 A, $9 AWz & #AxstE vetd agojrth

dAvla GC #1202 3213 v
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Fig. 9. Graphs of average diameter of ball before ground and after
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0.0011mm, GC #4202 5217 vl & Eo] Hw A2 8770mm 74 BA 0.0139mm

Aot

0.14
0.12
= 0.1 | :
g€
= 0.08 |
2 #120 ~=- #2020
T 0.06 | rpm 1820 e -
3 Time : 3-5 hr Before v 4320 -=- 420
3 0.0a | L 6‘6 N After -~ #120 = #220
oad - ~ #3020 — - #420
0.02 %&ﬂ”/‘_ . .
0
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Ball number

Fig. 10. Graphs of deviation of ball before ground and after

4-1-2. 28 Aol mE Avty 23

Table 8. & FY3 =] <drkAl GC #120, #220, #320, #420 22 =ZE 3 A4

£ 1820 rpm, 1400 rpme.E 3 - 5 Al Antst & 3 AFd ¢ E AvpEFS FA
slod eI T
Zdoj2e A4 1820rmmHy BlWEH, dopal AT #2004 FU AF 2A

ol 23M4 1400rpm 9 A 26.33m/minC 2 0.67m/minZt A, #2201 4 26.0um

/mine 2 1.0m/minZt 4, #3209 4 18.79m/minl. 2 8.21m/min7 4, #4204 15.13
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m/min £ 11.87um/minZr 4319 o

Table 8 Removal guantity of balls ground for 3-5hours with rotor rpm

Abrasive grainsl  uyo0 | woog | #320 | #420
Rotor rmm

Removal

1820 rpm quantity 27.00 26.22 19.13 15.20
(um/min)
Removal

1400 rpm quantity 26.33 | 26.00 | 18.79 | 15.13
(um/min)

Grinding time 3 hour 3 hour 4 hour 5 hour

ol#f Fig. 11 & =2 3dsd A4g Fo dvpg W3E ved Tyl

dobal YE7F AL4E FAvtae] WA BaHE A 2 Atk

30
25 1
=
c
— 20
©
2 <
EE 15 Time : 3-5 hr
> E Load : 6 N
(E) ~— 40 t Concentration vol % : 10
© S,
o 5 | |- 1820 rpm
I N
(~2-1400 rpm |
0
120 220 320 420

Abrasive grains size (mesh)

Fig. 11. Graphs of removal quantity of balls after ground with rotor rpm
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4-1-3. vt F=ol we HdAZH Aok A3}
AN Aukal GC #1202 AvkAl F% 15vol% 2 3AzE A}

X9 e vY¢s =1
3 F HaA R dAvtFs S35 el
Table 9. Removal quantity of balls ground for 3hours by 15vol%
concentration of abrasive grains
Ball 1 9 3 4 5 6 7 Total
number average
Average
Diameter 8.7 872 | 871 874 | 872 | 874 872 8721
(mm) '
Removal
quantity 0.7 073 | 075 | 0.74 0.73 0.7 0.65 0.714
(mm/3h)
ZFdAntF e 27 78m/min, & ME B AvtFE 3.97um/min7t A9FE AT
Table 10. & @vkA] GC#120°0.2 AvtAl ¥ & 20%= 3A1ZF Avkst & HF+ A4
duteks ZAste] JelliYla, FAvEFS 27.89m/minel 3, = AQ Hd AAH
Table 10. Removal quantity of balls ground for 3-hours by 20vol%
concentration of abrasive grains
Ball 1 5 3 4 5 6 7 Total
number average
Average
diameter | 8.71 8.7 871 8.72 8.7 8.71 8.72 8.710
(mm)
Removal
quantity 0.73 069 | 069 | 076 | 075 | 075 | 065 0.717
(mm/3h)
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Fig. 12. Graphs of relationship between removal quantity and
concentration of abrasive grains

4-1-4. AvtA| e & FF A A7 AvtF A7
Table 11. € Avlal GC #42022 Amtal FE 10vol%=2 3, 5, 7, 9, 11413+ v}

& %

gl
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A4 AviFs SAst] YEhRA, 3AA o A A= 25.68m,
SAIZE w 13.90mm, 7AIFE w1178, 9A1ZFY W 10.98mm/min, 11A41+Y o

10.88mm= A vk= A
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Table 11. Deviation of balls with grinding time

Crindi
(Grinding 3 5 7 9 11
time(hours)

Deviation (gm) 25.68 139 11.78 10.98 10.88

obel Fig. 13 & AvpAr|Zte] wg

QAuiAzre] Fhatel we 27 WAL i

A
]

g Uehlis agzoig

30
GC: #420
25 | e, oM © 1820
— AN concentration vol % : 10
& AN
3% N
- ,
o115t AN
© a\c}\e_ﬁ o
> _____ p—
() 10 B
)
5
0
3 5 7 9 1

Grinding time ( hr )

Fig. 13. Graphs of deviation of balls with grinding time
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4-2-1. AFAZ 2 AZAA] G u2

<

Table 4, 5, 6, 7oA vk AF-o HA273 R AQAAE HERHIA

AvtA GC #1202.% 3A1ZF Avt ¥ B9 Bt A4 L2 873%mmRA e 2 Evirh

Bt 0.694mm7E AntEl o F A A A 0.0169mm, GC #2202 H 27 8.744mm,

N

A A 0.0157mm, GC #3202 4A1RF Avhk & Eo H 27 8759mm, 274 Wzt

0.0011mm, GC #4202 5A13F vt ¥ £2| H274 8770mm, 373 HAF 0.0139mm

8

om, oA e Fee) Aty 2 v}

od
vl
e
ol
b
>
oKl
ml
o
tio
I
ul
%)
fin)

4-2-2, AvkA) Y=ok AvtLe] nB

(]

Auixl PEel A7 MALSES AR 2L Qe 2
ol, dAvkadl GC #1209 FAvhFe 270m/mincl 3 2 A
386um/min7t AukElA3, GC #2208 F vl 2622m/minclm B AP B A
73 vk 3.75m/minst AvtE A, GC #3202 FArtE 19.13m/minel™ &

Mg BEAE AvkEFS 273m/min°l 131, GC #4202

off

vk 15.2um/mine] 1

B g H A7 dulE 217m/min’t AelE A 2, #1208 AL S w7k #420

_26_



1-2-3, AvbA) EFEol BE dAviere 13
Anlzle] w7 Z71ebd AdAupEn 8t Z71E Zlolgte AWl AN E o
o) 1svol%el A avkaol 7% Z7hekREd, olAe Avkalel wakel A A

ulgo] gudon Aol dui F AR Zelold vigte] AZH:, wF A4

;

_'Qr
Ao A 2rtstd 7lng WFPol o wAso dAviFge] Fad Ao

dE o

A-2-4. AviA] dEo] 2 FHART| o 1zt

=3
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JRE dAvkael Wtz e ol ARERC FUNW 24WREI} L of
2ol 4 g2o] tehn oo ostel Arel Ewel Fdol WHm 33
A zogd Fde As QRea Arel mwd #Aw Aot #U(radial
crack) o] walslel wHol AWolAw, Wb AnkA YEI AL AL A
st AR EH TFol AA 2] XEALVI} FEE Ao qddy.
Fig. 15% Avhal #120% #2202 AE3AE Mol ATE bl dom 41202
AT ATE 27mE #2202 AESHAL dE 22mE el gk
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(a) GC #120

x2000 oUuT

(b) GC #220

Fig. 15. Sphericity of a ball ground
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