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K BOITPOCY OINIPEAEJIEHUA MOIIHOCTHU BUBPOBO3BY/IUTEJIA
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B nHacrosimuiéi MOMEHT BHOpPOBO30OYAMTENH, OTIMYAIOUINECS Pa3HBIM HCIOTHEHHEM, HIMPOKO
MIPUMEHSIIOT AJISl OCYLIECTBICHUS! BCEBO3MOXKHBIX TEXHOJOTMYECKHX omnepanuid. Mcnonbp3oBaHue
BUOpaIry MO3BOJISIET CHU3HTH TPYAOEMKOCTh M YMEHBIIHTH C€0ECTOMMOCTh MPOU3BOACTBEHHBIX
3arpar. B J1aHHOM HCClleIOBaHUY MPE/ICTABICHBI PE3YJIbTaThl U3YUCHUSI MEXaHNU3Ma BO30YKICHHUS
BHOPAITMOHHBIX KOJICOAHUH, U3 KOTOPOTO OYEBUIHO, YTO HA BETUYHHY MOIIHOCTH BHOPOBO30YIH-
TeJsI BITUSIOT pa3Mephl Kopiryca, OeryHa v MPUHSTHIN dKCIeHTprucuTeT. [IprBeieHs! pe3yIbTarhl Mo
BEJIMYMHE KOPITyCa, SKCIICHTPUCUTETA U BEJIIMYMHBI HEYPaBHOBEIIIEHHON Macchl — OeryHa, — mepe-
MEIAIOMIEroCs 0 BHYTPEHHEH MOBEPXHOCTH LIMJIMHIAPUYECKOTO KOPIyca U BO30YKAAIOLIETo MpH
NepeMeIIeHUN BUOpAIMOHHBIC KojieOanus. OnpeiesieHa MakCUMallbHasi MOITHOCTh BUOPOBO30Y -
TeJIs, 3aBHCUMast OT TOTO, Oy/IeT JIn OeTyH MPHUKUMATHCS IEHTPOOCIKHON CHIION K IIMITMHPUIECKON
BHEITHEH TTOBEPXHOCTH BUOPOBO3OYIUTENS HA TIPOTSHKEHUN BCEH JITMHBI ToBepxHOCTH. Ecin OeryH
LIEHTPOOCIKHON CHIION HE CMOXKET OBITh MPIDKAT K IMUIMHAPUIECKOHN MOBEPXHOCTH BHOOPOBO30OYIH-
TeJIsl, TO Ha pabodnx cKopocTsix Baja oroopa MourHocTH (750 n 1000 06./MuH) OyayT y4acTKH 1o-
BEPXHOCTH, TI0 KOTOPBIM O€TYH Oy[eT NpHrKaT K MOBEPXHOCTH U OKa3bIBaTh BUOpaLIMOHHBIE KoJieOa-
HUsl. Ha ocTaibHOM MOBEpXHOCTH OETYH CTaHET CKONB3UTh MUMO HMJIHHAPHUYECKON TOBEPXHOCTH,
BBI3BIBAsI CTYK, U HE Oy/IeT BO30YKIaTh BUOpaMOHHbBIe KoneOanus. OnpeesieHbl Y4acTKU TTOBEPX-
HOCTH, Te O6eryH He OymeT Bo30yXkmIaTh BHOPAIMOHHBIX KoneOanuid. CTYK OTHOCHTCS K BHOpaITu-
OHHBIM KoneOaHusM OeryHa. OH BO3HHKaeT y OeryHa, He HaOpaBIIero MaKCHMallbHOW CKOPOCTH
Y TIOPTOMY He MPHKATOTO K KOPITyCy HUIUHApHUeckoi ¢opwmbl. [lepenada sneprun BuOpamuu Ha
KOPIIyC BUOPOBO30YANTEISI MPOUCXOAUT OT SHEpruu OeryHa. beryn, kacasch Kopityca, HCIIBITHIBAET
BO3JICIICTBUE MHEPIIMOHHBIX CHJI Ha KOPIYC M BO30YKJaeT BHEIIHUE CHIIBI, TEPEAAI0IIe YHEPTUIO
BHOpAaIy Ha BUOPOBO3OYIUTEIb.

KuaroueBble ci1oBa: TIIyOOKOPBIXIIUTENb, BUOPOBO3OYIUTEh, BHOpAIUs, aMIUINTyAa, padbodne
CKOPOCTH, Ball 0TOOPa MOIITHOCTH
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At the moment, vibration exciters of different designs are widely used for all kinds of
technological operations. The use of vibration makes it possible to reduce labor intensity and the
cost price of manufacturing costs. This paper presents the results of a study of the mechanism of
excitation of vibrational motion, from which it is obvious that the size of the body, the runner and
the adopted eccentricity affect the value of the power of the vibration exciter. The results on the size
of the body, the eccentricity and the value of the unbalanced mass - a runner - moving on the inner
surface of the cylindrical body and exciting vibration oscillations during movement are presented.
The maximum power of the vibration exciter, depending on whether the runner will be pressed by
centrifugal force to the cylindrical outer surface of the vibration exciter over the entire length of the
surface, is determined. If the runner cannot be pressed to the cylindrical surface of the vibrator by
centrifugal force, then at the working speeds of the PTO (750 and 1000 rpm) there will be areas of
the surface where the runner will be pressed against the surface and exert vibratory oscillations. On
the remaining surface, the runner will slip past the cylindrical surface, causing a knock, and will not
excite vibratory oscillations. The surface areas where the runner will not excite vibratory oscillations
were determined. The knock refers to the vibratory oscillations of the runner. The knocking occurs
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in a runner who has not gained maximum speed and therefore is not pressed against a cylindrical
shaped body. Transmission of vibration energy to the vibrator body comes from the energy of the
runner. The runner, touching the hull, experiences the impact of inertial forces on the hull. The
runner excites external forces that transfer vibration energy to the vibration exciter.

Keywords: deep loader, vibration exciter, vibration, amplitude, operating speeds, power take-off shaft
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INTRODUCTION

At present, vibration exciters of different
designs are widely used to excite mechanical
vibrations, which are used to perform a vari-
ety of technological operations. At the same
time, special vibrating machines are created,
in which energy from the vibration exciter is
transferred directly to the working body, which
uses vibration (in particular, in agriculture)
for destruction of various soils compacted by
running systems of machines, non-moldboard
deep tillage, plowing. Application of vibration
enables to considerably raise labor productiv-
ity, reduce labor input and prime cost of the ex-
ecuted works. Vibration exciters, which excite
mechanical vibrations of the working bodies of
machines, are quite widespread in many areas
of the economy and in everyday life.

High opportunities for the use of vibra-
tion exciters will appear when it will be pos-
sible to create designs with maximum power,
readjustment of frequencies and amplitudes of
mechanical vibrations. An important value for
vibration machines is the change in the power
of the vibration exciter, which allows to change
the amplitude of mechanical vibrations and,

accordingly, the amplitude of oscillations of
the working bodies, affecting the layer of soil,
breaking the monolithic structure of the an-
thropogenic compacted soil after the passes of
heavy machines, which affect the subsoil hori-
zon with the propulsion systems' [1-6].
Excitation of mechanical vibrations is a pro-
cess of conversion of the source energy into vi-
brating fluctuations. According to I.N. Petryagin
[7], it is possible to increase the power of the vi-
bration exciter by shifting the rotor from the cen-
ter of the body. I.N. Petryagin theoretically and
experimentally justified that the increase in the
rotor displacement relative to the center of the
body allows you to increase the maximum pow-
er of the vibration exciter. This statement was
proved in practice by determining the power of
vibration exciter on the running-in-brake stand.
Experimental values of vibration exciter power
exactly fit the calculated characteristic, so for a
long time it was believed that theoretical and cal-
culated values [7] derived by .N. Petryagin and
experimental dependences are flawless and ap-
plicable to the development of vibration exciters
of other designs®>. We made a vibration exciter
with the calculated values of I.N. Petryagin, in

"Trofimov L.V. Justification of design-mode parameters of vibrating cultivator for pre-sowing tillage: Ph. Orenburg, 2018. 116 p.
Patent No 2578745, B0O6B1/16 (Russian Federation). Vibration exciter / S.G. Shchukin, V.V. Alt, M.A. Nagayka, V.A. Valkov.

Application. 15.12.2014; publ. 27.03.2016. Bulletin no. 9.
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which shock loads inside the body were found,
which were not reported in the work?.

There was a process of occurrence of shock
loads from a cylindrical-shaped part, called a
runnet, when it moved along the inner cylindri-
cal surface of the body under the influence of
the rotor, whose center of rotation was shifted
from the center of the body by the value of ec-
centricity.

Vibration exciter was driven by hydraulic
motor GMSH-50, standardly installed in T-
150K, driven by hydraulic motor of standard
drive by hydraulic pump GMSH-50.

It is assumed that the runner does not reach
the top of the inner surface of the vibrator body.
The assumption was made that if we increase
the rotor rotation speed, the impacts on the in-
side of the cylindrical body would not be heard,
because the runner would run around the entire
inner surface of the body. However, increasing
the rotational speed from 750 to 1000 rpm did
not change the process taking place, the force
of the internal shock only increased.

The purpose of the work is to improve the
mechanical vibration exciter to obtain its maxi-
mum power through the motion of the rotor, the
center of rotation of which is displaced from
the center of the body with an unbalanced mass
- a runner - on the inner surface of the body.

The object of the study is the process of
moving the rotor, mounted with an offset from
the center of the body, unbalanced mass - run-
ner, which excites the vibrating motion of the
vibration exciter body.

The subject of the study is the determination
of the vibration exciter power depending on the
offset of the rotor spinning axis by the eccen-
tricity e from the center of the body.

Research objectives:

— determination of vibration exciter design
parameters, at which there is no knocking at
different rotor speeds (v =750 and 1000 rpm);

—numerical determination of the value of the

rotor offset from the center of the exciter body
(eccentricity e), at which the runner will touch
the entire surface of the exciter body when ro-
tating;

— determination of the magnitude of the act-
ing centrifugal force on the runner rotated by
the rotor;

— determination of the maximum eccentric-
ity value e _, at which the runner will touch the
exciter body at all points (see Fig. 1).

The design and technological scheme of
maximum power vibration exciter according to
ILN. Petryagin [7] was made and verified in the
experiment. Diameter of vibration exciter body
D = 120 mm, diameter of the runner d = 72 mm,
eccentricity of displacement of the rotor from
the center of the body e = 15 mm. The claimed
power at 1000 rpm by LN. Petryagin [7] is N
= 0.299 kW. In the presence of knocking the
vibrating exciter was tested on a deep loosener
GV-1,8, the following qualitative indicators of
crumbling the structure of the cultivated soil
were obtained (see table).

Let's consider the position of the runner 3
relative to the axis of rotation C , displaced on

Ban-pomop(shaft-rotor)(2)

kopnyc Budpobosdydumens (1)
(vibration exciter housing)

=15 MM

/////

=

Beayw(runner)(3)

Puc. 1. KOHCTPYKTHUBHO-TEXHOJIOTHUECKAsl CXEMa
«OeryHKOBOTOY» THITa BUOPOBO30OYIUTEINS MAKCH-
MabHOH MorHOCTH (110 UL.H. Iletpsiruny [7])

Fig. 1. Structural and technological scheme of the
"runner" type vibration exciter of maximum power
(according to I.N. Petryagin [7])

3A.s. 1681979, MKY3B06 B 1/16 (USSR). Vibration exciter / ILN. Petryagin; No. 4386471/28. Application. 02.03.88; publ.

07.10.91. Bulletin Ne 37.

MexaHn3a1ys1, aBTOMATH3ALIHSL, MOZIETTMPOBAHNE
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the value e of eccentricity (see Fig. 2), and de-
scribe the character of its movement, taking: S,
- center of mass of the runner 3; R - distance
|OK| from the center of body O, in which the
runner 3 rotates, to point K on the line |OK],
which is the contact point of the runner 3 with
the surface of body 1 (see Fig. 3). The distance
from the center of the runner to the axis of rota-
tion C =9 mm.

The outer diameter of the cylindrical runner d
=0.072 m (72 mm); r is the distance |C S| from
the center (aka center of mass) of the runner to
the center of rotation Cv of the leading link.

The offset of the center of rotation C from
the center of the inner circle of the body O is 15
mm (eccentricity € = 0.015 m (15 mm)).

When the runner is located at the lower point
of the exciter (the beginning of the deflection an-

gle ¢ = 0) the distance |C S | = 0.009 m (9 mm);
b _d = 0,009
o TR

The diameter of body 1 is 0.12 m (120 mm),
R =0.06 m (60 mm).

The leading link 2 begins to rotate the run-
ner 3 (see fig. 4) in a vertical plane inside the
case with the center O relative to the center of
rotation C_ with a constant rotation frequency

(see fig. 3) wv =750 rpm.

ATrpoTexHHUYECKHE MoKa3aTe 00pabOTKHU MOYBBI IPU Pa3InYHbIX pexxumax padors ['B-1,8 (o gan-

HBIM, TTony4eHHBIM M. A. Haraiika [9])

Agrotechnical indicators of tillage at different modes of operation of GV-1.8 (based on the data obtained

by M.A. Nagayka [9])

Mode of operation of GV-1,8 Agrotechnical indicator, %
Runner mass, Running speed, Osc111_at10n . . Stubble field
K km/h .amphtude Lumpiness Ridgeness preservation
£ (estimated), 10°m
Control* 9 - 26 21 52
4,55 9 1,06 21 20,5 56
4,55 3 1,06 14 18 68,5
9,1 9 4,53 8 11,5 81
9,1 3 4,53 3 8 92
* Without the use of vibration.
Yéenuyero 0
'H
(2}3&/’—.00}”0 (shaff-rofor] fincreased)
(1)kopnyc’ Budpobosdydumens
(vibration exciter housing)
e=15mm
— . s - X
™o~
K 2
I‘Isi T4 _ .
|
L] S ’ 9 MM
r=9 mm
K S
\_7 24 mm 18 MM
(3)Beayn(runner) @ 0S,|+d/2=R=42 e
Ha4an0 omcYyéma ) IS,K1= 36 IC,Spl=r=9 mm
(the beginning of the countdown b MM 10S,|= x =24 MM
|OK|=0/2=60 MM

Puc. 2. TeopeTr4eCcKoe MONOKEHHE paarycoB u3 Touek Bpamenus O u C s koncrpykuuu WL.H. Ilerps-

ruHa [7]

Fig. 2. The theoretical position of the radii from the points of rotation O and C, for the construction of

LN. Petryagin [7]
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Puc. 3. Teopernueckoe nonoxenne Touku K (Tou-
Ka KacaHusi OeTyHOM 3 BHYTpPEHHEH MOBEPXHOCTH
BHOPOBO30Yy/IUTEISI) B 3aBUCUMOCTHU OT TIOBOPOTA

BOKDYT LIeHTpa Bpalenus C Ha BEIMYUHY YIJIa @

Fig. 3. The theoretical position of point K (the
point where the runner 3 touches the inner surface
of the vibration exciter) depending on the rotation
around the center of rotation Cv by the value of
angle ¢

Theoretically, the runner 3 with the center
of mass at the point Sb should, when rotated
by the leading link 2, touch the surface 1 of the
body of the diameter D at the point K (see Fig.
2). Since there is a clearly audible impact, let us
consider the position of the runner based on the
physics of the process.

The point of contact K of the runner 3 and
the inner surface of the vibration exciter with
the center of the circle O is located on the line
OK, passing through the center Sb of the run-
ner 3. The distance from the center O to K is
IS,O| + 1/2d, where d = 0.072 - the larger diam-
eter of the runner. Let's take |OS, | as X.

Then at any point of contact of the runner
with the inner surface of the vibration excit-
er the value X is constant. At the lower point
X =e+r(p=0),where e is the eccentricity and
r is the distance from the center of the runner S
3 (see Fig. 4) to the center of rotation C , which
is (see above) 0.009 m (9 mm).

Puc. 4. I'paduueckoe pernieHre ypaBHEHHN JIIsS pa3-
HoU "acToThl Bpamienus Bana (750 u 1000 00. /mMuH)

Fig. 4. Graphical solution of the equations for
different shaft speeds (750 and 1000 rpm)

Let us express X through r. In the general case

X?=(e+r-cos @)+ rsin @. (1)
from here it follows that
X =(e+2r cosp + 1) cos@? +r2sing? =
= \e+2r cos(p) + 2. (2)

Now let's find r at each point of the runner's
position when rotating around the axis of rota-
tion C based on the formulas for the accelera-
tion and rotational motion of the body around
the axis (see Fig. 2).

a A¥
0

In our case, the rotating link 2 transmits to
runner 3 the centrifugal acceleration, a = ® X r..
Taking into account the free-fall acceleration
g = 9.8 m/s?, the general formula will look like

r..=r.t+Ar=r +
i+1 i i i

(0%, + q xcosQ)A¥
r...=r+ )

4

Since r depends on the angle of rotation o,
for calculations we will take the step (A@) equal
to 10 degrees. In this case we express the time
At through the rotational frequency

v="750 rpm = 12,5 cps; (%)

MexaHp3armsi, aBIOMATH3aLIS, MOICTHPOBAHIC
1 UH(POPMALMOHHOE obecreueHe

CuOHMpPCKHii BECTHHK CETLCKOXO03SMCTBEHHON Hayku » 2022 52«1 &5



On the question of determining the vibration exciter power

Shchukin S.G., Golovatyuk V.A.

At =(10/360)/12,5 =1/450 ¢ '; (6)

A = (1/450)* = 1/202500 c. (7)

Let us also determine the angular velocity of

the driving link 2, it is also the angular veloc-

ity of the runner 3. It is constant and equal to

o = 2nv. v =750 r./min = 12,5 r./s. Hence ®

=2 x 3,1416 x 12,5 = 78,54 (rad/s) and o’ =

6168,5316 (rad/s)*. By substituting these values
into the formula

N (0%, + q xcos@,)

ri+l = i 2 9 (8)
we get the expression
(6168,53r, + 9,8 <cosp,)
i 2 - 202500 NG
2XKX10
where 0. =@ + — x|, 10
?,= @, 360 (10)

After that using numerical methods with
Microsoft Excel we calculate X. through previ-
ously obtained in the same way r.. Adding to the
value X, half of the runner diameter, we obtain
the radius-vector from O to the theoretical point
of contact K of the runner 3 with the inner sur-
face of the vibration exciter. The calculation is
shown in Fig. 3.

Thus, the graphical representation presented
in Fig. 3 graphical image gives a complete pic-
ture of the cause of excitation of sound vibra-
tions (shock): it is a detachment of the runner 3
from the body 1, its acceleration without con-
tact with the body 1 and contact at ¢ =290 deg.,
causing a shock (knock), the sound of which is
heard during operation of the vibration exciter.
We investigated two practical modes of opera-
tion at speeds of 750 and 1000 rpm.

The stars and circles in Fig. 4 represent the
points K and their position relative to the body
with an angle of ¢ = 0.1745 radians (10 degrees).

Circle 1 indicates the position of the body.
If the stars and circles are located inside the
body 1, the trajectory of movement indicates
the action of insufficient centrifugal force. On
the contrary, if the stars and circles are located
outside the body 1, the action of the centrifugal
force in practice leads to contact of the runner
with the body, which is the cause of impact of

the runner on the body and excitation of oscil-
lations. The graph of the process (see Fig. 3),
shown by the asterisks, indicates that the runner
3, moving at a speed of 750 rpm, breaks away
from the body at ¢ > 30 degrees and returns to
contact with the body at ¢ =290 degrees, so it
affects the body at 290 < ¢ < 30.

The process shown by the circles in Fig.
4 indicates that the runner 3, rotating at 1000
rpm, detaches from the body at ¢ > 40 degrees
and returns to contact with the body at ¢ >270
degrees and therefore interacts with the body
at 270 < ¢ < 40. The remaining surface of the
body is not in contact with the runner.

Let's define the total energy from the rotat-
ing runner as the sum of kinetic and potential
energies from different types of motion inside
the body of the vibration exciter. When the run-
ner moves in a circular motion, it is the kinetic
energy of the runner AK, and when the runner
is raised and lowered, it is the potential energy
AP. The total energy, the sum of the kinetic and
potential energies, will be defined as AE = AK +
AP. Provided the speed of rotation of the runner
is practically constant (AK = 0 if @ is const), we
define the magnitude of the change in potential
energy as AIl = vingAh = vg (2(%— % )

Thus, the maximum work produced by the
vibration exciter will be equal to A = AP = vg
(D - d) m, where v is the speed of revolutions
per second.

In the work of I.N. Petryagin [7] it is noted that
the maximum efficiency of the vibration exciter is
achieved when the ratio of the runner diameter d
to the internal diameter of the body §= 0,6.

Let's estimate the mass of the runner based
on the size and density

m= ndTZpI = % pnld>.

(11)

Let's take S - area of the runner, L - length
of the runner, p - density of the material used,
i.e. steel, 7800 kg/m?, g -9.80665 m-s-2. Let us
differentiate the expression and equate the de-
rivative to zero:
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ATl =vgprd L(D ~d) = & vgprL(d’D — d°) =
= k(d*D — d°); (12)
kx(2dD—3d?)=0wm kxd x (2D —3d)=0. (13)
Let’s consider 2D-3d = 0.
From here we get
d=2D. (14)

From this it follows that the maximum work
can be done when the ratio D and d is equal
tod= %D, which is very close to the ratio ob-
tained by [.N. Petryagin [7], but calculated in a
different way.

Fig. 5 shows the design of the vibration ex-
citer, taking into account the results of work on
obtaining its maximum power and operation
without knocking. An invention application has
been filed for the proposed variant.

There is a back side plate 10 with a hole 8 in
it displaced by the eccentricity value e, the rotor
shaft 3 rotates the runner 1 inside the body of the
vibration exciter. The bearing stop 19 provides
a free rotation of the cylindrical disc 3, from the

rotation of which, through the rotor shaft 3, the
rotation is transmitted to the runner 1, moved
inside the cylinder of the vibrating exciter body
[9, 10]. The views are given: a - from the inner
side to the plate 10, on which a slot 6 is made
with a cylindrical tube of the vibration exciter
body 1 placed in the slot, along the inner side
of which the runner 3 moves clockwise, pressed
by the centrifugal force in the tube window 15
to the vibration exciter body 1; b - rear view
of the plate 10, on which the drive spacer 17 is
made, placed on the studs fixed in the holes 9 of
the side plate 10; there is a through hole 14 for
pouring lubricant into the inside of the exciter
on the drive spacer 17; through the holes 9 the
hydraulic motor is fixed with studs.

The claimed vibration exciter is assembled.
Between the side back plate 10 and the back
plate 11 there is a cylindrical tube 15 forming
the vibrating exciter body, along the inner part
of which the runner 1.

The proposed calculation method, used in
the work, allowed to determine the value of ec-

a 7]
12 13 1 19 12 13 12 13 14 12 13
4 10
0]
10
15
9
9
17
9
12 13 OxmoBTpybe 15 12 13 12 13 18 9 12 13
(window in the pipe)

Puc. 5. YcTpolcTBO OOKOBBIX TUTUT U POTOPA, IIEpeMENIaloniero OeryH BHYTPH KOpITyca IpeaiaracMoro

BHOPOBO3OYIUTEIIS C MOIITHOCTHIO [ 8]

Fig. 5. Fig. 5. The device of the side plates and the rotor moving the runner inside the housing of the

proposed vibration exciter with power [8]
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On the question of determining the vibration exciter power

Shchukin S.G., Golovatyuk V.A.

Puc. 6. Buerawmii Bua BHOPOBO3OYAUTENST MAaKCUMAITEHON MOIITHOCTH

Fig. 6. Maximum power vibration exciter appearance

centricity, at which the runner touches all points
of the inner surface of the exciter. Changing pa-
rameters (rotation frequency and diameter of
the runner), it was found that for the runner to
touch the whole surface of the exciter body, for
eccentricity e the following condition must be
fulfilled:

16,11 (mpr v — 500 =) < 24 <
<17,06 (mpu v — 1500 =), (15)

Patent values, at which the maximum power
of the claimed vibration exciter is achieved,
correspond to the conditions of the diameter
ratio as d = 23 D, where D - diameter of the cy-
lindrical body, d - diameter of the runner is 72
mm, the eccentricity value is 17.06 mm.

CONCLUSIONS

1. The mechanism of excitation of vibra-
tion oscillation has been studied, which showed
that the size of its body, runner and adopted
eccentricity have a significant influence on the
magnitude of the power of the vibration exciter.

2. On the example of calculations carried out

by the numerical method, the design and tech-
nological scheme of the inertial type vibration
exciter is substantiated and the results, at which
its maximum power
W =vg(D - d)m,

where v is the rotation frequency of revolutions
per second, are given.

A patentable solution on the necessary value
of eccentricity emax, at which the runner will

touch the exciter body at all points is obtained
(see Fig. 1).
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