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Abstract. The production of fine-grained materials is associated with a high consumption of electricity and is mainly
carried out in several stages of processing. The last stage - grinding - is the most expensive. This necessitates the crea-
tion of new economical machines and technologies. A large amount of research carried out at the Dnipro University of
Technology made it possible for the first time to substantiate the possibility of using a vibrating jaw crusher with a verti-
cally located chamber and a pendulum suspension of jaws as an independent grinding unit for the production of powder
materials, as well as in production processes requiring special technological modes. The development of this direction is
the creation of a vibration shock grinder with an inclined working chamber, which provides adjustment of the magnitude
of the force effect on the material within a wide range.

A vibrating grinder with an inclined working chamber includes the main elements: a passive jaw located on shock
absorbers, an active jaw pivotally mounted in the body and connected to it by means of elastic links, and a two-shaft
inertial vibration exciter.

On the basis of the given design scheme for the movement of material to the discharge slot, the reduction in vol-
ume and throughput in each cross section of the working chamber is determined. When the boundary values are
reached, the material pressing mode starts followed by jaw opening, reduce of chamber efficiency and vibrating shock
grinder productivity.

Having the smallest throughput of all sections of the chamber, the parallel zone determines the throughput of the
grinder, as well as the performance of its feeder.

The possibility of increasing the throughput by increasing the angle of inclination of the parallel zone and matching
the speeds of material movement in different parts of the working chamber is considered. Based on the studies carried
out, a chamber profile was developed in the form of a multifaceted working surface of the passive jaw and a stepped
surface of the active jaw. Analytical expressions are given for calculating the parameters of the profile of the inclined
working chamber of a vibration shock grinder.
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Introduction. In the general line of the technological process of mineral processing,
the grinding operation is the most expensive due to the consumption of a significant
amount of electricity [1]. One of the reasons is the use of obsolete technology by en-
terprises. Thus, the jaw crusher, the creation of which dates back to the middle of the
19th century, is widely used in industry. Despite a significant number of design
changes, the use of a kinematic drive does not significantly intensify the crushing
process based on crushing a piece of material.

The location of the inertial drive on the jaws allowed to significantly increase the
vibration frequency of the jaws (1000 - 1500 rev/min) and implement the vibration
shock method of material destruction. Currently, the vibrating jaw crusher is effec-
tively used for crushing hard and abrasive materials [2].

Methods. Numerous researches carried out at the Dnipropetrovsk Mining Insti-
tute (now the Dnipro University of Technology) allowed for the first time to substan-
tiate the possibility of using a vibrating jaw crusher with a vertically located chamber
and a pendulum suspension of the jaws as an independent grinding unit for the pro-
duction of powder materials, as well as in production processes that require special
technological modes [3]. The high-frequency shock nature of the material load im-
plemented in them made it possible to reduce the energy and metal consumption of
the installation, and to increase the grade of crushing.
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The operating experience of a crusher with a vertically located crushing chamber
showed limited possibilities for controlling the disintegration process, which led to
the search for new design schemes. One of such solutions is a vibrating shock grinder
with an inclined working chamber, which provides a wide range of adjustment of the
magnitude of the force effect on the material [4].

Results and discussion. The goal is to determine rational parameters for the cur-
vilinear profile of the working chamber of the vibrating shock grinder.

Theoretical part. In general terms, the grinder (Fig. 1) includes a passive (lower)
jaw 1 installed on elastic elements 5 and simultaneously performing the function of
the body.

The active jaw 3 is installed in the racks of the passive jaw with the help of the
suspension axis 2, relative to which it can perform rotational vibrations. In a given
neutral position, the active jaw is held by elastic elements 6. Vibrations of the jaws
are generated by a two-shaft inertial vibration exciter 4. Synchronous antiphase rota-
tion of the unbalanced shafts is provided by an external or internal gear transmission.
The working surfaces of the jaws are coated with wear-resistant plates 7.

Figure 1 — Structural diagram of the vibrating shock grinder

The material that enters the loading area of the working chamber has a density
corresponding to its bulk density, and the material loosening coefficient has a maxi-
mum value. The filling factor of the loading zone is less than unity, since the dimen-
sions of the material entering the grinder are limited by the height of the loading
opening, the working surfaces of the jaws are parallel, and the amplitude of the oscil-
lations of the upper jaw is minimal. Therefore, the material tends to a state that is de-
termined by its angle of repose. The absence of clamping of the material from the
side of the jaws determines the same flow velocity along the entire length of the load-
ing zone, which will be:

_aS
P ox’
where o - jaw oscillation frequency, s™; S - path of movement of particles for the pe-
riod, m.
Then, the throughput capacity of the grinder in the loading area (I1.,) is:

Y
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cp73 30
where b - is the width of the working chamber, m; h,, - is the height of the loading
zone, m;v,,- is the speed of the material, m/s; y, - material density in the loading zone,
t/m*:k- is filling factor of the loading area.

In the grinding zone (Fig. 2), the interaction of the material with the jaws begins,
the partial destruction of material pieces of a size limiting for a given section of the
chamber, and the filling of voids in the material layer with destroyed fine fractions.

Figure 2 — Calculation scheme for filling the working chamber of the grinder with material

The diagram shows: 1 —is passive jaw; 2 - active jaw; O - IS jaw suspension axis;
a, — IS capture angle; A, - is vibration amplitude of the active jaw in the cross section
of the working chamber; h; - is the height of the chamber in the i-th section at the
lowest position of the active jaw; h, -is the height of the chamber in the parallel zone
at the lower position of the active jaw, V1 ... V, -is the volume of the chamber, which
is filled with material per one period of vibration of the jaw; S;-I s the distance that
the particle passes, with taking into account the clamping, to the discharge window
during the oscillation period of the jaw.

As the layer moves to the discharge window of the crusher, its loosening coeffi-
cient decreases and the filling factor of the section of the working chamber increases.

Throughput of the i-th cross section in the grinding zone:

Hi = h|b517|k| )

where y,_, -is the density of the material in the i-1-st section; k.;.;- is filling factor in
the i-1- st section.

Throughput i + 1st cross section in the grinding zone is:

Il =hi 1 1bS7i11K,i01,

The height h;,0f the chamber is:
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hija=hi—Sjtana, - A+ A =h; —Sj(tanag +tan"”—22j,

where A, - is the amplitude of the jaw oscillations in the i-th section of the chamber;
Aj+1—is amplitude of jaw oscillations in i+1 section of the chamber; , - is rotation
angle of the active jaw relative to the suspension axis; a, — is capture angle.

The throughput i+1 of the cross section will decrease by:

Al g =bSj(hiyiks; —hisa7iiaks;)

By comparing with the previous section, the volume i + 1 of the working chamber
section will also be reduced by:

AV = bsjz(tan a, +tan 22 cos 053]-
2

The decrease in throughput and decrease in the volume of material is compen-
sated by a decrease in the loosening factor and an increase in the filling factor of the
I+1-th section of the working chamber. This increases the bulk density of the materi-
al, which can be changed from the density of the bulk material in a free state to val-
ues close to the density of the material in the pillar.

When the boundary values are reached, the material pressing mode starts fol-
lowed by jaw opening, reduce of chamber efficiency and vibrating shock grinder
productivity.

The parallel zone is the narrowest cross section of the working chamber. The
practically no capture angle and a slight change in the amplitude oscillation of the
jaw along the length of the zone provide the conditions for calibrating the material
coming from the grinding zone. The capacity of the parallel zone for the period will be:

where h, - is the height of the chamber in the parallel zone at the lower position of the
active jaw; vy, - is the density of the material layer in the parallel zone; k- is the fill-
ing factor of the parallel zone with the material.

Featuring the smallest throughput of all sections of the working chamber, the
throughput of the parallel zone determines the throughput of the vibrating shock
grinder, as well as the performance of its feeder.

Analysis of expression (1) from the standpoint of increasing the throughput of the
grinder shows that the technological coefficients y, and k, are characterized by insta-
bility during the operation of the grinder, the design parameters b and h,, depend on
the size of initial and final product, the real parameter that allows increasing the
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throughput is the distance which the material will pass, taking into account the clos-
ing of the jaw per one period of oscillation or the speed of the material layer moving.

An increase in speed can be achieved by increasing the angle of inclination of the
parallel zone. With this design of the working chamber, the speed of discharge of the
finished product and the entry of material into the parallel zone can differ significantly.

Based on this, the problem arises of coordinating the speeds of material move-
ment in different areas, which requires the development of a rational profile of the
working chamber.

Such a profile can be formed by a series of interconnected rectangular sections.
As a result, a multifaceted surface of the passive jaw and a stepped surface of the ac-
tive jaw are formed.

In Figure 3a, formation of the loading zone and the first rectangular section of the
working chamber is shown. Here, as in all subsequent sections, in the position of stat-
ic equilibrium, the working surfaces of the jaws are parallel and the capture angle is
determined by the amplitude of the rotary oscillations of the active jaw, that is, a,=y.
The height of the loading zone h,, (the height of the loading window) is determined
by the maximum size of a piece of material entering for grinding and occupying a
stable position.

1 —is active jaw; 2 - is passive jaw; d - is distance from the suspension axis to the working surface
of the active jaw; h,, - is loading zone height; Dy, Dy, Ds - is size of a piece of material; ly1, lyo- is ,
the length of the first and second sections of the grinding zone, respectively; L;, L, - is distance
from the suspension axis to the end of the first and second sections; ¥, - is angle of rotation of the
active jaw; a1, a.o- are angle of inclination of the conveying surface of the first and second sections
of the grinding zone; A1, A, - are amplitude of jaw oscillations at the end of the first and second
sections

Figure 3 — Calculation scheme for the profile formation of the working chamber

The length of the loading zone is set based on the required amplitude oscillation
of the active jaw, which provides the amount of deformation of the piece before
grinding. This section defines the transition from the loading zone to the first rectan-
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gular section of the working chamber. Here, the destruction of the pieces to sizes that
allow them to freely enter the adjacent rectangular area is completed.

The cross section of the loading zone has the maximum dimensions and, accord-
ingly, the maximum throughput II, for a given working chamber.

Throughput I, of the first rectangular section of the grinding zone should be no
less than the throughput IT, of the loading zone. Based on this condition, the required
length of the path that the material passes over the period is determined:

Hl :H3 :HH :hleJ}/HkH,
I
b by kg

A piece of material of size D,, which enters the first section of the grinding zone,
will interact with the active jaw at the moment of passing the last position of static
equilibrium, where the speed of the jaw movement is maximum. At the end of the
section, the size of the piece will decrease by:

Al = Ll fan %COS art,

where A. is the oscillations amplitude of the jaw at the end of the first section; oIS
angle of inclination of the first section of the crushing zone.
The distance from the jaw suspension axis to the end of the first section Lis:

L = \/(d +1yg sin O‘Tl)z +(IT3 +ly1 COS“Tl)Z ’

where d- is the distance from the suspension axis to the working surface of the active
jaw in the loading area; ly;- is length of the first section of the grinding zone; Iys- is
length of the loading zone.

The length of the first section will be determined based on the required number of
Impact on the piece during the period of its passage through the section. By assuming
a one-impact mode, at which one-impact occurs during the period of jaw oscillations,
we get:

ITl = nSJ y

where n is the number of impacts.
The maximum size (D) of the material exiting the first section is:

D2 = Dl - Ll tan%cos arm
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and is the initial product of the second (subsequent) section.

In order a piece of material of the D, in size interacts with the active jaw in the
second section (Fig. 3b) at the moment it passes the position of static equilibrium,
where the speed of the jaw movement is maximum, it is necessary to make a ledge on
the working surface of the active jaw with a height hy; equal to the amplitude oscilla-
tions A; of jaws in this section, i.e. hy; = A;.

The ledge reduces the cross section of the second section, however, its throughput
must retain its specified value, that is I, = I1; = I1,. This requirement is ensured by
increasing the speed of material movement by increasing the angle of inclination o,
of the second section relative to the first, i.e. the following condition must be ful-
filled: O2>01.

Similarly, the following sections of the working chamber are developed, in which
the distance from the suspension axis to the end of the i-th section will be:

2 2
n n
Li = (d +Z|yi SinOKTi] +[IT3+ZIyi CosaTiJ :

i=1 i=1
The height of the ledge of the i-th section is:

V2

hyi =A =L tan7cos ar;.
The length of the i-th rectangular section is:
lyi =n;Sii,

where n; - is the required number of impacts in the i-th rectangular area; S;; is the nec-
essary distance which the material will pass in the i-th rectangular section.

The number of rectangular sections depends on the required degree of grinding of
the material.

Conclusion. The calculation of the kinematic parameters of the crusher with an
inclined crushing chamber is the basis on which, with the known information about
the physical and mechanical properties and dimensions of initial and final products,
the dynamic and power (energetic) parameters of the crusher are determined.
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NMIABULEHHA E®EKTUMBHOCTI POBOTU BIBPOYOAPHOIO NOAOPIBHIOBAYA 3 MOXUNOKO
POBO4Y0I0 KAMEPOIO
®edockiHa O.B., ®panyyk B.l1., ®edockiH B.O., Xaddad [x.C.

AHoTauif. Y 3aranbHOMY NaHUio3i TEXHOMONYHOTO NPOLUECY nepepobKku KOPUCHWX KomamuH ApobunbHo — noapio-
HIOBarnbHa onepawjis € HalLoPOXHOH) Y 3B'A3KY i3 CNOXWBAHHAM 3HAYHOI KiNbKOCTI enekTpoeHeprii. Lie 3ymoBnioe Heob-
XigHICTb CTBOPEHHS HOBWX EKOHOMIYHWX MaLLWH Ta TeXHOMOrIK. MpoBeaeHni y HauioHanbHOMY TEXHIYHOMY YHIBEpCUTETI
«[JHiNpoBCbKa MoniTexHika» BENWKMA 06CAr OOCimKeHb [O3BONMB Brieplue OOrpyHTYBaTV MOXIMBICTb 3aCTOCYBaHHS
BiOpOLLOKOBOI ApoGapkN 3 BEPTMKANBLHO PO3TALLOBAHOI0 KAMEPOK Ta MasiTHUKOBIMM MiABICOM LUK ik CAMOCTIMHOMO NoA-
PiBHIOK0YOrO arperaty 4ns OfepXaHHs NOPOLLKOBUX MaTepiani, a Takox y BUpoBHUUMX npoLecax, Wwo notpebytoTs cne-
LianbHUX TEXHOMOMYHNX PEXMUMIB. PO3BMTKOM LIbOro HanpsiMy € CTBOPEHHs BiGpoyaapHOro noapibHioBaya 3 noxunow
pob0yoto kKamepoto, Lo 3abe3neyye perynioBaHHS BENWYMHU CUNOBOrO BNMBY Ha MaTepian y LUMPOKWUX MEXaXx.

BibpaujnHuin nogpibHioBaY i3 MoXmnow poboyotd KaMepor BKIKOYAE OCHOBHI eTEMEHTH: MACWBHY LLOKY, pO3TaLLo-
BaHY Ha aMOpTM3aTopaXx, akTUBHY LLOKY, LUAPHIPHO BCTAHOBIEHY B KOPMYCi Ta NOB'SA3aHy 3 HAM 3a AOMOMOTOH0 MPYKHWX
3B'A13KIB, ABOXBANTbHWI iHEPLiNHMIA BIOPO30YAHNK.

Ha nigcrasi HaBegeHOi po3paxyHKOBOT CXEMU pPyXy MaTepiany [0 pO3BaHTaXyBanbHOI LiNNHA, BUSHAYEHO CKOPO-
YeHHs obcAary Ta nponyckHOI 30aTHOCTI B KOXHOMY MonepeyHoMy nepepisi poboyoi kamepu. Npu DOCArHEHHI rPaHUYHMX
3HaYeHb HACTaE PEXMM NPECyBaHHs MaTepiany, Po3CyBaHHA LUK, 3HWKEHHS ePEKTMBHOCTI poBOoYO0i kaMmepu Ta Npoayk-
TMBHOCTI NoApibHI0BaYa. byayun HaMEHLLOK NPOMYCKHOK 3AATHICTIO 3 YCiX NepepisiB kamepy ApobneHHs, napanernbHa
30Ha BM3HAYa€ MPOMyCKHY 3AATHICTb Apobapku, a Takox MPOAYKTUBHICTL il MPUCTPOID KMBMNEHHS. PO3rmsHYTO MOXMK-
BICTb NiABMLLEHHS NPOMYCKHOI 3A4aTHOCTI 32 AOMNOMOrOK 3BiMbLUEHHS KyTa Haxuiy napanenbHOi 30HW Ta Y3romKeHHS
LWBMAKOCTEN pyXy maTepiany Ha PisHMX AinsHkax pobouoi kamepu. Ha migctaBi npoBedeHuX AOCHimKeHb po3pobneHo
npocoinb kamepu y Burnagi 6aratorpaHHoi poboyoi NOBEPXHI NACMBHOI LLOKM Ta CTYMIHYACTY NOBEPXHIO aKTUBHOI LLIOKU.
HaBegeHo aHaniTWyHi BMpa3u Ans pospaxyHKy napameTpiB npodinio noxunoi poboyoi kamepu BibpoyaapHoro noapi6-
HloBava.

Kntovosi cnosa: BibpaLjiinHuin nogpibHoBay, kamepa, NponyckHa 3A4aTHICTb.
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