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SIMULINK SOFTWARE FEATURES FOR MODELLING A SMALL-SIZE LOADER

O. Yefymenko, PhD., Assoc. Prof., A. Hrichchina, Assist. Prof.,
Kharkiv National Automobile and Highway University

Abstract. Computer simulation as a tool to determine the loading for implements and hydraulic drives
of small-size loaders has been considered in the paper. A number of lifting mechanism design models
has been built; their strengths and shortcomings have been analysed. It has been proposed to alter the
machine’s hydraulic drive design as well as to redesign the arm and the levelling mechanism
to improve reliability of a small-size loader.
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OCOBJIMBOCTI BUKOPUCTAHHSA SIMULINK J1JIA MOJAEJIOBAHHSA
MAJIOTABAPUTHOI'O HABAHTAKYBAYA

0.B. €Epumenko, ao1., K.T.H., A.B. I'piudina, c¢r. BUKIL.,
XapkiBcbKHUil HANIOHAJbHUIT ABTOMOOLILHO-10POKHIii yHIBepcUTeT

Anomayia. Pozensoacmvcs 3a80aHHS GU3HAYEHHST HABAHMAIICEHOCMI poOOY020 YCMAMKYBAHHS U
2I0ponpusody Manoeabapumno20 HABAHMANCY8AYA 30 OONOMO2010 KOMN HOMEPHO20 MOOeTO8ANHS.
Ilobyoosano moodeni pizHo20 KOMHOHYSAHHS NIOHIMAILHUX MEXAHI3MI6, NPOAHANI308AHO nepesazu
Ul HeOOMIKU KOJHCHOI 3 HUX. 3anpONnoHOBAHO KOHCMPYKMUBHO 3MIHUMU 2I0PONPUBIO MAUUHU 1l KOHC-
MPYKYIio CMPIAU ma 3PIi6HAIbHO20 NPUCHPOTO.

Knrouosi cnosa: manocabapumnuii Haganmasicysau, komn tomephe mooeniosanns BJIM, ananis, cmpi-
214, NPOOYKMUBHICMb HACOCA.

OCOBEHHOCTH UCITIOJIb30BAHUA SIMULINK JJIA MOJAEJIUPOBAHUSA
MAJIOTTABAPUTHOTI'O ITIOTI'PY34YHUKA

A.B. Epumenko, nou., K.T.H., A.B. 'puuunna, cr. nper.,
XapbKOBCKM HAMOHAJIbHBIA ABTOMOOUIbHO-10POKHbIN YHUBEPCUTET

Annomayus. Paccmampusaemcs 3adaua onpeoenenusi HacpysiceHHOCmU paboueco 060py008anus u
2UOPONPUBOOA MAN02ADAPUMHOLO NOSPYIYUKA C NOMOWBIO KOMIBLIOMEPHO20 Moldenuposanus. Tlo-
CMpOeHbl MOOeIU PA3TUYHOU KOMHOHOBKU NOOBEMHBIX MEXAHUZMOS8, NPOAHATUUPOBAHbL OOCHIOUH-
cmea u Hedocmamxuy Kaxcoou uz Hux. IIpednosiceno KOHCMPYKMUBHO USMEHUMb 2UOPONPUBOO MAUUU-
Hbl U KOHCIPYKYUIO CINPebl U YPAGHUMETbHO20 YCMPOUCMEA.

Knwouesvie cnosa: manocabapumuvlii nocpysuux, Komnvromeproe mooeruposanue CHAM, ananus,
cmpena, npou3800UMeNbHOCMb HACOCA.

Introduction quency of the hydraulic drive is 600-900 per

hour. Hydraulic drive is the main actuating de-

High performance of a loader largely depends
on the design of the hydraulic drive. In heavy
loading operations the hydraulic drive of the
working equipment operates 80-85% of the total
length of the working cycle. The turn-on fre-

vice for the working equipment of all road and
construction machines in general and particular-
ly loaders. Therefore, engineers are constantly
working on its improvement. This makes the
topicality of the presented paper.



ABTOMOGMINBLHLIA TPAaHCNOPT, Bbin. 41, 2017

137

Analysis of Publications

Basic principles of mathematical modelling of
hydraulic drives used in road and construction
machines were discussed in paper [1]. The
drawback of this method is the calculation of
road and construction machines’ hydraulic drive
loads in the form of static values that do not
consider the workflow dynamics of modern ma-
chines. In papers [2-4] MATLAB 6 and Solid-
Works computer modelling features for dynamic
processes in hydraulic drive loading were de-
scribed.

Purpose and Tasks

The purpose of the paper is to develop a com-
puter model of the hydraulic drive and to ana-
lyse the model in terms of improving the relia-
bility and performance of the loader.

The tasks include: 1) overview of software
packages applied for computer-aided design of
hydraulic drives; 2) design of the loader compo-
nents and determination of their parameters; 3)
development of a computer model of the hy-
draulic drive; 4) optimization of both the hy-
draulic drive parameters and working equipment
designs.

Hydraulic Drive Models for Road and Con-
struction Machines

The aim of computer modelling is to reduce
both the expenses needed for numerous experi-
ments and the hydraulic drive design time. The
paper deals with the analysis of three different
hydraulic drive CAD-systems (FLOW-3D,
SIMULINK and COSMOSFloWorks). SIM-
ULINK was selected for modelling due to its
following advantages: simplicity, user friendly
interface, block modelling system.

A two-module machine with a process module
«T16MI" Universal loader» with the bucket ca-
pacity of 0.165 m’ was chosen as an object of
the study. The mathematical model of the load-
er’s working equipment with three joint coordi-
nates was applied for the analysis. It was built
on the basis of Lagrange equation of the second

type.

With the help of Simulink blocks the hydraulic
drive models were built: models with one, two,
four hydraulic cylinders, a model of the existing
machine. A model of the loader’s working

equipment is composed of a hydraulic pump,
hydraulic cylinders and a crossbeam. It simu-
lates the operation of the hydraulic drive when
the lifting arm is being raised with the load.

A model with one hydraulic cylinder is com-
posed of a single-acting cylinder with a return

spring (Figure 1).
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Fig. 1 Pressure curve (a) and cylinder rod travel
curve (b)

The curve shows that at T = 0.04 sec (time of
operation) compression begins at the inlet of the
pump, and at T = 0.05 sec it is removed. The
value of the feed pressure p; drops rapidly. The
pressure chart for the p, cylinder piston side
does not show such a rapid change. Pressure
almost did not change in the p; cylinder rod side.
This can be explained by the fact that the outage
of the hydraulic pump operation was short.
Figure (b) confirms the pressure drop in the
pressure line and the piston side as the piston
changed its direction for a short time under the
action of the return spring.

A model with four hydraulic cylinders is com-
posed of a single-acting cylinder with a return
spring and different output parameters. This
model is compared favourably with the previous
one because the operation of four hydraulic cyl-
inders is simulated in it. This model gives an
opportunity to compare the work of hydraulic
cylinders with various parameters. Cylinder pis-
ton travel curves with different parameters are
shown in Figure 2.
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Fig. 2. Cylinder rod travel curve with different
parameters
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The machine implements model simulates the
operation of the hydraulic drive at lifting the
loader arm with a full bucket. The beam (arm)
travel curves as well as the angles of the beam
position relative to the horizon in radians are
displayed on the oscilloscopes. In developing
this model of the hydraulic drive some assump-
tions were made:

— the loader arm was taken as an absolutely rigid
(nondeformable) beam placed perpendicular to
the longitudinal axis of the loader;

— the hydraulic cylinders were placed so that
when the arm is raised, the piston cavity is
working;

— the sum of the arm’s weight and the loader’s
maximum load carrying capacity was taken as
the cargo weight in the model.

Another purpose of the research was to study the
effect of the arm speed on the working process-
es. The influence of the pump feed changes on
the hydraulic drive operation was studied. The
load is in the centre of the beam. The following
pumps were used here: Gear Pump-32, Gear
Pump-46, Gear Pump-67, Gear Pump-98
(Figure 3). The obtained values show that with
increasing the hydraulic pump feed the arm lift-
ing speed rises, though the amplitude of the
beam angle oscillations also increases (Table 1).
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Fig. 3. Angle curve (a) and crossbeam travel
curve (b) with a HIII-32 pump

The obtained values show that at increasing the
hydraulic pump feed the arm lifting speed rises,
though the amplitude of the beam angle oscilla-
tions also increases (Table 1).

Table 1 Values of the beam’s average travel speed
and angle amplitudes that were obtained

Hydraulic Feed, Amplitud'e of | Beam travel

drive /s angle oscilla- speed Az,

tions, rad m/s.

Gear 0.00053 [+2.4%107%;- 0.012
Pump-32 0.5%10]

Gear 0.00078 | [+3.5%107; - 0.0225
Pump-46 1.3*107]

Gear 0.00112 | [+4.2%107% - 0.0365
Pump-67 2*%104

Gear 0.00165 [+4*107%; - 0.056
Pump-98 3.6%10]

In the model the arm is lifted while the bucket is
fully loaded. The centre of gravity of the bucket
(beam) is displaced to the right edge at a dis-
tance of 1/3 from the right edge of the bucket.
This may be due to the heterogeneity of the ma-
terial being developed, such as construction
waste. The parameters of the loading process
were analysed with changes of displacements zb
and za depending on the increase of the hydrau-
lic cylinder piston area (Figure 4).
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Fig. 4. Crossbeam travel curves at M = 1200 kg
using hydraulic cylinders of D = 100 mm
(a) and D = 125 mm (b)

The curves given above show that when the pis-
ton area was increased, the difference between
the displacement coordinates zb and za was de-
creased from 0.0028 m to 0.00lm at T=0.1 s.
Since the smallest difference between the values
zb and za is 0.001m was observed in this latter
case, it is advisable to use the hydraulic cylinder
of D=125 mm (Table 2).

TaGuuis 2 Model examination data with
center-of-gravity shifts

Rlston Weight of | Az, Zp, Zas Zp - Zg,
diame- rgo, k m/s m m m
ter D, m cargo kg
80 985 0.061 | 0.0075 | 0.0047 | 0.0028
100 985 0.043 | 0.0053 | 0.0033 | 0.002
125 985 0.027 | 0.0032 | 0.0022 | 0.001
100 1200 0.04 | 0.005 | 0.003 | 0.002
125 1200 0.025 | 0.003 | 0.0021 | 0.0007

The analysis of the research data proved that
increased weight of cargo does not significantly
affect the arm lifting speed in these operating
modes. However, the use of hydraulic cylinders
with a piston diameter of D = 125 mm with the
given cargo weight compensates for the over-
load caused by the centre-of-gravity shift, since
the value of the za-zb difference in this case is
the smallest.
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Conclusion

The computer model analysis of the loader drive
system showed that in order to increase the effi-
ciency of the existing design of the loader it is
necessary:

— to change the position of the hydraulic cylin-
ders which lift the arm in such a way that a pis-
ton cavity will become the working cavity of the
hydraulic cylinder when lifting the arm;

— to replace a Gear Pump-32 pump with a Gear
Pump-67 pump in order to increase the arm lift-
ing speed;

— when using a loader to move nonhomogeneous
materials, for example construction wastes, it is
advisable to provide a Gear Pump-67 hydraulic
pump and hydraulic cylinders with a diameter of
a piston D = 125 mm as parts of the hydraulic
drive system.

This is due to the nonuniform distribution of the
material in the loader bucket. As a result, there
is a tilt of the frame and hydraulic cylinders.
Whereas, when the power on the hydraulic cyl-
inder rods increases, the lifting capacity of the
hydraulic drive increases, too. Therefore, it is
advisable to increase the strength characteristics
of the loader frame or to change the design of
the frame. With such a layout of the hydraulic
drive we can use the frame design (Figure 5).

Fig. 5. Proposed design of a loader implement

Its advantage is that in case of implements tilt-
ing, the main load is concentrated not on the
hydraulic drive but on the steel structure of the
arm.
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