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Two-Dimensional Model Simulation of Balls Motion in a Tumbler-Ball
Milling of Metal Powder in Relation with Its Ball Filling Ratio

Gil-Geun Lee, Sung-Gyu Kim and Woo-Yeol Kim
Division of Materials Science and Engineering, College of Engineering, Pukyong National University,
San 100, Yongdang-dong, Nam-gu, Pusan 608-739, Korea
(Received October 6, 2000)

Abstract Effect of ball filling ratio on the behavior of balls motion and their collision characteristic in a tam-
bler-ball milling of metal powder are investigated by a computer simulation. The discrete element method and the
extended Kelvin model composed of nonlinear spring and nonlinear dashpot were employed in the simulation. It
can be possible that analysis of the individual balls motion in a three-dimensional actual mill by the two-dimen-
sional model simulation, since the simulated trajectories of ball paths are in relatively good agreement with the
actual ones. It knows that the balls motion in the tumbler-ball mill is strongly influenced by the surface conditions
of the balls and mill container wall. The energy consumption of the individual balls during impact and the impact
frequency of the individual balls increased with an increase in the ball filling ratio and showed maximum values at

about 50~60% ball filling ratio, and then decreased.

LM B

B2 99 d89] ¥4, £ B 5 BHe
2 3o i AAEA, D47l 98F AU
F sl aAY A Ak 24, L B4
T A BHS A A £ o] w2 A
FopllA WA olg4=lx ek aeh U o)
447] WA dejuis Al dalME oy @
< FRo] e QA ol, = e EUHY A
Fell 23l PRl A HHA o] oA, I}A|
EAE A9 Agxes AAY dY2A LS 9] &
He] 2 Fel® H4¥ 4 g A Wk &
S o8 AAH 2ol AeiM iz A
Aol Aleke] whom, HdEie) A= =Yt} A
el o3 7971 wWol U™ Fgo] ¥ 7
o] &Alo|c},

189

BS o)l g3l: thEAQ THLE 19705tHo)
Benjamin®el] 2}8) 714E 71418 &-22K(mechanical
alloying) T4 TAA eI BAbeRiE, 257
IRIE, I EHAYE, eTF2AR 59 M54 B
TN A AZF F A 2ol glel, A
20097k ©) FAE ol 43 W AT} A= o
Y71 N2e BT pLEiden, A= 714
APFITAL o83 A2 715 Am ML
F7} gats) AP T ek >O 2t AAgES
Aol QleIME UYL WPale] WEIPHe) B
o] 4 A% g R} REsled, A A=
Al (systempl] W3l AFPH ez Halx gron, 7
o AdME WHRH @3], B2AE, Y £F
Syl F2n 98 Al oAl Aoz ¥yHw
=k

olg} zre] L olfald EF, B E& JT



190 AT - T - A9

3= 7T, TAA] 2 U] IEEHE AN
E st o] AY dloleje] F3 o] a7=h, U
47] WielA dojls sARE U il Bt 9
B71e) AAzabglo) og Aoz, UYA) 2o F
A AEE M 4 gl wdiEl ko] Ald e
Ele] &7 glo] WE7HoA defrhe= Ak Sy
EE 5)°] 7hssied d3 S BEEHoE A
o3t 4 glowjel A= et HE7] WellAe
259 BAHATER, FEIE 2 W IXE
7R L] FEEH HAYLE e} 2L FEE
A g5 3] HeiMe Ao Bo] F57F
o] SEEEE AFsl vt glovt, o9 e
HEREE AYH 3L o|BHo= HFI 3 A
& )¢ o]} 22t Cundall® 5ol 93] ojAks
4% (discrete element method)e]2h= TH] 84 3
gA o] 75 AlEd o] Adsk= We] AQlEe], ¢
£ -S43l A 84 AW A ARt
9 ASL ZgHoE NE £ A Hl D

£ oM U3 Fo) £ THATE 8
3= bl EA] FAF o2 AR o)At
sae] Mg 7[ELE e, 22 BE AlEE
olAE F&EHe] A E P A4l e
o} 255 A EU A, £ 8 vXE =
FAE] A A=,

2. 28 AlEzo|d

&R B e gleM E A3t FL &
o] Y7ol FEI ¢, B el dF
22 ARTL E5 AbeldA dFEHE 25YA] &
AAyal Bxprle] AW 03 AnlE T e
AUR|ZA Eell A oA A 2-5elvlA
2 WglEo] EL] ubikg-Fo] dojyict. ajepr HE-
7IHe] £ $HAFE -] HelMe B9 &
EAlol A7) FE5UAe} B AAHH | 23 o
URe] AHAF 2 B sbe &3t ubAEE =
A2 FAE "ert geh B AlEEe| e M= 1
D 100 vepdute} o] FE= £0] S AHEH
o] HAdudaell A3 (spring), ©lA|EE (dashpot), ¥]
Q1A <37 ¥-(no-tension joint) E HAIWEk| &elo]
E(slidens =3 A BEE o] &3t A2
g Bl g ubidE, Supo|=t wpEA|3), Hl4]

Journal of Korean Powder Metallurgy Institute

¥ E (dashpoty= eulA] 2018 ZAMHo 2 Yehfls
702 HA|EE (dashpotpl] ¥]|elA &% (no-tension
joinys AEE. d7Ase] 2APH| o3t ofLfA] &
v]7} &I AT ot es skt

7] FE ASH £z AL s
e A () Zol verd $ k1P

Fei, i Ki,j 51,] (1)

7|1 Fe INF= i j B3l 2h83he 45 w4
¥, K,; ¥ 2232 Hook A, §, & = 9
g Bo] HoA=EA AZ) HHE Ve o
7\A E7ke] FEel| Hertz Y& 2198 Hg3pd,
2T 2 AR ATE YET, 23292 Hook A
T K; £ §; o F¢EA A @9 3] vehd
T Ut

1/ RR; \V2 E E Y

K ;= §(Ri+;ej) [1_v?+1_’\)?]5i,j )
7)™ Rm], EfPa], v; & 7+t & i &) w3, &
AJA4, Poisson BIE UM, Riml, EjPal, vi=
2 B ;9] vy, eAASE, Poisson BlE viepd
ok & i o} 44719 AFe| Aol U89 ut
A& TR 71AsAH

S A EE (dashopt)®] A2 2T} He
&5(ds Jdiel] BIEBHAEL, B AlEH o] ME &
ZP 40 vAdPAS sl 4] 3y 2] /A
31t

ds,
_ 1/2¢Y, j
Fvij= GOy

©))

A7IM C, & AF, Fv, INl = £ i ¢} ] 25
AEo) 2gsl= AAANTYHoR S oAt
2H43k1 wbdEbgel s Fv, ;=0 2 Tt HA]
X E (dashpot)?] ollvIX] 4m]AEE vel= ¢, 3
& 7317 $lsled, FA Smme] AEH]QH 9o
UdA FAY Cu £L9 F& T 127mme] B
A oA A kel uble] gARS AlRle 2 2o
dlo] ApzlozNE] EO] ublASE Falgich. ubd
ASE Cu +%93o] g A9l & 0155 et
W F Cu 3o A e A FAase Cu 2
2322 FA7F $mm 4 9 05 vepled, o] A
o] ofix] AmlE oF 85~100%Act. ©] =3 FEE



FEEde] B BlFe] glelA] B Ealgel whE B AT 23 Y AjEelA 191

Fig. 1. Spring and dashpot model used in the two-dimen-
sional discrete element method.
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Fig, 2. Variation of calculated energy consumption param-
eter, C,, as a function of energy consumption ratio during
impact of 12.7 mm steel ball dropped 150 mm on a steel
plate.
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Fig. 3. Two dimensional model of tumbler-ball mill.
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Table 1. Data used in model simulation.

Parameter Value
Mill diameter 70%10% m
Ball diameter, 2R 127X10% m
Ball filling ratio 10~80%
Mill rotation speed 11.4 rad/s
Ball density, p 7.9X10% kg/m?
Dynamic frication coefficient, [ 02,04, 0.6
Elastic modulus, E 21.5X10* MPa
Poisson’s ratio, vV 0.3

Energy consumption parameter, C, 13.5X 10%kg/m s
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Fig. 4. Photographs of the actual ball movement for var-
ious conditions in the tumbler-ball mill with 40% ball fill-
ing ratio. (a) bare balls (b) coated balls with copper
powder after milling of 40 hours
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Fig. 5. Trajectories of ball paths in the two-dimensional
mill at 40% ball filling ratio which were simulated with
friction coefficient of (a) 0.2 and (b) 0.6.
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Fig. 6. Trajectories of ball paths simulated by two-dimen-
sional model simulation with ball filling ratio of (a) 20%,
(b) 40% and (c) 80%. (Friction coefficient is 0.6)
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Fig. 7. Variation of impact frequency per ball calculated by
two-dimensional model simulation with various friction
coefficients, |1, as a function of ball filling ratio.
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Fig. 8. Cumulative frequency distributions of impacts hav-
ing normal component of impact velocity for given values
of various ball filling ratios.
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Fig. 9. Cumulative frequency distributions of impacts con-

suming energy for given values of various ball filling ratios.
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