Vol. 1 M. 1

TRANSACTIONS OF NFsoc

October 1991

A NEW SIMULATING ALGORITHM FOR BALL MILLS
—— CONVERSION COEFFICIENT METHOD®

Chen Bingchen®
Northeast University of Technology,
Shenyang 110006, China

Xiao Wencai”
" Chengdu Measuring Centre of Rocks
and Minerals, Chengdu 610081, China

ABSTRACT
‘The conversing relation among the Bond Work Index W, specific output of mill and the energy efficiency
of grinding were developed using dimensional analysis. The relations of which were proved and the value of
the coversion coefficient & was also obtained using a new installed device for measuring grindability of ores
With the new simulating algorithm, the mill specifications, output and size distribution of griding products of

industrial mills can be calculated based on laboratory measuring results. This algorithm is more accurate and

simpler than any of the others.
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1 INTRODUCTION

There are two methods for ball mill calcu-
lation at present: 1) the algo-

(t/ m’h); 2) Power constant, such as Bond
Work Index W, (kWh/t), and energy effi-
ciency e (t/kWh); 3) Area constant, such as

the Tt index" 2.

rithm; 2) the simulating algorithm. Each has
its own limitations and shortcomings.

The conventional algorithm for the choice
of mill, for the calculation of output and for
parameters, is first used to measure the
grindability of ore in laboratory, and then
multiply it by a series of revision coefficients
because of the different conditions of mills in
laboratory and in industry. Ore grindability is
the“ grinding constant” for mill selection and
calculation, which may vary according to spe-
cific grinding conditions. At present, three
kinds of grinding constants are widely used:
1) Volume constant or specific output of mill ¢

The conventional algorithm is simple and
easy, but it is impossible to obtain the size dis-
tribution of the ground product. Besides, there
will be significant error with the onventional
algorithm method because of the different
revision coefficients (such as feed, size distribu-
tion and mill diameter etc.) used for different
methods.

In order to solve the problems of the con-
ventional algorithm method, the simulating
algorithm was put forward in the 1960s!>*.
With this method, the breakage function B, se-
lection function S, residence time distribution
function RTD and classification function C
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for closed grinding circuit should be deter-
mined first; then the simulating calculation can
be carried out in accordance with the grinding
dynamics or the dynamic balance models.
Though the size distribution and other
parameters can be calculated with this method,
the following shortcomings remain: 1) it is very
difficult to determine B and S because they
are closely related to ore properties and opera-
tion factors; 2) the simulating algorithm is

N
T W, =(l—,)(li—a)/(10/.)PX -
10/JF )=k¢ ©)
K=B-0/00/P, — 10/JF )@
Where, F, and P, represeent the sizes
(um) of the feed, and the product respectively
80% of which passes through a screen; Q is
the capacity of the mill with new feed (t/h) ;
V is the effective volume of the mill (m®); o, §
are the contents of the feed and product of mill

more i than the
algorithm but without higher accuracy.

In this paper, we present a newly de-
veloped simulating algorithm based on the
conventional algorithm.

2 THEORY OF THE CONVERSION
COEFFICIENT ALGORITHM

The work index IW,, specific output ¢ and
energy efficiency e describe ore grindability
from different aspects separately. From the
interrelation of W, ¢ and e, a new simulating
algorithm can thus be developed.

From dimensional analysis:

[g/ €)=t/ m’h]/ [t/ kWh]=[kW / m’]

g/ w=[t/ m’h]/ [kWh / t]

=[kwW/m’]

Therefore, the ratio between ¢/ e or ¢
/ W, is a dimensionless constant that can be

obtained from the definition and dimensional
-]

W/iW‘/(IO/‘P\—IO/‘F\) (4))
4=0B-0)/V ()]
e=0(f-a)/N 3)
Where, W, in equation (1) means the

analyis of W, ¢, e as follow

specific energy consumption, and
W =N/Q @)
Then: q/e=N/V=¢ 6)

respectively (decimal); N is mill power (kW).

If the values of ¢ and K are known, any
grinding constants, such as W, g or e, can be
obtained with the egs. (5), (6).

If the effective power (N,) of the mill is
regarded as the mill power (W) it can be calcu-
lated as follows'”:

N, =iAVND - fg. ) ®

Where, / is the mill type coefficient, for
grate mill = 1.16; for overflow mill 2=1.0; A
is the bulk density of the grinding medium
(t/ m; f (¢, §) is the power coefficient and a
dual function, in which ¢ is the fraction of mill
volume loaded with balls,  is the fraction of
critical speed. Substituting eq. (8) into eq.
(5), then

E=N,/V=1A,1(p.¥) 9

If a standard mill with diameter D, is se-
lected and its operating parameters Ay, @,
Y, are given the standard conversion

fficient &, can be obtained. Therefore, the

conversion coefficiet &, for any mill (D, x L,)

can be calculated as follows:
&, =48,0,/D)"@,/8) (0
When A, ~ A, eq. (10) can be rewritten as
Gp=A B (DoAY an

i (D D) E R AR T
Flo W)/ flo by a2
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Where, 4,
S (@ ¥, and f (¢, ¥,) are the power coeffi-
cients for nonstandard and standard grinding

is the mill type coefficient;

respectively.

The similar power coefficient K,,, can be
calculated with the following egs:

K,, =flo¥)/f(e,:¥,) (13)

S S K (14)

Thus if the mill (305 305mm) and the
test conditions for measuring the Bond ball
mill work index are taken as standard, the
standard conversion coefficient &, can be de-
termined.

3 EXRERIMENTAL VERIFICATION

With a new testing set which consists of
the ball mill (305x 305mm) and a computer
control power measuring instrument, the effec-
tive power consumption, and the grinding con-
stants with a standard of ¢,, W,, and ¢, can
be obtained.

The standard testing conditions are as fol-
lows: ball mill (305x 305mm) with smooth
linear, the effective volume V,=0.02227 m%
the rotation speed n,=70r / min; the fraction
of critical speed 1/, =91.2%; the mass of load-
ed balls is 20.26kg with a given distribution;
the fraction of mill volume loaded balls
@= 18.9% ; the bulk density of balls A,
=481t/ m’.

egs. (5) and (6) were proved as follows:

1) The ball mill work index W,, and spe-
cific capacity g, of three different iron ores
were measured under standard conditions.

2) The effective power of ball mill (305 x
305mm) was determined while the work index
was being measured. Through experiments, the
effective power was measured as N, = 121.06 x
107kW. Thus

£,=N, /V,=5435kW/m’
3) 4,, €, and W,, can be calculated from
the following egs. respectively.

4,=(60x1n,xG,) /(V,x10°)

=4.2%x107°G,/V, (15)
¢,=(60x1yx G,) / (N x 109
=4.2x107°G,/ N,, (16)

W, =W, 00 P —10/JF )
=W,,/0,)700/JP_—10/JF)
=W B—a

42x107°g, 10 __10

Ve Y F,
Where, G, is the ore grindability deter-
mined from standard Bond work index testing

an

(g/ 1) W,, is the specific power consumption
(KWh /0 W, is the work index of the mill
(305x 305mm) (kW /t). The value of the
work index W, can be calculated as:

W, =49.04/[P""G *2(10/P_

~10/JF )l (18)

The values of the conversion coeffcient
&, with work index mill (305x 305mm) and
those &, derived from eq. 5 were listed in Ta-
ble 1. The relative mean deviation between
these two coefficients is only 1. 7%

An empirical formula eq. (19) is then de-
rived from Eq. 7.

K,=—1515+0533InP, 19)

If the controlling. screen opening P; is
known, the constant X can be obtained from
eq. (19) . And the deviation of K;S from equa-
tions (7) and (19) is less than 1.5%. Eq (19) is
suitable for fged size F, of standard procedure
which is about 6 mesh only, and the propor-
tional constant K; for other feed sizes can be
calculated from eq. (20)
K, =237/ F )" (~ 1514+ 0.533nP,) (20)
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Then: mean deviation between &,, and the actual de-
Wie=N,,/ (42x 107G )(2237/ F)""* termined conversion coefficient is 1.92%.

(~1.54+0.533InP;) 1) Thus the close relations among W, ¢ and
From g,w,= K¢, the conversion coeffi- e were verified. '

cient &, is calculated and listed in Table 2, the

Table 1 The measuring results of three kinds of ores

e grind-ability total effective T T W
No. Fu power power
(pum) i of mill of mill
openinglum) () Glg/n (W) W) Gw/m) (%) (%)
12800 280 177 2043 25226 12315 5529 2043 10000
2 2800 24 157 1984 248.63 119.52 5366 2000 100.00
3 2800 180 139 1852 25256 123.45 5543 1884 100.00
4 2800 154 16 1.609 250.96 12185 5471 1540 100.00
5 2800 135 95 . 1.449 251.00 121.89 5.473 13.62  100.00
6 2800 90 o 1160 28.92 119.81 5379 1049 10000
7 2800 77 53 1.008 248.59 119.48 5.364 5.46 100.00
mean value 35042 [FIE] saa7
8 2185 180 157 3.688 25000 120.89 5.428 27.54  100.00
9o 2185 150 1 2776 24730 118.19 5307 2330 100.00
10 2185 90 76 2.111 251.30 122.19 5.486 19.39  100.00
mean value W95 12042 5407
oo 180 1435 2748 24988 12077 54 2158 10000
12 s 125 98.5 2012 25317 12406 5570 1762 10000
132225 90 714 1.587 247.67 118.56 5.323 1497 100.00
Tean value 35024 [FINE] 5439
Total mean value 250.17 121.06 5.435

17 Donganshan FeOre ;  8-10 Dagushan FeOre i  11-13 Baotou Fe Ore

Table2 The calculated values &, from testing results of various ore

ore controlling 4 e Wy =40/ ¢ &Su/ &) En=aWn/K &S0/ &
screen
type opening(um) (t/m’h) (t/kWh) (kWh/t) (kW/m’)  x100% &W /m’) x 100%
280 0.386  0.070  21.03  5.514 -1.45 5.479 ~0.81.
224 0.385 0. 068 19.967 5.368 1.28 5.343 1.69
180 0.349  0.068  20.140  5.540 -1.93 5.632 -3.62
Donganshan 154 0.304 0.055 21. 186 5.627 —1.69 5.528 =171
125 0.274  0.050 21170  5.480 —0.83 5.503 -1.25
90 0219 0.041 21135 5341 173 5.260 3.22
m 0.189  0.035  23.037 5400 0.04 5.463 -0.52
mean value 5.545 5.458
180 0.704  0.128  9.681 5.495 -1.01 5.422 0.24
Dagushan 125 0.580  0.099  10.575  5.572 116 5.278 2.89
90 0.408  0.073 11905  5.554 -2.19 5.427 0.15
‘mean value 5474 5.876
180 0.525  0.096 13.176 5490 -1.01 5.516 ~1.49
Baotou 125 0.38  0.068  15.202 5.639 -3.75 5.512 -1.42
90 0.303  0.056  15.569  5.389 0.85 5.336 1.82
‘mean value 5.506 5.455
Total mean value 5.478 1.70 5.430 192
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4 SIMULATING PROCEDURE FOR
INDUSTRIAL MILLS

4.1 Calculation on Capacity of Industrial Mill

By means of the grinding energy constant
¢,» the simulated calculation of energy efficien-
cy from laboratory measured results up to in-
dustrial operations is relatively simple, because
it only contains the grindability coefficient
K, and the size modifying coefficient K. The
formula for calculating energy efficiency is:

ex=eKKip (22)

Here, if the ores ground with laboratory
and industrial mills are the same, K, = 1.0; but
for Kgp there are quite a few calculation
methods . Based on our study we believe that
eq. (23) tallies better with actual condictions.

EiEenl, ~Eail
Ku=G p ol w oup =
Where, F,, P,, F, P, represent the feed
and product sizes (80% passing through
screen) of industrial and standard mill
respectively; f,, o,, B, and o, are the percen-

23)

tages of given products and feed sizes.

The value of f () should be calculated
first when the &, of an industrial mill is calcu-
lated from eq. 12. From eq. 9, f (¢, ¥,) can be
derived as follows:

flo W )=N,_, /G VD, A )=2044
The &, is known as &,= 5.435kW / m’,

thus:
x S v)

S=4, Crawrm

=4.8154 (481)‘) G e

When the bulk density A, of medium for
the industrial mill is 4. 81:

¢, =4815. D _f(p.¥) ©3)

The value of / (¢, y,) for either ¢, or
¥, has been derived'". Therefore, the specific
capacity ¢, and the capacity (Q,) dealing with
new feed for the industrial mill can be calcu-
lated as:

go=Eiey=tie K K, @6)
9.V €8y
87, =w, B e, =

Where ¥, is the effective volume of the
industrial mill( m®)

To make the calculation results more
coincidental with practical use,
Q, can be calculated with ¢, and Q,; based

the mean

on multiple sizes, such as:

e

0= 5.0 (28)

L=

Where Q,; is thé mill capacity of single
size i; n is the number of size classes.
4.2 Calculation of the Size Distribution of

Products

From egs. (7) and (20), the size of the mill
products is:

= {10[(8, =2 )(2237/F )

(0.5331nP; —1515) 7 +10/JF 17} 29

From eqs. (26) and (27):

0 =GEK v &) AR —~a.) (30)
thereafter

Kor s —2)0, eV L) 31

From eqs. (23) and (31), another eq. for
P, is:

x

o

ev.eF’ B —p¥

-2
P _=F h—é 1} (32)
: ‘{(/7,, @)0, (F,P )" .
From egs. (7) and (20), the value B, can
be obtained from the following eq.

B, =a, +[(2237 )"(0.533InP, — 1.515)] x

ao/JP_ —10/JF)) (33)
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In design and practical production, the
values of V,, F, and Q, are usually known,
£, can be obtained from eq. (25); and Q. (or
0,) from egs. (27) or (28); consequently, the
P, can be obtained from eq. (32) and the
B, from eq. (33).

5 SIMULATING EXAMPLE

The grindability parameters of Dong-
anshan iron ore measured with new instru-
ments are listed in Table 1. The operating
parameters and the product size distribution of
the primary mill in this system are shown in
Tables 3 and 4 respectively.

Simulating procedure is (P,= 77um, for
example) as follows:

1) from eq. (16), the e, of the ball mill
(305 x 305mm) is:

€01 =4.2% 107 x (1. 002/ 100. 48 x 107)
. 0352t/ kwh
2) The size modifying coefficient Kpp.

As for mill (305 x 305mm):
F,= 14700um, B, = 27. 0%, %, = 1. 24%,

P,=77um, from eq. (29):
2237\ -om
P ={10x [(0.27—0.124)(m) x
(0533177 — 1.519) ™' + mer] ')
i - V14700
=397.6um
From eq. (23):
14700 x 397.6 05
Ken=Cppxss ) =
2300 — V5302700124
V14700 —V296.6 ~ 1—0.546
=0.758

3) According to eq. (22):

=6y Kpp=0.0352x0. 758
=0.0267t/ kWh

4) According to eq. (25)

& =4815x 1x2719xV3.0
=22.678 kW /m’

5) According to eq. (26) ¢, and Q,, of the
industrial mill are:

q.=&.,=0.0267 % 22.678

=0.606t/ m’h

6) According to the preceding step, the
mean Q, can be calculated and its results are
listed in Table 5.

The actual capacity -of the mill (3200 x
3450mm) equals 60.4 t / h. The deviation from
the calculated value is 2.65%

7) With the known data the value P,; and
B can be calculated from eqs. (32) and (33)
respectively..The results are shown in Table 6
and Fig 1. The simulating results with new
algorithm are close to the actual data.

Table 5 Mill output of different size categories

Flum) 0. (t/h)  errorl(Q.~Q.) / QM%)
77 574 23
90 60.9 ~3.57
125 58.6 0.34
154 62.3 =595
180 594 -1.02
224 58.4 0.68
280 54.3 7.65
mean value 58.8 4.03

When the actual capacity of the industrial
mill is compared with the simulated results
based on various algorithms ( see Table 7) , the
result of the conversion coefficient algorithm is
the most accurate.

6 SUMMARY

All the current simulating algorithms for
ball mills have their shortcomings, yet the new
conversion coefficient algorithm recommended
in this paper can calculates both the capacity
of an industrial mill and the size distribution of
the grinding product. Besides, it requires less
testing work and is of high accuracy.
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Table3 Construction and operation parameters of Sth system mill in Donganshan plant
dimensions D, v v 0 A
milltype D L(m) (m) (m?) (%) (%) (t/m)
overflow 3.2x3.45 3.0 24.39 15 43 4.8
Table 4 _Size distribution of products for 5th system in Donganshan plant , cumulative wt.%
product size, um 280 224 —180  -Is4 —125 =90 =77
feed of mill 2.86 2.53 2.23 2.03 177 1.39 1.24
overflow of classifier 58.8 52.7 47.0 43.0 38.3 31.0 27.0
Table 6 Comparison of simulated and measured results of size distribution of grinding products
P (um) 280 24 <180 -5 -i2s =90 =77
- measured (%) 58.8 52.7 47.0 430 38.3 30 27.0
- simulated ( %) 52.87  50.96 4622  44.35 3716  31.26 1 25.67
relative errors( %) 10.09  3.30 166 -3.14 298  —0.84  4.93

Table 7

Compafison of mill capacity O with different calculating algoritthms

ABaH [ Qai Qw0 / Qua
L Slzorithia () (%)
conversion coefficent method 604 588 765
L z volume method 60.4 68.5 13.08
g e Bond method 60.4 623 3.15
general energy effective method 604 478 2086
cconversion coeffcient method 43.6 43.1 115
D: K volume method 436 50.1 14.91
R Bond method 436 42.6 2.30
general energy eflective method. 436 3.2 23.85
o\
|
& e
e
]
2 55‘
g |
g 2
H
3 1
S - it ol
a0 100 T60 220 280
Size d,, um

Fig. 1 The curves of size distribution based on measured and calculated results

1. calculated result
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