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USING AUTODESK INVENTOR SOFTWARE FOR MODELLING
WORK PROCESSES OF SINGLE-BUCKET LOADERS

Yefymenko O., Hrichchina A., KhNAHU

Abstract. The scientific problem is to evaluate the results of using Autodesk Inventor software for
modelling work processes specific to single-bucket loaders. The basis for this scientific research is the
fundamental knowledge that allows using the ideas concerned with virtual models and the possibility
of their further application. The goal of the study is to analyse work processes of loaders using com-
puter modelling facilities. Methodology. Research methodology includes the methods of finite ele-
ments, the use of software tools for the application of computer programs for modelling the loader
dynamics and conducting experiments using a personal computer. Results. The results of the research
are the graphical and mathematical dependences of the values which have been estimated experimen-
tally. Originality. The present paper allowed carrying out the research of the single-bucket loaders’
dynamics in the following aspects: moving across an obstacle, running over an insurmountable obsta-
cle, a sharp brake of the loader. Practical value. The method of using the Autodesk Inventor software
for modelling the dynamics of the loader has been developed. The basic kinematic parameters and the
support reactions for a wheel moving across obstacles have been determined for various designs of

single-bucket loaders.
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Introduction

The topicality of the present paper results
from the growing application of loaders both in
the construction of roads and during their usage.
The basis for this scientific research is the fun-
damental knowledge that allows using the topic
of virtual models and the possibility of their fur-
ther application.

Research methodology includes the methods
of finite elements, the use of software tools for
the application of computer programs for model-
ling the loader dynamics and conducting exper-
iments using a personal computer.

The introduction of a new technique for ana-
lyzing the dynamics of loaders’ working and
transport modes takes the process of solving
dynamic analysis tasks to a new level. In the
field of product performance dynamic analysis,
this is similar to the transition of design depart-
ments from the production of paper drawings to
the use of automated design systems. The tech-
nology of automated dynamic analysis allows us
to simplify and accelerate the solution of math-
ematical modelling tasks and thus to significant-
ly improve the efficiency of the development of
new engineering products.

Recent Papers Review
At present, modern methods of designing and
analyzing earth-moving machines using the
Autodesk Inventor software are widely used.

Major benefits of automated dynamic analysis
are:

— automatic construction of a mathematical
model of the mechanical system dynamics ac-
cording to its engineering description;

— visualization of the mechanical system work
process and the values of its properties [1, 2];

— wide possibilities for controlling the
movement of the mechanical system [3].

The use of automated dynamic analysis al-
lows to obtain reliable information about the
dynamic behaviour of the products at the early
stages of their design and the power loads that
arise, as well as to quickly and effectively deal
with abnormal situations which can emerge dur-
ing the operation of existing products [4—6].

Purpose and Tasks
The purpose of the paper is to analyse work
processes of loaders using computer modelling
facilities.

Modeling Work Processes of Loaders

The initial step is to build the most detailed
3D model of the loader using the Autodesk In-
ventor software.

The stage of exporting a ready three-
dimensional model into the Autodesk Inventor
program is very important. It is critical to pre-
serve the mass-inertial characteristics of assem-
bly units of the three-dimensional model after
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export. The next step is to break up all the as-
sembly units obtained into movable and immov-
able objects. For example, a wheel is movable
(rotational motion) relative to the axis on which
it is fixed. Once all movable parts have been
determined, it is necessary to conduct a com-
plete kinematic analysis of the model. After re-
ceiving these data, it is necessary to make kine-
matic pairs of all the parts using hinges. For
example, the process of connecting the parts of a
HITACHI loader weighing 25 tons and ensuring
rotation of the driving wheels, as well as simu-
lating the loader movement in a specific direc-
tion is shown in Figures 1 and 2.

Fig. 1. Connecting the arm and the frame of a
loader into a kinematic pair

Fig. 3. Waveforms for support reactions on drive
wheels of a Hitachi loader

The model given above enables us to conduct
a preliminary analysis of the structure.

Figure 3 shows the forces that arise in the
wheels of a HITACHI loader weighing 25
tonnes when it moves across an obstacle of a
length of 70 mm and a width of 30 mm, at a
speed of 5 km/h. After the computer experiment
was finished, waveforms of support reactions
were built and then convrted into MSEXCEL
with the preliminary analysis (Figure 4).
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Fig. 4. Waveforms for support reactions
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Fig. 5. Waveforms for support reactions

Similarly, experiments with other loaders
such as Sankar Ram and Cat (compact) were
conducted. Data were obtained, converted into
MSEXEL and then analyzed, which allowed us
to construct graphs for the redistribution of sup-
port reactions along two axes (Figure 5).

The models of dynamic processes which
arise when vehicles move across a single obsta-
cle showed us a number of results that cannot be
measured directly in a real experiment, in par-
ticular, it is impossible to determine how sup-
port reactions on each of the wheels change over
time. The virtual experiment has shown that
when a loader moves across a single obstacle in
a transport mode, the support reactions change
over time in accordance with the laws which are
similar to oscillating processes.
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Fig. 6. Tractive effort of a Sankar Ram loader

Figure 6 shows the tractive effort that arises
in the metalwork of a loader weighing 15t in the
event of a collision of the working equipment
with an impassable obstacle. The speed remains
unchanged, it is 5 km/h. The vehicle continues
its movement, and in the interval between the
Ist and 2nd seconds there occurs a collision of
the bucket with an obstacle. During this time,
the maximum effort is registered which equals

7x10°H .

The waveforms of all vehicles and their re-
sults were analyzed in the paper. Loaders’ axle
tractive efforts arising at the collision with an
impassable obstacle are shown in Figure 7.
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Fig. 7. Loaders’ axle tractive effort values

Fig. 8. Determination of hard brake support re-
actions (Hitachi loader)

When determining the support reactions for a
sharp deceleration of a Hitachi loader, an emer-
gency braking of the vehicle was considered and
the required reactions on the axles were obtained
(Figure 8).

Similarly, the support reactions for other
loaders have been determined. The support reac-

tions for Sankar Ram and Cat (compact) loaders
are shown in Figures 9 and 10.

Fig. 9. Determination of hard brake support re-
actions for a Sankar Ram loader
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Fig. 10. Determination of hard brake support
reactions for a Cat loader (compact)

During the experiment it was found that a
vehicle with a higher coefficient of friction and
a higher weight has the highest rates. Thus, for a
Hitachi loader R1 = 132000 N, R2 = 128258 N,
then comes Sankar Ram loader R1 = 68258 N,
R2 = 69585N and Cat RI1=35689N,
R2 =37589 N.

Successful experience in the development of
theoretical foundations and the practical imple-
mentation of complex system models suggests
their huge potential in the field of mechanical
engineering and road building. The development
of simulation models of such systems is iterative
and is based on the design of individual modules
and subsystems and their integration into a sin-
gle entity on the basis of dynamic analysis and
the use of modern tools for the creation of intel-
ligent applications.

This will simplify and accelerate the solution
of the mathematical modelling tasks, improve
the efficiency of complex machinery design
processes as well as enable the implementation
of simulation experiments.

The advantages of using automated dynamic
analysis for the formation of a mathematical
model of mechanical system dynamics; visuali-
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zation of the work process; control of the me-
chanical system movement have been explained.

The reliable information about dynamic be-
haviour of created objects and the power load
that arise can be obtained in the early stages of
their design. Besides, it is possible to conduct
real-time research of abnormal situations that
arise during the operation.

The purpose of this paper was to to analyse
work processes of loaders using computer mod-
elling facilities. The Autodesk Inventor software
package allowed to conduct an experiment on
the wheel movement on the supporting surface
with an obstacle with the same mass characteris-
tics, material and height and shape of the obsta-
cle. For the experiment, a treaded tire and a slick
tire were taken. Main characteristics for model-
ling were: the height and width of the obstacle
equaled 100 mm, wheel speed equaled 5 km/h.

For the process of dynamic modelling in Au-
todesk Inventor the following parameters were
set: 3D contact between the wheel and the sup-
porting surface, the connection of the wheel
with the supporting surface taking into account
all degrees of freedom.

Dynamic modelling characteristics of various
types of wheels moving across a single obstacle
were defined.

Fig. 11. Movement of a wheel on the supporting
surface with an obstacle

In order to determine the reactions in the
supports, it is necessary to simulate the move-
ment of the wheel across an obstacle using the
menu of dynamic simulation and introducing a
3D contact between the wheel and the surface
and the necessary rigidity and friction parame-
ters.

In the simulation, a browser tree was used to
determine the kinematic pair responsible for
wheel rotation, graphs of gradual speed-up of
the wheel over a period of time were construct-
ed, the type of soil as a basic element was identi-
fied, materials and mass characteristics of the
parts were determined. The analysis of the mod-
el is shown in the Figure 12.

Fig. 12. Movement chart for a wheel following
the trajectory

Thus, a virtual experiment and a simulation
have been conducted using the AutoDesk Inven-
tor software. The basic kinematic parameters
and the support reactions for a wheel moving
across obstacles have been determined for vari-
ous designs of single-bucket loaders.

Conclusion

The method of using the Autodesk Inventor
software for modelling the dynamics of the
loader has been developed, which allowed carry-
ing out the following parts of the research: mov-
ing across an obstacle, running over an insur-
mountable obstacle, a sharp brake of the loader.
The results of the research are the graphical and
mathematical dependences of the values.

During the tests, the advantages of computer
modelling of construction machinery work pro-
cesses have been confirmed.

The tests also revealed the influence of the
machine mass and the type of tires on the kine-
matic parameters of its motion.

The next step of the present research should
be validation of a model for adequacy to real
machines and a more thorough study of the in-
fluence of various factors on the results of com-
puter experiments.
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MOJIEJIOBAHHA POBOYUX ITPOLIECIB
OJJHOKIBIIEBUX HABAHTAKYBAUIB 3A
JOIIOMOTI' OO «-AUTODESK INVENTOR»

€dpumenkxo O.B., I'pivyuina A.B., XHAJY

Anomauin. Hayxosa npobiema nosseac 6 oyinyi
Pe3yIbmamis BUKOPUCTIAHHS NPOSPAMHO20 3abe3ne-
uennsi Autodesk Inventor onsi moodemogants pobouux
npoyecis, xapakmepHux O071s. 0OHOKIGUEBUX HABAH-
mascysauis. bazoeor ocHoeoro 05t Yb02o0 HAYKOBO2O
00CHI0JHCeH sl € PYHOAMEHMANbHI 3HAHHS, KL 00360~
JSIIOMb UKopucmosysamu ioei ma 0ocsio, wo cmo-
CYIOmMbCsl BIPMYANbHUX MOOERel, | MONCIUGICMb IX
nooanvbuio2o sacmocysants. Memoio docniodicenHs €
aHaniz pobouux npoyecie HABAHMANCy8auie 3 UKO-
PUCMAHHAM 3aC00i68 KOMN TOMEPHO20 MOOEIOBANHSL.
Memoouka odocniddcenns exmouac @ cebe memoou
KIHYegUX eneMenmis, BUKOPUCTIAHHS NPOSPAMHUX
3ac06i8 018 3aCMOCYBAHHSL KOMI TOMEPHUX NPOSPAM
0711 MOOEMOBAHHSL OUHAMIKU OOHOKIBUEB020 HABAH-
masicysaua ma npoeeoeHHs eKCnepumMenmis 3 6UKo-
PUCMAHHAM NEPCOHANbHO20 Komn tomepa. TexHono-
2l aemoMamu308aH020  OUHAMIYHO20 — AHALI3Y
00360151 CNPOCIMUMU | NPUCKOPUMU GUPIUEHHS 3a-
60aHb MAMEMAMUYHO20 MOOEMOBAHHS I, 3PeUlmoro,
icmomuo niosuwumu egeKkmusHicmes po3poOKU HO-
601 HAYK080-mexHiuHOI npooykyii. Pesyrvmamamu
Yb020 OOCHIONCEHHST CMAanU 2pagiuni ma mamema-
MUYHI 3ANeAHCHOCMI 3HAYeHb, SKI OYIU OmMpUMAaHi
excnepumeRmanvio. B xo00i ycix eunpobysanv 6yn0
BUSBILIEHO MAKONC GNIAUE MACU MAWUHY [ MUNY WUH
Ha Kinemamuuui napamempu pyxy. Brxazanuii nioxio
003601U8 NPOBECMU OOCTIONCEHHL OUHAMIKU OOHOKI-
BUUEBUX HABAHMAIICYBAYIE Y HACMYNHUX ACNEKMAX.:
nepei30 uepes nepewkoody, Hai30 HA HEeNPUCMYNHY
nepewxoody, piske 2aibMy8aHHs HABAHMANICYBAUA.
Ipaxkmuune 3nayenns OOCHONCEHHS NOJA2AE 8 MO-
MY, Wo 6y10 po3podaeHO Memood BUKOPUCTHAHHSL NPO-
epamnozo 3abesneuenns Autodesk Inventor ons mo-
Oentoganms Ounamixu Haeanmaoicyéaud. OCHOGHI
KIHeMamuyHi napamempu ma peaxyii niompumku
0151 KOJIC, WO PYyXaromscs uepes nepewkoou, 6yiu
BUBHAYEHI Ol PI3HUX KOHCMPYKYIUL OOHOKIGULEGUX
HABAHMAICYBAUIE.

Knrouosi cnosa: mooenosanns, pobouuti npoyec,
sipmyanvra 1abopamopis, Inventor.

MOJEJUPOBAHUE PABOUYUX
MNPOIIECCOB OJHOKOBIIOBBIX
MNOI'PY3UUKOB C IOMOIIBIO «<KAUTODESK
INVENTOR»

€dumenkxo O.B., I'piuuina A. B., XHALY

Annomanus. [lpusedenvt pesyiomamsl MoOeu-
POBAHUsL PAbOYUX NPOYECCo8 OOHOKOBULOBLIX NOSDY3-
YUKOB C NOMOWbLIO NPOSPAMMHO20 Komniekca Auto-
desk Inventor. Onpedenenvl OCHOBHbBIE KUHEMAMU-
yecKue napamempsl U OnopHvle Peakyuu npu nepeesoe
KoJleca yepes Npensmcmeuss npu UCnOIb308aHUU PA3-
JIUYHBIX KOHCIMPYKYULL OOHOKOBUIOBHIX NOSPY3HUKOS.

Knroueevte cnosa: mooenuposanue, padboyuti
npoyecc, supmyanvHas nabopamopus, Inventor.




