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THE KINEMATIC ANALYSIS OF A
VIBRATION CRUSHER FOR FEED
GRAIN

The high level of energy use by domestic producers does
not allow for the competitiveness of livestock products in the
domestic and foreign markets. Therefore, the effective functioning
of farming enterprises requires the development and
implementation of technologies that meet world standards for
energy efficiency and reduce energy losses.

A very important and energy-consuming operation is the
grinding of feed grains (wheat, barley, peas, corn, etc.). In the
technological process of feed production, the share of energy
consumption for grinding can reach up to 70%. Feed material
usually has a high moisture content. In most cases, the grinding
is performed by hammer mills. However, when grinding grain with
high moisture content this crushing method (by hammer mills) is
ineffective.

This article is devoted to solving the actual problem:
minimizing energy consumption for grinding of feed grains when
making feed for farm animals namely the theoretical study of the
motion laws of the proposed technological equipment. Presented
schematic diagram vibration disk-type crusher for feed material
realizes the idea of a combined interaction of vibration and
rotational motion of equipment, a combination of shock and
cutting impact of work items on the material.

This will allow to process raw material with high moisture
content without significantly reducing the performance of the
mashine and facilitates timely withdrawal of the product from the
grinding zone.

Also, in order to establish the values of velocity of mass
centers constituents vibration equipment kinematic analysis of the
given machine graphic-analytical methods of theoretical
mechanics and the theory of mechanisms and machines was
performed, including established patterns of change of linear
velocity of the centers of mass and structural elements in the
future will help determine the total kinetic energy of this oscillatory
system.

Keywords: vibration disk-type crusher, kinetic energy,
absolute velocity, relative velocity, frame velocity, angular
velocity, principle of superposition.

and implementation of constructive machines to

competitiveness of the industry largely dependents
on direct production costs, particularly for
machining material — its crushing [1, 2]. As
experience shows [3], upgrade of existing and new
designs of machines completes by using
fundamental theoretical assumptions, including
mechanics and mathematical methods for
formalization and solving problems of analysis and
synthesis of technology and design parameters of
development [4]. Therefore, the effective
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perform the designated operations and studies,
including theoretical, its parameters determines
the relevance and practical value of these studies.

The analysis of recent research and
publications. One of the most important energy
performance of any mechanical system celebrated
its total kinetic energy [4, 5, 6].

It is well known that the kinetic energy of a
plane mechanism for any of its provisions is the
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sum of the kinetic energies of all its moving parts
can generally be represented as [7]:

2
Isi ;

0, @ mv?
T:Zl:T,.:ZIZ[ >+ 2'} 1)

where: I, — the moment of inertia and / - second

level axis passing through the center of mass (c.
m.) 5; perpendicular to the plane of movement;
w; — angular velocity and i - second level;

m; — weight and i - second level;

v;, — center of mass and velocity i - second level.

Therefore, based on the complexity of the
law of motion elements vibration equipment and to
establish centers of mass velocity values of its
components, you must perform kinematic analysis
of machine.

The aim of this research is to determine
the linear velocity of the centers of mass of
structural elements vibration disk-type crusher by
its kinematic analysis.

Materials and Methods. Scientific articles
position based on classical theory of mechanical
oscillations of the laws of theoretical mechanics
and physics, kinematics analysis done analytical
method, principle of superposition.

Object of study — vibration disk-type
crusher (Fig. 1, a) [8].

In vibration disk-type crusher the electric
motor 5 transmits to the eccentric shaft 7 (through

a)
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the coupling6) a rotary movement. The
counterweights 8 is set to the eccentric shaft 7.
The eccentric shaft 7 is equipped with a rotor 9
with disks 10.

The rotational movement of the eccentric
shaft and counterweights leads to imbalance of the
rotor 9 and the disks 10. The material is
continuously fed through the feeding throat 2 and
is crushed as a result of the rotating and oscillating
motion of the disks 10. With reduced particle size,
the crushed material under the action of centrifugal
forces and oscillatory movement of the screen is
sieved [8, 9].

The particles equal to or smaller than the
diameter of the sieve holes 4 are discharged
through the neck 3, the residue should be re-
grinded. This combination of methods of action
(impact and cutting) makes it possible to grinding
raw materials with a high moisture content and
reducing energy costs for this technological
operation [10].

The machine is represented mathematical
model with 6 degrees of freedom, namely the
shifting of the center of mass of the container
along the axis OX (Fig. 1, b), shifting the center of
mass of the rotor along the axis OX, shifting the
center of mass of the container along the axis OZ,
shifting the center of mass of the rotor along the
axis OZ, angular shifting of the rotor relative to the
axis 01Y1, angular shifting of the disc relative to
axis O2Y2 [10, 11].

X

b)

Fig. 1. Vibration disk-type crusher: a) structural scheme); b) kinematic scheme; 1 — the case;
2, 3 — boot pipe and unloading pipe; 4 — sieve; 5 — electric motor; 6 — elastic coupling; 7 — kinematic

shaft;

Results. To determine the linear velocity
of the centers of mass of structural elements of
oscillatory system, study the mechanism is divided

8 — counterweight; 9 — rotor; 10 — disc-type beats.

into elementary components are links (Fig. 2,
Fig. 3, Fig. 4, Fig. 5), and realize their kinematic

analysis.

33
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Velocity for the centers mass [m/s] on the
container (Fig. 2):
Vlzwb'(f+z'f’ @
where )'(1, Z'1 — the velocity c. m. container along the
axis OX and OZ.

X

Fig. 2. Determining of container velocity

Velocity for the centers mass on the rotor,
m-s (Fig. 3):

2 2

V,= \/Vrz +Vep +2V,Ve, COSY/y @)
where Vv, — the relative velocity of c. m. rotor (the
moving coordinate system — xiyi1z1), m-s?;
v,, — the frame velocity of c. m. rotor and
coordinate system — xiyiza (the fixed coordinate
system — XYZ), m-s?; ,, — the angle between the
vectors Vy; and Ve, rad.

v Z ¥

*
Fig. 3. Determining of rotor velocity
V=80, @)

where: e — distance from c. m. rotor (Sz — point) to

the axis Oiy1, m; ¢, — the angular velocity of the
rotor, rad-sL.
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Given the design features developed
equipment we will be formulate the assumption
that the pattern of movement of the container and
rotor are the same:

2 2 - 2 2 .
Vea =X t 2 @ X T 7 P2 (5)

where: X,,Z, — displacement of the c. m. rotor (Sz
— point) relative to fixed axes OX and OZ, m.
Fig. 3 it follows that:

X2
cosy, = —2%

Vs (6)

Due to (6) dependence (3) takes the form:

Vv, :\/(e'§bz)2+(X12+212)¢2+2'e'¢2'xi (7)

Velocity of crusher disc (Fig. 4):

Vs = \/ Vig + Veg + 2V,3V,3 COS Y (8
where: v ,, — the relative velocity of c. m. crusher
disc (the moving coordinate system — Xx2y2z2), m-s
1, v,3 — the frame velocity of c. m. crusher disc
and coordinate system - Xxa2y2z> (the fixed
coordinate system — xiy1z1), m-st; y, — the angle

between the vectors Vi3 and Ves.

X
Fig. 4. Determining of crusher disk velocity

vr3=r,,~gb3~ku' ()]

where: I, — the radius crusher disc, m; 95 — the
angular velocity crusher disc, rad-s?; ku — the
transfer coefficient of torque’ ku=0...1.

34



Ne 1 (100) Bibpauii e mexHiyi

When rotating the working rotor equipment
between the edge crusher disc and material, the

friction forces Fy, , the rotation is working disk is

only possible where F¢,, > F,. F_ is the friction

fa
forces in conjunction friction «crusher disk — disk
axis». If there is ku—»1 an increase Fy,, whereas
at ku=0 Fi =0, and as a result ¢, =0.

If ku>0, when:

_ PN
Faisk - KU

é, (20)

where: I, — the radius of the reference disk, m.

2 2
Vg = \/vryl + Vg + 2V Vexz COSY, , (11)

where: Vi1 — the relative velocity of cutting edge
(the moving coordinate system — xiy1zi), m-s¥;
Vexz — the frame velocity of the cutting edge and
coordinate system — xa2y2z»> (the fixed coordinate
system — x1y1z1), m-s*; ¥2 — the angle between the

vectors Vexz and Vexz , rad.

vryl = r .¢21 (12)
where: r — the distance from the edge of the
crusher disc to the axis 01y1, m.

2 2 . 2 2 .
Vor =X X, 20, >X +Z; -0,,

s (13)
where: X;,Z; — displacement of the ¢. m. crusher
disk (Ss — point) relative to fixed axes OX and OZ,
m.

Fig. 4 it follows that:

X,

cosy, =— (14)

exz

Given (14) of (11) becomes:

Ves :\/(r'éz)z +(X12 +212)'¢.§2 +2(r'¢.§2)xl ' (15)

cosy, =—Cos(80—y,) = _2KAT0: (16)

e3

(rdisk'¢3'ku)2+(r'¢z )2+(X12+212).¢‘2+

Vy = |+ 2(r gy % — 2y ku)(2X, 414y ) (2T
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Velocity of c. m. counterweight (Fig. 5):

V, = \/Vr24 +Veg T2V, 4oy COSY, (18)

where: Vi1, — the relative velocity of c. m.
counterweight (the moving coordinate system -

X1y1z1), m-st; v,,, — the frame velocity of c. m.
counterweight and coordinate system — x1y1z: (the
fixed coordinate system — XYZ), m-s; ¥4 — the

angle between the velocity vector Ves and Ves,
rad.

[

Fig. 5. Determining of counterweights
velocity

Via = I (/"2, (19)
where: | — distance from c. m. counterweight (S4 —

point) to the axis 01y1, m.
Carrying velocity:

Ve4=—VX§+Zf-gb2—) X12+212'¢2, (20)

where: x,,z, — displacement of the c¢. m.
counterweight (S4 — point) relative to fixed axes
OXand OZ, m.

Fig. 5 it follows that:

X

e4

(21)

Velocity of c. m. counterweight:

V4:\/(I‘¢52)Z+(X12+212)'¢22+2'|‘¢2'X1 . (22)

Conclusions. During the execution of
kinematics analysis vibration disk-type crusher
graphic-analytical method were obtained velocity
equations for container centr of mass (Vi), the
rotor (V2), crusher disc (Vs3) and the counterweight
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(V4). This equations will help determine the total
kinetic energy of the vibrational system.

In future research, the authors will
continue work to design of equipment for grinding
feed for livestock.
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KI/IHEMATI/I‘-IEVCKI/IVI AHAINN3
BUBPALUOHHOWU OPOBUITIKU ANA
DYPAXHOIO 3EPHA

Bbicokuin  ypoBeHb 3HepronoTpebnexus
OTeYeCTBEHHbIX npovssoauTenen He
obecneunBaeT KOHKYpEeHTOCnoCcoBbHoCTH
XMBOTHOBOAYECKON MPOAYKUMM Ha BHYTPEHHEM U
BHeELWHeM pblHKax. [loaTtoMmy ans sdeKTnBHOro
dDYHKLUNOHNPOBAHUS dhepmepckmx X035MCTB
TpebyeTca pa3paboTka U BHEOPEHNE TEXHOMOIMMMN,
COOTBETCTBYIOLLNX MMPOBbIM cTaHAapTam
3HEProaPEKTUBHOCTU U CHWXEHUS  NOTepb
3HEpPruu.

OyeHb BaxHasa M sHeproemkas ornepauus
n3Mernb4YeHne KOpMOBOro 3epHa (nweHuua,
AYMEeHb, TrOpOX, Kykypysa 4 T. n4.). B
TEXHOMNOrM4YeCcKkoMm npouecce nNpoun3BOACTBa
KOPMOB [ONS 3aTpaT SHEepruu Ha uamernbyeHue
mMoxeT coctaBnsatb Ao 70%. Kopmoson matepuan
0ObIYHO UMeeT BbICOKOE cogepkaHue Bnarun. B
BonbLKnHCTBE cny4vaes nsmernb4yeHue
npoussoauTcH MOJIOTKOBbIMM MernbHMLaMM.
OpHako npu nomone 3epHa C MNOBbLIWEHHbLIM
cogepxaHMeMm Bnaru Takon cnocod namenbveHus
(MONOTKOBBLIMW MerbHULLAMN) HESDEKTUBEH.

[daHHas cTaTbd NOCBSILLlEHA peLUeHUIo
akTyarnbHoM npobnemsbl MUHUMK3 ALK
3HeprosaTpaTt Ha usmenb4yeHne ypaxHoro 3epHa
npw NpUroTOBIIEHNN KOpMOB ans
CENbCKOXO3ANCTBEHHbIX JKMBOTHbIX, & WMEHHO
TeopeTn4ecKkomy nccnegoBaHuio
3aKOHOMeEpPHOCTEN npegnaraemoro
TEXHOMNOrMYEeCcKoro o6opynoBaHus.
MpencTasneHHas npuHUUNuansHas cxema
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BUGpaLMOHHOM JMCKOBOM apobunkn ans
dypaxxHoro 3epHa BoonnowiaeT noeto
KOMOUHUPOBAHHOIO B3aUMOAENCTBUSA

BMOPaLMOHHOIO W BpallaTeENbHOrO  [ABWKEHUS
obopynoBaHus, a Takke COYeTaHusi yaapHOro u
pexyLlero Bo3gencTsus paboumx SnemMeHTOB Ha
maTtepwuarn.

910 nos3BonuT obpabaTtbiBaTb Cbipbe C
MOBbILLEHHbIM copepxaHmem Bnarun 6es
3HAYUTENBHOIO CHWXXEHUSI MPON3BOAUTENBHOCTU
MaLLMHbI U 0BGnerYMT CBOEBPEMEHHYIO 3BaKyaL Mo
roTOBOro NPOAYKTa U3 30HbI N3MESTbYEHNS.

Takke [Ona ycTaHOBNEHWS  3HAYEHWI
CKOpPOCTM OBWKEHNS LeHTpOoB macc
COCTaBMAWMNX YacTeh Apobunkn  BUMNOSMHEH

KMHEeMaTUYeCKMn aHanua rpacoaHanuTu4eckumm
MeToA4aMy TEOpPEeTUYECKON MEXaHuKM u Teopuu
MEXaHM3MOB W  MawwuH. Takum  obpasom
onpegerneHsl 3aKOHOMEPHOCTM N3MEHEHUSI
NVMHENHON CKOPOCTW LEHTPOB. MacCbl OCHOBHbIX
y3rnoB Apobunku, 4to B Oygyuwiem no3BonuT
onpeaenuTb NOMHYI0 KMHETUYECKYI0 SHEPIMIO 3TON
konebaTtensHON CUCTEMBI.

Knroyeeble cnoea:  subpoduckosasi
Opoburka, KuHemu4eckas aHepeaus, abconromHas
CKOPOCMb, omHocumersbHasi CcKopocmb,
MepeHocHasi CKopocmb, yar08asi  CKOpOCMb,
MPUHYU Cyneprnosuyuu.

KIHEMATUYHWUIA AHATI3 BIBPALIUHOI
APOBAPKU ANA ®YPAXHOIO 3EPHA

Bucokun piBEHb  EHEepProCnoXMBaHHS
BiTYUSHAHUX BUPOGHMKIB He 3abesneuye
KOHKYPEHTOCNPOMOXHOCTI TBapPMHHULBbKOT

NPOAYKUii Ha BHYTPIWHBOMY i 30BHILHBOMY
puHkax. Tomy Ang edekTMBHOro yHKUiOHYBaHHA
depMepCcbkMx rocnogapcts MNOTpiOHa po3pobka i
BMNpOBa)KEHHA TEXHOMOriK, LWo BiAMNOBIgATb
CBiTOBUM CTaHAapTamM eHeproeeKTUBHOCTI i
3HWXXEHHS BTpaT eHepril.

Oyxe Baxnuea i eHeproemMHa onepadisa —
noapiGHEHHS KOPMOBOTO 3epHa (NLWEHULS, SYMiHb,
ropox, kykypyasa i 1. [.). Y TexHonoriyHomy
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npoueci BMPOOGHUUTBA KOpPMIB 4acTka BuTpar
eHeprii Ha nogpibHeHHA Moxe cTaHoBUTU A0 70%.
KopmoBuii maTepian 3asBuMyall Mae BUCOKUM
BOJIOroBMICT. Y GinbLlIOCTi BMMNagkiB NogpiGHEHHS
NpoBOAMTLCA MOJSIOTKOBUMM Apobapkamu. OpHak
nig 4Yac Takoi obpobkuM 3epHa 3 NiABULLEHUM
BOJIOFOBMICTOM  Takmi  Ccnocidé  nogpiOHeHHS

(MonoTkoBUMMU nogpidHoBavyamm) -
ManoedeKTUBHUN.
CratTa npuceBsyeHa BUPILLEHHIO

aKkTyanbHOi npobnemun — MmiHimisaLii eHeproBuTpaT
Ha  noapibHeHHA  dypaxHoro 3epHa  npwu
NPUroTyBaHHI KOPMIB ANSA CiflbCbKOrocnogapCbKmx
TBapWH, a caMe TEeOpPETUYHOMY [AOCHiISKEHHIO
3aKOHOMIpHOCTEN pyxy NPONOHOBAHOIO
TexHonoriyHoro  obnagHaHHdA.  [NpeactaBneHa
npUHUMNoBa cxema BiOpauiHOi  AMCKOBOI
apobapkn ans dypaxHoro 3epHa peanisye B cobi
ineto kombiHoBaHOI B3aemopii BibpauiiHoro i
obepTanbHOro pyxy poTopa, a TakoX MOeAHaHHS
YAAPHOTO i piKy4yoro BNAMBY poboumx enemeHTiB
Ha maTepian.

Lle possonuTb 06po6nAaTM CUPOBUMHY 3

nigBULLEHMM  BOJIOrOBMICTOM  ©e3  3Ha4yHoro
3HKEHHA MNPOAYKTUBHOCTI MalUMHM, a TaKoX
CnpuaTUME  CBOEYACHIW  eBakyalii  roTtoBoro
NPOAYKTY i3 30HWN NOAPIOHEHHS.

TakoX ONns  BCTAHOBIMEHHA  3HA4eHb

LWBMOKOCTI PyXy LEHTPIB Mac CKIagoBMX Y4acTuH
apobapkM  BMKOHAHO  KIHEMATUYHWIA  aHani3
rpacdpoaHaniTU4HUMKU ~ MeTodamMu  TEOPETUYHOT
MeXaHikM i Teopii MexaHi3amiB i MawuH. Takum
YMHOM BW3HAY€Hi 3aKOHOMIPHOCTI 3MiHM JiHIAHOI

LWBWAKOCTI  LEHTPIB  MacuM OCHOBHUX BY3niB
Apobapkv, WO B ManbyTHbOMY [OO3BOMUTH
BM3HAUUTW  MOBHY  KIHETWYHY  €eHeprito  Luiel
KonmBarbHOT CUCTEMMU.

Knro4voei cnoea: 8ibpoduckosa
Opobapka, KiHemu4yHa eHepeis, abcosnomHa
weudkicmpb, 8iOHOCHa weudKicmb, repeHocHa
weudkicmb,  Kymoea  weudKicmb,  MPUHUUN
cyrneprno3uuji.

BipomocTi npo aBTOpIB

Kynuyk Irop MukonanoBuy — kKaHaMaaT TEXHIYHMX HayK, JOLEHT kadbeapu 3aranbHOTEXHIMHUX AUCUMMNIIH Ta
OXOPOHM npaLi BiHHMUBKOro HaujioHanbHOro arpapHoro yHisepcuteTy (Byn. CoHsuHa, 3, M. BiHHuus, 21008,
Ykpaina, +380978173992, kupchuk.igor@i.ua, http://orcid.org/0000-0002-2973-6914).

Tokapuyk Onekcin AHaTONIMOBMY — KaHAWAAT TEXHIYHWX HayK, AOLEHT Kaceapu TEXHOMOMYHMX NpoLeciB
Ta obnagHaHHSA nNepepobHMX i Xap4oBMX BUPOOHMUTB BiHHMLLKOrO HauioHanbHOro arpapHOro yHiBepcuteTy
(Byn. CoHsauHa, 3, M. BiHHnug, 21008, YkpaiHa, e-mail: tokarchyk@vsau.vin.ua).

FoHTap Bonoaummp puropoBud — acnipaHT 3a cneujansHicTio 133 «lManyseBe MalMHOOYOyBaHHSA»
BiHHMLBKOro HauioHanbHOro arpapHoro yHiBepcuteTy (Byn. CoHsiuHa, 3, M. BinHumuga, 21008, YkpaiHa,

+380683260329, bulbashka31@gmail.com).

37


http://orcid.org/0000-0002-2973-6914
mailto:tokarchyk@vsau.vin.ua
mailto:bulbashka31@gmail.com

Ne 1 (100) Bibpauii e mexHiyi
2021 ma mexHoJso2isx

3ampin Muxanno AHaTtoninoBuY — MaricTpaHT 1 poOKy HaB4aHHS cneujianbHocTi « 208 ArpoiHxeHepisy,
IHKEHEepPHO-TEXHONOMYHOro  hakynbTeTy BiHHMLBKOrO HauiOHanmbHOro arpapHoro yHiBepcutety (Byn.
CoHsiuHa, 3, M. BiHHnugs, 21008, YkpaiHa, e-mail: zamrij99@gmail.com).

Kynuyk WUropb HukonaeBu4 — KaHOMAAT TEXHUYECKMX HayK, OOLEHT kadeapbl OBLETEXHUYECKMX
AVICUMNIIVH U OXpaHbl Tpyda BuHHMUKOrO HaumoHanbHOro arpapHoro yHmeepcuteTa (yn. ComnHedHasi, 3, T..
BuHHMua, 21008, YkpauHa, +380978173992, kupchuk.igor@i.ua, http://orcid.org/0000-0002-2973-6914).
Tokapuyk Anekcen AHaTonbeBWMY — KaHOMOAT TEXHUYECKUX HAyK, OOLEHT kadeapbl TEXHOMOrMYEeCKMX
npoueccoB 1 0bopyaoBaHusa nepepabdaTbiBalOLMX U MULLEBLIX NPOU3BOACTB BMHHMLKOrO HaumMoHaneHOro
arpapHoro yHuepcuteta (yn. ConHeuHas, 3, r. BunHuua, YkpauvHa, 21008, e-mail: tokarchyk@vsau.vin.ua).

FoHTap Bnagumup MNpuropbeBu4y — acnmpaHT no cneumansHoctn 133 «OTpacneBoe MalMHOCTPOEHMEY
BuHHMLKOrO HauuoHaneHOro arpapHoro yHusepcuteta (yn. ConHeunas, 3, r.. BuHHuua, 21008, YkpauHa,
+380683260329, bulbashka31l@gmail.com).

3ampin Muxanno AHatoninoBuy — marictpaHT 1 poKy HaB4daHHSA cneuiansHocTi « 208 ArpoixeHepisy,
IH>XKeHEepHO-TEXHONONMYHOro  pakynbTeTy BiHHWUBKOrO HauioHanbHOro arpapHoro YHiBepcuteTy (Byn.
CoHsiuHa, 3, M. BiHHMus, 21008, YkpaiHa, e-mail: zamrij99@gmail.com).

Kupchuk lhor — Candidate of Technical Sciences (Ph. D in Engeneering), Associate Professor of the
Department of General Technical Disciplines and Labor Protection, Vinnytsia National Agrarian University (3,
Sonychna St., Vinnytsia, 21008, Ukraine, +380978173992, kupchuk.igor@i.ua, http://orcid.org/0000-0002-
2973-6914).

Tokarchuk Oleksii — PhD, Associate Professor of the Department of «Technological Processes and
Equipment for Processing and Food Productions» of the Vinnytsia National Agrarian University (St.
Solnyshchnaya, 3, Vinnytsia, Ukraine, 21008, e-mail: tokarchyk@vsau.vin.ua.

Hontar Volodymyr — postgraduate in specialty 133 «Sectoral Mechanical Engineering» of Vinnytsia National
Agrarian University (3, Sonychna St., Vinnytsia, 21008, Ukraine, +380683260329, bulbashka31@gmail.com).

Zamrii Mykhailo - 1st year master's student majoring in 208 Agroengineering, Faculty of Engineering and
Technology, Vinnytsia National Agrarian University (3 Sonyachna Street, Vinnytsia, 21008, Ukraine, e-mail:
zamrij99@gmail.com).

38


mailto:zamrij99@gmail.com
http://orcid.org/0000-0002-2973-6914
mailto:tokarchyk@vsau.vіn.ua
mailto:bulbashka31@gmail.com
mailto:zamrij99@gmail.com
http://orcid.org/0000-0002-2973-6914
http://orcid.org/0000-0002-2973-6914
mailto:tokarchyk@vsau.vіn.ua
mailto:bulbashka31@gmail.com
mailto:zamrij99@gmail.com

