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Annotation. Deformation of granite layer with granite fraction less than 0.5 mm was
experimentally studied in order to determine normal-pressure distribution on the flat working
surfaces of disintegrators. Series of tests with material compression between two plates without
lateral restrictions was conducted, and distribution of porosity factor along the radius of
deformation zone was determined. Experiment with compression of different quantities of
material in the mortar with the punch down to pressures of 40 MPa was carried out in order to
calibrate pressure depending on the material porosity. Compression curves were built for
different masses of the sample. For the case of material compression without lateral restrictions,
regression curve of dependence between material porosity and pressure was built on the base of
compression force balance equation. This curve coincides with compression curve for minimal
mass of material sample compressed in the mortar. Distribution of normal pressures on the top
plate was determined, at that, experimental curve was more flat than the theoretical one. The
pressure high concentration in the center of deformation zone and underloading of its periphery
were confirmed.

Keywords: disintegrator, deformation zone, loose material, compression curve, pressure
distribution.

Introduction. Processing of fine-sized lumpy materials in disintegrators is
combined with compressive influence on material layer as a consequence of two
(usually) working surfaces rapprochement. Firstly, the layer is compacted with
repacking of particles, and, than, their disintegration on smaller pieces is carried out
[1]. The effect of “crushing in layer”, when the material is put between working
surfaces in 3-5 and more layers, is used in disintegrators to enhance the process
selectivity and to reduce the flat particles share [2]. That’s why, it is important to take
into consideration the dependence of the material layer fractional porosity on the
compression pressure during designing of disintegrators operating parts.

© A.A. Tumos, 2017
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The dependence is sufficiently non-linear.

The dependence of the of granite fraction minus 0.5 mm layer (height more than
10 mm) fractional porosity on the pressure has been obtained in a mortar with a punch
for the range up to 4 MPa [3]. The experimental data are approximated best by
equation

€=Cnin + (eo ~ €min )-exp(-a- pm) ’ (1)

where e, - initial fractional porosity; e, - consolidation limit; a & m - coefficients;
p - pressure.

The conditions of material deformation in disintegrators differ usually from the
case of a mortar and a punch by absence of side restrictions for material. So, the forces
of side thrust lead to the particles pushing out to the periphery of deformed zone [4].
The distribution of pressure on the working surfaces for the case of flat deformed zone
Is obtained based on the regularities of loose material mechanics. It is shown, that there
Is high pressure concentration in the zone center, while the periphery has sufficiently
lower loadings and, therefore, it doesn’t take part in the disintegration process. This
conclusion requires for additional experimental justification while having appropriate
pressure level on working surfaces, that is actual for designing of rational schemes of
operating parts.

The goal of this work is to determine experimental dependences of the material
compression pressure distribution on flat surfaces of the deformed zone without side
restrictions, taking into consideration the layer porosity change by the pressure.

The idea of this work is to use the compression dependence of material
compression in a mortar for obtaining the distribution of normal pressures on flat
surfaces of the deformed zone while compressing without side restrictions.

Basic part.

1. Deformation of material between plates without side restrictions.

The source material is crushed granite of fraction -0.5 mm. The modelling of
disintegration has been fulfilled by the press unit with maximum force of 30 kN.

The material portion has been filled in the form of a cone on a static horizontal
steel plate. After that, an upper steel plate and a dynamometer have been put on it.
The material cone has been settled a little, becoming the truncated one (fig 1) with
the height of H, and the diameters of the upper and the lower bases being equal

correspondingly to D, , and D, . The fractional porosity e, has been calculated.
Futher, the series of tests on the material compression with varied force levels,

equal approximately to P =5, 10, 20 u 30 kN, has been carried out. Here, the initial
material layer height H, has been the same for all the tests.

After the material compression with the set force level, the truncated cone had
less height H and also increased base diameters D; & D, (see fig. 1). It is obvious,

that the material porosity after compression is increasing from the center to the
periphery. The set of ring splitters of diameters d;, made of thin metal, has been used
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in order to determine the dependence of the layer porosity change along the deformed
zone radius. Firstly, after the press unit unloading and removing the upper plate with
the dynamometer, the splitter of the largest diameter has been put symmetrically
relative to axes of the truncated cone and carefully pressed into the material layer to
the contact with the lower plate. The material left outside the splitter has been
weighed. The splitter has been carefully put off, and the another splitter of less
diameter has been set. The operation has been repeated for all the material rings.

B

.
- - . .
. .
. . L4 .
. . .
- .
.
. e,

0 O
* . * g % :* . » %O e g . L2 . *
1 . . . . 1
o1, .. & % « e % |5 . . - e .. ol e

. . . .

(™ . . . . o |

ﬁ * e e . LI o e o . * . * lB
. . . .
. .
. = I, * * Ot . . . . . . . . i « * * L | .,
. .
. . ¥ . . e . . . . . . * . L . . . ¢

Dy

D,

Figure 1 — Scheme of the material compression without side restrictions:
1 — upper plate; 2 — lower plate; 3 —ring splitter

Further, the following parameters have been calculated:
- volume of the material:
o 2 3.
Vi=— & —di; . m; (2)

4

- bulk weight of the material:
m:
Hi=y kg/m?; 3)
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and also fractional porosity e;.
The volume of the last peripheral sector:

Vszﬁz !)12+D1-D2+D22:%d42,m3. (4)

The material rings average radiuses have been the calculated coordinates along x
axis. Here, the mean radius value is not usable, because the material rings of the

same width have different masses. So, the average radiuses have been calculated by
formula:

=2 m, (5)

where | ,; - polar inertia moment of i-ring relative to the central axis, which is
determined in accordance with the expression

. i
l,i= 3 ¢ -d " ,m¥; (6)
F, - area of i-ring, which is find by formula

_ _
= =2 R . m? (7)

1 |d:? +d. .2
= ———21 m. 8
=5 5 (8)

The last peripheral ring has a complicated form — a truncated cone with a circular
cut, so the radius of inertia is corresponded to the expression:

from where one will have

Tr(h)- F(h)dh

r5 = 0 H , M, (9)
[F(h)dh
0

where r(h) - the current radius of inertia for the 5-th ring section at a height h from

the lower plate:
2 2
(=2, G 10)

d(h) - the current outside diameter of the 5-th ring section at a height h :
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Following the results of calculations, the values determined from expression (9)
are almost match the radius of the upper cone base @,5D; .

2. Material deformation in a mortar with a punch.

For this purpose, the series of tests on compression of investigated granite
fraction -0.5 mm has been fulfilled in the mortar of diameter 31.5 mm with a punch.
This has allowed, for the force up to 30 kN, to reach the pressure up to 40 MPa, that
leads to the granite particles destruction, concerning high concentration of stresses.

The definite material mass from range of 20-143 grams has been filled in the
mortar. The tests with slow compression have been conducted for each mass with the
force being in range of 2-30 KN. The average fractional porosity has been calculated
then. The results of experimental data processing are offered at the figure 2.

The results for each material loading mass have been approximated by
dependence (1) using the least squares method. As one can see from the plots, the
average fractional porosity rises while increasing the loading mass, having constant
final pressure. This effect may be explained as an influence of friction forces on the
mortar sides.

3. Pressure values calibration using fractional porosity values and analysis
of results.

One may obtain the pressure values from the condition, that the sum of all forces
from ring sectors, transmitted to the plate, must be equal to the specified force of
working surfaces mutual pressing:

5
Zpi'Fi:Psp:P"'Gpl"'Gdyn’N, (12)
i=1

where P - average pressing force by dynamometer indications, N;
G — weight of the upper plate;

Gg,n — Weight of the dynamometer.

Here, the pressure is expressed by the fractional porosity, according to (1) and
having zero consolidation limit, in such a way:

Ym
P = Fme—?} Pa. (13)

Here, for the 5-th (peripheral) ring sector, the value of the fractional porosity has
been averaged concerning different contact areas on the upper and the lower plates.
So, the calculated maximum diameter of this sector has been determined in

accordance with (8):
ds =82 —d %, m. (14)
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Figure 2 — Dependence of the fractional porosity on the compression pressure in the mortar:

1-m=2009;2-m=409;3-m=709;4-m=1009;5-m=143¢

As a result, there is a system of four equations of type

1

P

each equation per every value of compression force.

It makes sense to obtain the regressive dependence of the fractional porosity on
the value of pressure at the working surface as the same to the expression (1).
Finally, the real values of force are in good correspondence with specified forces,
calculated by the regression equation and determined from equation (12) as sums of
ring sectors forces (table 1).

Table 1 — Real and calculated deformation forces

(15)

Test number 1 2 3 4
Real
force, kN 5,02 9,63 19,5 29.4
Calculated
force, kN 5471 7,93 22,0 263
Deviation, % +9,0 17,7 +126 105
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The analysis shows, that obtained regressive curve (fig. 3) has good coincidence
qualitatively and quantitatively with the data for pressing in the mortar of granite
mass 20 g, having minimal influence of effect of the material friction with the mortar

sides.
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Figure 3 — Comparison of data on the material compression in the mortar (1) and between plates (2)

Additionally, the curves of pressure distribution in the radial direction of the
deformed zone at the upper plate are determined based on the regression equation

(fig. 4).

P Paax

3

Figure 4 — Distribution of normal pressure at the upper cone base:
1 —experiment; 2 — theory [4]
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Comparison with the data [4] for the case of the material layer slow deformation
shows, that the gradient of pressure increase from the disk periphery to its center is
lower, than the theoretical one. So, it requires the necessity to supplement the
process basic mathematical model, but, nevertheless, high irregularity of the pressure
distribution has been confirmed, see the data in table 2.

Table 2 — Intensity of the normal pressure distribution

Share of the_deformed zone, 1 10 95.8 50-55
central circle area, %
Share of the total force, % 10-15 70-72 87-90 97-98
P/ Pep 10,5 7.0 33 1,9

Conclusions

1. The possibility to model the mining mass deformation processes between the flat
surfaces of disintegrators, based on the data of material compression in a mortar with a
punch, is shown,

2. The series of experimental dependences of the fractional porosity of granite fraction less than
0.5 mm on the compression pressure in a mortar is determined in a range up to 40 MPa.

3. The regression dependence of the granite layer fractional porosity change on the
pressure, for the case of its compression between two plates without side restrictions, is
obtained.

4. Good coincidence of the experimental results on the compression in a
mortar and free compression between plates is shown.

5. The obtained experimental curve of the pressure distribution along the
radius of the deformed zone upper base is more flat, that is claimed by theory, but
the distribution is also very irregular.
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AHoTanisg. BukoHani ekcriepuMeHTaIbHI JOCTIKeHHs nedopmarltii mapy rpaHity ¢pak-
1ii meHmre 0,5 MM 3 METOK OTPUMAHHS PO3TOJITY HOPMAJIBHOTO TUCKY Ha TUIOCKUX POOOYMX
MOBEPXHAX JAe3iHTerpaTopis. IIpoBeaeHo cepiro TOCHIIIB 13 CTUCKAHHS MaTepianxy MiX JABOMa
InTamMu 6e3 O0KOBUX 0OMEKEHbh Ta BCTAHOBJICHO PO3IOJIiJi KoediliEHTa TOPUCTOCTI MaTepi-
a;y B3JOBX pajiyca 30HH nedopmyBanHs. g TapyBaHHS THCKY B 3aJIeKHOCTI BiJ MOPUCTO-
CTi, IPOBEICHO EKCIIEPUMEHT 13 CTHUCKaHHS PI3HUX KUIBKOCTEH MaTepiany B CTYMIl i3 MyaH-
conom 10 tucky 40 MIla. Otpumano Habip KOMIpECIiiHUX KPUBUX IS Pi3HUX Mac HaBimry-
BaHHs. /{1 BUMaAKy CTUCKaHHS MaTepiany 0e3 OOKOBUX OOMEKEHb, 3 pIBHSIHHS OanaHCy 3y-
CUJUISL CTUCKAHHSI OTPUMAHO PETPECiiiHy KPUBY 3aJI€KHOCTI KoedilieHTa MOPUCTOCTI BiJ TH-
CKy, sika o0pe cmiBmajgae i3 KOMIPECiHHOK KPUBOK MPU CTUCKAHHI B CTYIII HaBillyBaHHS
Martepiany MiHiMaiabHOiI Macu. OTpUMaHO PO3MOJALT HOPMAIBHOTO THUCKY Ha MOBEPXHI BEpPX-
HBOI IUIUTH, MPHU IBOMY €KCIIEPUMEHTAIbHA KpHBa € O1JIbII IMOJIOTOK, HiXK TeopeTruuHa. [1i-
TBEP/PKEHO BHUCOKY KOHIIEHTpAIII0 TUCKY B LEHTpi 30HU Oe(OopMyBaHHS Ta HeEIOBAaHTaXKe-
HicTh i mepudepii.

KurouoBi cioBa: ne3iHTerparop, 30Ha JeOpMyBaHHs, CUIIKUI MaTepiall, KOMIpeciiiHa KpuBa,
PO3IO/LT TUCKY.

AHHOTAUMs. BBINOMHEHbI SKCIEpUMEHTANbHbIE HCCIeNOoBaHUs JAedopMalvy Cllosi TpaHUTa
¢bpakiu Menee 0,5 MM C LeNIbIO TOJYYEHUS] paclpeieieHlsi HOPMaIbHBIX JaBJICHUH Ha IUIOCKUX
pabounx MOBEPXHOCTSX JIe3UHTErpaTopoB. [IpoBeneHa cepus OIBITOB MO CHKaTHUIO MaTepualla MEexXay
IBYMsI TUIMTaMM Oe3 OOKOBBIX OrpaHMYEHHII M YCTAHOBJEHO paclpeaeneHre KodpduimenTa
MOPUCTOCTU MaTepuaja BIOJb paguyca 30HbI AedopmupoBanus. [lyis TapupoBKM [1aBIECHUS B
3aBUCUMOCTH OT IIOPUCTOCTH, NPOBEIECH SKCIEPUMEHT IO CKAaTHIO Pa3HBIX KOJIMYECTB MaTepHaia B
cTynke ¢ myancoHoM 1o nasieHuil 40 MIla. TlonyueH Habop KOMITPECCHOHHBIX KPHUBBIX JJIS1 Pa3HbIX
Macc HaBecku. [ ciyuast cxartusi mMarepuana 0e3 OOKOBBIX OIpaHMYEHHH, U3 ypaBHEHHH OajlaHca
YCUJIMSI CKAaTUsSl TOJydeHa PErpecCHOHHas KpHBas 3aBUCHUMOCTH KO3((UIMEHTa MOPUCTOCTH OT
JIaBJIEHUSI, KOTOpask XOPOLIO COBMAJAET ¢ KOMIIPECCHOHHOM KPHUBOM IpU CKaTUM B CTYIIKE HABECKH
MaTepHaia MUHUMaIbHOM Macchl. [lomydeHo pacripenenenie HopMalbHbIX JaBJICHUN Ha TOBEPXHOCTH
BEpXHEH IUIMTHI, TPHU 3TOM OKCIIEPUMEHTalbHAs KpHuBas Oojee IMoJorasi, 4eM TeOpeTHYecKasl.
[lonTBepxkeHa BbICOKAas KOHLEHTpalMs JaBlI€HUM B LEHTpe 30HBI JAe(popMUpOBaHHUS U
HEJIOTPYKEHHOCTb ee nepudepu.

KiioueBble  cjoBa:  Je3uHTErparop, 30Ha  JIeOPMHPOBAHUSA, CHIMYYHd  Marepua,
KOMIIPECCUOHHAs KPHUBasi, PaCIPEAEIICHUE JaBICHUN.
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