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VIBRATION RESEARCH IN
MOBILE AGRICULTURAL
MACHINES

In this work, vibrations were investigated during loading
and unloading operations of mobile agricultural machines, which
are considered to be one of the most labor-intensive components
of the transport process. Therefore, idle machines during carrying
out operations and in anticipation of them remain quite significant,
which is due to the insufficient level of mechanization of loading
and unloading of cargoes on transport, with a fuzzy coordination
of actions of different organizations in the overloading of loads at
transport nodes and for some other reasons. The main means of
mechanization are stationary and gantry cranes for containers,
heavy loads and large packages, as well as means of
mechanization on the railway or on the chassis of a standard
mobile car or special chassis.

In our opinion, the use of hydraulic impulse actuators in
the production of vibration and vibration shock unloading devices
is promising, due to the simplicity of construction, compactness,
high energy intensity, a wide range of regulation of operating
parameters and the ability to work in automated mode. In
particular, a promising area is the creation of removable
attachments with hydro-impulse drive for dump trucks, onboard
vehicles, tractor trailers and other vehicles. For intensification of
processes of unloading of a body of a trailer-dump truck of
tractors the hydraulic vibrating shock device is developed. It
accelerates the unloading and cleaning of the body of agricultural
products. Reduced costs and reduced oversized idle tractors with
unloading trailers.

Therefore, the development of vibration and vibration
impact equipment for use in loading and unloading operations on
mobile agricultural machines and in general on transport is an
urgent task.
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pulsator valve.
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Analysis of recent research and
publications. The use of useful vibration and
vibration shock loads is a perspective direction in
various sectors of the economy Such
vibrotechnology in loading and unloading works
was widely used.

It should be noted that the high efficiency
of vibration and vibrating shock load processes is
applied due to the realization of the most optimal
force effects on the object of processing, as well
as the achievement of its necessary physical and
mechanical parameters, including strength and
density, and providing the intensification of the
destruction process at the dynamic nature of the
load applied to them. Using these processes can
increase productivity of labor, economize material
resources, and improve working conditions.
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In recent years various powerful high-
performance unloading machines of original
designs (car tippers, vibrating platforms, elevators,
etc.) have been created for mechanization of
unloading processes, [1-3]. It gives the opportunity
to accelerate unloading, reduce loss and cut back
on over regulatory downtime of wagons and dump
trucks under unloading. In this regard, there is a
problem of creation of a simple and cheap
equipment that provides efficient unloading of bulk
cargo vehicles, and cleaning the rolling stock from
cargo residues, because regardless of the nature
and composition of the cargo part of their
unloading is delayed at the bottom, in stamped rib
pockets of all-metal body walls. The amount of
bulk cargo balances depends on many factors (the
type of cargo, its humidity, the size of the pieces,
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the air temperature, the distance of transportation,
the method of unloading) and can range from 2%
to 30% of the total cargo weight.

Nowadays, 35-40% of cargoes are
transported by tractors in agricultural enterprises.
Using of various powerful high-performance
unloading machines in transport work, for
unloading processes, [1,2] makes it possible to
accelerate unloading, reduce loss and cut back on
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over regulatory downtime of tractors under
unloading.

Presentation of main material. For an
effective solution this problem, a vibration shock
impulse drive was developed for unloading the
bodies of vehicles dump trucks [4-6]. Vibratory
hydraulic impulse actuator for unloading of dump
trucks 1, is arranged to the body bottom 2 of the

dump truck (Fig. 1).

Figure 1 - Scheme of the vibration impulse actuator location 1 on the body of a dump truck 2

This actuator can also be used for
unloading and cleaning of wagons, as a hung side
vibrating chock device (Fig. 2) for cleaning the
bodies of wagons from the remains of bulk cargo,
where the vibrating hydroulic impulse actuator for
unloading of bodies-dump trucks 1 is mounted on
the side wall of the half-wagon body.

N

Figure 2 - Scheme of the location of the
a hung side of the vibrating hydraulic impulse
actuator for unloading and cleaning of half-
wagons

Applying portable unloading devices
(Fig.3), the vibrating hydraulic impulse actuator 1

29

for unloading half-wagons 3 is fastened on the
loosening device 2 and is placed on the top of the
cargo that located in the half-wagon 3.

Figure 3 - Scheme of the location of the
vibrating hydraulic impulse actuator for
unloading and cleaning of half-wagons on a
portable unloading device

Let's consider a vibrating hydraulic
impulse actuator for unloading dump trucks that
can also be used for unloading and cleaning the
dump truck sandblasting machine (Fig. 4).
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Figure 4 - Vibrating hydraulic impulse actuator for unloading the dump truck of the

sandblasting machine

In this case, the vibrating hydraulic
impulse actuator for unloading the dump trucks 1,
is fastened inside the sandblasting machine body
2 (Fig. 4).

The design and operating mode of the
actuator depend on the type of unloading vehicle,
the weight of the cargo, and the physical and
chemical properties of the cargo. For the analytical
estimation of the magnitude of the impact energy
[4] transmitted by the working body of the
hydraulic impulse actuator of the vibrating chock
device 1 of the bodies-dump trucks 2 on which the
cargo is located (Fig. 5). Let's consider the body
as a rigid plate with sizes L x [ x b, (Fig. 6) loaded
by the specific effort q evenly throughout the area
of L x|

Fig. 5- Scheme of the location of the

hydraulic impulse actuator of the vibrating

shock device for unloading of bodies-dump
trucks of the vehicles

(Mg +my; )9
L-I

q= 1)

Mg- is weight of cargo on the body; -
mass of the body bottom table (mass of plates);

M - is the mass of the vibrating chock
device.
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Fig.6 - Calculation scheme of the body
with the cargo for definition the static
deflection of the body.

It is known that the stresses in the plate [5]
are related to the bending moments by the
following integral statistical dependences:

h/2
—h/2
ity " oy
= oy Z0aZ. (2
Y
In our case, we get the differential
equations:
2
M Xz—d—;" D,
dx
2
dew
My =—u—5-D, 3)
y dx?
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Where
Eh3

12(1— ,uz)
-constant coefficient;

E - modulus of elasticity; u - the Poisson's
coefficient; b - the thickness of the plate;
w - the deflection of the plate.

D=

d2w

dx

L. 5 2
d?w 1 Mag+ a2t “
w2 D |7 2\
d _ L
y y[Mg4+48qxl j

where gx, qy is the force that is evenly
distributed along the X, y axes, respectively.

If w f (X, y), where x and y are
independent variables and the function f (x, y) has
continuous partial derivatives of the second order,
then the second-order differential of the function w
=f (X, y) is calculated by the formula:

2 2 2
oW oW oW
d2w=2Wix2 1 29 W ixd d
gy T
In  equation (1), the differential
2
22—8y dxdy =0 matters as the deflection

caused by the action of torques in the xy plane
relative to the z axis, in our case, the torsional
vibrations are absent. When we consider the
equation (5), it is visible that we have got the basic
differential equation of the plate deflection. Finding
the function w = f (X, y), which would satisfy
equation (5) and the boundary conditions of the
plate, is to find an expression for bending and then
for efforts and moments.

When we solve differential equation (5) we

get:
1| Mgl 7ay3 |\/|g|_+5qu3 12
D| 2 "4 H6 "T24 |8
W=0¢y = 3
1 Mgl S 17 2) |2
\%{ 6 " 20 M MIZT™ g
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Let’s find the maximum static deflection of
the plate 6¢cm which is evenly loaded with effort g
throughout the area, and is loaded with effort Mg
in the middle. From the fig. 6 it is clear that the
maximum deflection will be at the midpoint of the
plate where the vibrating shock device is located.
The function of bending moments, considering the
plate planes zx and zy:

1 2 2
B (Mg4 48q><I ( gl6 24qu}]

Let's find the dynamic deflection of the
plate (the bottom of the body) after hitting it of a
hydraulic cylinder with inertial masses. Write the
law of conservation of energy for the system plate
- hydraulic cylinder with inertial masses — cargo on
fig. 7:

2 2

M Coy

; +—§m:M95Cm+(M6+mm)g5a+
2

C

+50m =5, ©

where écm - static deflection of the plate,
c=48Ely,/L3 — coefficient of the rigidity of the plate,
E - modulus of elasticity of the material of the
beam, I, — moment of the plate inertia relatively to
the plane yx, which passes through the center of
the plate, 6s- dynamic velocity of the plate, v —
initial speed of the hydraulic cylinder with inertial
masses to impact contact with the plate.

T

M;'HThnG

Fig. 7 - Calculation scheme of the body
with load and hydraulic impulse actuator of the
vibrating shock device for determining the
dynamic deflection of the body.

When we solve quadratic equation (6) we

:[50,%— ”)gJ+

g

get:

(M +Mg+m,

C

%

(M +Mg+m,,,
Cc

0,

cm
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Let’s find the speed of the plate with the
load and the vibrating shock device of vibrating
shock device after the shock contact of the
hydraulic cylinder with the plate.

In order to study the shock process, first of
all it is necessary to solve the issue of quantitative
and qualitative nature during the modeling
deformable elements: what properties of a real
object are significant and should be reflected in the
model and how these properties should be
analytically described. In our case, the model is
elastic, and we use a discrete Rayleigh model for
analytical description of qualities.

Let x, y is the coordinate of an arbitrary
cross section, a non-deformed plate which
counting from the free end, t is the time that counts
from the moment of the first contact of the
hydraulic cylinder with inertial masses with the
plate, u (x, y, t) — moving the section with the
coordinate x , at time t. According to the Rayleigh
method, the function u (x, vy, t) is taken as:

u(xy,t)=A@)f(xyt),

where f (x, y, t) is a given continuous
coordinate function x, y that satisfies the boundary
conditions, and A (t) is the time function that is
determined.

Define function (7) as follows:

ou(x,y,t)
ot

()

= A(t) f (X, y,t).

Suppose that at the end of the first chock
stage the speed of the plate at the shock point of
the hydraulic cylinder with inertial masses ul.

According to the Rayleigh method for our

discrete model described by functional
dependency (7):
(Qx2+®y2)
u2 -2
1 2
§Cm
where
3
o 1| Mg 7ax®  fwmgL SayL
- 2D| 4 48 6 24 ’
o 1| ML 5qu3 ot s 7 a2
“2D| 6 | 24 ‘”( Y47 28 j
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The kinetic energy of the plate element ds
that is at a distance I = X2 + y2
from the

beginning of the plate coordinates, will be:

qu2ds

E .
2

ni

The kinetic energy of the whole plate is
found by calculating the surface integral:

BL 13
Q ®
3 "°73

2
Ul g
252,

2
u
Engqz ds =

According to the Carnot theorem [6], we
find the speed of the plate center during shock:

MuSE,,

u, = .
L q(Ql3L+®L3|)

then we determine the overload which the
cargo is subjected to:
2

4
255

a

Condition of cargo unloading (tearing
away of cargo from the bottom of the body):

a=>982",
2

(8)

Conclusion. The process of vibration is
investigated and the design of the vibrating shock
impulse actuator, which is characterized by high
technical parameters is offered: simplicity of
tooling, reliability, maintenance stability of
operating parameters, and at the same time it can
have various application not only in the transport

industry, but also in different spheres of
mechanical engineering.
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[OCHNIOXEHHA BIBPALIT B MOBINTbHUX
CINIbCbKOIrocnogAPCbKUX MALLUHAX

B pob6oti 6ynu pocnigxeHi Bidpauii npwu
BaHTa)XHO-PO3BaHTaXyBarnbHUX poboTax
MOOINbHMX  CiNTbCbKOroCNoA4apPCbKUX MallUWH, SKi
BBaXalTbCA OHIE i3 HaMbinbWw TPYyOAOMICTKUX
CKNagoBUX  TPaHCMOPTHOro  npouecy. Tomy
NpoCTOi MaluWH Npyv  MPOBEAEHHI BaHTaXHO-
po3BaHTaXKyBarbHUMW onepauin i B OYiKyBaHHI iX
3annLalTbCa OOCUTb 3HAYHMMMU, LLO MOB’A3aHO 3
HeJOCTaTHbO  BUCOKMM  piBHEM  MeXaHisauii
HaABaHTAXEHHA-PO3BAHTAXEHHA  BaHTaxXiB  Ha
TpaHCNOPTIi, 3 HEYITKOI KoOpAWHaUiE Oin pidHUX
opraHisauin npu nepeBaHTaXeHHi BaHTaxiB Yy
TPaAHCMOPTHMX BYy3Nnax Ta 3a AeSKMMM iHLWMMM
npuymHamu. OCHOBHMMM 3acobamm MmexaHisauii
BBaXKalOTbCA CTaUiOHapHi 1 KO3MOBi KpaHW ans
KOHTENHEpPIB, BENMKOBaAroBUX BaHTaXiB i BEMUKUX
nakeTiB, a TakoX 3acobw mexaHisauii Ha
3anisHM4yHoMy xogy abo Ha waci CTaHAapTHOro
MObBinbHOro aBTomobing abo cneuianbHOMY LIAC.

MepcnekTUBHMM, Ha Hawy JOYyMKY, €
3aCTOCYBaHHA  TigpOiMNYNbLCHUX  NPUBOAIB Y
BUPOOHMUTBI  BiOpauitHMx Ta  BiOpoygapHuX
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po3BaHTaXyBasbHUX NPUCTPOIB, IO OBymMOBMEHe
NPOCTOTOK KOHCTPYKLii, KOMMAKTHICTIO, BUCOKOO

€HEepProeMHiCTIO, LLUIMPOKUM AdianasoHom
peryrnoBaHHs po6oymx napameTpie Ta
MOXIMBICTIO poGOTM B aBTOMaTU30BaHOMY

pexuMi. 3oKkpema, MepCnekTMBHUM HanpsMKOM €
CTBOPEHHSI 3MIHHOrO HaBiCHOro obnagHaHHs 3
rigpoiMnynbCHAM NPUBOAOM AN  aBTOMOOINIB-
camockugis, 6opToBux aBToOMObGIniB, npuyenis
TPaKTOpIB Ta iHWMX TpaHCNOPTHMUX 3acobie. [Onsa
iHTeHcudiKkaLii NpoueciB po3BaHTaXEHHHA Ky30Ba
npuyina-camockmaga  TpakTopiB  po3pobneHui
rigpaBnivyHui  BiGpoydapHui npuctpin. 3 1Moro
JOMOMOTOK  MPUCKOPKOETLCA  PO3BAHTAXKEHHS i
OYMLLEHHSA Ky30Ba Bi4 CinbCbKOrocnogapChbkmx
NpOAYKTiB. 3HWKYOTbCSA BUTPATU i CKOPOYYOTLCH
HagHOPMaTUBHI NPOCTOI TPakToOpiB 3 npuyenamm
nig po3BaHTaXEHHSAM.

Tomy po3pobka
BibpoygapHoro obnagHaHHs,
BUKOPUCTaHHSA ans BaHTaXHO-
po3BaHTaxyBanbHMX  pobiT  Ha MOBINbHMX
CiNbCbKOrocnoaapCbKMX MaluvMHax i B LinoMy Ha
TPaHCNopPTi, € aKTyanbHOK 3a4ayelo.

Ta
METOL0

BibpauiiHoro
3

Knroyvoei cnoea: 8ibpoydapHe
HasaHMa)XeHHs, eidponpuesod, KnanaH-
nynbcamop.

WCCNEOOBAHUE BUEPALIUA B
MOBWUITbHbIX CENTbCKOXO3AWCTBEHHbIX
MALLUMHAX

B pabote OGbiInu mccnegoBaHbl Bubpauum
npw NOrpy304HO-Pasrpy304HbIX paboTtax
MOOUIBHBIX  CEITbCKOXO3AUCTBEHHbIX  MaLLWH,
KOTOpble cuuTalTcs OofHOW U3  Hambornee
TPYOOEMKMX  COCTaBMSIOWMX  TPAHCMOPTHOMO
npouecca. [loaToMy npoOCTOM MaWuH  Npu
npoBeaeHuu Morpy304HO-pasrpy30vHbIMM
ornepauuini U B OXWOAHUM MX OCTaKTCA BecbMa
3HaYUTENbHBIMK, YTO CBSA3AHO C HeJoCTaTOYHO

BbICOKUM  YPOBHEM  MexaHu3auuum  Mnorpysku-
pasrpys3kuM rpysoB Ha TpaHCnopte, C He4yeTKou
KoopavHaLmen aencrenm pasnuyHbIX
opraHusaumMi  npu  neperpyske rpysos B
TPaHCNOPTHBLIX Y3rax W MNo HEeKOTOPbIM ApYrnm
npuynHam.

OCHOBHbIMU cpeacTeamu MexaHu3auum

CYMTalOTCHA CTaumMoHapHble U KO3MOBble KpaHbl Ans
KOHTEMHEPOB, TSXKENOBECHbIX PY30B U BOMbLUNX
nMakeToB, a Takke CpeAcTBa MexaHusauuum Ha
KEeNesHOAOPOXHOM  Xod4y wnM  Ha  waccu
cTaHOapTHOro MobunbHoro asToMobuna  Wnu
cneumanbHOM  waccu. [lepcnekTMBHbIM, O
Hawemy  MHEHWU,  SABMSETCH  MPUMEHeHue
rMOpoOMMNYIbCHBIX NPUBOLOB B MPOM3BOACTBE
BMOpaAUMOHHBIX U BUBPOyAapHbIX Pasrpy304HbIX

YCTPOWCTB, 4yTO 00ycroBneHo nNpoCTOTOMN
KOHCTPYKLUUWN, KOMMNAaKTHOCTbHO, BbICOKOM
3HEProeMKOCTbHO, LUMPOKMUM AnanasoHom
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perynMpoBaHus pabouMx  MapameTpoB W  Ky3oBa OT CelbCKOXO3AWCTBEHHbIX MNPOOYKTOB.
BO3MOXHOCTbIO paboThl B aBTOMatusMpoBaHHOM  CHmkaroTcs 3artpaThbl " CoKpallatTcst
pexume. B YacTHOCTH, MepcrnekTMBHbIM  CBEPXHOPMATMBHbIE  MPOCTOM  TPaKTOpPOB  C
HanpaBfieHeM SIBNSIETCA CO3[4aHWe CMEHHOIo  MpuuenamMm nog pa3rpy3Koi.
HaBecHOro oGopyaoBaHWA C rMapoMMNyrbCHbIM — lMoatomy  paspaboTka BMOpPAUMOHHOIO U
NMoBOAOM ans aBTOMOOwWneii-camocBanos, BuOpoydapHoro  obopydoBaHusl, € Lesbio
GOpTOBLIX aBTOMOOWME, NPULIENOB TPaKTOPOB U UCMONb30BaHUS AN MOrPy304HO-Pasrpy30YHbIX
ApYrnx TPaHCMNOPTHbIX cpeacTB. Ons  paboT Ha MOGWUIbHBIX CENMbCKOXO3SINCTBEHHbIX

WHTEHCU(pMKaLMM NpoLEecCOB pa3rpy3knm Ky3oBa MalMHax M B LENOM Ha TpaHcnopTte, SBNAeTCs
npulena-camocBana TpakTopoB  paspaboTaH  akTyanbHOW 3agadven.

rmgpaBnuyeckun BuOpoyadapHble ycTponcTteo. C Knro4deenie croea: s8ubpoydapHsbie
€ro MoMOLLLI0 YCKOPSIETCS Pasrpy3knM M OYUCTKU  Hazpy3ku, 2udporpueod, KnamnaH-myabcamop.
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