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Annotation. Due to the significant energy costs
in the process of manufacturing building materials,
the need to reduce energy costs has become critical.
One of the energy-consuming processes in crushing
machines is the process of material destruction in
the crushing chamber. Determining the energy costs
that are incurred for material destruction, taking into
account the physical properties of the material and
creating conditions for the maximum rational appli-
cation of loads in the crushing chamber is a pressing
task. The study of the energy costs of a crushing ma-
chine is based on determining a number of processes
and parameters that affect these processes. That is,
the parameters of the mechanical mode of the crush-
ing machine directly affect its energy efficiency.
One of the types of crushing machines is roller
crushers, the advantage of which is the simplicity
and reliability of the design. Today, there is a ten-
dency to replace medium and shallow cone crushers
with HPGR roller crushers. The HPGR type crusher
is used in the cement, iron ore and diamond indus-
tries. The main design parameters of roll crushers
are: 1) angle of engagement; 2) frequency of rota-
tion of the rolls; 3) productivity; 4) force between
the rolls; 5) power The paper considers the crushing
force of the roll crusher taking into account the
physical properties of the material. The impact of
the roll rotation speed on the friction coefficients
that arise between the roll and the material, as well
as between individual grains of the material, is as-
sessed. The impact of the crusher roll rotation speed
on the correction factor relative to the working en-
vironment is analyzed. The corresponding graphs
are constructed, which reflect the limits of change
of the corresponding coefficients at given roll rota-
tion modes. Dependencies for determining produc-
tivity based on the efficiency factor and crushing
force are considered. Dependencies for determining
the angles of engagement for the fracture and com-
pression zones are considered. To estimate the di-
mensions of the finished product, a dependence for
determining the gap between the rolls is considered.
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INTRODUCTION

Due to the significant energy costs for the
manufacturing process of building materials,
the need to reduce energy costs has become crit-
ical. One of the energy-consuming processes in
crushing machines is the process of material de-
struction in the crushing chamber. As is known
from numerous studies, a significant part of the
energy in the process of material destruction is
dissipated and only a small part of this energy
is spent directly on material destruction [1],[2].
Therefore, determining the energy costs that are
incurred for material destruction, taking into ac-
count the physical properties of the material and
creating conditions for the most rational appli-
cation of loads in the crushing chamber, is an
urgent task. The urgency of this task is con-
firmed by the fact that research is currently un-
derway to create methods for selective destruc-
tion [3],[4]. Research into the energy costs of a
crushing machine is based on determining a
number of processes and parameters that affect
these processes. Thus, determining the parame-
ters of the mechanical mode of the crushing ma-
chine directly affects its energy efficiency. Roll
crushers are designed for medium and fine
crushing of materials of different strengths. The
working body of the roll crusher is a roll. Roll
crushers with one and two rolls are common.
The advantages of roll crushers are simplicity
of construction and reliability in operation. The
disadvantages of roll crushers include low
productivity, while the strength of the crushed
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material is limited. Therefore, roll crushers re-
quire continuous and uniform power supply
along the entire length of the roll. A common
roll crusher is a high-pressure roll crusher
(HPGR). A roll crusher of this type was devel-
oped by Schoner [5],[6]. Such a crusher has
high compression forces. Today, there is a trend
of replacing medium and fine cone crushers
with HPGR roller crushers. The HPGR crusher
is used in the cement, iron ore and diamond in-
dustries. In high-pressure crushers, a large
amount of material is held between the rollers
and subjected to high pressure, as a result of
which grinding can occur due to compression
forces and due to interparticle destruction. In
studies [7], [8] it was found that in the process
of crushing the material due to the application
of large compression forces to the material, the
total energy spent on the destruction process
will be less than in crushing machines where
shock loads prevail.

GOAL AND PROBLEM STATEMENT

To assess and analyze the impact of mechan-
ical mode parameters on the working processes
of a roller crusher.

MAIN PART

The main design parameters of roll crushers
are: 1) angle of engagement; 2) frequency of ro-
tation of the rolls; 3) productivity; 4) force be-
tween the rolls; 5) power

Let us consider the scheme of material de-
struction in the working space of the rolls, Fig.
1. The crushing force F and the friction force
caused by it act on the piece between the rolls
from the side of the latter.

Based on the determined crushing energies
based on the Kirpichev-Kik dependence, it is
possible to determine the crushing work for one
row of material with a diameter of 2r:

Ave [M] L

3E

The volume of crushed material in a roller
crusher can be determined from the following
relationship:
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where L — roll length; 2r — diameter of the
pieces of material fed into the crushing space of
the roller crusher; 2e — diameter of the finished
product material pieces.
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Fig. 1. Scheme for calculating the main param-
eters of a roller crusher

The force required to crush materials be-
tween the rolls is created by tightening the
springs on which the moving roll rests:

F. = paRLk | (3)

where p — specific pressure taken from refer-
ence books depending on the diameter of the
rolls, Pa; a — angle of capture, rad; R — roll ra-
dius, m; L — roll length, m; k — coefficient that
takes into account the underloading of the rolls
(k=0,2...0,6).

When the rolls capture pieces of material,
the average crushing force causes friction
forces - Fx = Fef. Where f is the coefficient of
friction.

The crushing force, which depends on the
physical characteristics of the material for a roll
crusher, can be determined based on the follow-
ing relationship:

_ [MJ | @

3Es,

where s, = 2r-2e — distance by which the rolls
deform the material, m.
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The frequency of rotation of the rolls is
given in the source [9] in the form of the fol-
lowing empirical dependence:

N, = 616m _r (5)
100yDd

where f — coefficient of friction of the crushed
material on the roll; y — density of crushed ma-
terial, kg/m3; D — roll diameter, m; d — diameter
of crushing material, m; m — coefficient that
corrects for the crushing material, m=0.4...0.7
(larger coefficient values are accepted with cor-
respondingly smaller values p, D, d).

An important parameter for roll crushers is
the engagement angle, which in turn is deter-
mined based on the friction coefficient. The re-
lationship between engagement angle and fric-
tion angle for roll crushers is written as — f=tga.

Thus, based on the condition of permissible
limits of change in the friction coefficient —
0.2...0.3, the friction angle will take values in
the range from 11° to 18°.

If we consider the prism of the material that
enters the space between the rolls, then it is nec-
essary to additionally take into account the fric-
tion between the material particles and the
change in this friction depending on the change
in the speed of the rolls. The source [10] con-
tains studies on the change in the kinetic coef-
ficient of friction, which is determined as fol-

lows:
_ (1+1.12n)
fk‘( (ren) )’ ©)

If we take the value of the roll speed in the
range from 10 to 200 rpm and the friction coef-
ficient in the range of 0.2...0.3, then the dy-
namic friction coefficient will vary in the range
0f 0.040...0.060, which is presented in Fig. 2.

The productivity of roll crushers with
smooth rolls is determined with the assumption
that a continuous ribbon of finished product
with a cross section S=IL exits the crusher at a
speed v=wD/2 [11]. Then the productivity,
m3/hour:

11, = 3600 LDk, @)
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where L — roll length, m; D — roll diameter, m;
| — distance between rolls, m; « — angular ve-
locity of rolls, rad/s; k — coefficient that takes
into account the degree of use of the width of
the rolls and the loosening of the material
(k=0.2...0.3 — for solid materials; k — 0.4...0.6
— for wet materials).

150
1. 1pim )

Fig. 2. Change in friction coefficients depending
on the speed of the rolls

TakuMm 9uHOM MM 0a4uWMO, IO BAKIHUBY
POJIb B OTpUMaHH1 HEOOX1IHOT TPOTYKTUBHOCTI
BiZIirpa€e KyT 3aXBaTy MiXK BaJIKaMH, KOS(iIieHT
TepTS, WBUIKICTh 0OepTaHHs BajkiB. [Ipomyk-
THUBHICTB, 5SIKa PO3PaXOBYETHCS HA OCHOBI 3ajie-
)KHOCTI (7) € TECOPETUYHOIO TaK SK IMpUiiMa-
€THCS, 1[0 MaTepian Oe3rnepepBHO MOAAETHCS B
MPOCTip MK BaJKaMH, a MPOIYKT Mae Gopmy
0e3nepepBHOI CTPIYKU 13 33/JaHOI0 HIMPUHOIO
Ta TOBIIWHOIO.

Ha ocHoOBI reomerpii BalkoBOi ApoOapku
MO’KHA BCTAHOBUTH 3JIEKHICTh MK BXIJHUM
Ta BUXIJIHUM MaTepiajioM, siKa 3aMuIIeTbcs Ha-
CTYITHUM YHHOM:

I
cosa-—
d

=—4d, ®)

D
d 1-cosa

Po3rnsiHeMO Mexi 3MiHM 4acTOTH 0OepTiB
BaJIKIB B 3aJIEKHOCTI BijJ 3MIHU KyTa 3axBary,
KoeillieHTy TepTs, Koe(ilieHTy M Ta Jaiame-
Tpy Marepiany. [{ns ananizy npuiiMmemMo Hacu-
NHy HIUIBHICTE MaTepiamy - y = 1600 kr/m®.
Cremninb apo0aeHHs OLTBIIIOCTI 3BUYAMHIX Ba-
JKOBHX JApOOapOK 3 INIaJKUMH BaJIKaMU HE T1e-
peBuniye 4 npu apoOiieHHI MOpPiA cepeaHbOi
TBepAocTi Ta 10 Ay M’ IKUX TOPi.

Ha ocHogi Bumie3aznaueHoro 0ynu mooymo-
BaHI BiAMOBiIHI Tpadiku, SIKi MpeaAcTaBIeH] Ha
puc. 3. 3Ha4eHHs KyTa HMPUHAMAIOCh B MeKax

87



AUTOMATION AND INFORMATION TECHNOLOGY

10-30 rpagyciB. Ciiz 3a3HaA4YHTH, 110 ACSIKY HE-
BU3HAYCHICTH B 3AJIeXKHICTH (5) BHOCUTH Koedi-
mieHT M. 3 rpadikiB BUIHO, IO ONTHUMAIbHI
3HAYEHHS YaCTOTH 00EPTiB BAIKIB HE BUXOISTh
3a Mexi 180 06/xB, X04a B IUTOMY IIBUIKICTh
BaJIKOBUX JIPOOAPOK 3 JIETKUMU BATKAMHU MOXKE
csaratu 300 06/xB. IIpu BUKOpHCTaHHI BEIMKUX
BaJIKiB IIBUAKICTH He mepeBuirye 100 06/xB.

L5
nrpm | g}

0.5%

Fig. 3. Graphs for determining the speed of rotation
of rollers depending on: a — coefficient m and angle of
capture; b — coefficient m and friction coefficient f.

The modified dependence for determining
the productivity of aroller crusher is considered
in [12]. The authors of the work try to approxi-
mate the value of the theoretical productivity to
its real values by using the efficiency factor.
The efficiency factor takes into account the
voids between the particles and the change in
the bulk density of the material when passing
through the crushing chamber. The dependence
has the following form:

1, =3600xLvpl , 9)
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where k — efficiency coefficient, which takes
values from 0.15 to 0.3, and depends on the dis-
tance between the rollers and the size of the ma-
terial.

In high-pressure roller crushers of the HPGR
type (roller press), due to the fact that destruc-
tion occurs by two mechanisms, the crushing
chamber can be divided into two conditional
parts: 1) the area where the particles are de-
stroyed due to the capture by the rollers; 2) the
area where the destruction occurs due to com-
pression (compression zone). Based on this, in
[13] it was proposed to determine two capture
angles separately for two sections. The scheme
for calculating the capture angles of the HPGR
roller crusher is shown in Fig. 4.

Thus, the capture angle for the fracture zone
is determined based on the dependence:

o, = arccos 1—(dmax —1] ! ,  (10)
I 1000D

where dmax — maximum size of the fracture par-
ticle.

In turn, the angle of engagement for the com-
pression zone will be determined as follows:

o, =arccos| 1- &—1 # , (11)
P, 1000D

where p« — density of the material in the com-
pressed zone, t/m?; p, — density of the material
in the fracture zone, t/mq.
Feed

Crushing zone

B
>

compression zone

Fig. 4. Scheme for calculating the engagement an-
gles of a roller crusher HPGR
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To estimate the dimensions of the finished
product material, an important parameter is the
gap or distance between the rolls. In [14], a de-
pendence is given for determining the working
gap depending on the diameters of the rolls and
the breaking force. This dependence has the fol-
lowing form:

| = [klv2 (£]+ kzv\/z+ kst
gD gD , (12)

x(L+k, IgF,)D

where Kki,kz, k3, ks — material became; F¢r —
crushing force, N/mm; v — roller speed, m/s.

The speed for HPGR type roller crushers is
determined based on the following statement:
1) for the diameter of the roll < 2 m, the speed
should not be exceeded v < 1.35VD; 2) for a roll
diameter >2 m the speed is essentially propor-
tional to the diameter v <D.

In general, the performance of HPGR type
roller crushers can be determined based on the
dependencies for conventional roller crushers.
However, in [14], a slightly different approach
was proposed, which is based on specific
productivity. In general, this dependency can be
written as follows:

IT,,=II DLvp , (13)

where p — density of the material fed into the
crushing chamber; IT, — specific productivity,
which is proportional to the ratio of the roller
length to its diameter and is determined experi-
mentally.

In another study [12], specific productivity
is determined based on crushing force:

I, =k(1+ClgF", ) , (14)

where F"¢r — specific crushing force, which is
determined based on the ratio F/(1000LD); k —
coefficient that depends on the speed of the roll-
ers; C - material constant.

The coefficient k in dependence (14) is de-
termined experimentally, using the following
dependence:
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k=CVv*+C,yv+C,, (15)

where C; -C4 — material constant.
Thus, the equation for specific productivity
will be as follows:

I, =(1+ClogF. )(C,v* +C,v+C;) , (16)

The study [14] noted that at crushing force
values up to 6 N/m2 the impact of the specific
productivity parameter on the overall produc-
tivity was insignificant. Under the conditions
that the crushing force was constant, the speed
had a negligible impact on the productivity.
Rollers with a ribbed surface had increased
productivity.

CONCLUSIONS

Based on the analysis performed, it can be
noted that such parameters as the speed of rota-
tion of the rolls, productivity, power are deter-
mined on the basis of empirical dependencies.
When considering most of the parameters of the
mechanical mode of the roll crusher, we en-
counter a number of coefficients that can be de-
termined experimentally under appropriate op-
erating conditions and machine designs. Here,
it is especially worth noting the material correc-
tion coefficient and friction coefficients, which
vary within wide limits. Further research into
roll crushers consists in creating a scientifically
sound methodology for calculating the parame-
ters of the mechanical mode, taking into ac-
count the physical and mechanical properties of
the environment.
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AHaJi3 mapaMeTpiB BaJKOBOI AP0OOAPKU s
aBTOMAaTH3aWlil pouecy ApolJeHHs

Cezen Miugyr?

! Kuiscokuii nayionanohuii ynieepcumem
OyOienuymea ma apximexmypu

AHoTanis. B 3B’s3Ky 13 3HAUHUMHU 3aTpaTaMu
€Hepril Ha MPoLeC BUTOTOBJICHHS OYMiBEIbHUX Ma-
TepiaJliB, KpUTUYHOIO CTajia HoTpeda B 3MEHEIICHHI
eneprozarpar. OqHUM i3 eHepro3aTpaTHUX Mpole-
CiB B IpOOMIBHUX MallIMHAX € MPOIeC PyHHYBaHHS
MaTepially B kKamepi JpoOiieHHs. BusHaueHHs 3a-

90

TpaT eHeprii, AKa MpHUNagae Ha pyHHyBaHHS MaTepi-
ay 3 BpaxyBaHHSM ()i3MYHUX BIACTHBOCTEH Marte-
piaiy Ta CTBOpEHHS YMOB 10 MaKCHMaJIbHO-PaIlio-
HAJILHOMY TIPUKJIa/IeHI HaBaHTaXKEeHb B Kamepi JIpo-
OJIeHHS € aKTyaJIbHOIO 3a/1a4et0. J{ocimiKeHHs eHe-
PreTHYHUX 3aTpaT APOOMIBHOI MAIIMHH IPYHTY-
€ThCSI Ha BU3HAYCHHI IUIOTO Psay MPOIECIB Ta
napa-MeTpiB, SIKi BIUTMBAIOTh Ha 111 pouecH. TooTo
MapaMeTpiB MEXaHIYHOTO PEKUMY IPOOHMIBHOI Ma-
[IMHYA HAMPSMY BIDITMBAIOTH Ha ii eHeproe]eKTus-
HicTb. OJHUM 13 TUMIB APOOUIBLHUX MAIUH € Ball-
KOBI Ipo0apku, IEpeBaroro KX € IPOCTOTa Ta Ha-
nifHicTh KOHCTpYKIii. Ha croromni cmoctepira-
€ThCSI TEHJICHIIIS 3aMiHU KOHYCHHX JPo0apok cepe-
JTHBOTO Ta MIJIKOTO APOOJICHHS HA BAJKOBI Ipo0a-
pxu tury HPGR. [Ipo6apka tumy HPGR Buxopuc-
TOBYETBCS B IIEMEHTHIH, 3a1i30pyIHil Ta anMa3zHiit
npomMuciaoBocTi. OCHOBHUMH PO3paxyHKOBUMH I1a-
pameTpaMu BaJKOBHX Jpo0apok €: 1) KyT 3axBaTy;
2) gacTtoTa 00epTaHHs BaJKiB; 3) MPOAYKTHUBHICTE;
4) 3ycuiuig MiX BaJIkaMu; 5) TIOTYXHicTh B po6oTi
PO3TIsTHYyTa CHTa IPOOJICHHS BaJIKOBOI APOOApKH 3
BpaxyBaHHs (Di3MUHUX BIIACTUBOCTEH Matepiaiy.
BukoHaHa omiHKa BIUIMBY IIBUAKOCTI OOepTaHHS
BAJIKIB Ha KOe(illi€eHTH TEpPTS, SAKi BUHUKAIOTh MiXK
BaJIKOM Ta MaTepiaJioM, a TAKOK MK OKPEMHUMH 3e-
pHamu Matepiany. [IpoaHani30BaHO BIUIUB IIBUJI-
KOCTi oOepTaHHs BalkiB apoOapku Ha KoedimieHT
MIOTIPaBKH BiTHOCHO pobodoro cepeposuia. [100y-
JOBaHI BignoBimHI rpadiku, fAKi BiMoOpa)KarTh
MEXI1 3MIiHM BiJIOBIIHUX KOCQIIIEHTIB NpU 3a1a-
HUX peXuMax oOepTaHHs BaJKiB. Po3rnsHyTi 3ame-
KHOCTI JIUIsl BU3HAUYEHHS MTPOIYKTUBHOCTI, 1110 IPY-
HTYIOThCSI Ha (hakTopi epeKTUBHOCTI Ta cuiti Jpo0-
NeHHs1. PO3TIIsIHYTI 3a1€)KHOCTI 4711 BU3HAYEHHS KY-
TIB 3aXBarTy Ul 30HU PyWHYBaHHS Ta CTHCHEHHS.
Jis oIiHKK pO3MipiB TOTOBOTO MPOIYKTY PO3TIIS-
HyTa 3aJICXKHICTD JUIsl BU3HAUYCHHS 3a30PY MIX BaJi-
KaMH.

KuarouoBi cioBa: BamkoBa npobapka, koedirri-
€HT TEPTsl, MPOJAYKTHBHICTh, CHJIa JPOOJIECHHS, Jia-
METp BajiKa, BIJICTAaHb MIX POJIMKAMH, IIBHJIKICTh
00epTiB POJHKIB.
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