Vol3 Ned

TRANSACTIONS OF NFsoc

November 1992

COMPRESSIVE COMMINUTION MECHANISM
OF PARTICLE BEDS"

Yao.Jiangian Guo,Niangin Huang.Peng peng Ouyang,Zhentang
Southern Institute of Metallurgy, Jiangxi 341000, China

ABSTRACT

Granular material mechanics, finite element analysis and crushing theory are applied to study the com-

pressi

comminution mechanism of particle beds in this paper. This is a new method by which we have estab-

lished an equivalent model of granular material, determined the values and distributions of contact forces and

discovered a crushing law. The model has been tested on the newly designed equipment and proved to be correct.

and laws of

Some new
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1 INTRODUCTION

The compressive comminution of particle
beds means that materials are comminuted into
multi-particle layers in a crusher cavity. While
compressive comminution of particle beds was
researched mainly as out process and a material
box in a compression test machine, the main
parameters such as crusher cavity size, displace-
ment discharge opening size, etc can not be real-
ized. The forces between particles and the crush-
ing law can not be explained. Here, granular ma-
terial mechanics, finite element analysis and cru-
shing theory are applied to probe the commi-
nution mechanism of particle beds. to build new
way and equipment, which will provide a theoret-
ical foundation for developing new types of par-
ticle bed crushers.

2 THE EQUIVALENT MODEL OF GRA-
NULAR MATERIAL MECHANICS
AND CALCULATION ANALYSES

2.1  Equivalent Model of Granular Material

In order to discover the stress-strain state
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of particle beds have been found.

test machine of com-

between particles, we simplified the disorderly
beds in a cavity into an equivalent model ac-
cording to granular material mechanics meth-
ods. The principles are as follows.

(1) Suppose the key parameter for the
comptessive comminution of particle beds is
the porosity of the granular material '™ .
Equivalence means the porosity in the model is
the same as that in the practical beds while
particles are being crushed in large quantities.

(2) In the model, the number of contact
points between a particle and another particle
is 5. It has been determined, by stability analy-
sis, that this is the most probable number of
contact sites.

(3) To make theoretical analysis possible,
we suppose the particles in the model are equal
in grain diameter in a regular arrangement.
The grain diameter is equivalent, and is chosen
by the following methed:

d=3Yd /n

D;=(d\+dy+d)) /3
Where d,, d,, d; represent the particle lengths

along three dicul P
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and » refers to the sample particle number.

(4) The number of particles in the model
is decided according to the condition that the
model porosity is equivalent to that of practi-
cal material beds.

Fig. 1a is the model established in accor-
dance with the grain diameters shown in Table
T

Table 1 Rock particles distribution in the model

Grainsize 120~60 60~30 30~15 15~10 10~0
Percentage 1274 169 1880 2154 0

When establishing this model, we suppose
that the ores in the cavity are very well graded,
i.e., particles of different grain size are at dif-
ferent heights in the cavity.

(@) (b)

Fig. 1 Granular material model of compressive
comminution of particle beds
(a) practical grain diameter distribution model;

(b) equivalent grain diameter distribution model

In order to find the underlying law, this
paper first studies the equivalent grain diame-
ter model. A straight line, regarded as a pole, is
connected between the core of each neighbor-
ing particle in the model, and the internal force
of the pole is the contact force between parti-
cles. Hence, the model becomes a pole system,
as is shown in Fig. 2. By means of finite ele-
ment analysis, calculations of what with full

of the istics of the con-
tact between granular particles can be carried
out by computer. The functions of the pro-

gramme are as follows. .

(1) Calculate the contact forces of u, v,
and w along the three perpendicular directions.

(2) Make statistical analyses of the con-
tact forces to get histograms.

(3) Use different colours to display con-
tact force magnitudes between particles in the
crusher cavity so as to observe the crushing
law and behavior easily.

(4) By changing the values and distribu-
tions of forces on the moving jaw shown in
Fig. 3, caculate and analyze the contact forces
between particles in the crusher cavity.

Analysis of the results yields the following
laws.

(1) The contact forces between particles
with 5 contact points are greater than those of
particles with 3 or 4.
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Fig.2 Equivalent granular material mechanics model

(2) The compressive comminution of par-
ticle beds must meet some specific require-
ments. The principal demand is the realization
of a specific porosity which should be similar
to that arrangement with a contact point
number of 5. A porosity either greater or less
than this level would obviously reduce the
number of particles between which the contact
forces are greater than the unit force (p), i. e.
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the crushing effect is not good.

(3) The arrangement of the particles in
the cavity does not influence the crushing ef-
fect significantly. Therefore, the granular ma-
terial particles have countless arrangements, so
that even with a constant number of contact
points, only one study is necessary.

(4) With a constant number of contact
points and arrangements, the value and distri-
bution of forces on the crushing jaw has an
obvious influence on the number of particles
between which the contact forces are greater
than the unit force and the crushing regions.
Shown in Table 2 are some statistical data.

Table2 The statistical data of the contact (5,) among par-
ticles and acting force (7;) on the jaw

peofforces @ () © @ © ®
total unit force 10 15 215 155 122 144
np,>125p, 16 347 7371 '8 Ben s
np,>2.4p, 2 g tsw s 15y
np,>1.6p, 4 16 3BT Ieey
np,>2.4p, e 4 10 S 13 9
np,>2.4p, 0 10 2 11 24 19
/(:?I:;z;f;), s 0.57 063 0.56 086 0.69
;"(]:;,):f:i? 063 0.60 0.50 0.83 0.66
0,>24q, 020 047 0.74 0.58 1.23 0.90
L 0,>16, 040 1.06 1.53 142 238 201
a,>240, 0.04 0.15 034 0.19 032 028
a,>1.60, 0.085 034 070 047 0.62 0.62

* (a)~ (f)—shown in Fig .3, n—the number of particles.

np,>1.25p, stands for the number of that contact force of
particles is more than 1.25 p, and so on.n*~The particles number
of two directions forcing

R=The ratio of the number of crushing particles to the total
number particles.

N,/ p-Unit force average number of crushed particles.

3 EXPERIMENTAL METHOD AND RE-
SULTS

On the basis of the above mechanics mo-
del, we designed the test machine shown in
Fig4. for the compressive comminution of
particle beds. The sample material was lime-

stone graded by screening. The test grain di-
ameters were graded as 10~ 15, 15~ 20, 20~
25,25~30, 30~45 mm. 3

n n P
] 2p; 3.27p

s
2,

Py

Fig.4 The test machine for particle beds crushing

The experimental mesurements were as
follows.

(1) Under conditions of constant displace-
ment (/) of the swing jaw and discharge open-
ing size (b) and varying feeding sizes (d), we
measured and tested the initial porosity (/)and
the final porosity (), the grain diameter dis-
tribution of the crushed particles, the selection
function (8 %) of one crushing event, the total
crushing force (p) and the pressures p, . p,»

Por Ppy borne by the upper and lower
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transducers in the jaw (t, b, 1, r stand for the
locations of the transducers in the jaw, t—up-
per, b—lower, I—left, r—right) and the upris-
ing force F.

(2) Under conditions of constant grain
size and discharge opening size and changing
displacement, we measured the same items as
mentioned in (1);

(3) Under conditions of constant grain
size and displacement and varying discharge
opening size (i.e. changing the thickness of the
paricle beds), the items measured were the
same as in (1).

In order to reduce the error, every test
was repeated three times. Typical test results
are shown the Tables 3 and 4.

Tables 3 and 4, show that when b/ [=2.8
~2.5,/AS % / /\pis biggest, and that the cru-
shing effects are best for d=20~ 25 mm. The
porosity is about 0.34. The material in the cav-
ity moves as dense beds when b/ />2.34, i.e.,
displacement is more than 30 mm. The materi-
al in the cavity displays compaction behavi-
our. The material in the cavity cannot move,
so the material enters a compacting state.
Though the selection is great, the crushing en-
ergy consumed increase violently. When b/ /
=3.5~228, i.e., displacement is 20~ 25 mm for
grain diameter =10~ 15 mm, the crushing ef-
fect is good when the porosity is about 0.4.

Analyses of the test results show the fol-
lowing.

(1) Indeed, the optimum porosity in pr-
actical crushing beds is the same as the opti-
nom porosity obtained in the models above.

(2) Using statistical methods to work out
the plane porosity corresponding to the three-
dimensional one'®, we found that the plane dif-
ferent from the porosity in the plane model
when the number of contact points is five as
shown in Table 5.

(3) Before b/ 1=4.67 (corresponding to a
displacement of 15 mm), the result of com-

pression mainly appears to be a deformation of
the structure, i.e., particles get nearer to each
other, and the arrangment tends to be tighter.
Only a few particles are crushed, as is shown
by a set of small slopes in the curve of crushing
force and displacement shown in Fig. 5.
Table 3 Test results of particle crushing beds
with grain diameter d= 20~ 25 mm
571467 350 280

250 334° 217" 2°°

I 0417 0387 0338 0335 0298 029 0262
% 130 218 296 347 356 407 451
P/KN 1170 1754 2381 2597 >294

Al 88 78 51 09 51 44

Ap/kN 18 @1 216
Al AP 0.15 0.12 0.24

*—b=70 mm. * *— stands for compaction behaviour: A
S% / £\p—shows that increase of the acting force will affeet the crush-
ing effect.

Table4 Test results of partical crushing

size d=10~15 mm

28 2.34 211
0.389 0346 0.295
19.9 26.1 322
1382 2146 2999
0.08 0.08
80 Po- |
60|
z Py o
=
< 40|
= Pur
20
0 5 10 15 2025 30 35 4

mm
Fig.5 Action force (p) in jaw and displacement (/)
When b/ 1<4.67, particles are dense and

the particles begin to be crushed. The number

of crushed particles increases with displace-
met. Some changes, which are not obvious,
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occur in /A8% / /A p. This is shown by an al-
most straight line in the curve. When b/1/
reaches some specific value (e. g. d=20~ 25
mm, b/ 1=2.34, d=10~ 15 mm, b/ [=2.12),
compaction behaviour appears, and the slope
of the curve increases quickly.

Table 5 The optimum space porosity (/) and

plane porosity ()

d/ mm 10~15 20~25
Vep 0.40~0.39 0.34
Ve 0.397 0.400
Yoy 0.269 0.225

v 027~0.28 0.23~021

* "exp” refers to test results, cal refers to counting. ¥’

shows the number contact points s .

4 ANALYSIS AND $TUDY ON THE PE-
RFORMANCE OF COMPRESSIVE
COMMINUTION OF PARTICLE BEDS

4.1 The Uprising Performance of Particle
Beds and Its Force

Unlike in ordinary crushers, the ores dis-
tribute in multi-layers in the crusher cavity
when the force applied by the jaw, the extru-
sion among particles appears the particles up-
rising movement toward the top with little re-
sistance. This reloosens the compressed beds
and increases the porosity. This proves that we
need to prevent the uprising movement of par-
ticles or control it to obtain the specific por-
osity and the best crushing effect.

Through measurement, we know the up-
rising force varies greatly. Its statistical aver-
age value improves with the displacement, as
shown in Fig. 6. In the case of the best crush-
ing, the pressure produced by the uprising
force is about 0.71~ 0.81 MPa which is a
unignorable. To reduce the infuence of the up-
rising may be useful to reduce mesh angles.

The principle for designing mesh angles in
ordinary crushers is to prevent the single ore
from sliding up when the mesh angles are

stressed by the two jaw plates. In particle bed
crushing, it is necessary to minimize the upris-
ing force. In the experiments, when the mesh
angle was reduced from 20 ° to 10 °, the pres-
sure produced by the uprising force was re-
duced from 0.8 MPa to 0.2 MPa.

4.2 Distribution Laws of the Force on the Jaw

Through statistical analysis of the oscil-
logram of force obtained from the experiments
we have the followsing results.

(1) The counter force (p) on the jaw ap-
plied by the ores increases with displacement
(1), as shown in Fig. 5.

(2) Fig. 7 shows the relation between the
selection function (S%), total crushing force
(p) and displacement (/). The total force and
the selection function both increase with the
displacement, but the laws governing these
behaviour are not always the same. This shows
that $% and p are also influenced by many
random factors. These statistical laws are
found through many experiments. However,
the material (ores) in some specific place al-
ways has a suitable displacement. with which
the crushing effect is the best.

(3) The force is not balanced throughout
the width of the whole jaw, but generally
waves within 15 % of the average value.

4.3 Influence of the Grain Diameter on Parti-
cle Beds Crushing

Throughout the experiments, when the
grain size varied, the chosen crushing amount
(or the selection function) varied from 11.4 %
to 31.6 %during one crushing event (see Fig.
8). The reason is that when the contact force is
great, the grain diameter is larger.

This conclusion shows that with a large
grain diameter, the volume deformation can be
smaller than that with a small grain diameter,
or the displacement can be smaller if the crush-
ing force is same.
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F/kN

573035

10 1520 2
1/ mm

Fig. 6 Uprising force (F) and displacement (/)

S%-P

T

Fig.7 Selection function (S%),force (p) and displacement (/)

4.4 The R
Opening Size and Displacement

Between Di:

Choice of the displacement should assure »

the initial porosity corresponds to the best cru-
shing state. It can be seen in Fig. 8 that $% in-
creases with the displacement. The degree of
increase depends on the grain diameter. The
bigger the grain diameter is, the bigger the
slope of the curve. Hence, crushing grain di-
ameter should be taken into consideration in
choosing the displacement.

The discharge opening size of the ordina-
ry crusher is always determined by the grain
diameter of the material to be discharged. The
minimum discharge opening size should be 3
times as large as the discharging material.

Also, it should be taken into considera-
tion that a large maximum discharge opening
size would produce excessive particle layers
and make S% decrease. This shows that it is

not the case that the more the layers, the better
the effect. Excess layers make S% decrease;
fewer layers make S% too small. Hence, a rea-
sonable number of layers is required.

d=25~30

S%

Fig.8 Selection function (S %) and volume deformation (c)

Therefore, the discharge opening size (b)
and displacement (/) are the two main parame-
ters. Their values influence the grain diameter,
layers, selection function force and so on. The
relative displ. ®/D.a di i
parameter, is mentioned above, for practical
use. Table 6 shows the relationships between
b/ land other parameters.

‘When experimenting, we found that when
b/ 1<2.34, the compaction phenomenon app-
ears for d=20~ 25 mm. Table 6 shows that the
sensible zone of b/ within b/1=2.8~ 2.5
which can create the best crushing effect when
there is a small displacement (i.e A S% /A
(b/1D) is bigger). Different grain diameters
would cause changes in the sensible xone. In
some cases, the b/ value of small grains is
greater. Because of the existence of this sensi-
ble zone, we should try to choose the discharge
opening size and displacement in this zone
when designing crushers.

As there exists a the boundary value of
compaction, we should avoid compaction ph-
enomenon when designing a crusher to choose
the discharging opening size and displacement.
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Table 6 The relation between b / / and other
parameters when particle beds crushing for d= 20~ 25 mm

571 467 3.5 28 25 234 217 2
ab/D 117 07 03 016 017 017
5% 88 75 51 09 51 44

Az 0.059 0.036 0.020 0.031 0.07 0.005°

Al/AGB/D 752 1070 17.00 562 300 2588

Al/ne  149.2 216.6 2550 290 7280 1760

4 CONCLUSIONS

(1) This is the first time ore crushing
hanit have been by ap-

plying granular material mechanics, finite ele-
ment analysis and crushing theory. The results
show the model is practicable through calcula-
tional analysis and tests of the model.

(2) On 'the basis of theoretical analyses
and test proof, we have found new laws of par-
ticle beds crushing, and attitudes on grain size,
displacement, discharge opening size, uprising
force, mesh angle, and forcing state which
have practical value for improving and design-
ing crushers.

(3) The tests of the compressive commi-
nution of particle beds show that particle bed

crushing has many advantages, such as be-
ing 4~ 6 times larger than the ordinary crusher
(single particle crushing), energy efficiency,
and unifermity of product grain size. The suc-
cessful development of such crushers would
benefit society.

(4) This paper studied the plane model of
crushing beds. We will develop the space mod-
el and make computer simulations of the
movement process of bed crushing. The results
will be more practical.
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