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This paper presents results of pressure oscillatiwastigation in tractor Claas
Ares ATX 557 hydraulic hitch-system, loaded witlsa@harrow, during the motion around
artificial roughness test road. During experimesgsillation at the different drive speed,
tires pressure and hitch-system oscillation damgtagned on or off) were investigated.
Tractor hydraulic hitch-system was equipped witlessure sensor and data processing
software. Results of experiments present maximuesgure peak 188 bar in tractor
hydraulic system, if not used hydraulic hitch-systescillation damping system at driving
speed 8 kmt and if used hydraulic hitch-system oscillatiormgiéng system pressure
peak reduced to value 170 bar. Simulation of tractovement with attached disc harrow
over rough surface with Working Model software weed. Hitch-system cylinders were
replaced as coupler with spring and damper chaisiitein model. Dynamic force on
coupler was obtained as simulation result and d#ipgnon it hydraulic pressure in
hitch-system cylinder had been calculated. Simutatiesults were evaluated on basis of
experimental investigations. Reducing of hydrawaidinder stiffness value let to reduce
pressure value to 168 bar at driving speed 8 kmiuring simulation.

Tractor hitch-system, pressure oscillation.

Introduction

During tractor movement, with attached to hitchtsgs working
equipment (plough, harrow), over rough road sudatertical oscillations of
machine take place. These oscillations are a rea$gpressure pulsations in
hydraulic
hitch-system and reduce the service life of hydcawdystem components,
especially the lifetime of hydraulic hoses.

Pressure pulse reduction in tractor hitch-systeimportant for increasing
of system components lifetime. Pressure oscillati@amping in the tractor
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hydraulic hitch-system can reduce overall systemrillagons and improve the
driving control.

Simulation of tractor hydraulic system oscillatienables determination of
hydraulic system stiffness and damping parametrsninimizing amplitude of
pressure pulsations. Working Model software letcteate dynamic model for
tractor vertical oscillations and simulate movemeith different speed and road
roughness values.

The main task of simulation experiment is to redute tractor
Claas Area 557 ATX hitch-system hydraulic presspuése values changing the
hydro cylinder stiffness and damping parameters.

Materials and methods

For evaluation of Working Model simulation resultgreliminary
experiments on tractor movement over artificial gimoess test road had been
carried out. In experiment tractor Claas Area 59XAvas used. The tractor with
LEMKEN short disk harrow and LEMKEN rubber ringdleo was fitted [1, 2].

Using the Working Model software [3] is necessasydeterminate the
hydraulic system pressure in tractor (Class Arés AbX) hydraulic hitch-system
hydro cylinder depending on the attached equipmeight, road roughness and
tractor speed.

Therefore, in experiment the tractor hydraulic imhgystem was equipped
with pressure oscillation sensor Wika Transmitt&@CEL. The sensor was chosen
such that own oscillation frequency was 10 timeghéi than frequency of
measured pressure changes [4]. For data acquisiineh processing software
offered by company Pico Technology was used [5]ingysNika Transmitter
ECO-1 and universal data collection and procesdagce PicoLog the hydraulic
pressure oscillation in tractor hydraulic hitchigys was measured.

In order to study the dynamic oscillation of tradiydraulic hitch-system
in experiments road with artificial roughness waedi(see Fig. 1). Road roughness
was established according to rural conditions. Totad length was 24 meters
which was divided into 12 equal parts by 2 metesshe respectively. Road
roughness was constructed from wood planks withedsions 150 x 50 x 1000
mm. Planks are connected with steel angle shapesl #@&x 40x 3 mm by
screw-bolts. Roughness columns were placed in tamllel rows with 1.8 m
distance on asphalt road surface.

1.8m

|
L 2m |
24 m

Fig. 1. Artificial roughness test road
1 pav. Dirbtiniai bandymo kelio nelygumai
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Road roughness amplitude was constant valee0.05 m. Frequency of
forced oscillations in dependence on tractor dgvépeed and road roughness step
s = 2 mcan be found:

(1)

. =
"os

where v- tractor drive speed, s
s— road roughness step, m.

In way of changing tractor hydraulic hitch-systerscitbation damping
position (switch on or off) and driving speed fr@&s 14 km H various hydraulic
hitch-system oscillation characteristics are aagirvhich may occur the pressure
pulse in hydraulic system. The maximum pressurallason amplitude was
observed at driving speed of 8 ki fand it reached 188 bar. For hydraulic
hitch-system longer service life it would be neeegsto reduce the hydraulic
pressure oscillation to a greater range and far tthie Working Model simulation
programme was used.

In Working Model software dynamic model the sameapeeters of tractor
and attached equipment [6] weight, road roughnesk movement speed as in
experimental investigation had been used. Oil velstiffness for tractor hydraulic
system was calculated [7]. Simulation model (sge Eiwas used in the side-view.
The parameters of hydraulic cylinder and tyres wentered two times larger in
simulation model.

Tractor wheelbase wds = 2.564 m. As the tractor wheelbase does not
coincide with road roughness step, the time ddlayetween roughness impact on
front wheels and rear wheels exist:

A=A )
\Y,

where At — time delay, s;
Al — step difference between tractor wheelbase ardirmaghness, m

Al was calculated:

Al =1 —s.
®3)

Function of road roughness surface in Working Mogebgram was
assured with actuators 4 and 9 (see Fig. 2). Aotdahctions of the front and rear
wheels was given in program by equation (4), whereas the function of front
wheel oscillations, but, was for rear wheels.

24



y, =b+if (a-sin(w; - (t+At)) < 00,(a-sin(w; - (t + At))))

y, =b+if (a-sin(w; -t) < 00,(a-sin(w; -t))) @

where b— initial length of actuator, m.

Spring Stiffness
13 14 15 | [ T roonco
Spring Damper

s

Spring Stiffness Spring Stiffness
WD 0 =D
Spring Damper Spring Damper
N - T

Fig. 2. Tractor model in Working Model software: 1 — t@ciClass Ares 557
ATX, 2 — tractor front tyres (13.6R28), 3 — frontight, 4 — front actuator,
5 — front tyres (characterization by spring and parjy 6 — road roughness,
7 — front tyres control units, 8 — tractor rearetr(16.9R38), 9 — rear actuator,
10 — rear tyres (characterization by spring and main 11 — hydraulic cylinder
(characterization by spring and damper), 12 — t@a&s control units, 13 — tractor
hitch-system, 14 — soil cultivatemplements, 15 — hitch-system control units

2 pav. Traktoriaus modelis: 1 — traktorius Claas Ares 387X, 2 — traktoriaus
priekines padangos (13.6R28), 3 — priekinis svoris, 4 -ekimis vykdiklis,
5 — priekires padangos (elastingumo ir dempferiavimo modul&)~ kelio
nelygumai, 7 — priekini padang valdymo blokas, 8 — traktoriaus uZpakasin
padangos (16.9R38), 9 — uZpakalinis vykdiklis, 10uZpakaligs padangos
(elastingumo ir dempferiavimo modulis), 11 — hidnaig cilindras (elastingumo ir
dempferiavimo modulis), 12 - uZpakalini padang valdymo blokas,
13 — traktoriaus keltuvas, 14 — kultivatorius, 1keltuvo valdymo blokas

If the functiony = a-sin(w; -t) <0, then the function value was 0, but if

y=a-sin(w, -t) >0, then the function value was=a-sin(w, -t). Road
roughness simulation was showed in Fig. 3.
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Roughness
height, mm

Time, s

— Front actuator --- Rear actuator

Fig. 3. Road roughnessit — oscillation time delays — road roughness step,
a — road roughness amplitude

3 pav. Kelio nelygumai:A t — virpesiy vélinimo trukmg, s — kelio nelygum
zingsnis,a — kelio nelygum amplituce

In the model hitch-system hydraulic cylinder 11g(F2) was created and
described with spring and damper characteristioe Spring and damper was
characterized by stiffness and damping coefficiehtactor hitch-system hydraulic
cylinder parameters were changed with control lut@ (Fig. 2). Approximate
spring stiffness coefficient can be calculated fionmula (5).

k= ®)

F
X
wherek —spring stiffness coefficient, NTn

F —force, N;
x —displacement, m.

The force F value was obtained from experimentltegtr = 328564N).
Displacemenk was equal to the hitch-system hydraulic cylindspldcement at
pressure pulse. It can be calculated [8] from va@&ucmangeAaV in hydraulic
cylinder from equation:

1 AV
E ApV,

(6)

whereE —liquid modulus of elasticity, N i
AV —volume change in the size of the pressure changes,
\, —initial volume of liquid at atmospheric pressuré; m
Ap —pressure change, Nn

Values of pressure changes was determinated froperiexental tests
4p = 57-10° N m® Oil modulus of elasticitf = 7210° N m. Initial fluid volume
in hydraulic hitch-system cylinder at atmosphenessure is calculated:
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_7Z'-d2-h

V, 2

(7)

whered —hydraulic cylinder diameter, m;
h —hydraulic cylinder stroke, m.

From tractor Class Ares hydraulic hitch-systemraydir determinate sizes
d =0.075 m andh = 0.23 m. Displacementwas calculate from formula (8).

4AV

=—7. (8
z-d?
The approximate stiffness coefficient can be calmd after the
displacementx determination according formula (5). Input constparameters
were given in Table 1.

Table 1.Parameters of simulation.
1 lentek. Modeliavimo parametrai.

Tyre stiffness | Tyre damping
Road coefficientk, coefficientb, | Hitch-system parameters
Road -1 -1
roughness N m N s n
roughness . - -
steps, m amplitude Stlff_n_ess Damp_lng
am Front Rear Front  Rear coefficient, | coefficient,
N m! N s m'
2 0.05 560000 640000 10000 24000 50947368 2500000

Force was measured when tractor model hydraulehfsystem hydraulic
cylinder oscillation was simulated with Working Meidsoftware. Corresponding
pressure was calculated:

(9)

where p —pressure, Pa;
Fu —hydraulic hitch-system hydro cylinder force, N;

A —area of hydraulic cylinders,an

With constant spring stiffness coefficient, redgcirthe damping
coefficient, the force of hydraulic hitch-systendhy cylinder decreases. Changing
the damping coefficient values from 4-6.5 NS pressure values similar to
experimental values was obtained. Working Modekttma simulation model
checking on the basis of experimental investigatitet improve it coincidence
with real machine aggregate.
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Results and discussion

In Fig. 4 average values of hydraulic system pressati different motion
speeds and tire pressure was described. Under whytnactor along artificial
roughness test road with air pressure in tires @& Bar, what confirms to
transportation regime of aggregate, and drivingedpef 5 km H (see Fig. 4)
steerability of tractor was good and pressure giréwlic hitch-system was in limits
130-150 bar.

Increasing driving speed step by step from 5 ton8hk pressure in
hydraulic hitch-system increased and achieved 8 The steerability of tractor
became worse and it had been observed that froe¢lihad draw away from road
surface.

Increasing driving speed step by step from 8 tokfilh® pressure in
hydraulic hitch-system had decreased to 148—-15&mausteerability of tractor has
improved but exceeding driving speed over 13 Kimskeerability had become
worse.

200

190

Pressure, bar

130

170

160

130T~

120 - ! !

3 4 5 6 q 8 9 10 11 12 13 114
Speed. kmh

+ Tractor hitchsystem without oscillation damper = Tractor hitch-system with oscillation damper

Fig. 4. Tractor hitch-system oscillation at different spegnd at tire pressure
0.8 bar

4 pav. Traktorius hidraulinio keltuvo sistemos virpesiasaat skirtingiems
greiiams ir ségiui padangose 0,8 bar

Using the Working Model software the tractor hydicu
hitch-system hydro cylinder (stiffness and dampipg)ameters and driving speed
from 3 - 14 kmH was simulated. The experimentally obtained hydcaul
hitch-system pressure values and the Working Mpdajram simulation pressure
values are shown in Fig. 5. The maximum pressuddlation amplitude was
observed at the speed 8 kih and reaches 188 bar in experiments, but at the sa
speed reaches 182 bar in simulation results. Reduof hydraulic cylinder
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stiffness value let to reduce pressure value to Hai8at driving speed 8 kni'h
during simulation.

Pressure, bar

/ | | | | . - S
130 | L L | | I I
3 4 5 6 7 8 9 10 11 12 13 i 14
Speed, km It
--#-- Pregsure from experiment -—+— Pressure from WM reducing & and b

—— Pressure from WM

Fig. 5. Pressure in tractor hydraulic hitch-system of lawdic cylinder
5 pav. Slégis traktoriaus hidraulinio keltuvo cilindre

The differences between experimental and simulagsnults are caused with
some inconsistency for stiffness of tyres in siriala model and can be
eliminated. Therefore Working Model simulation foactor hydraulic hitch-system
can be recommended for investigation of possibitity reduce amplitude of
pressure pulsations by changing parameters of biydisystem.

Conclusions

1. Oscillation of pressure can be reduced by exploitadf oscillation damper that
can be established on instrument panel of tratftoscillation damper was not
used, than at driving speed of 8 kihpressure oscillation in hydraulic system
reaches 188 bar but, when oscillation damper wad,ysressure in hydraulic
system decreases to 170 bar.

2. Working Model software let to create dynamic modet tractor vertical
oscillations and simulate movement with differepeed and road roughness
values.

3. Tractor simulation model checking on the basis xgfegimental investigation
results let improve it coincidence with real maehaygregate.

4. The maximum pressure oscillation amplitude was fesk at the speed
8 km h', and reaches 188 bar in experiments, but at tine speed reaches 182
bar in simulation results.
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Reducing of hydraulic cylinder stiffness value fetreduce pressure value to
168 bar at driving speed 8 krit Huring simulation.

Working Model simulation for tractor hydraulic Hhitsystem can be

recommended for investigation of possibility to wed amplitude of pressure
pulsations by changing parameters of hydraulicesgst
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SLEGIO SVYRAVIMAI HIDRAULINIO KELTUVO SISTEMOJE
TRANSPORTO REZIME

Anotacija

Straipsnyje pateikti &bio svyravimai traktoriaus Claas Ares ATX 557

hidrauliréje sistemoje jam vaziuojant su diskiniu kultivatomi per nelygumus.
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Bandymai buvo atliekami vaziuojajuairiais greéiais ir esanfvairioms oro sigio
verttms traktoriaus padangose su svyrayisiopintuvu ir be jo. Hidraulige
sistemoje buvo jrengtas <gio jutiklis, bandymy duomenys apdorojami
panaudojant specialprogram. Agregatui vaziuojant 8 km/h gedil be svyraving
slopintuvo didZiausia &fjio veré sieke 188 bar, ojungus svyravim slopintuvy
didZiausia sigio vert nevirSijo 170 bar. Agregato jéjimo per nelygumus
modeliavimas buvo atliekamas panaudojant ekspetimentyrimy rezultatus.
Modeliavimo metu maksimaluségjis hidraulirje sistemoje siektik 168 bar dl
sumazinto hidraulinio cilindro elastingumo koefitfe.
Traktoriaus hidraulinis keltuvas,&lio svyravimai

Suuc Jlanexnmuc-beprmanunc, A#iBapc Kakutuc, Epuke Kponbepre, Earapc Pemnca n
Mepeke CmuTc

NCCIEAOBAHUE ITVJIBCALIMU JABJIEHUA B TUAPOCUCTEME
TPAKTOPA B TPAHCIIOPTHOM PEXXMME

AHHOTaUs

B paGote mpencraBieHbl pe3yIbTaThl HCCIICAOBAHMS KOIEOAHUH aBICHUS
B runpainieckoi cucreme Tpakropa Claas Ares ATX 55¢ auckoBoii 00poHO#t
BO BpeMS JABWKCHHS 10 MHCKYCCTBEHHBIM HEPOBHOCTSIM. OKCIIEPUMEHTEHI
HPOBOJIMIINCH HAa Pa3HbIX CKOPOCTSX IABWKEHHS, C PA3INYHBIM JIaBICHUEM BO3IyXa
B IIMHaX W C IPUMEHCHHWEM CHCTEMBbl TramieHus Kosnebanuwid. I'mapocuctema
TpakTopa OblIa OCHAILlEHA AaTYMKOM AaBlieHHs, 00paboTKa JaHHBIX MPOBOAMIOCH
C WCIOJIb30BaHMEM CIICNMANbHOW mporpamMmsl. [Ipn nBWKeHHMH arperara co
CKOPOCTBIO 8 KM/4ac Oe3 CUCTeMBI ranieHus KojieOaHuii MaKCUMAaIbHOE JTaBIICHUE B
rugpocuctemMe Tpakropa gocturano 188 6ap. C nmpuMeHEHHEM CUCTEMBI TAIICHHS
KoJIeOaHUIl MakcMMalbHOE NABJICHHE B THAPOCUCTEME TPAKTOpa HE IMPEBBHIILIANIO
170 6Gap. [Ipu MomeaUpOBaHMM [BMKCHHS TPAKTOpa C IHUCKOBOW OOpPOHOH IO
HEPOBHOCTSIM ObLIa MCIONIb30BaHa pabodas moxens. umuaaper Hitch-cucremsr
Obun  3ameHeHBl MydTamum ¢ mOpyxuHod u  aemndepoM. Pesymbrathl
MOJEIMPOBAHUS OBUIM COIOCTABICHBI C pPE3yJbTaTaMH OSKCIEPUMEHTAIBHBIX
uccienoBanuil. IIpy MomenMpoBaHMHM CHIKEHHE >KECTKOCTH T'HIPABINYECKOTO
OUIMHIpPAa TPUBOIUT K YMEHBIICHUIO BEIUYMHBI JHaBieHus 1o 168 Gap mpu
CKOPOCTH JIBIKCHUS 8 KM / 4.

T'uopocucmema mpaxmopa, nyrocayuu 0asieHus..

31



