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The Faculty of Mechanics and Mechatronics needs to 
enhance the visibility as an organization on national 
and international level and to improve 
communication among the actors involved in the 
educational and research field. One of the major 
types of actors are the students. In order to create the 
new website of the Faculty of Mechanics and 
Mechatronics, a team of foreign students was formed. 
With regard to methodology, a CMS was used to 
design and build a new website. Moreover, the 
current Romanian website was used as a springboard 
for the design of the new website and different other 
famous university websites of were used as models. 
This has led to uploading information in five 
different languages (English, French, Romanian, 
Swedish and Finnish).  
 
DESIGN AND CONSTRUCTION OF A NEW, 
ADAPTABLE, TEST BED MOUNTING 
SYSTEM FOR AN INTERNAL COMBUSTION 
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The project consists of redesigning the standard 
internal combustion engine test bed mounting system 
used in a university setting in order to allow an easier 
adaptation of different engines to the basic structure. 
Our work includes measuring the existing mounting 
system and drawing it in CATIA and perform a static 
simulation to check the design in terms of mechanical 

resistance and bending. The second task consists of 
making the same task as the first one, but on an 
industrial test bench in a Dacia factory. 
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The research and development of an intelligent 
autonomous vehicle, by understanding and integrating 
different technologies, techniques and principles such 
as LIDAR, eWheels, navigational computers, battery 
packs, aerodynamics and design. The concept car 
created during this project has been designed for cities, 
but can also be used in other environments. The 
modular design makes maintenance easier and 
affordable. 
 
METHOD AND TEST RIG AIMED TO DEFINE 

THE DYNAMIC CHARACTERISTICS AT 
HELICAL GEARS 

 
Sorin GABROVEANU1, Andrei TUDOR2,  
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Romania, mirica@omtr.pub.ro 
This paper presents a method for measurement of 
dynamic behaviour of gear mesh and the results 
obtained for a helical gear pair. Two different gear 
pairs were tested, having different width, loaded with 
different torque and operating at various speeds. In this 
situation, torsional oscillations of the system was 
measured, using the torque interval indication of the 
torque sensor. 
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In the present paper are presented various 
possibilities for evaluating the specific energy 
consumption of ball mills, which characterizes the 
grindability of material and mill efficiency. 
The specific energy consumption, which depends on 
the size and hardness of the material fed into the mill 
and degree fineness of the product, is the basic 
parameter for technological dimensioning of the ball 
mills. The paper also presents, various ways of 
determining the power required to drive the ball 
mills. 

 

DIFERITE MODALITĂȚI DE DETERMINARE 
A GRADULUI DE UMPLERE A MORILOR 
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THE FILLING DEGREE OF THE BALL MILLS 
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In the present paper are presented various 
possibilities for determining the filling degree with 
grinding media of ball mills. It also presents the 
influence of the filling degree and other factors (the 
speed of the mill and the type of liners) on the 
behavior of the mill charge, grinding efficiency and 
performance of ball mills. 
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Many firms, however, start international operations 
when they are still comparatively small and gradually 
develop their operations abroad. Observations of born 
global firms breaking with the traditional paradigm of 
stage-wise internationalization processes led to the 
emergence of the field of International 
Entrepreneurship (IE), an intersection between 
International Business and entrepreneurship. 
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ABSTRACT 
The Faculty of Mechanics and Mechatronics needs to enhance the visibility as an organization on national and 
international level and to improve communication among the actors involved in the educational and research 
field. One of the major types of actors are the students. In order to create the new website of the Faculty of 
Mechanics and Mechatronics, a team of foreign students was formed. With regard to methodology, a CMS was 
used to design and build a new website. Moreover, the current Romanian website was used as a springboard for 
the design of the new website and different other famous university websites of were used as models. This has 
led to uploading information in five different languages (English, French, Romanian, Swedish and Finnish).  
 
KEYWORDS: Website; Internet; Multi-language  

1. INTRODUCTION 
 

Faculty of Electromechanics was set up in 
1921 from which the Faculty of Mechanical 
Engineering and Mechatronics (FIMM) evolved in 
the 1950’s. Nowadays, it is composed of four 
different departments:  

• Machine Elements and Tribology;  
• Thermotechnics, Engine, Thermical and Frigorific 

Equipment;  
• Industrial Process Equipment;  
• Mechatronics and Precision Mechanics. 

 

 

 

 

 

 

 

Figure 1. Logo of University “Politehnica” of 
Bucharest 

 

 

 

 

        

Figure 2. Logo of Faculty of Mechanics and 
Mechatronics 

It is noteworthy the fact that more and 
more foreign students are studying at this faculty 
due to the quality educational services provided. 
This has led to an increased students’ mobility and 
the need to improve the online visibility through the 
website of the faculty. Moreover, the current 
website of the faculty does not convey any 
information for these students, except in Romanian. 
Hence, the faculty decided to delegate a team of 
foreign students, studying in the EPS (European 
Project Semester) program, to an effective design 
website.  



 

Figure 3. EPS logo 
 

2. DEVELOPING AN 
INTERNATIONAL WEBSITE 

 
The design of a website entails a step-by-step 

process. First of all, research must be carried out on 
different related websites. In order to enhance 
creativity, a traditional method can be used: a pen 
and a piece of paper to draw the outline. In case of 
fault appearance, corrections are easy to be done.  

Different CMS (Content Management System) 
can be employed (i.e. WordPress, which is well-
known by its ease of use). Usually, the CMSs3 are 
based on PHP and MySQL database, and it is 
necessary to set up other plugins to enhance the 
facilities provided to the users.  

 

 
 

Figure 4. WordPress logo 
 
In order to begin the creation, both several 

models of existent website can be tested and a 
totally new design is created. All the same, all the 
colors chosen due to the online application “Adobe 
color” [1] can be associated in the design.  

Then, the website can be completed with all the 
information required. 

Nevertheless, it is possible to create the website 
“by hand” with the HTML (HyperText Makeup 
Language) or PHP or JavaScript knowledge 
beforehand. This is possible due to several 
resources available on the Internet. Depending on 
the available resources, the coding needs:  

- A code editor (i.e. bloc-note, VIM (Vi IMproved);  
- A browser (Mozilla Firefox, Safari, Opera, Google 

Chrome) in order to check the work.    
 
 

Moreover, it is possible to find some software 
programs call IDE (Integrated Development 
Environment) with WYSIWYG (what you see is 
what you get) facility, which encode automatically 
in the corresponding HTML code when the text or 
images are added. 

 

 
Figure 5. WYSIWYG Picture 

 
3. REQUIREMENTS FOR THE  
      WEBSITE 
 
For the website requirements we made a list of 

necessary functions, capabilities, or characteristics 
related to the designs.   

As a result, there are several types of 
requirements which could be defined during the 
process in order to set and prioritize the objectives 
of the project plan. There are different types of 
documentation requirements which can be split on 
several levels.   

At the top level, most can fall within one of the 
following categories: 

• Business Requirements define the objectives and 
what is the objective of the management of the 
FIMM. 

• User Requirements related to how user expectations 
and how they will interact with the product. This is 
important to establish what the features, functions, 
and content are and what they are used for in order 
to make a scenario to develop the requirements 
which should outline the tasks the users want to 
complete on website. 

• Functional Requirements describe how a product 
should behave and specify what is needed for 
development. 

• Quality-of-Service Requirements focus on the 
characteristics the website must have in order to be 
effective. 

• Implementation Requirements are used to detail 
changes in process, user’s roles, update migration 
from one version to another etc. 

Website requirements only provide the 
designers and programmers with what the website 
must have and what it must allow users to do. 
Requirements do not tell anything about how to 
design or how to develop the site. It only gives a 
hint regarding the types of features, functions, and 
content.  
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The requirements can start from a phrase or 
one-sentence description of what the site must have. 
Further on, the uses will become more detailed as 
you move through the process.  

Establishing requirements can become complex 
but they are important because they may ensure the 
success of the project. To meet strong requirements, 
the users should have in mind the following: 
• the requirements must be specific;  
• two distinct requirements do not conjugate; 
• the requirements must be complete;      
• the requirements must be easy to understand; 
• prioritize according to the objectives outlined 

in governance documents and charters 
• able to be verified through testing 
• Some specific requirements have been 

established in order to implement the website: 
• The CMS and the plugins used in the website 

must have documentation and tutorials 
available 

• The CMS and the plugins used in the website 
must have huge developer community, truck 
and fix bugs in the code very fast; 

• User-friendly dashboard to manage content; 
•  Free plugins and a specialized theme to create 

a personalized site; 
• The overload to be as little as possible. 
 

4 . CONTENT OF THE WEBSITE 
 

We have to take care that the content of the 
website could take many forms: blog posts, e-
books, infographics, white papers, videos, 
interactive resources. After a short bibliographic 
study, we concluded that the three following 
attributes are important regarding the content: 

1. Consumption value. Therefore, the content 
should  

o solve a problem; 
o make life easier; 
o teach; 
o entertain;  
o inspire. 
The key is to provide value to the visitors who 

“consume” the content. Telling stories about a 
technical/informative post is a good example. 

2. Online distribution. The content is 
distributed mostly through web-based channels: 
social media, websites, forums, newsletters and 
online communities etc. 

3. Measurable conversions. Because content 
is web-based, its results are easy to measure. A few 
examples of measurable content conversions:   
sign-ups, key page views and search engine 
rankings etc. 

 
 
 

Content is crucial for any modern website 
because: 

1. Boosts SEO (Search Engine Optimization)  
Rankings for the website. Executing a content 
marketing strategy has a positive impact on your 
search engine rankings. Google likes websites 
publishing quality written content on a regular 
basis; 

a. Adding new, optimized pages, improves 
website authority; 

b. Creating and promoting content, 
strengthens internal and the external link 
structure (referrals, backlinks); 

c. Sends social signals regarding the activity 
of the organization; 

d. Offers rank opportunities to target mid to 
long tail keywords; 

2. Amplifies relationships of the actors 
involved to next levels. This will lead to positive 
outcomes; 

a. Trust will increase between the 
management of FIMM and students, 
between the employees (content requires 
collaboration), and between FIMM and 
industrial partners; 

b. Online and offline marketing will start to 
spread organically; 

Taking into account all these ideas, we think to 
make an I am/Je suis/ Jag Ar/Eu sunt section. 

 
5.  FIMM’S WEBSITE DESIGN 

 
From the first meeting, the instructions given 

by the coordinator to the group of students were 
applied like the methodology described above. The 
new website for the faculty has to be clear and 
accessible, that is why the languages for the project 
were chosen according to the student’s nationality.  

Hence, the Stanford’s and Oxford’s website 
were analyzed and compared.  Then, the same study 
was conducted for each university selected, [2], [3].  

 

 
 

Figure 6. Stanford University's website, [2] 
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Figure 7. University of Oxford's website, [3] 
 

 
 

Figure 8. NOVIA's website, [6] 
 

The first similarity between these three 
homepages is the opening picture, which indicates 
the name of the university, that’s why pictures from 
the campus are published. Then, the search bar has 
to be present on the website.  

 

 

 
 

Figure 9. FIMM 's homepage (Faculty of Mecanics 
and Mecatronics), [4] 

 

 

6.  FIMM’S WEBSITE CONTENT 
 
The first draft could be made with all the data 

collected and then adapted accordingly to create the 
real website.  
 

 
 

Figure 10. First draft 
 

 
 

Figure 11. Second draft 
 

With the tutor’s help, the software and the 
plugins were downloaded correctly, which permits 
a good advance in the project.  

Furthermore, those of each group’s school 
were exploited. The idea of a column with “I am:” 
was particularly interesting because it is more 
personal and friendly for the student.   
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Figure 12. "I am..." column  
 

The website is being completed day after day. 
News will be inserted in the website with the details 
about the courses and the Faculty “life”.  

Except for the different languages, the 
integration of a university map for the future new 
students is also intended. The map will integrate 
some photos which will permit the new student to 
find the faculty in the campus more easily.  

 
7 . CONCLUSION 
 
The Faculty of Mechanics and Mechatronics 

has decided to improve its visibility worldwide, [4]. 
Because the actors have different needs, we put an I 
am/Je suis/ Jag Ar/Eu sunt section.  To make the 
new website of the Faculty of Mechanics and 
Mechatronics, a team of foreign students was 
formed within EPS. The implementation has started 
having in mind that the students have different 
knowledge and for them doing the website is 
something new. Also, an important request is that 
the website has to be maintained at the end of the 
EPS. This is why a CMS was used to design and 
build a new website because it allows users to 
update the content. As far as models are concerned, 
the current Romanian website and different famous 
universities’ websites were used for the design of 
the new website, [5]. This has led to uploading 
information in five different languages (English, 

French, Romanian, Swedish and Finnish). 
Moreover, a map included some pictures of the 
ways in the campus will be available for the new 
students to help them  locate the faculty more 
easily.  

 

 
 

Figure 13. Languages box 
 

In the following period, we intend to upload 
some multimedia content to make the website more 
appealing. We will schedule a photo-session and we 
will make two videos in which we will present our 
short impression as students in FIMM.  

We also intend to implement some online 
community features as forum and social media 
integration which enables an easier distribution of 
the content. 

Moreover, we intend to devise and implement a 
system that will assist in measuring the visibility of 
the website.   
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ABSTRACT 
The project consists of redesigning the standard internal combustion engine test bed mounting system used in a 
university setting in order to allow an easier adaptation of different engines to the basic structure. Our work 
includes measuring the existing mounting system and drawing it in CATIA and perform a static simulation to 
check the design in terms of mechanical resistance and bending. The second task consists of making the same 
task as the first one, but on an industrial test bench in a Dacia factory. 
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Internal combustion engine, test bed, cradle, torque, dyno, CAD, ANSYS 
 
 

1. INTRODUCTION  
 

An engine test bed is a device which allows 
measurements on engines by making them run in a 
static way, which means that there is no need to use 
the vehicle for which the motor was made. Test 
beds are used in research and development 
departments of motor manufacturers, in order to 
ensure the design and the operation of prototypes 
before they are placed on the market. Hence, 
several parameters like capacity, performance, 
efficiency and other physical and chemical 
characteristics are reviewed. Reliability is also an 
important aspect of the development process and 
very specific parts of the engine can be tested for 
this purpose. Test beds are used for every kind of 
engines: diesel, gasoline, marine, agricultural, truck 
or car engines.  

 
There are two categories of test beds, depending 

on the way the engine has to be tested; the test 
specifications come from the research department 
requirements of the company. The first category 
and the simplest one, basically consists of a rotary 
brake coupled with the engine: it enables testing in 
just one condition, choosing the load, so the 
resistant torque, to apply on the motor. 

 
 
 
 
 

 
The second category involves a dynamo, rather 

than a basic break. As a result, the engine operation 
can be tested in several ways, approaching yet more 
the reality of its use in cars or other vehicles. 
Indeed, the dynamo is actually an electrical 
machine, which has two types of running: 
consuming or generating mechanical power, or 
more simply being an electricity generator, or an 
electrical motor. In that way, this device can 
simulate a particular use of the engine, in a 
downhill, for instance, when the engine is driven by 
the wheels and so it creates a specific cycle of 
functioning.  

 
The objective of our project is to make some 

alterations to the engine test bed on the engine 
mounting system in order to increase the flexibility 
of its use by making the engine switching easier 
and faster. Therefore, our work has been divided in 
three steps 

 
First measure and draw in CATIA of the existing 
mounting system, then, static simulation to check 
the design in terms of mechanical resistance and 
bending. The second task consists of doing exactly 
the same work as the first one, but on an industrial 
test bench in a Dacia factory. The aim is also to get 
inspired to find technical design solutions for the 
university test bed, which constitutes the third and 
last step of the project: a new design. 
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2. TECHNICAL REQUIREMENTS 
 

Nowadays the use of a test bed is very important 
in the way it improves the design, configuration and 
research of the prototype engines (by integrating 
new materials and technology). Moreover, it 
facilitates the performance test of the engines 
before being mounted on cars. There are two 
different kinds of test beds, one of them works with 
the braking system and the other works with 
dynamo. Every test bed should have at least three 
fixing points, two on each side of the engine and 
the third one in the middle to prevent the rotation of 
the motor. 

The first type of engine, based on a braking system, 
is totally independent and designed so as to let an 
easy interchange of the engine on the frame where 
braking and internal combustion engines are 
coupled together [1] (Fig. 1).  

The braking system can work both as a brake in 
order to measure its power output and as a motor in 
order to start the internal combustion engine under 
test. When used as a dyna, a set of electrical 
resistances will dissipate as heat the output power 
generated, which can be measured by means of a 
voltmeter and an ammeter. Then, the torque of the 
engine shaft will be calculated by measuring the 
revolving speed. The coupling of the braking 
system to the internal combustion engine is 
obtained through a driving belt. 

The electric control panel and the instrument 
panel are housed on wheeled frames separated from 
the test frame so as to avoid the vibrations 
transmitted by the internal combustion engine. The 
fuel tanks are located on the instrument panel and 
feed the engines by gravity; the same panel holds 
the damper fitted with the calibrated orifice for the 
feeding and measurement of the intake air. 

 
The second type of test bed is with AC Dyno 

that differs from the first one, the DC generator. By 
comparison, changing torque could be very fast but 
it has a slow change of speed. On average speed, 
the AC dynamometer works at 25 to 30% higher 
speeds then DC [speed/power rating]. This system, 
like everything that has drawbacks, is more 
expensive and more difficult to work with. 

The functions of this dynamometers are to start, 
run, control speed and stop the engine, to resist the 
rotation of the engine shaft and to load 
measurement, normally engine torque. 

This kind of equipment can do a lot of different 
types of tests. The hardest is the “Hot-cold test”. 
The “Hot-cold test” is changing the temperature of 
the water 25ºC to 110ºC and 110ºC to 25ºC in 
cycles. 

Other tests are the constant speed and the 
constant torque. In order to compare with other 
results of tests, it is required to apply norms, like 
EURO V and EURO VI. The water temperature of 
the motor must be 90ºC and the air combustion has 
to be 20ºC. In addition, the type of fuel used in the 
engine is subject to specifications. 

The test beds are very important to improve the 
quality of the engines because the motor can be put 
on full load, with no need to change the driver. 
Moreover, after a few hours the driver is tired and 
the engine need to be stopped. The test bed is 
capable of doing perfect cycles, changing the speed 
or torque, in a specific way that is unattainable to 
do in a car. 
There are other test beds which can be found in 
industry, specifically mounting systems, with the 
aim of comparing them with ours.  

 

 

The engine test beds designed by specialized 
companies have great flexibility and modularity. 
Since customer requirements are very hard and 
specific, these test beds have to be highly efficient 
and easily adaptable to different engines. Therefore, 
the main difference with our test bed appear in the 
way engines are fixed.  

Figure 1: Example of test bed. 

Figure 2: Example of test bed 
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On these pictures (fig. 2 and Fig. 3), we can 
notice that engines are fixed differently on the bed: 
there are some kinds of legs which provide a high 
rigidity and solidity to the whole system while 
bringing a good reaction with vibrations; these parts 
are working on compression and not on bending. 
[2]  

 

 

As shown in the figures (Fig. 2 and Fig. 3), this 
solution of legs working on compression reaches a 
consensus on much kind of test beds.  

 
Furthermore, these mount brackets are on rails: 

thanks to them, their position is adjustable 
continuously and they are prevented from 
translating by a screw, working like a flange. The 
same principle is also used in an AVL engine test 
bed [3] (Fig. 4).  

 

 

 
The engine test bed provided by the university was 
designed to test classical car engines, with two big 
problems: it takes a lot of time in changing the 
engine and it is very limited in the sizes of the 
engines. For this reason, this test bed is almost 
made of no standard pieces. Currently, the engine 
mounted on it is a 1289 cm in line four cylinder 
gasoline engine as shown in Fig. 5 and Fig. 6.   

One example of the pieces which are 
manufactured in the Politehnica mounting system 
of the engine on the bed is the welded angle steel 
bars screwed on the engine and on the bed, 
illustrated in the pictures below (Fig. 7). 

 
 
 
 
 

Figure 5: Front view of Politehnica test bed 

Figure 3: Example of test bed 

Figure 4: Example of test bed 

Figure 6: Right view Politehnica test bed 
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It is worth noting that between the angle steel 
bars and the bed, there are rubber shock absorbers 
which prevent the bed from vibrating too much 
when the engine is running (Fig. 8). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This test bed is not able to host different sizes of 
engine because the longitudinal bars are not going 
much further than the engine at the rear extremity 
(Fig. 9). Although, considering the design, this test 
bed brings about frequent changes of the engine, 
because the mounting device (bolts and screws) is 
typical of the size of the engine fixed on it; if be 
drilled on the longitudinal bars bed, which is in fact 
a very long operation.  
 

A continuous adjustable engine size device is a 
solution to increase the speed, the facility and the 
ability of switching engines on the test bed. 

Clear and specific measurements have been 
taken of all test bed parts, analysed by means of 
CATIA, make the assembly, and finally, the stress 
calculus to see if the structure can hold on the 
engine (Fig. 10 and Fig.11). 

 
  

Figure 7: Welded bars 

Figure 9: Leg and Beam end 

Figure 10: General measurements 
Figure 8: Rubber shock absorber 
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After taking all the necessary measures of all 
parts of the test bed, they were analysed in CATIA 
V5, a CAD software (Fig. 12 and Fig. 13). This 
program is commonly used by engineers to test 
their 3D models before creating the first prototype. 

 

 
  

After designing all the parts in CATIA, the next 
step was to make the assembly (Fig. 14 and Fig. 
15), by means of the collected measurements. To be 
as specific as possible to the real test bed, it is 
needed to be accurate with all unions between all 
parts. This point is really important for the calculus, 
and to obtain the precise results. 

 

Figure 11: Specific leg measurements 

Figure 13: Support CATIA model 

Figure 15: General assembly 

Figure 14: Leg assembly CATIA model 

Figure 12: Leg CATIA model 
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   Finally, when all parts are assembled, with 
corresponding unions and screws, with the all 
constrains of position, a meshing in all the surface 
parts was needed (Fig. 16). After that, the calculus 
of deflections and stress with ANSYS software was 
performed. To obtain the expected results, it was 
necessary to enter a value of the weight of the 
engine, 120 Kg in this case because the engine was 
small, to obtain the expected results (Fig.17 and 
Fig. 18). 
 

 
 

 
 

As the calculus results show (Fig. 18), the test bed 
is really strong and can support the old engine 
without problems.  
All the bars are strong enough for strain, there are 
not bending bars. It can be concluded that the 
Politehnica test bed is outstanding. 

The second step of the project, is the Dacia test 
bed. The engine mounting system is really different 
than the first test bed (Fig. 19 and Fig. 20).  

The engine is fixed from the top, with a U 
cradle, and this is also fixed to the longitudinal 
bars, with a holder bar part. This part can be 
adapted to many engine sizes because the U cradle 
can move across the longitudinal bars. [4][5]. 

 

After 2 days of data collection on all parts (Fig. 
21 and Fig. 22), distances and the engine position, 
the design of the parts was performed with CATIA 
(Fig. 23 and Fig. 24).  
      It is really necessary to be accurate with the 
main joints, because all of them are the most 
important of the assembly. These joints fix and set 
the engine position in the test bed, and the results 
depend on it. 

 
 

 
 
 
 
 
 
 
 
 
  

Figure 16: Meshing assembly surface 

Figure 17: Meshing assembly surface with engine 
weight 

 

Figure 18: Results of calculus without bending 

Figure 19: Dacia test bed U cradle mounting 
system 

Figure 20: Legs, longitudinal bars and transversal 
base of Dacia test bed. 
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In the previous figure (Fig. 25), union fixed 

with screws between the leg and the base is 
observed. They are placed together with a plate 
inside the base, which acts as reinforcement. 

The union between the leg and the bars (Fig. 26) 
is also made with screws, but with a very important 
part, the bar holder, which is fixed to the leg with a 
big screw in the middle.  

 
 
 
 

Figure 21: Measurements of the cradle 

Figure 22: Measurements of the base 

Figure 23: Cradel CATIA model 

Figure 24: Engine support CATIA model 

Figure 25: Assembly between base and leg 

Figure 26: Assembly between leg and bars 
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    The engine, when accelerates and breaks 
abruptly, tends to rotate, it is for this important 
reason that it is very necessary and mandatory to 
have an anti-rolling systems, which prevents this 
from happening. This system is fixed to the engine 
and it is also fixed with screws and a special bar 
holder (Fig. 27), which enables and allows it to be 
fixed in the bars. 

Finally, to fix the engine in the test bed, there 
are three important parts: the cradle, which is fixed 
with screws and a bar holder, and the two engine 
supports. The cradle is a U system made with pipe 
structure and welded parts. The special supports 
(Fig. 28 and Fig. 29), with silent blocks in the top, 
allows mounting the engine in the correct position.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 27: Assembly with screws between the bar 
holder and the anti-rolling system 

Figure 28: Left engine support assembly 

Figure 29: Right engine support assembly 

Figure 30: Left view of engine test bed assembly 

Figure 31: Isometric view 
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3. CONCLUSIONS 
 

At present, there are different types of test bed 
mounting systems for an internal combustion 
engine on the market, which allow different types 
of engines, of different sizes and dimensions, to be 
mounted. The most relevant and important point is 
the manoeuvrability and the adaptability that 
facilitate different tests and help change the engine 
to be tested very fast. The current research focuses 
precisely on this.  

 
The university test bed is an old one. It was 

created specifically to test an old engine, and it is 
really difficult for other kind of engines to be fitted. 
Nevertheless, after the CATIA model simulation 
and calculus, it has been proved that the test bed 
works and supports the weight of the engine and all 
the bars endure the strain.  
 

The Dacia test bed is a new one that provides 
flexibility with a new engine fixing system that 
allows the engine to move according to the 
engineer’s needs and requirements. Moreover, it 
supports different engine sizes. The new adaptable 
system is being tested with different engine sizes 
and with different engine positions. 
 

The longitudinal bars are one of the most 
important part of this new adaptable system. These 
bars are supporting the effort. The bars can bend 
depending on the size and weight of the engine, and 
the position of it. This effort must be analysed to 
determine the material, the section and the type of 
bars needed.  The project is now at this stage. 
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Abstract 
The research and development of an intelligent autonomous vehicle, by understanding and integrating different 
technologies, techniques and principles such as LIDAR, eWheels, navigational computers, battery packs, 
aerodynamics and design. The concept car created during this project has been designed for cities, but can also 
be used in other environments. The modular design makes maintenance easier and affordable. 
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1. THEORETICAL BACKGROUND 
 
Vehicles are now the main transportation means of 
people. With the accelerated advances in technology, 
vehicle design now passes in a new era, both from 
the engine design point of view and the integrated 
features. 

 
We are talking about intelligent autonomous vehicles 
that surpass humans in decision making and even go 
beyond human capabilities in driving the vehicle 
safer and more effectively. 

 
Autonomous intelligent vehicles pose unique 
challenges in multiple engineering fields that 
encompass issues of environment perception, 
modelling, localization, map building, path planning, 
motion control and decision-making. 

 
This project required the students to imagine, design 
and present a solution for such an intelligent 
autonomous vehicle. They are expected to come up 
with a concept and design proposal, envisaged 
functionalities and their integration in the design of 
the vehicle. The conclusion was to be presented via a 
graphic, multimedia web page. 
 
 
 
 
 
 

 
2. RESEARCH METHODOLOGY 

          AND FINDINGS 

2.1 STATE OF THE ART 
The SotA is a summary of all technologies currently 
existing or being researched by any company or 
university. 
Since every large car company is developing an 
Intelligent Autonomous Vehicle, we created a 
summary of the most advanced IAV’s at the moment. 

 
First is the Google Self-driving Car, which is among 
the first completely autonomous vehicles in the 
world. At the beginning of their project, they added 
new features to already existing cars. Next, they 
designed a new prototype car from the ground up to 
better experience what a self-driving car should be 
like. 
For this reason, they chose a car where sensors 
analyse the road and algorithm-based software makes 
decisions of how the car should drive. 

 
Secondly, there is the Tartan Racing Team’s Boss. 
This car ended first place in the DARPA Urban 
Challenge, a military-funded race where competitors 
must complete a 60 mile (approx. 100 km) urban 
course with live traffic in less than 6 hours. Boss is a 
Chevy Tahoe equipped with LIDARS, cameras and 
radars to perceive the world. High-level route 
planning determines the best and safest path through 
a road network. 
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Third in the list is the SMART MIT. An alliance 
between Singapore University and the Massachusetts 
Institution of Technologies augmented this golfcart in 
the Singapore Public Gardens. The cart can be 
requested by visitors and will selfdrive them around 
the park. 
The golf cart is equipped with off-the-shelf laser 
finders (LIDARs) mounted at different heights and a 
camera. Based on the input from the sensors, the cart 
will avoid collisions with obstacles by changing the 
trajectory, reducing velocity or both. 
 
The fourth, Tesla’s Model X is not a self-driving car, 
but it is a 100% electric car, which provides useful 
technologies that can be used in the development of a 
new autonomous vehicle. 
These technologies consist of a Tesla-developed 
battery pack, which is smaller but more powerful than 
standard battery packs used in other electric vehicles. 
Also the Falcon Wing doors can prove useful in tight 
parking spots. 
Last in the SotA is a separate summary of extra 
technologies that can be used to improve an 
autonomous vehicle. 
 
The solar windows are able to power minor functions 
such as lighting in the vehicle or as a redundant power 
source. They can be ordered in any color and shape. 
 
E-Wheels are wheels with a built-in electric motor, 
designed to create more space in a car without losing 
engine power. 
 
3. FEATURES LIST 
 
  The features list is a compilation of all the   
technologies and techniques from the State of the Art, 
which will be used in the new concept car. Each 
feature will be analysed and compared to alternatives, 
if needed. 

3.1.  Board computer 
The board computer will have to be built from the 
ground up, because every car has a different amount 
of sensors and actuators, [1]. As a basis, we will use 
the Google Car’s board computer concept, for its 
superior simplicity, accessibility and space- saving 
capabilities. The computer can be stored securely 
underneath the trunk floorboard. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Board Computer [1] 
 

3.2.   Engine 
To diminish weight and save more space, the 
conventional electric engine will be replaced by 
four electric engines integrated in the wheels. In 
this category, you can distinguish three main 
manufacturers, namely Schaeffler, Michelin and 
Protean. 

 
Schaeffler’s eWheel and Michelin’s Active Wheel 
have the same output and slightly different weight, 
whereas Protean’s WheelDrive has the highest 
output and the least weight. 

 
When only looking at basic features, Protean has a 
superior advantage. Schaeffler’s eWheel however, 
can turn 90°, which can prove advantageous for 
parking manoeuvres, [2]. 

 
Figure 2. Schaeffler's eWheel [2] 
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3.3. Battery pack 
Tesla’s self-invented battery pack is very flat, 
which makes it easier to fit underneath the floor 
of a vehicle, [3]. 
The way the battery will be placed will also 
improve the gravity point. 

 
Delivered power changes with the dimensions 
of the battery, which can be changed, as the 
battery pack consists of a compilation of small 
batteries. 

 
The battery cannot be bought from Tesla, but all 
schematics (mechanical, electrical and designs) 
can be purchased from their service-website. 

 

 
Figure 3. Tesla's Battery Pack [3] 

 
 
 
3.4.   Photovoltaic window 

Tesla’s battery pack will provide enough power 
for the engine and every other function of the 
vehicle. To lessen the load on the battery, a 
photovoltaic (or solar) window will be installed, 
which will power minor functions such as lights, 
sensors, cameras and touch-panels, [4]. 

 
Solar windows can be manufactured in every color, 
transparency and shape. 
Its main manufacturers are Onyx and 
SolarWindow. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Photovoltaic windows [4] 

3.5.   Laser range finder 
The board computer uses 3D maps, sensors and 
cameras to calculate the safest course through an 
area or traffic course. Light Detection and Ranging 
(LIDAR) is a sensor. 

 
The LIDAR sends out waves of light to illuminate 
objects and calculates their distance from the sensor, 
based on their reflection. Since LIDAR is a 
relatively new technology, its prices are very high. 

 
The two major companies that sell LIDAR are 
Hokuyo and Velodyne. 

 
The dimensions of the Hokuyo are sensor-only, 
which means that they still need to be integrated. 
For these sensors the price is known. 

 
Velodyne LIDAR’s can be integrated without 
problems and their dimensions are final. Their 
prices however, are unknown, [5]. 

 

 
Figure 5. LIDAR Vision [5] 

 

3.6.   Camera 
A Lane Detection Algorithm (LDA) will be 
uploaded in a dashboard camera. With higher 
image-quality comes a more detailed lane detection. 
This also improves the driving experience, [6]. 

 

 
Figure 6. Lane Detection Algorithm [6] 
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Most dashboard cameras come with an attached 
screen on which you can follow the car’s 
movement, but this is not needed in an 
autonomous car. Therefore, a BlackVue 
DR650GW-2CH camera will be used, [7]. 
This is a small, yet high quality camera, capable 
on operating on Wi-Fi. 

 

Figure 7. BlackVue DR650GW-2CH [7] 
 

3.7.Ultrasonic sensors 
For near object-detection on all sides, “Side View 
Assist” ultrasonic sensors from Bosch will be 
used. These are identically constructed sensors 
which always have the same installation 
conditions, [8]. 
All sensors will be wired in the one modular 
control unit, which can easily be integrated in the 
vehicle. 
 

 
 

Figure 8. Bosch Side View Assist [8] 
 

3.8.   Body material 
The vehicle will consist of a reinforced 
photovoltaic glass shell, inserted in a Magnalium 
exoskeleton. 

 
Magnalium is an alloy of Aluminium combined 
with low levels of Magnesium, which is light, but 
very strong. It is often used in the construction of 
automobile and aeroplane parts (e.g. Land Rover, 
Thunderbolt). 

 
Glass alone cannot withstand a potential impact, 
which is why some parts will be reinforced with 
ABS Plastic and Magnalium. 

4. CONCEPT DESIGN 

4.1.   Concept ideas 
For the design, each project member brought forth 
sketches of how he would like the car to be. The 
designer implemented ideas from each sketch into 
the first design, [9]. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. Autonomous car view 
 

This vehicle has a lot of glass, preferably tainted. 
You won’t be paying attention to those driving 
around you, but more to everything around you. 

 
If the glass could be made out of photovoltaic 
windows, it would serve as a power source. 
Otherwise it would be electric glass, so passengers 
can change whether or not they wish to look outside. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. VW Samba Electric Version 
 

Inspired by the VW Samba, the ideal travellers bus. 
Lots of space and a friendly shape. A solar panel on 
the top of the vehicle will provide extra power and 
can help with charging the battery, [10]. 

 
An extra compartment can be bought, which will 
provide more storage space and batteries. 
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One of the complications was to integrate the 
LIDAR, while creating an attractive design. Below 
you can see some of these options. The bulge on 
top of the car had to be avoided. 
 

 
 

Figure 11. LIDAR placement 1 
 

To avoid the ‘bulge’, the LIDAR got placed on 
other sides instead of the top of the vehicle. 
Finally, the LIDAR was to be placed inside of a 
shell or exoskeleton. 

 
 

Figure 12. First design 
 

 
 

Figure 13. LIDAR placement 2 
 
 
 
 

4.2.   3D-Model 
The final first design consists of a photovoltaic glass 
ellipse-formed module, which will contain the 
interior of the car. 

 
This module will be inserted in an Aluminium- 
Magnesium alloy exoskeleton in which the LIDAR, 
as well as other sensors, the board computer and the 
battery will be integrated. 

 
The exoskeleton can be mounted on top of the 
wheelbase, where secondary batteries can be 
embedded. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. First Design - Side View 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. First Design - Side-frontal View 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. First Design - Rear View 
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