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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. 2. Connecting the hudraulic cylinder rod 
 

 
 

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 MSEXСEL 
with the preliminary analysis (Figure 4). 

 

 
 
Fig. 4. Waveforms for support reactions 
 

 
 
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. 



Автомобильный транспорт, вып. 42, 2018 
 

113 

 
 

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 
1st and 2nd seconds there occurs a collision of 
the bucket with an obstacle. During this time, 
the maximum effort is registered which equals 

57 10 Н . 
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. 

 

 
 
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 
 

 
 

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 = 69585 N and Cat R1 = 35689 N,  
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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МОДЕЛЮВАННЯ РОБОЧИХ ПРОЦЕСІВ 
ОДНОКІВШЕВИХ НАВАНТАЖУВАЧІВ ЗА 
ДОПОМОГОЮ «AUTODESK INVENTOR» 

 
Єфименко О.В., Гріччіна А.В., ХНАДУ 

 
Анотація. Наукова проблема полягає в оцінці 

результатів використання програмного забезпе-
чення Autodesk Inventor для моделювання робочих 
процесів, характерних для одноківшевих наван-
тажувачів. Базовою основою для цього наукового 
дослідження є фундаментальні знання, які дозво-
ляють використовувати ідеї та досвід, що сто-
суються віртуальних моделей, і можливість їх 
подальшого застосування. Метою дослідження є 
аналіз робочих процесів навантажувачів з вико-
ристанням засобів комп’ютерного моделювання. 
Методика дослідження включає в себе методи 
кінцевих елементів, використання програмних 
засобів для застосування комп’ютерних програм 
для моделювання динаміки одноківшевого наван-
тажувача та проведення експериментів з вико-
ристанням персонального комп’ютера.  Техноло-
гія автоматизованого динамічного аналізу 
дозволяє спростити і прискорити вирішення за-
вдань математичного моделювання і, зрештою, 
істотно підвищити ефективність розробки но-
вої науково-технічної продукції. Результатами 
цього дослідження стали графічні та матема-
тичні залежності значень, які були отримані 
експериментально. В ході усіх випробувань було 
виявлено також вплив маси машини і типу шин 
на кінематичні параметри руху. Вказаний підхід 
дозволив провести дослідження динаміки однокі-
вшевих навантажувачів у наступних аспектах: 
переїзд через перешкоду, наїзд на неприступну 
перешкоду, різке гальмування навантажувача. 
Практичне значення дослідження полягає в то-
му, що було розроблено метод використання про-
грамного забезпечення Autodesk Inventor для мо-
делювання динаміки навантажувача. Основні 
кінематичні параметри та реакції підтримки 
для коліс, що рухаються через перешкоди, були 
визначені для різних конструкцій одноківшевих 
навантажувачів.   

Ключові слова: моделювання, робочий процес, 
віртуальна лабораторія, Inventor. 
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ПОГРУЗЧИКОВ С ПОМОЩЬЮ «AUTODESK 

INVENTOR» 
 

Єфименко О.В., Гріччіна А. В., ХНАДУ 
 

Аннотация. Приведены результаты модели-
рования рабочих процессов одноковшовых погруз-
чиков с помощью программного комплекса Auto-
desk Inventor. Определены основные кинемати-
ческие параметры и опорные реакции при переезде 
колеса через препятствия при использовании раз-
личных конструкций одноковшовых погрузчиков. 

Ключевые слова: моделирование, рабочий 
процесс, виртуальная лаборатория, Inventor. 


