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Abstract: Almost all recycling methods include
grinding to a certain size of particles with their
subsequent usage. Using the general equation of
dynamics of discrete mechanical systems in
generalized coordinates was recorded generalized
mathematical model of rotor crushing machine for
recycling. This model will allow investigating the
performance characteristics of crushing machine
depending on the structural features of its
elements.
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INTRODUCTION

Hammer crushers, disintegrants and mills are
widely used in various fields of manufacturing:
agriculture and forestry, food and pharmaceutical
industries. They are also used in the processing of
thermoplastic, wood and construction waste.
Improving of parameters and characteristics of
crushers is promising direction of increasing the
lines speed of recycling.

PROBLEM STATEMENT

Almost all recycling methods include grinding to
a certain size of particles with their subsequent
usage. In theoretical studies the choice of techno-
logical modes of crushing machines was grounded
and individual processes was simulated [1-6].

There are no studies in which presented
mathematical models with sufficiently full functional
interconnection between design factors of crushing
machines, technological modes of their running
and physical and mechanical properties of the
material. In the known models the individual
interconnections are presented. That is why the
purpose of the article is to explain the choice of
design of rotor crushing machine depending on the
requirements of operating conditions.

MAIN ARTICLE
Hammer crushers are applied when it is
necessary to obtain a relatively finely divided and

AHomauyist: [pakmuyHo eci criocobu nepepobku 8idxo-
die nepedbayvaromb ModpibHeHHs1 0 Ne8HO20 PO3MIpy
Yacmok 3 HacmyrnHUM ix auKopucmaHHsaM. Bukopucmo-
8yHYU 3azalibHe PIiGHSHHS OUHaMIKu OUCKPEMHUX Me-
XaHi4YHUX cucmeM 8 y3aeallbHeHUX KoopOuHamax, byna
3anucaHa y3azalnbHeHa Mamemamu4yHa mooesb pobo-
mu pomopHOi nodpibHo8aIbHOI MawuHuU st nepepob-
Ku 8idxodis. Taka mMoOenb 003805umb O0CiOXyeamu
ekcnnyamauiliHi enacmusocmi nodpibHo8ansHoi ma-
WUHU 3arnexHo 8i0 KOHCcmpyKuiliHux ocobsiueocmed i
enemMeHmis.

Knroyoei cnoea: nodpibHwosanbHa MawuHa, pomop,
pomop dsuzyHa, yacmoma KoJsiueaHb, Hariemygma.

BCTYN

MornoTkoBi gpobapku, AesiHTerpatopu i MIUHK
LUMPOKO BMKOPWUCTOBYOTHCSA B Pi3HUX obnactsax Bupo6-
HULTBA: CiNbCbKOMY i NICOBOMY rocrnoaapcTBax, Xapyo-
Bill i nepepobHin npoMmcroBocTi. BukopnctoByoTbes i
npu nepepoOui TepmonnacTuyHUX, AepeBHUX i Oyaise-
nbHUX BigxogiB. lMokpalweHHa napameTpiB i xapakre-
pUCTUK ApobapoK € NepPCnekTUBHUM HaMNPsIMKOM MigBu-
LLIEHHA NPOAYKTUBHOCTI MiHi No nepepobui Biaxoais.

NMOCTAHOBKA NMPOBJIEMU

MpakTnyHo BCi crnocobu nepepobku  Bigxodis
nepenbadatoTe NoApibHEHHS 4O NEBHOrO po3Mipy 4ac-
TOK 3 HacTyMHUM iX BUKOPUCTaHHAM. B TeopeTuyHmx
OOCNiOXEHHsX OOrpyHTOBYBaBCS BMOIp TEXHOMOTMYHUX
pexumiB noapibHIOBanNbHUX MalluH, MOZEnNoBanuncs
okpeMi npouecw [1-6].

Hemae pocnimkeHb B SKMX HaBeOeHi MaTeMaTuudHi
mMogeni 3 40CTaTHbO MOBHUM (PYHKLiOHaNbHUM B32EMO-
3B'A3KOM MK KOHCTPYKTMBHUMW napameTpamu noapid-
HIOBanbHMX MaLUWH, TEXHONOMYHUMM pexmmamn ix
poboTu i isnko-mexaHiYHUMK BNACTUBOCTAMU MaTepi-
any. B Bigomnx mopgensix HaBegeHO OKpeMi B3aemo-
3B'A3kn. TOMy, MeTo poboTu € obrpyHTyBaTn BUGIP
KOHCTPYKUiT  pOTOpHOI  noApibHoBanNbHOI  MalMHK
3anexHo Big BUMOT yMOB eKkcnnyaTaLlii.

OCHOBHMW TEKCT CTATTI
MonoTkoBi ApoGapku 3aCTOCOBYIOTLCS B TUX BUMag-
Kax, Konum HeoOXigHO OTpMMaTtu BiOHOCHO ApiObHO no-
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uniform product without further usage of sorting
devices. They are effective in grinding fragile
products (limestone, wood, plastic, corn, bone, salt,
sugar). The product in hammer crusher is grind by
hammer blows on particles of product, particles
strikes against crusher cover and in the event of
particles abrasion.

The most widely used crushers are one with
freely suspended hammers. It is believed that the
initial destruction of the product is when particles
encounter with a hammer. But depending on the
crushing material, requirements for the design of
basic elements (hammers, rotors, deck, etc.) and
modes of operation are changed.

1

“Hopper / ByHke

Hammers / Buna

Weight | lebananc

Elastic support /
[pyxHa onopa

OpibHeHWn | ogHopigHWMI npoaykT 6e3 nodanbLlioro
3acTOCyBaHHA COpTyBanbHUX NpuUCTpoiB. BoHn edek-
TUBHI NpW NOAPIGHEHHI KPUXKMX NPOAYKTIB (BanHSAK, Ae-
peBo, nnactMacu, 3epHo, KicTka, Cinb, uykop). MNpoaykTt
B MOMOTKOBMX Apobapkax noapibHeETbCA yaapaMmm Mo-
NOTKIB NO YacTkax NpoaykTy, yaapamu 4acTtok 06 KOXyx
Apobapku i B pesynbTati CTUPaHHS YacToK.

HaiiGinblie nowmpeHHs oTpuManu gpobapku 3 Binb-
HO MigBilleHNMN MonoTKkamu. BBaxaeTbCs, WO NepBUH-
He pyViHyBaHHA NPOAYKTY MNOBWHHe BiAbysBaTuca npu
3yCTpiYi YacTkM 3 MOMOTKOM. Afe 3anexHo Big maTtepi-
anis noApibHeHHSA 3MIHIOTLCA BUMOTN OO KOHCTPYKLi
OCHOBHWX erneMeHTiB (MOMOoTKIB, poTopa, AeKU ToLo) i
pexumis ix poboTu.

], Rotary crusher /

Apobapka potopHa  Drive / Mpusoa

Reducing gear /
PegyxTop

Drive belting /
Macosa nepegava

Engine rotor /
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XopcTka onopa

Fig.1 — Construction scheme of rotor crushing machine on fixed stop and elastic foundation / KoHcmpykmueHa
cxema pomopHoi NodpibH08anbHOI MaWUuHU Ha XOpCcmKil i MpyxHili ocHosax

To investigate operating conditions of crusher
considering constructive scheme of rotor crushing
machine (Fig. 1), modes of its operation and
physical and mechanical properties of the material
was recorded generalized mathematical model of
rotor crushing machine operating with crusher on
elastically fixed base and rigidly fixed hard
drive [7]. Analytical model written on the basis of
constructive scheme allows investigating the
dynamics of plane-parallel motion of crusher shell,
complex motion of its rotor with eccentric weight
and hammers, rotational movements of drive
elements of crushing machine, grinding workflow
and, consequently, investigating the effect of
vibration of crusher to process of grinding; to find
out the features of the interaction of system
elements "source of energy - vibration generator -
operator body - process duty" in various modes of
the machine with constant or variable weights
process duty.

The generalized mathematical model of rotor
crushing machine allows investigating of different
options of machine constructive schemes
presented in Table 1.

Ons pocnigxeHHi ymoB pobotu gpobapkun 3 ypaxy-
BaHHSAM KOHCTPYKTMBHOI CXeMW POTOPHOI MNOApiOHIo-
BarnbHOI MawwmHu (puc. 1), pexumis ii poboTtn i dismko-
MeXaHi4YHMMKN BracTMBOCTSIMU MaTepiany 6yna 3anuca-
Ha y3aranbHeHa maTtemMaTtudHa mogenb poboTn poTop-
HOI NoApibHBaNbHOI MaLMHKU 3 APO6APKOK Ha MPYXXHO
3aKpinneHin OCHOBI Ta XXOPCTKO 3aKPiMfEHNM >KOPCTKUM
npusogom [7]. PospaxyHkoBa cxema, 3anucaHa Ha
OCHOBI KOHCTPYKTMBHOI CXEMMW, A0O3BOSISIE AOCHIAKYyBaTU
AVHaMiKy nrnockonapanenbHoro pyxy kopnycy apobap-
KW, cknagHoro pyxy ii potopa pa3om 3 gebanaHcom Ta
6unamun, obepTanbHi pyxv enemeHTiB NpuBoAy noapio-
HIOBanbHOI MaluuHKM, pobounii npouec noapidHeHHs i,
K Hacnigok, gocnigutu BnNuB Bibpauin gpobGapku
noApibHIOBaNbHOI MalMHM Ha Mpouec noapiGHEHHS;
3'acyBatv O0COONMBOCTI B3aEMOAii €NeMEeHTIB CUCTEMM
«xepeno eHeprii — Bibpo3byaHWk — pobounii opraH —
TEXHONOrMYHE 3aBaHTaXEHHA» Y PIi3HUX pexumax
poboTn MawwuHKu i3 cTtanow abo 3MiHHOK Macamu
TEXHOMOrYHOr0 3aBaHTaXXEHHS.

Y3aranbHeHa MatemaTuyHa mogenb poboTn poTop-
HOI NoApibHIOBaNbHOI MaLUMHU LO3BOSISIE OOCHIAXKYBaTU
pi3Hi BapiaHTW KOHCTPYKTUBHUX CXeM MaluuvH NpeacTaB-
neHux B Tabn. 1.
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Table 1

Options of rotary crusher machines of various designs / BapiaHmu pomopHux nodpi6HoeanbLHUX MalluH
Pi3HOi KOHCMPYKYiT

The schematic construction of machine / The schematic construction of machine /
KoHcmpykmugHa cxema MawuHu KoHcmpykmusHa cxema MawuHu
Crusher ! o Crusher | oo
Hammers | Biana apss  Drive | Mlpwacn Hammers | Biana /EEI Qrive [ Tlpwaan,
Ratar ! Parop Ratar ! Porop [;
1a 2b J'|=|'
Fined stop | Elastic support/
HopcTea onopa Mpy=na oncga
--._‘_‘“- "
W o B e
Crusher b n Crusher |/ oo
Hummar | Ga e vl Hammers | Bana dpes  Drive [ Mpnacn
Rotar / Potep Ratar ! Porop ;’
Fixed stap | . |
¥opocTea anopa = EI_II;:rl;c":u:np;;;_l
B o S o MW
Crushar ! Drive 1 Crusher | .
Hammers | Sang SRR LU Hammera | Euna apsa  [Oiriva | Mpweap,
Robor | Parop J_Z Rator | Poop
| -
2a J— 3b
E]l;l;u“:uupnp;: ! Elastic support |
- Mpy=na oncga
AT AIINTT m

In generalized mathematical model of rotor
crushing machine considered common assumption
in studies of the dynamics of machines [8]: -
crusher shell, which is in a plain parallel movement
in the vertical plane, the rotor with eccentic weight
and hammers which are in a complex movement in
the vertical plane, are considered as rigid and inert
bodies; - bearer elastic elements of crusher shell -
inertialless bodies with rigidity and tensile shear.
Neglecting of elements elasticity of drive in rotor
crushing machine we consider it as tough inertial
body, rotation of which is done under driving
torque; it changes according to the external static
mechanical characteristics.

On the bases of the first assumption was
adopted plain coordinate XOY system, which is
rigidly connected to the ground and located in the
vertical plane. In addition, with crusher shell of
rotor crushing machine was tightly connected
X101Y1 system, the axis of which form a plane

parallel to the coordinate plane XOY. For
convenience, later we used the term "“free
condition of the mechanical system". In the rotor

B ysaranbHeHin maTemaTtudHin mogeni pobotu po-
TOPHOI NOApPIGHIOBaNbHOT MalUMHW BpaxoBaHi 3arasnbHo-
NPUAHATI Y AOCAIMKEHHSX AMHAMIKM MallnH NpunyLweH-
Hs [8]: - kopnyc opobapku, sikuii nepebyBae B NNOCKO
napanenbHOMy pyci y BepTuKarnbHii NMOLWMHI, poTop
pasom 3 gebanaHcamu Ta Gunamu, siki nepebyBatoTb B
CKnagHoMy pyci y BepTUKanbHi NNOLWMHI, BBaXXaeMo
XOPCTKUMU iHEPUIHUMKN Tinamu; - NpPyXHi enemMeHTu
onopwu kopnycy apobapku — 6esiHepuinHi Tina, wo ma-
H0Tb XXOPCTKICTb Ha PO3TAr Ta 3CYB; - HEXTYHOUM NMPYKHIC-
TIO eneMeHTIB NpuBoaYy POTOPHOI NoapiOHIoBanbHOI Ma-
LUMHN BBaXXaeMO MNOro >KOPCTKUM iHEPLiAHMM Tifnom,
o6epTaHHs sikoro BiabyBaeTbcs nig aieto obepTanbHOro
MOMEHTY MPUBOLHOIO ABWUryHa; BiH 3MIHIOETLCS BiAMno-
BiHO [0 30BHIWHLOI CTATUYHOI MEXaHiYHOI XapakTe-
PUCTUKN.

Ha ocHoBi neploro npunyuieHHss Oyna npurHATa
nnocka koopauvHaTHa cuctema XOY, fka XOpPCTKO Mno-
B'A3aHa i3 3emrel i posTawoBaHa Yy BepTUKarbHIN
nnowwHi. Kpim uboro, 3 kopnycom gpoGapku poTOpHOT
noapiGHoBansHOT MawuHM Byna XOpCcTko MoB's3aHa
cuctema X101Y1, OCi SIKOi YyTBOPIOWOTL NIOLWUHY napa-
NenbHy Ao KoopauHaTHoi nnowmHu XOY. [nsa 3py4yHoc-
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crushing machine case it is a condition of
immovability of its inertial elements that are beyond
the forces of gravity and electromagnetic forces
(machine motor drive is disconnected from electric
power).

Ti, B NoJanbLUOMy KOPUCTYBarnuCst MOHSITTAM «BifbHUIA
CTaH MexaHi4yHoi cuctemu». Y BunNagKky POTOPHOI no-
OpiOGHIOBaNbHOI MalUMHU — Lie CTaH, CMoKot Ti iHepLin-
HUX €NEeMEHTIB, SKi 3HaxXoaATbCA N03a A€ CUN TXKIHHSA
Ta enekTpoMarHiTHUX cun (OBUryH npvBOAa MalUWHU
BiJKMIOYEHWI Big [xXepena eneKkTpu4YHoi eHeprir).

Fig. 2 — Analytical model of rotor crushing machine with crusher based on fixed elastic foundation and rigidly fixed solid
drive, rigid fixing of hammers a); adopted coordinate systems and joint coordinates b) / PospaxyHkoea cxema pomopHoi
1o0pibH8ansHOI MawuHU 3 OpobapKoto Ha MPYXXHO 3aKpinneHili OCHO8I Ma XO0PCMKO 3aKpirieHUM XOopCMKUM rpugodoMm,
JKOPCMKUM KpinneHHsm 6un a); npuliHami cucmemu KoopOuHam ma y3aealnbHeHi koopOuHamu b).

With  objectives of the research, in
mathematical models of rotor crushing machine the
generalized coordinates are:

g1, gz, g3 — coordinates of O1 coordinate origin
X101Y1 in a fixed coordinate system XOY and
angle of its rotation to fixed system, i.e.: g1 = Xo1; 02
= yo1; g3 = @; Qs = y - rotation angle of rotor
crusher with eccentric weight and hammers to
moving coordinate system Xi101Y1; gs = § — angle
of shaft rotation of machine drive coupling,
rotational angle of bodies anti clockwise were
considered as additional.

Using general dynamic equation [8] of discrete
mechanical systems in generalized coordinates
(1), the mathematical model of operating rotor
crushing machine is made.

where, T is total kinetic energy of the moving

s

is the time derivative of the generalized coordina-
tes; n - degrees number of elements freeness of
rotor crushing machine; Qs - generalized force
corresponding to the generalized coordinate gs.
The total kinetic energy T of the entire mechanical

systemis: T =Tk + 18+ 10+ 106 ;

d
dt

a
ad,

inertia elements of rotor crushing machine;

where, Tk Z%[m,( (Xf + ylf)+11< _¢12:| -

the kinetic energy of the crusher shell; mK,IK -
mass of the shell and its central moment of inertia;
X.» Y\ - coordinates of the shell weight center in
the coordinate system XOY;

T, = %[m(xz + y§)+ Ig(gb+://)2] - the kinetic

J

3 BpaxyBaHHAM 3a4ay OOCMIOKEHHS, B MaTtemMaTtuy-
Hin Mogeni po6oTn poTOpHOI NoapiOHIOBaNbLHOI MaLUNHK
3a y3aranbHeHi KOopAMHATU NPUAManucs:

g1, g2, g3 — KoopAnMHaTK Todkn O1 novaTky CUCTEMM
koopanHat X101Y1 B Hepyxomid cucTtemi koopauHaT
XOY Ta KyT il NOBOPOTY BifJHOCHO HEPYXOMOiI CUCTEMMW,
TOBTO: g1 = Xo1; g2 = Yo1; 03 = ¢@; Ja = ¥ — KyT NOBOPOTY
poTtopa gpobapkm pasom 3 gebanaHcom Ta Ounamu
BiHOCHO pyxomoi cuctemn koopauHaT X101Y1; gs = 8 —
KyT NOBOPOTY Bany Bedy4oi MiBMydpTM npusoay
MallWHW;3a [oJaTHi BBaXanucs KyTu MOBOPOTY Tin
NpOTW XOA4Yy CTPINOK rOANHHMKA.

BukopucTtoBytoun 3aranbHe pPiBHAHHSA AuMHaMikuy [8]
OVICKPETHMX MEXaHiYHUMX CUCTEM B y3aranbHEeHUX
koopamHatax (1), nobygoBaHa matematMyHa Mopgerb
po60TM POTOPHOI NOAPIOHIOBANbHOI MaLUMHMK.

oT

_ (1)
oq,

, S=1,n;
Q

ae, T — cymapHa KiHeTMYHa eHepris pyxoMuXx iHep-
LiHUX eneMeHTIB pOTOPHOI NoApiGHI0BaNbHOT MaLLUHK;

(f]s — noxigHa 3a 4acoMm Bif y3araribHEHOI KOOpauHaTK;

N — 4YWUCNO CTYNeHiB BIifbHOCTI €reMeHTIB POTOPHOI
noapiGHoBanbHOI MalwuHKW; Qs — y3aranbHeHa cuna,
sika Bignosigae ysaranbHeHin koopauHati gs. CymapHa
KiHeTUYHa eHepria T BCi€El MeXaHi4HOI CcMUCTEMM

popisrioe: T =Tk + T8 +T0 +T0¢6 ;
1 , .
neTk = > [m,( (Xf + ¥} )+ I -¢} ]— KiHeTUYHa
eHeprisi koprycy apoGapku; M, [, — maca kopnyca Ta

MOro LeHTpanbHUM MOMEHT iHepuii; X, , Y, — koopau-
HaTK LieHTpa Baru Kopnycy B cucteMi koopguHat XOY;

T, %[mg(xgz + ygz)"' |6(¢+l/))2] —  KiHeTWYHa

eHepria Bany poTtopa Apobapku pasom 3 Gunamu i nie-
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energy of the rotor shaft of crusher with hammers
| - accordingly mass and

61 ¢

and half-coupling; M

inertia of the shaft moment with hammers and half-

coupling elastic couplings in regard to axis of its
rotation in the crusher shell; X , Y, - coordinate

axis of shaft rotation with hammers in a coordinate
system XOY;

T, :%[mo()'(j + y5)+ |d(¢+l/'/)2] — kinetic

energy of eccentric weight; md,lo — mass and

moment of eccentric weight inertia to the axis of
shaft rotation of the crusher rotor in its shell;

X,,Y, — coordinates of the weight center of
eccentric weight in the coordinate system XOY;

T, =—1,, ~,32— the kinetic energy of elements

2

machine drive that are in rotational motion; /,, —

| - BignoBigHoO Maca Ta MOMEHT iHepuii

6! 6

MydToto; M

Bany pasom 3 6unamu i NiBMydTO NPYXHLOI 3'€AHY-
BarnbHOI My@dTK BIOHOCHO OCi iXx 0BGepTaHHA B KOpNyCi

Apobapku; X , Y, — KoopauHaTtn oci obepTaHHsa Bany
3 6bunamu B cuctemi koopaunHat XOY;

T =%[mo(>'<§ +y2)+ 1,(p+)?] - inernana

eHepria gebanaHcis; m(),]() — Maca i MOMEeHT iHepuil
pebanaHciB BigHOCHO oOCi obepTaHHa Bany poTtopa
Apobapkmn B 1 Kopnyci; X,,Y, — KoopauHaTty ueHTpa

Barn pebanaHciB B cucteMi  koopaumHaT  XOY;

1 2 . .
T, = Elae -~ «KiHeTW4Ha eHepris  enemeHTis

npvBoZa MalUuHW, sKi nepebyBaiTe B obepTanbHOMY
pyci; 1()6 — CyMapHW/ MOMEHT iHepuii UMX enemMeHTiB
npuesegeHun 4o oci Bany Bedy4ol HaniBMydTu npusoaa

the total moment of inertia of these elements Ma”.MHM; B - wyrosa wewpkicts Bany  senyuoi
brought to the axis of the shaft of driving half- HaniBMydTH.
coupling drive of the machine; ,B — angular
velocity of the shaft of driving half-coupling.
ql = XOI;
d( oTr oT G . o .
== = m %, -6 L) - (@) L @)+ m, [} =6 L(0) - (@) L ()] +
dt{ oX,, ) OX,,

qZ = XOl;

dfar) ot
dt 8yOl a'y01

4; = ¢

+1, - (p+w).

q,=v,;

dtloy ) oy
+(gb+¢/7)~[|g+(ma -52+I0)]
a,= 5

djar)_ar_
dt\og) o

= xo1,Q, =—~(F; +F;).

| A

G =yor;Q, =-|F; +F +G, +G, +G, +G,].
0= ¢Q, =+M(F:)+M(F:)-M(F;)-M(F}

)-M

+m, %, —-1,(0) - 3+ 1, (0.1) - (9) 1, (@)~ (9+1) 1 (o))

=m, [V, + 3L, (0) = (9)7 - L (@) ]+ m, [0, + 61, (0) — (9)* -1, () |+

M, [0y + 61, (@) + @+5) 1, (0,0) = (@) 1, (@)~ (0 +¥)* 1, (0,1) ]

d(orT) oT . .. .. ..
vl __ZmK'{_Xo1'|—1(§0)+¢'(a12+b12)+y01'|-2((0)}+|x'¢7+
dt\ 0¢ ) Op

M, 4= %oy 1 (@) + - (U2 +V7 )4 o, L (@)} 1, - (G +97) +
m, %o, - [L (@) +1, (@04 Vou - [1, (@) +1, (@9 ]+ - 07 +v2 ]+
+2:G-&- W)+ & W) +2- 9y -1 () + () -1, (W)} +

i(a-r )_ g :md'{_5{01'Is((/’*‘/’)+¢'g'ls(‘//)+ym'lA((/”‘//)_((b)z 'g'ls(‘//)}

-M

GK GB

~M,,.(3)
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Rg
4=y Q, =c,(B-y—g)-|m, -g-e-coslp+p)+ [a, LAV () p(r)-dr |.

A5 =5,Q, =M, (A =c, (B-v-0),
where, F’ ., F’
DY

coordinate system XOY forces F, .

()

right and left elastic support operate on the crusher

— projection on a fixed axis

, with which

shell; GK, GB, GM, GD — gravity of the crusher
shell, rotor shaft, hammers, eccentric weight;
M(F,’;)’ M(an), M(Fﬂy). M(Fny) — torques
F ., with which right and left elastic support

%)
operate on the crusher shell to the origin of the
coordinate  system  Xi01Y:1  (point  Oau);

Mg Mg .M, — moments of gravity inertial

elements of crusher to the origin of the coordinate
system X101Y1; Cu — coefficient of angular muft

stiffness; M,=M (,B) —  mechanical

7P
characteristics of the drive of rotor crushing
machine; ¢ — eccentricity of eccentric weight; ow —
proportionality factor, which takes into account the
mechanical properties of the material and the
required degree of crushing it; Le — the width of the

grinding chamber; p(r), AS (r)-— changing of
specific mass of air material mixture and its relative

speed in a function of the distance to the shredding
camera.

GK?

R; —h,

LT

ne:F’ F’ npoekuii Ha oci Hepyxomoi

i) g -

@ ()
koopanHaTHoi cuctemnXOY cun F[ﬂ]
i
npaea i niBa NpyxHi onopu Ha kopnyc apobapku; GK,
GB, GM, GD - cunu TAXiHHS kopnyca pJpobapku,

poTopHoro Bana, 6un, ae6ananca; M (FX), M(F)),
M (Fﬂy) M (F,,y) ~ momenT cun F

()
npaBa i niBa NpyxHi onopu Ha kopnyc ApobGapku
BiJHOCHO no4aTKy koopaumHaTHOi cuctemm Xi101Y1
(toukn O1); M., My, M, — MOMEHTM cun TaXiHHA

iHepuiiHux enemeHTiB Apobapku BiAHOCHO MOYaTKy
koopauHaTHoi cuctemMn Xi101Y1;, Cuw — KoedilieHT

KyTOBOI mybt; M, =an(ﬂ) -
MexaHiYHa  xapakTepucTMka  npusoda  POTOPHOI
noApibHOBaNbHOI  MalUWHW; & —  EKCLUEHTpUCUTET
aebanaHciB; aw — koedilieHT nPoMopUiNHOCTI, AKWUIA
BpaxoBYyE MeXaHi4Hi BacTUBOCTi MaTtepiany i HeobXxiaHy
CTyniHb #oro noApibHeHHsA; Ls — wupuHa kamepu
nonpi6HeHHﬂ;p(r), AZG (r) — 3MiHa nuMTOMOi Macu
NOBITPSIHOI CyMiLLi MaTepiany i ii BIGHOCHOI LWBWAKOCTI B
dyHKUIT BiocTaHi Ao kamepu noapiOHEHHS.
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Fig. 3—Changing of energy consumption during grinding, depending on the speed at
vibration drill frequency in 50 and 60 Hz / 3miHa eHepaocroxueaHHs1 Mpu MOMOoJIi
3anexHo 8i0 obepmie npu yacmomi 8i6po3bypeHb 50 i 60 Iy,

Dependencies (2) and (3) is a set of left and
right sides of the equations of mathematical model
of rotor crushing machine with crusher of elastic
fixed base and rigidly fixed hard drive.

In carrying out computer experiments were
performed tests. In fig. 3 and fig. 4 is shown a
change in the energy consumption of crushing
machine while grinding depending on rotations and
vibration frequency.

BanexHocTi (2) Ta (3) npeactaBnslTb COOOMH
Habopw NiBUX Ta NpaBMX YaCTUH PIBHAHb MaTeMaTU4HOT
mMogeni poboTn poTopHOI NOApPiIGHIOBaNbHOT MalUMHK 3
Opo0apKo Ha MPY)XHO 3aKPinSIeHin OCHOBI Ta XOPCTKO
3aKPINMeHNM XXOPCTKUM NPUBOAOM.

Mpv npoBedeHHi KOMMIOTEPHOrO EeKCNepuMeHTY
Oynn BUWKOHaHI TecToBi 3apadvi. Ha puc. 3 i 4
npeacTaBneHo 3MiHy €HeprocrnoXxvBaHHs
noapiGHOBanbHOT MaluMHA MpY MOMONI 3anexHo Big
06epTiB i YacToTH BIOPO36YpEHb.
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Exploring options for working rotary crushing
machines of various designs one can determine
the impact of different design elements onto
parameters of the machine efficiency.

6,85

-
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L LI

Oocnigxytoun poboTy BapiaHTiB POTOPHUX
noapiGHOBanbHMX MallWH Pi3HOT KOHCTPYKUii MOXHa
BM3HAYUTW BNNMB Pi3HNX KOHCTPYKTUBHMX €NEMEHTIB Ha
napameTpu epeKTMBHOCTI MaLUMHW.

I S S g - -
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Energy consumption, kW*h/kg
Exeprocnoxusanus, kBT*rog/kr

6,55

6,5

475 48 485 49 495

50 505 51 515 52 625 53

Vebration frequency, Hz / Yacrora konusane, My

Fig. 4 — Changing of energy consumption during grinding, depending on
vibration drill frequency in 220 and 224 rot/min / 3miHa eHepaocnoxugaHHS npu
rnomosni 3anexHo 8id yacmomi 8i6po36ypeHb npu 220 i 224 06/x8

CONCLUSIONS

The generalized mathematical model of rotor
crushing machine allows to explore different options
of the schematic construction of machines and to
determine the impact of different elements on the
parameters of machine efficiency.
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BUCHOBKU
Y3aranbHeHa MaTemaTuyHa Mogenb poboTu
pPOTOpHOI  MoApibGHIOBanNbHOI  MalWHM  [03BOSISIE

[ocnigxyBaTy pi3Hi BapiaHTU KOHCTPYKTMBHUX CXEM
MalWH i BW3HAYaTW BMMMB Pi3HUX ENeMeHTiB Ha
napameTpu epeKTMBHOCTI MaLLWHW.
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