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FIMM - A MULTI- LANGUAGE WEBSITE

Sophie LAMARQUE?, Toni HEIKKILA?,
Laurentiu NICOLAE

Cristian - Gabriel ALIONTE?,

Irina RADULESCU?®

National Engineering School of Tarbes —
FRANCE , e-mail: sophie.lamarque@enit.fr
Novia University of Applied Sciences —
Finland, e-mail: toni.heikkila@hotmail.com
Politehnica University of Bucharest, e-mail:
laaw0921@gmail.com

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
ENGINE

Jamal AMARKIY,

Jodo Nuno Da Silva MOREIRA?,
Adrien PORNET?,

Bogdan PANTELIMON*

'Universitat Politécnica de Catalunya, Vilanova i la
Geltra, Barcelona, Spain, mtioui86@gmail.com
?Instituto Politécnico de Engenharia do Porto, Porto,
Portugal, nunosilvamoreira@hotmail.com

%Ecole National d’Ingénieurs de Tarbes, Tarbes,
France, adpornet@Ilaposte.net

“Universitatea Politehnica din Bucuresti, Bucharest,
Rumania, bgd.pantelimon@yahoo.com

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.

INTELLIGENT AUTONOMOUS VEHICLE

Rob AKKERMANS!, Costel-Adrian ONOFREIZ,

Jorge Gémez COSTAS3, Lucian CUCU4
! Artesis Plantijn University of Applied
Sciences, Antwerp, BELGIUM,
rob.akkermans@student.ap.be

Universitatea Politehnica din  Bucuresti,
Bucharest, ROMANIA,
onofr.adrian@gmail.com
Universitat  Politecnica  de
Barcelona, SPAIN,
jorge.gmez.costa@gmail.com
Universitatea Politehnica din  Bucuresti,
Bucharest, ROMANIA,
lucian.dsg@gmail.com

Catalunya,

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 GABROVEANU!, Andrei TUDOR?,
Sorin CANANAU?, Radu Florin MIRICA*

1

Institutul  National de Cercetare-Dezvoltare
Turbomotoare COMOTI, Bucuresti, Romania,
sorin.gabroveanu@comoti.ro

Universitatea  “POLITEHNICA”,  Bucuresti,
Romania, tudor@pub.ro
3 Universitattea  “POLITEHNICA”,  Bucuresti,
Romania, s_cananau@yahoo.com
4 Universitattea  “POLITEHNICA”, Bucuresti,

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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CONSUMUL SPECIFIC DE ENERGIE SI
PUTEREA NECESARA ANTRENARII
MORILOR TUBULARE CU BILE PENTRU
MACINAREA CIMENTULUI /

SPECIFIC ENERGY CONSUMPTION AND
POWER REQUIRED TO DRIVE OF BALL
MILLS FOR GRINDING CEMENT
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! University Politehnica of Bucharest, Bucharest,
ROMANIA, e-mail ghene48@yahoo.com

2 University Politehnica of Bucharest, Bucharest,
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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 MODALITATI DE DETERMINARE
A GRADULUI DE UMPLERE A MORILOR
TUBULARE CU BILE/

DIFFERENT WAYS FOR DETERMINING OF
THE FILLING DEGREE OF THE BALL MILLS

Gheorghe I. ENE %,
luliana-Marlena PRODEA 2

' University Politehnica of Bucharest, Bucharest,
ROMANIA, e-mail ghene48@yahoo.com

2 University Politehnica of Bucharest, Bucharest,
ROMANIA, e-mail improdea@yahoo.com

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.

MOTIVATION AND INFLUENCE FACTORS
FOR SME'S INTERNATIONALIZATION

Andra DIMOFTE,
Alexandru Valentin RADULESCU

POLITEHNICA University of Bucharest,
Bucharest, ROMANIA,
e-mail: dimofte.andra@yahoo.com

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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FIMM — A Multi- language Website

Sophie LAMARQUE *, Toni HEIKKILA 2, Laurentiu NICOLAE 3,
Cristian - Gabriel ALIONTE?, Irina RADULESCU®

1
2
3,4,

ABSTRACT

National Engineering School of Tarbes — FRANCE , e-mail: sophie.lamarque@enit.fr
Novia University of Applied Sciences — FINLAND, e-mail: toni.heikkila@hotmail.com
Politehnica University of Bucharest - ROMANIA, e-mail: laaw0921@gmail.com

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
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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.
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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 CMSs® are
based on PHP and MySQL database, and it is
necessary to set up other plugins to enhance the
facilities provided to the users.

WORDPRESS

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.

WYSIWYG

T T

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:

o the requirements must be specific;

e two distinct requirements do not conjugate;

o the requirements must be complete;

e the requirements must be easy to understand,;

prioritize according to the objectives outlined

in governance documents and charters

e able to be verified through testing

e Some specific requirements have been
established in order to implement the website:

e The CMS and the plugins used in the website
must have documentation and tutorials
available

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

e  User-friendly dashboard to manage content;

e  Free plugins and a specialized theme to create
a personalized site;

e 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

0 solve aproblem;

o make life easier;

0 teach;
0 entertain;
0 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 | 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].

e i
aanfordedy LEl I-E N

«ocn

@ Stanford University

[ ]

Stanford cryptography pioneers

Figure 6. Stanford University's website, [2]
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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.

‘‘‘‘‘‘‘‘‘

HOME o

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.

=
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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. "l 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 |
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,

el A

oo

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.

LANGUAGE:
e i

|

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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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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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.

Combustion Engine Brake

TEST CONTROL

Software

SIRIUS

Figure 1: Example of test bed.

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 25°C to 110°C and 110°C to 25°C 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 90°C and the air combustion has
to be 20°C. 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
doinacar.

There are other test beds which can be found in
industry, specifically mounting systems, with the
aim of comparing them with ours.

Figure 2: Example of test bed

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.
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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.

Figure 3: Example of test bed

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).

Figure 4: Example of test bed

Figure 5: Front view of Politehnica test bed

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.

Figure 6: Right view Politehnica test bed

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).
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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).

Wiew of the front engine mounting
point : we can clearly see the angle
bar and the baolt connecting the
engne onthe longitudinal bar of the
hed

Figure 7: Welded bars

—— B ey

Figure 8: Rubber shock absorber

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.

Figure 9: Leg and Beam end

Figure 10: General measurements

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).
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Figure 11: Specific leg measurements

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.

Figure 12: Leg CATIA model

Figure 13: Support CATIA model

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 14: Leg assembly CATIA model

Figure 15: General assembly
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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 ANSY'S 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).

Figure 16: Meshing assembly surface

Figure 17: Meshing assembly surface with engine
weight

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.

Figure 18: Results of calculus without bending

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).

I

Figure 19: Dacia test bed U cradle mounting
system

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].

Figure 20: Legs, longitudinal bars and transversal
base of Dacia test bed.

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.
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Figure 24: Engine support CATIA model

Figure 21: Measurements of the cradle

Figure 25: Assembly between base and leg

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 22: Measurements of the base

Figure 26: Assembly between leg and bars

Figure 23: Cradel CATIA model
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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.

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

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 28: Left engine support 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 wvehicle
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

21 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.

S

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.

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 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 wvehicle 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.

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.

SRepe Vi=8us SPURH S oldn_panicl

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 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 16. First Design - Rear View
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The glass module can be produced in different
sizes, to fit varying amounts of passengers or have a
more comfortable living space.

The modules will be manufactured as such, that
they will always fit into the standard exoskeleton,
[11 - 20].

Figure 17. First Design - Modular View

5. CONCLUSION

The most used and thus most important means of
transport is the private vehicle. Each day, the
majority of people use their car to go from one place
to another. The future of the private vehicle is the
intelligent autonomous vehicle.

Almost every car company is trying to exploit the
potential of this technology, by making existing
cars more and more autonomous. Some of these
companies are currently test-driving self-driven
vehicles.

In these vehicles you mark where you wish to go,
just like with a GPS, and the autonomous vehicle
calculates the shortest, yet safest route to its
destination.

Autonomous vehicles on the road are an obtainable
goal, but at a very high price. This situation will
remain until the necessary technologies, such as
LIDAR and battery packs, advance enough to reach
a more reasonable price.

Nowadays, the majority of car accidents can be
traced back to human error. But with the
autonomous vehicle, there will be a total absence of
accidents, since the algorithms will control the
vehicle to predict surrounding movements and avoid
potential impacts.

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.

By eliminating the usage of gasoline using battery-
powered engines, there is no gas emission, making
the vehicle environment-friendly.

With the vehicle being autonomous, disabled people
or even children (with permission) can use a car.

The biggest hurdle is to make mankind accept this
kind of technology. To trust an autonomous vehicle in
making the safest choice, compared to a human driver,
compared to yourself.

This hurdle will be naturally overcome by newer
generations.
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REZUMAT

Lucrarea de faga prezintd o metoda de evaluare a comportarii dinamice a angrenarii,
precum §i rezultatele obtinute pe un angrenaj cu dinfi inclinai. Au fost experimentate
doua angrenaje, cu latimi diferite, prin aplicarea mai multor cupluri la turatii diferite. In
aceste conditii au fost masurate oscilatiile torsionale ale sistemului, prin intermediul

intervalului de variatie a cuplului.

ABSTRACT

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.

KEYWORDS: Mesh stiffness, Gearing, Transverse contact ratio, Overlap ratio

CUVINTE CHEIE: Rigiditatea angrenarii, Angrenare, Grad de acoperire frontal,

Grad de acoperire suplimentar
1. INTRODUCTION

Due to the complexity of the meshing
behaviour in gear meshing process and due to the
importance of the vibratory behaviour of the parts
of mechanical transmissions with gears, mainly on
the operational life of these parts, the dynamic
effects were subject of specific and extensive
studies, elaborated by many researchers.

Test gears Return gearbox

Following the studies of Thai [1] very
important in gears vibration is the meshing
frequency and its harmonics, with modulation
effects. Sub-harmonics could be used as a diagnosis
element for gears failure. In the same paper, the
parametric excitation was studied, also. A
comparison between a model and the obtained
experimental data on a test rig was accomplished.

Motor

/

:‘": o

|\=_ o

Vibrometers i

=]

\
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Signal processing

Figure 1. Test rig for the identification of the defects role

on gears operation, [1]
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Modelling results could be used for sub-
harmonics prediction of a gear mesh, in the
situation of the presence of distributed defects of
the gear flanks, as pitting or non-uniform wear.
Figure 1 depicts the test rig used by authors. Is a
closed circuit test rig, with applied torque of 400
Nm and the speed (fixed value) of 1800 RPM.

Acceleration signal

10

o

Dynamic Strain
signal

)

=

1 2 3 5

6

Hamzah [3] studied the issue of total deviations of
the meshing gear set, using as measurable
parameter the gear noise level under operational
conditions. Their paper is centered on total gear
deviations and on the ways of its diminution.

N =

7 8 5 9

Figure 2. Test rig for vibration measurement of the gears, [2]

1 - Sliding contacts; 2 — Speed signal optical disc; 3 — Test gear; 4 — Test
gear; 5 — Elastic coupling; 6 — Bearing; 7 — Loading coupling; 8 — Return
gearbox; 9 — Variable speed motor; 10 — Signal conditioner; 11 — Signal

amplifier; 12 — Acceleration signal amplifier; 13 — Recorder; 14 — FFT
analyzer; 15 — Computer.

The used test rig is simple, open circuit.
The measurement of the total deviations effects is
realized via optical encoders, attached on the gear
shafts. Most important conclusion of the paper is
that total error measurement is required for profile
modification validation, and this activity could be
realized only on dedicated installation (test rig).

Torque measuring coupling

Li [2] uses closed circuit test rig, with
power flow circulation, especially for torsional
vibration of the gears system study.

Figure 2 presents the structure of test rig
and its instrumentation. Into the closing gearbox
there are gears having large face width. The test
gears have low thickness ones.

Return gear

Test gear
/ Shaft 2
g Z
S :”TH\ =
= =
ZE E I 'i _E;
\ Shaft 1 \ Electric motor
Test pinion Loading
coupling Return pinion

Figure 3. FZG type test rig, closed circuit, for gears test, [4]
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The test rig is used especially for vibration
level measurement, being assured that the
vibrations of the electric motor and closing gearbox
are suppressed in testing area. This is obtained
using elastic rubber couplings. The test gears are
instrumented with strain gauges and seismic
sensors, the signal being collected via sliding ring
contacts. Using this test rig could be studied the
resonant operation of the test gears.

In another paper [4] is largely described
the structure and the operation method of the FZG-
type test rig, aimed to test meshing gear set, in
closed circuit, with power recirculation. Due to the
versatility of this type of test rig, it is able to be
used for a large number of tests regarding the gears.

This test rig was used to evaluate the
friction and wear in gears. The test rig is in closed
circuit, assuring the application of a torque,
established and applied in the beginning of the
experiment. Test gears are realized in high
precision class, thus the lubrication efficiency tests
to be relevant. The test rig is able to operate with
different torque levels, different temperatures and
speeds.

Test gearbox

Return
Test gear gearbox

Elastic shaft

Encoder

Encoder
Test pinion
Loading
Torque sensor coupling

2. USED TEST RIG

Vibration behaviour measurement in the
present case is performed using a dynamic test rig,
with mechanical closed circuit.

This solution presents essential
advantages, being enough only to underline the
economy of energy. The load of the test gears is
realized via the closing gearbox, theoretically
identical to the test one. More precisely, the test rig
is composed of two identical gearboxes, coupled as
shown in figure 4, using special shafts, assuring the
capability to load accurately with a certain torque.

Return gear

Elastic coupling

Return pinion ~ AC electric motor |

Tachogenerator

Figure 4. Dynamic test rig structure

The test rig encompasses, between the two
gearboxes, test and return, the torque measurement
system and an elastic shaft. This structure of the
mechanical system assures the possibility of the
modulation for the main parameters affecting the
behaviour of the loaded gears.

Thus, on this test rig more series of tests
were realized, being differentiated by:
different face widths of the tested gears;
different loads applied to the tested gears;
different testing speeds;
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Figure 5. Optical encoders Heidenhain ROC 425

The load of test transmission is realized via the
relative rotational displacement of the shafts ends,
using the loading coupling. The applied torque is
measured with the non-contact torque sensor HBM
T10 FS type.

The test rig instrumentation is composed by
following measuring/data acquisition lines:
optical encoder, high precision, ROC 425 type,
Heidenhain Germany, two units, figure 5;
non contact torque sensor, 0.05% accuracy grade,
HBM T10 FS type, figure 9;

Figure 6. Dedlcated computer for vibration measurement

3. measuring lines for oil bath temperatures
for the two gearboxes;

4, speed measuring line for driving motor;

5. local/general vibration level of the test rig,

Bently-Nevada hardware, figure 6.

The Heidenhain ROC 425 optical encoders are
designed to measure the torsional vibration levels.
This type of encoder works together with a
dedicated  acquisition/interface  motherboard,
designed and built by the same manufacturer.

Conditi
Sens de Rotate
¥ 00Ors
1 Cirae
UM Urghi
© radan

¥ orade
© 25bb

DESCHIDE

Figure 8. Data acquisition program
interface

Fiaure 9. Non contact toraue sensor HBM
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In figure 8 is presented the interface of the
dedicated software used to control the test rig and
to acquire data in real time. Figure 7 depicts a
combined torque and accelerations diagram of the
test rig, as acquisitioned by the software.

3. WORKING METHOD

Researches were developed on the test rig
in closed circuit, assuring an applied load (torque)
in the range of 0-200 Nm, speeds in
the range of 200-3000 RPM and the use of gears
having different widths, in idea to realize overlap
ratios both natural numbers and non-integer
numbers. Two face widths were used for the gears,
maintaining the pinion face width, and the tests
were realized at more speeds and applied loads.

For every test, vibrograms were recorded,
presenting the angular accelerations of the shafts,
and real time recording for the instantaneous value
of the torque, viewed by the torque sensor. The last
measured parameter was the main parameter for the
evaluation of the meshing gear set, versus the
overlap ratio e5. Two sets of gears were subjected to
the experiment. These have different face widths,
but maintain invariant all other parameters (Tab.1).
The unique difference, following the difference in
face width, is the overlap ratio, equal to unity, in
the first (standard) variant and 0.867 in the second
one. The main data two sets of gears are shown in
figures 10 and 11.

Table 1. Geometric data for the tested gears

Parameter name Symbol Value
Centre distance a, 125 mm
Pinion teeth number z, 15
Gear teeth number z, 46
Helix angle B 10°
Profile normal shift coefficient, pinion xy 0.427
Profile normal shift coefficient, gear X, -0.138
Face width b 72.3668/70.3668
Transverse contact ratio €, 1.45318
Overlap ratio €p 1;0.867
Accuracy grade of gears - 6

Figure. 10. Meshing gears with
overlap ratio equal to unity
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The test rig permits the measurement of basic
mechanical parameters, being possible its use for
the evaluation of the torsional vibrations produced
by the variation of the meshing stiffness, as a result
of the change in geometry for the tested meshing
gear set.

The studied parameter in order to compare
the vibratory behaviour of the two types of meshing
gear set is the measured amplitude of the sensed
torque.

4. OBTAINED RESULTS

The main parameter studied in idea of the
comparison of the two meshing gear set types
versus the vibratory stability is the measured torque
amplitude. The measured values of this parameter
were given for every situation in the below tables 2
and 3, to be compared.

In table 2 are given the experimental
results for the meshing gears having the overlap

ratio equal to unity.

Table 2. Experimental results for overlap ratio equal to unity

Applied speed, Rot/min
Mt

Torque variation amplitude, Nm
N.m

1200 | 1500 | 2000 | 2500 | 3000
0,4 3.0 2.5 2.0 1.9 1.9
359 | 6.8 5.0 55 5.0 8.0
791 | 75 5.0 5.0 5.2 6.0
104,8 | 10.0 | 55 5.0 6.0 6.0
1746 | 350 | 27.0 | 25.0 | 25.0 | 37.0

In table 3 are given the experimental results for the meshing gear set having a reduced overlap ratio (equal to
0.867), a non-integer number.

Table 3. Experimental results for overlap ratio 0.867

Mt Applied speed, Rot/min
N.m Torque variation amplitude, Nm

static | 1500 | 1500 | 2000 | 2500 | 3000
05 | 62 | 62| 70| 77| 90
357 | 70 | 80 | 66 | 65 | 7.6
876 | 75 | 7.5 | 60 | 58 | 7.0
1048 9 | 7 | 6 | 58| 80

5. COMPARISON OF
EXPERIMENTAL RESULTS FOR
BOTH SYSTEMS OF MESHING
GEAR SET

Figure 12 presents the torque amplitude variation
for low applied torque, both meshing systems. The
results for other values of applied static torque are
given in figures 13 to 15.

To evaluate the results, the torque variation
amplitude was represented versus rotational speed,
for different values of applied torque.
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CONCLUSION

It is easy to observe that the lower
amplitude of the oscillations in the meshing gear set
having overlap ratio equal to unity, along with the
stabilizing trend of the phenomenon, in the situation
of increasing speed.

It must be mentioned that, for the meshing
gear set having reduced overlap ratio the
experiment was not possible to be realized for the
static applied torque of 174.6 Nm.

This fact was the consequence of the
extremely huge instability, as amplitude of the
measured torque, instability heading to the
impossibility to maintain the applied static torque,
the tapered shaft end assembly unloading
repeatedly meantime of the tests.

Similar comparisons between mesh with
overlap ratio equal to unity and reduced overlap
ratio in identical static loads were realized for all
the cases depicted in the test tables.

All studied situations presents same better
vibratory behaviour for the mesh having overlap
ratio equal to unity, compared to the mesh having
supplementary overlap ratio reduced to 0.867.
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Figure 13. Comparison between the
gears with applied torque of 83.35 Nm.
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Figure 15. Comparison between the gears
with applied torque of 104.8 Nm.
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Rezumat

morilor cu bile, marime care caracterizeaza mdcinabilitatea materialului §i eficenta morii.

Consumul specific de energie, care depinde de marimea si duritatea materialului alimentat in moara si
de gradul de finefe a produsului mdacinat, este parametrul de bazd pentru dimensionarea tehnologica a
morilor cu bile.

In lucrare se prezintd, de asemenea, diferite modalititi de determinare a puterii necesare pentru
antrenarea morilor cu bile.

Abstract

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.

CUVINTE CHEIE: mori cu bile, micinare, aptitudinea la macinare, consumul specific de energie,
puterea de actionare.

KEYWORDS: ball mills, grinding process, grindability, specific energy consumption, power required

to drive.

1. GENERALITATI

Principalele tipuri de mori utilizate pentru
madcinarea cimentului sunt prezentate schematic in
figura 1, iar caracteristicile energetice ale acestora
n tabelul 1.

Se remarcd faptul cd randamentul celor mai
multe dintre aceste mori este sub 20 %, mare parte
din energia electrica furnizatd morii pierzandu-se
prin céldurd, vibratii, uzurd (datoritd frecarii) si
zgomot [1].

Dintre toate tipurile constructive de mori,
morile tubulare cu bile au randamentul cel mai mic
(circa 5%); totusi, ele sunt cele mai raspandite in
industria cimentului, fiind utilizate atat pentru
macinarea materiilor prime (fidina brutd), cat si a
produsului finit (cimentul).
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Presa cu role
(HPGR)

Moaréa cu bile

Moara verticald Moara orizontald
cu role curole

Figura 1. Principalele tipuri de mori utilizate pentru mdcinarea cimentului [2].

Tabelul 1. Caracteristici energetice ale tipurilor de mori de ciment din figura 1 [2].

Tipul morii
Moari cu bile Impact/frecare
Presa cu role (HPGR)
Moara verticala cu role
Moara orizontala cu role

Forta de macinare

Compresiune/frecare
Compresiune/frecare
Compresiune/frecare

Consumul specific de Randamentul morii,

energie*, kWh/t %
35...38 5...8
22...26 12...20
27...30 7...15
24..27 10...18

* Pentru suprafata specifici Blaine de 350 m*/kg (3500 cm?/g).

2. MACINABILITATEA
(APTITUDINEA LA MACINARE)
A MATERIALULUI

Maécinabilitatea unui material se exprima prin
consumul specific de energie necesar pentru
maruntirea unei cantitati din materialul respectiv, de
la dimensiunea initiala a materialului la alimentarea
in moard, pana la atingerea finetii de macinare
cerutd produsului final. Cu alte cuvinte,
mdcinabilitatea (aptitudinea la macinare) poate fi
definita ca fiind usurinta cu care un material poate
fi macinat [22]. Cu cit consumul specific de energie
la macinarea materialului este mai redus, cu atit
mdacinabilitatea acestuia este mai buna.

Aptitudinea la macinare a unui material
depinde de o multitudine de factori: de natura
acestuia, de compozitia mineralogica, de structura
lui interna (existenta porilor, fisurilor etc.) etc. De
exemplu, in cazul méacinarii clincherului de ciment,
consumul specific de energie depinde de:
compozitia chimicd, modulard si mineralogicd a
clincherului, marimea i rezistenta mecanica a
granulelor acestuia, timpul de pastrare (vechimea) a
clincherului. Conducerea adecvatd a procesului de
ardere si a cea a procesului de racire a clincherului
evacuat din cuptorul rotativ influenteaza in foarte
mare masurd atdt compozitia chimicd si
mineralogica a clincherului, cat si duritatea si
rezistenta mecanica a granulelor acestuia.

Un proces scurt de ardere la temperatura
minima de clincherizare si o racire rapida conduc la
obtinerea unui clincher format din cristale mici, cu
defecte, care se poate micina cu usurintd. Pe de alta
parte, un proces lung de ardere la temperatura de
clincherizare ridicata si o racire lentd conduc la
obtinerea unui clincher format din cristale mari, de
duritate ridicata, care se macina cu dificultate.

Un asemenea clincher poate dubla cheluielile

cu energia necesara macindrii cimentului [12].
S-a constatat ca aptitudinea la macinare a
clincherului creste cu [6, 13, 22]: cresterea
continuturilor de Al,O3 si de Fe,Os; cresterca
continutului de CsS (silicat tricalcic) si scaderea
continutului de C,S (silicat dicalcic); cresterea
timpului de stocare a clincherului Tnainte de a fi
mécinat etc.

Silicatul dicalcic este mai dur si are si o
anumitd plasticitate. Prin urmare, in timpul
macindrii, cristalele de silicat dicalcic mai degraba
se deformeaza (se turtesc) decat se sparg facand
macinarea mai dificila (creste consumul specific de
energie).

Clincherul vechi (pastrat un timp mai
indelungat inainte de fi macinat (2-3 saptamani)
[8]) necesita pentru macinare un consum de energie
mai redus decat clincherul proaspit. Acesta se
datoreaza faptului ca, In timpul Imbatranirii
clincherului, oxidul de calciu (CaQ) liber se
hidrateaza si, marindu-si volumul, produce tensiuni
mecanice de intindere care contribuie la slibirea
rezistentei sau chiar sfiardmarea bucatilor de
clincher, inlesnind macinarea lor.

Prin racirea rapida a clincherului se creeaza in
granulele lui tensiuni termice care, diminuandu-le
rezistenta mecanicd, contribuic la cresterea
macinabilitdtii acestuia. Prin urmare, clincherul
ricit rapid se macind mai usor, cu un consum de
energie mai mic.

3. CONSUMUL
ENERGIE AL
CIMENT

SPECIFIC DE
MORILOR DE

Consumul specific de energie (kWh/t) este un
parametru de performantd al morilor tubulare cu
bile si depinde de o multitudine de factori, cei mai
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importanti fiind finetea de macinare a produsului
mdcinat si duritatea materialului alimentat in moara.
Tn cazul macinarii materiilor prime de ciment (fiina
brutd), finetea de macinare se exprima prin refuzul
la cernerea pe sita de 4900 ochiuri/cm? (deschiderea
ochiurilor de 90 wum) (Roge, %), iar Tn cazul
macinarii cimentului - prin aria suprafetei specifice
Blaine a acestuia (Asp, m?/g).

Finetea de macinare cimentului are o mare
influentd asupra reactiei de hidratare a acestuia.
Pentru a se obtine o rezistenta ridicata a cimentului
intarit este necesar ca acesta sa aiba o finete de
mdcinare cat mai mare. Influenta finetei de
mdcinare a cimentului asupra rezistentei betonului
este prezentata in figura 2.
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Figura 2. Influenta finetii de mdacinare Blaine
asupra rezistentei la compresiune a betonului [2].

Deoarece consumul specific de energie la
micinare este O marime importantd pentru
dimensionarea tehnologicd a morilor tubulare cu
bile, s-au dezvoltat o serie de modalitati
experimentale pentru determinarea lui. Se amintesc
aici  metodele: Hardgrove, Zeisel, Mittag,
Toniindustrie, Bond [3-5], Ceprocim (Institutului
National de Ciment din Romania) [6].

Consumul specific de energie determinat
experimental, in anumite conditii specifice fiecarei
dintre metodele amintite (conditii care tin de
aparatul in care se face macinarea, de modul in care
aceasta se desfasoara, de finetea de macinare etc.),
Se corecteaza prin inmultirea cu un coeficient de
corectie, care reflectd conditiile reale de macinare
specifice morii proiectate (diametrul morii, tipul
acesteia, modul de functionare (umed sau uscat),
circuitul de macinare (inchis, deschis) etc.).

Valori ale consumului specific de energie, n
functie de finetea de macinare, pentru diferite
materiale, determinate prin metoda Zeisel, sunt
prezentate grafic in figurile 3 [9] si 4 [2].
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Figura 3. Consumul specific de energie la
madcinarea diferitelor materiale,
in functie de finetea de mdcinare Blaine [22].
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Figura 4. Consumul specific de energie la
mdcinare, in functie de suprafata specifica Blaine a
materialului macinat [2].

1 —clincher; 2 — cuart; 3 — calcar; 4 — ghips.

In diagrama din figura 5 sunt prezentate
curbele de variatie ale consumului specific de
energie, in functie de finetea de macinare a
cimentului (suprafata specifici Blaine) pentru
diferite sisteme de macinare, iar in figura 6
consumul specific de energie la macinarea
cimentului in morile tubulare cu bile, in circuit
deschis.
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Figura 5. Consumul specific de energie la
mdcinarea cimentului, in functie de suprafata
specificd a acestuia [10].
1 — moara tubulara cu bile in circuit deschis;

2 - moara tubulara cu bile in circuit inchis;
3 - moara tubulara cu bile+unitate de pre-

madcinare;

4 — presa cu role (HPGR (High Pressure Grinding
Rolls)), in circuit inchis (finish grinding system).
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Figura 6. Consumul specific de energie la mdcinarea
cimentului in morile tubulare in circuit deschis, n
functie de finetea de macinare Blaine [11].

in figura 7 se prezinta variatia consumului
specific de energie la macinarea cimentului, in
functie de finetea de macinare Blaine a acestuia.
Diagrama a fost realizatd pe baza unor date recente,
tindndu-se seama de duritatea clincherului si de
eficienta sistemului de macinare [12].
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Figura 7. Consumul specific de energie la mdcinarea cimentului in morile cu bile, in functie de finetea de
madcinare Blaine [12].

In figura 8 este prezentati, de asemenea,
consumului specific de energie
mdacinarea cimentului in functie de finetea de
mdacinare Blaine si duritatea clincherului.

variatia

la
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Figura 8. Consumul specific de energie la mdacinarea
clincherului, in functie de duritatea clincherului si de
finetea cimentului obtinut [13].

O masura a macinabilitatii materialului o
reprezintd si debitul specific, adicd cantitatea de
material exprimata in kg care se poate méicina cu un
consum de energie de 1 kWh. De exemplu, pentru
calcar dur Qs = 50 kg/kWh, iar pentru clincher de
ciment Qg, = 36...40 kg/kWh [8].

Debitul specific este influentat de finetea de
macinare, pentru clincher de ciment putandu-se
utiliza diagrama din figura 9 [7]. Pentru un ciment
cu aria suprafetei specifice de 265 m%kg Blaine
(Roos = 10 %) din aceasta diagrama se obtine Qg, =
40 kg/kWwh.
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Figura 9. Debitul specific al morilor tubulare cu
bile pentru ciment,
in functie de finefea de macinare Blaine [§].

Intre consumul specific de energie la macinare
(kWht) si debitul specific (kg/kWh) exista relatia:
E,, = L 1000 kwhit (1)
sp

Cunoscand consumul specific de energie si debitul
morii, puterea necesara actiondrii acesteia se
determina cu relatia:

N:Esp.Qzlooo.g kw @)

sp

unde Q este debitul morii, t/h; Eg, - consumul
specific de energie, kWh/t; Qs — debitul specific,
kg/kWh.

4. MASURI PENTRU REDUCEREA
CONSUMULUI SPECIFIC DE
ENERGIE AL MORILOR CU BILE

Pentru sporirea eficientei morilor cu bile
utilizate Tn industria cimentului Tn scopul reducerii
consumului  specific de energie si reducerea
costurilor cu energia consumata pentru macinare se
pot lua o serie de masuri, o parte dintre acestea
fiind:

- Adoptarea corectd a gradului de umplere a
morii cu incarcatura de bile: Eficienta optima a
morilor cu bile se atinge pentru valori ale
gradului de umplere 27...28% [14].

- Folosirea blindajelor ridicatoare in prima
camera a morii: Adoptarea tipului de blindaj si
a materialului acestuia depinde de natura,
granulatia si duritatea materialului alimentat in
moara;

- Utilizarea blindajelor sortatoare in ultima
camera a morii: Blindajul sortator orienteaza
bilele mari spre diafragma dintre camere, unde
materialul fiind mai grosier trebuie macinat prin
impact, si bilele mai mici spre capatul de
evacuare al morii, unde materialul fiind mai fin
trebuie macinat prin frecare.

- Adoptarea corectd a compozitiei dimensionale a
incarciturii de bile: in prima camerd, unde se
urmareste sfardmarea (concasarea) prin impact
a materialului alimentat, se utilizeazd un
amestec de bile cu diametrul de 90...60 mm,
compozitia amestecului de bile adoptindu-se
tinand seama de: granulatia si duritatea
materialului  alimentat in moard; tipul
blindajului etc.

- Cantitatea de material din moara: Practica
exploatarii si incercarile experimentale au aratat
ca randamentul optim al morilor cu bile se

atinge dacd raportul |\/|mat / Mbile ~ 018

(Mpat — cantitatea de material; Mp;e — cantitatea
de bile) [14]. Practic, aceasta inseamna ca
materialul trebuie sa fie la nivelul bilelor
(pentru a umple golurile dintre bile care
reprezintd 42% din volumul acestora).

- Trecerea de la circuitul de macinare deschis la
cel inchis: In functie de tipul separatorului
utilizat (de generatia 1, 2, 3) si de finetea de
macinare a produsului, scdderea consumului
specific de energie (kWh/t) la macinare poate fi
importanta (fig. 10).

- Folosirea echipamentelor de pre-macinare
Tnainte morii cu bile;

- Utilizarea adaosurilor de macinare: In
timpul macindrii, particulele fine de ciment
se aglomereazda pe suprafata bilelor
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diminuand efectul de méacinare prin impact
si frecare al acestora si producand scaderea
eficientei morii. Rolul principal al
adaosurilor de macinare este de a diminua
fortele superficiale ale particulelor fine de
ciment evitandu-se neajunsurile amintite.
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Figura 10. Consumul specific de energie
al morilor in circuit inchis si deschis, in functie de
finetea de macinare Blaine [14].

Eficienta acestor masuri este prezentata in tabelul 2.

Tabelul 2. Eficienta mdsurilor prezentate [14].

Masura adoptata Cresterea Economia
productiei,  de energie,
% %
Adoptarea corectd a 0...12 -
gradului de umplere
Blindaje ridicatoare in 0...5 0...5
camera 1
Blindaje sortatoare Tn 0...5 0...5
camera 2
Compozitie 0...12 0...15
dimensionald adecvata
a incarcaturii de bile
Trecerea de la circuitul 3...20 3...20
deschis la circuitul
nchis
Folosirea 20...100 10...40
echipamentelor de pre-
macinare
Utilizarea adaosurilor 3...15 3...15

de macinare

Consumul specific de energie la méacinare
poate fi mult redus prin pre-macinarea materialului,
inainte de a fi alimentat In moara. Sistemul de
macinare in doud trepte (pre-macinare+macinare
finala) permite obtinerea unui ciment cu suprafatd
specifica Blaine mare si reduce cu 20...40 %
consumul de energie la madcinare in raport cu
intalatia de macinare clasicd (formatd numai din
moara cu bile).

Echipamentele de pre-macinare utilizate sunt
concasorul de tip Barmac [1], moara atogend
Aerofall [15] etc., in perioada actuala fiind frecvent

folosita presa cu role (HPGR - High Pressure
Grinding Rolls) (v. fig. 1) care se caracterizeaza
printr-o eficientd mare a macinarii (v. tabelul 1).

La presa cu role HPGR comprimarea materialului
are loc in strat. Prin urmare, in zonele de contact
punctual dintre diferitele bucati de material se vor
dezvolta forte de compresiune cu intensitati foarte
mari si directii diferite care vor produce in acestea
fisuri de extinderi diferite. Astfel, in unele bucati de
material fisurile se extind pana la sfaramarea lor, iar
in altele, inclusiv in fragmentele rezultate prin
sfaramare, apar fisuri de extindere redusa dar care le
slabesc rezistenta mecanicd inlesnind macinarea
acestora.

Utilizarea echipamentelor de pre-macinare in
instalatiile de macinare contribuie la marirea
eficientei acestora In comparatie cu instalatiile de
macinare clasice (formate numai din moara tubulara
cu bile). Tn tabelul 3 sunt prezentate, pentru diverse
situatii, consumurile specifice de energie atit ale
presei cu role HPGR (High Pressure Grinding Rolls)
pentru pre-macinarea clincherului cat si consumul
specific total de energie al intregii instalatii de
macinare a cimentului (HPGR + moara cu bile).

Tabelul 3. Consumul specific de energie ale HPGR
pentru pre-mdcinarea clincherului si consumul specific
total de energie al intregii instalatii de macinare a
cimentului (HPGR + moard cu bile) [17].

Consumul
specific
Consumul total de
specificde ~ energieal
Tipul instalatiei de energie al instalafiei
macinare HPGR, < Qe
macinare,
kWh/t
kWh/t
HPGR 1n circuit 4,05 34,2
deschis; moara cu
bile Tn circuit
Tnchis
HPGR 1in circuit 8,9 29,6
deschis, cu
recirculare
partiald; moara cu
bile in circuit
Tnchis
HPGR 1n circuit 8,0 21,7

Tnchis; moara cu
bile Tn circuit
Tnchis

Analizdnd datele din tabel se observd ca
valoarea consumului specific total de energie al
instalatiei de macinare scade pe masurd ce se
Mmicsoreaza granulatia clincherului premacinat.
Utilizand instalatia de macinare cu pre-macinarea
clincherului, consumul specific de energie al
instalatiei de méacinare poate sd scada cu pana la 40
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% 1n comparatie cu instalatia de macinare simpla
fara premdcinare, Tndeosebi dacd controlul
instalatiei de  macinare este  automatizat
corespunzator [17].

n figura 11 este prezentat consumul specific
de energie total al instalatiei de macinare formata
din concasor Barmac pentru pre-macinare si moara
cu bile clasica pentru méacinarea finala.
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Figura 11. Consumul specific de energie total al
instalatiei de mdcinare cu moara cu bile si
concasor Barmac, in functie de granulatia

produsului concasorului [16].

Se observa ca energia consumata se reduce pe
masura ce granulatia materialului evacuat din
concasorul Barmac si alimentat in moara finala este
mai mica. Utilizarea, in cadrul instalatiei de
macinare a cimentului, a concasorului Barmac
pentru pre-macinarea clincherului are o serie de
avantaje:

- mareste debitul instalatiei de macinare din care
face parte cu circa 10...20 %;

- mareste eficienta energeticd a instalatiei de
macinare a cimentului cu circa 5...10 %;

- cheltuielile de investitie pentru realizarea
instalatiei de maicinare sunt mai mici daca
pentru pre-macinare se utilizeazd concasorul
Barmac decat daca se utilizeaza pres cu role
HPGR (High Pressure Grinding Rolls) [16].

5. PUTEREA DE ANTRENARE A
MORILOR TUBULARE CU BILE

In literatura tehnica de specialitate se gisesc
diferite modalitati de determinare a puterii necesare
actionarii morilor tubulare cu bile. In cele ce
urmeaza se prezinta citeva metode.

Metoda a. Conform acestei metode, puterea de
actionare are expresia (v. fig. 12) [1]:

N=G-r-o=G-R,-sina-w= 3)
=G-k-R-sina-w
unde G - greutatea incarcaturii de macinare;

Ro — distanta radiala dintre centrul de greutate al
incarcaturii si centrul sectiunii transversale a

tamburului morii; R — raza suprafetei interioare a
tamburului; o — unghiul de ridicare al incarcaturii; k
= R¢/R - coeficient a cdrui valoare depinde de
gradul de umplere al morii (v. fig. 13); @ = 7-n/30 -
viteza unghiulara de rotire a tamburului morii (n —
turatia morii).

Figura 12. Schema pentru determinarea
puterii de actionare a morii cu bile.

Relatia (1) poate fi pusa sub forma:

D . N
N=G-k-—-sinag-——=
2 M g0 4
T

=—-k-G-D,-n-sina W

60
unde G este greutatea incarcaturii, N; D; — diametrul
interior util al morii, m; n — turatia morii, rot/min.
Mairimea sin o are valorile [18]:
sina =0,70...0,73 (adicd o = 44,42...46,88") -
pentru blindaje ridicdtoare in trepte;
sin a = 0,62..0,69 (adici a = 3832...43,63%) -
pentru blindaje ridicatoare ondulate.

La valori mai mari ale unghiului «, incéarcatura
este ridicatd mai mult si, prin urmare, puterea
absorbitda de moard va fi mai mare. Marimea
unghiului de ridicare a depinde in primul rand de
tipul blindajului, dar si de raportul dintre cantitatea
de material din moard §i cantitatea de
bile. Blindajele ridicatoare (in trepte) au de obicei
valori ale unghiului a=44,42...46,88° (sina=
0,7...0,73). Pentru blindaje ondulate valorile sunt
0=38,32...43,63° (sina= 0,62...0,69). Blinajele
autosortatoare au, in comparatie cu cele ondulate, o
valoare ceva mai micad unghiului o (alunecare mai
mare). In plus, blindajele autosortatoare avand o
grosime mai mica decat cele ondulate, volumul util
al morii se mareste cu pand la 10% [18]. Greutatea
incarcaturii se determina utilizdnd de reguld o
valoare a gradului de umplere al morii de 28....35%
din volumul util al acesteia. Valoarea maxima a
gradului de umplere este limitatd de diametrul
interior al fusurilor tubulare de alimentare si de
evacuare, ca si de rezistenta mecanica a tamburului
morii. Morile mai vechi, cu tamburul mai rigid,
puteau fi incarcate la grade de umplere mari (>
40%) insa, datoritd costurilor mari de investitie si a
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cheltuielilor mari cu energia electricd consumata
pentru macinare, asemenea mori se intdlnesc mai
rar in prezent desi au o productie mai mare. Ele se
folosesc numai in tarile care urmaresc o productie
mare de ciment si la care pretul energiei electrice
este redus sau nu conteaza [2].

Tn cazul regimului de functionare in cascada la
care turatia morii reprezintd circa 75% in turatia
critica a morii (la care bilele nu mai cad, ci rotesc
impreund cu tamburul) (v = n/n, = 75%) unghiul
de ridicare are aproximativ valoarea o =45°, iar
relatia (4) devine:

N=G-k-Disinase. 2N _
2 30

:”’\/E-k-G-Di~n:0,037-k-G~Di-n W
120

. (5

k 1
0,9

08
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0,3 \
072 o
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P %
Figura 13. Curba de variatie a coeficientului k in
functie de gradul de umplere [1].

Metoda b. Aceastd metodd pentru determinarea
puterii de actionare a morilor tubulare cu bile, care
conduce la rezultate suficient de precise pentru
calculele practice, se bazeaza pe relatia simpla [21]:
N=c-G-D,-n kw (M

unde G — masa corpurilor de macinare, t; D; —
diametrul interior al morii, m; n — turatia tamburului
acesteia, rot/min; ¢ — factor de putere (v. fig. 14).
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Figura 14. Dependenta factorului de putere de
gradul de umplere si de marimea corpurilor de
mdcinare [21].

Factorul de putere ¢ depinde de gradul de
umplere al morii si de marimea corpurilor de
macinare si se determind experimental. Masurand
puterea absorbitd de moara aflatd in regim de
functionare normal si cunoscand valorile marimilor
G, Dj si n care intervin in relatia (7) se determina
valoarea factorului de putere c. Tn acest mod a fost
stabilita diagrama din figura 15, prin urmare puterea
determinatd cu relatia (7) include pierderile prin
frecare in lagdre si pierderile din sistemul de
transmitere a miscarii de rotatie de la motorul
electric de actionare pana la moara.

Eroarea facutd la determinarea puterii de actionare
cu relatia (7) este de 5...10 % [21].

Pentru morile cu mai multe camere puterea necesara
este suma puterilor fiecareia dintre camere.

Metoda c. Gradul de umplere al morii cu
incarcatura de macinare inflenteazd atit asupra
masei acesteia, cit si asupra pozitiei centrului ei de
greutate. Pe masura ce gradul de umplere creste,
centrul de greutate al incércaturii se mutd spre
centrul sectiunii transversale a tamburului, iar
puterea necesara rotirii acestuia variaza simetric in
jurul valorii de 50 % a gradului de umplere [19].
Puterea de calcul se poate determina cu relatia
simpla [20]:

N=20-c*y-D?°-L kW ()

unde c* este factorul de incarcatura (v. fig. 15);

w = n/ng — turatia relativd a morii (N, — turatia
criticd a acesteia); D; — diametrul interior util al
morii (compartimentului), m; L — lungimea morii
(compartimentului), m.
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Figura 15. Efectul incarcarii morii asupra puterii
de actionare a acesteia [20)].

1 — moara cu bile pentru mdcinare uscatd, cu
diafragma de evacuare;

2 - moara cu bile pentru macinare umedd, cu
diafragma de evacuare;

3 - moara cu bile pentru macinare umedd, cu

descarcare centrald.
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6. EXEMPLU DE CALCUL.

Se determind puterea de actionare a morii
tubulare cu bile pentru macinarea cimentului, cu
urmatoarele caracteristici:

- diametru interior (util): D;=4,38 m;

- lungimea de macinare grosierd (camera 1): L;=5,0

m;

- lungimea camerei de macinare find (camera 2):

L,=8,0 m;

- turatia morii: n =15,29 rot/min;

- gradul de umplere al camerei 1: ¢,=0,26;

- gradul de umplere al camerei 2: ¢»,=0,28;

- densitatea in vrac a bilelor din camera 1 [21]: py1

=450 t/ m*,

- densitatea n vrac a bilelor din camera 2 [21]: pp,

=470t/ m*,

- masa bilelor din camera 1:

7D}
4

74,38

G=¢- Loy =

=0,26- -5,0-45=8815t

- masa bilelor din camera 2:

7D}
T'Lz “Poo =

2
- 0,28-#-8,04,7 ~158,60t

G, =0,

- coeficientul k pentru camera 1 (fig. 13): k; = 0,65;
- coeficientul k pentru camera 2 (fig. 13): k, = 0,62;

- factorul de putere pentru camera 1 (fig. 14): c;
=0,239;

- factorul de putere pentru camera 2 (fig. 14): c,
=0,224;

- factorul de incércaturd pentru camera 1 (fig. 15):

¢, =51;
- factorul de putere pentru camera 2 (fig. 15):
Cl* =5,35;

Rezulta puterile:

Metoda a:
- puterea pentru camera 1:

N, =0,037-k,-G,-D;,-n=
=0,037-0,65-88150-9,81-4,38-15,29 =
=1393000 W =1393 kW

- puterea pentru camera 2:

N, =0,037-k,-G,-D,-n=
=0,037-0,62-158600-9,81-4,38-15,29 =
=2390000 W =2390,0 kW

- puterea totala:

N =N,+N,=11383+2390=3783kW .

Metoda b:
- puterea pentru camera 1:

N,=c¢-G,-D-n= )
=0,239-88,15-4,38-15,29 =1410,9 KW '
- puterea pentru camera 2:
N,=c,-G,-D-n= )
=0,224-158,6-4,38-15,29 = 2379,2 kW ,
- puterea totala:

N =N, +N, =1410,9+ 2379,2 = 3790 kW .

Metoda c:
- puterea pentru camera 1:

N,=2,0-c -y -D?° L, = |
=20-51-0,756-4,38%5 .5 =1548kW

- puterea pentru camera 2:
N2 = 2,00;c V/ Diz‘5 . |_2 =

=2,0-5,35-0,756-4,382° .8 ~ 2577 kW
- puterea totala:

N =N, +N, =1548,0+2622,5 ~ 41125 kW .
CONCLUZII

Consumul specifice de energie depinde de o
multitudine de factori, cei mai importanti dintre
acestia fiind marimea marimea si duritatea
materialului alimentat in moara si finetea de
macinare produsului macinat.

Consumul specific de energie este principalul
parametru in functie de care se apreciaza eficienta
operatiei de macinare si pe baza caruia se face
proiectarea morilor tubulare cu bile.

Reducerea consumului specific de energie, n
scopul sporirii eficientei morilor cu bile si a
reducerii cheltuielilor cu energia utilizatda pentru
macinare se face utilizdnd o serie de masuri din care
cele mai importante sunt cele privind constructia si
exploatarea morii (adoptarea corectd a gradului de
umplere a morii si a compozitiei dimensionale a
incarcaturii de bile; folosirea blindajelor ridicdtoare
in prima camerd si a celor sortatoare in a doua
camera a morii; trecerea de la circuitul de macinare
deschis la cel inchis) si reducerea granulatiei
materialului alimentat in moara, prin utilizarea
echipamentelor de pre-macinare.

Cele mai eficiente si mai frecvent utilizate
echipamente de pre-macinare sunt presele cu role
HPGR (High Pressure Grinding Rolls) si
concasoarele de tip Barmac. Utilizarea acestor
echipamente de pre-macinare in cadrul instalatiilor
de macinare a cimentului mareste productia acestora
cu circa 10...20% si le reduce onsumul de energie
cu pana la 40%.
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DIFERITE MODALITATI DE DETERMINARE A GRADULUI
DE UMPLERE A MORILOR TUBULARE CU BILE/
DIFFERENT WAYS FOR DETERMINING OF THE FILLING
DEGREE OF THE BALL MILLS
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Rezumat

mdcinare a morilor cu bile. Se prezintd, de asemenea, influenta gradului de umplere si a altor factori
importanti (turatia morii si tipul blindajului) asupra comportarii incarcaturii de bile, eficientei
mdcinarii §i performantelor morii.

Summary
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.

CUVINTE CHEIE: mori cu bile, micinare, corpuri de mécinare, incarcatura de macinare, grad de
umplere.

KEYWORDS: ball mills, grinding process, grinding media, grinding charge, filling degree.

1. GENERALITATI

corpuri de macinare (bile sau cilindri scurti
(cylpebs)). Moara, rezematd pe lagirele 3, este
antrenata in miscare de rotatie de catre un grup de
actionare format din motor electric si reductor de
turatie.

Morile tubulare cu bile (fig. 1) constau dintr-un
tambur cilindric orizontal 1, compartimentat (cu
ajutorul peretilor despartitori 2) Tn 1-3 camere,
umplute partial cu incarcatura de

I
I 7]

o el
N[

| L |

Figura 1. Schema unei mori cu tambur rotativ:
1 —tambur; 2 — perete despartitor (diafragma); 3 — lagare.

Prin rotirea tamburului, corpurile de macinare Ponderea efectelor de lovire si de forfecare in
sunt antrenate pana la o anumita inaltime si, cazand cadrul procesului de macinare depinde de o
in cascada asupra materialului alimentat in moara, multitudine de factori, indeosebi de marimea si
produc maruntirea acestuia. Macinarea are loc atat forma corpurilor de macinare. Corpurile de
prin strivirea, cat si prin forfecarea (frecarca) micinare mari, avind masd individuald mare,
materialului intre bilelele care cad. realizeaza macinarea preponderent prin lovire, iar
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cele mici, care au aria specificd mare, preponderent
prin frecare [1].

2. DEFINIREA GRADUL DE
UMPLERE A MORII

Gradul de umplere a tamburului cu corpuri de
mdcinare este definit de relatia:

go:h-looz%.loo % - @
Vi A

unde Vi, este volumul incarciturii de bile; V; -

volumul interior efectiv (util) al tamburului; Ay -

aria sectiunii transversale a incarcaturii; A, - aria

sectiunii transversale libere a tamburului A { (v. fig.
2).

i

Figura 2. Schema pentru definirea
gradului de umplere a tamburului.

Gradul de umplere se exprima in functie de
unghiul la centru 26 al segmentului de incarcatura
(fig. 2) prin relatia [1]:

26 —-sin 20
p=""—"""

)
2

unde [1]:

2:6=2- arccos(Z—H—lJ- @)
D,

Utilizand relatiile (2) si (3) se obtine expresia
dependentei ¢ = f(H /Di), a carei reprezentare
graficd este prezentatd in figura 3. Diagrama din
figura 3 se foloseste in practica exploatarii morilor
cu bile pentru determinarea gradului de umplere al
morii.

Intre valorile ¢ = 20...80 %, curba din figura 3
poate fi aproximata cu dreapta de ecuatie:

¢=112,5—125-g %, (4)

i
care reprezintd o altd posibilitate practicd de
determinare a gradului de umplere.

Pentru usurinta determindrii gradului de umplere,
relatia (4) este exprimad sub forma numerica din
tabelul 1.

Sp, 0o
100
90 ™
80 ™
70 N

60 N

S0

40 \

30 \

20 N
\\

10 N
0102 03 0,4 0,5 0,6 0,7 0,8 0,9 1,0
H/D;4

Figura 3. Curba de variaie ¢ = (H/D,) [1].

Tabelul 1. Corelatia numerica intre gradul de
umplere ¢ si marimea H/D; [1].

b, % 5 10 15 20 25
H/D  [0903 D844 0,792 D746 0,701
b, % 30 |35 40 45 50
H/D 660 (0,619 [0578 [,539 |0,500

3. ALTE POSIBILITATI DE
DETERMINARE A GRADULUI
DE UMPLERE

Pentru determinarea gradului de umplere se pot
utiliza si alte metode practice, prezentate in cele ce
urmeaza.

a. Metoda inaltimii libere

Aceasta metoda constd in masurarea distantei H
dintre suprafata liberd a incdrcaturii si suprafata
placii de blindaj situatd pe diametrul vertical al
sectiunii tamburului, in parte superioard a acestuia
(v. fig. 4).

Cunoscand inaltimea libera H se calculeaza
raportul H/D;, apoi, utilizdnd una din diagramele
din figurile 4-7, se determind gradul de umplere al
tamburului.
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Figura 4. Diagramad pentru determinarea gradului de umplere [4].
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Figura. 7. Curbele de variatie ale raportului HID; si ale unghiului o in functie gradul de umplere [8].

Pentru diametre interioare ale morii mai mici

3,5 m, masurarea distantei H se face cu
usurintd, aceasta fiind mai micad de circa 2,2 m.
Pentru diametre D; > 3,5 m, distanta H fiind mare,
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trebuie sa se adopte dispozitive de masurare
speciale. De asemenea, deoarece placile de blindaj
nu sunt netede ci, in functie de tipul lor, au o

anumita

configuratie

(profil)

al

suprafetei,

masurarea distantei H nu se poate face cu precizie.
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De aceea, pentru a evita aceste neajunsuri, se
procedeaza la masurarea distantei h* sau h** dintre
nivelul 1incarcdturii de mdacinare si  muchia
inferioard, respectiv cea superioard a deschiderii
fusului tubular al tamburului morii sau a sitei din
partea centrald a diafragmei (v. fig. 8), marimea H
determinandu-se, dupa caz, cu una din relatiile:

H=Dird (5)

D —-d o ©6)

unde d este diametrul interior al fusului tubular sau
ale sitei din partea centrala a diafragmei.

H:

»

[ :
\ JL*

\% / *c

Figura 8. Schema pentru determinarea marimii H.

b. Metoda méasurarii unghiului pe care se intinde
suprafata vizibila a blindajului (suprafata
neacoperitd de incarcatura de macinare)

Valoarea acestui unghi se poate determina
folosind relatia:

a =" 3600 grade O
t

unde n, este numarul de placi de blindaj vizibile de
pe un rand circumferential (numarul placilor de
blindaj situate deasupra incarcaturii de bile); n; -
numarul total de placi de blindaj de pe acelasi rand
circumferential.

Dimensiuni ale placilor de blindaj (dupa DIN
(Deutsches Institut fir Normung)) [14]:
- dimensiunea in lungul generatoarei tubului morii:
250 mm;
- dimensiunea in lungul circumferintei tubului
morii: 100-x = 314 mm.

Cunoscand valoarea unghiului a si utilizand
una din diagramele din figurile 7, 9 si 10, se
determina gradul de umplere a tamburului.

a8
46 N

.

Gradul de umplere, ¢3 %
/f

S —_

M e O 00 PO B O 0D

—]

180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360

Unghiul ol

Figura 9. Diagramad pentru determinarea gradului de umplere in functie de numarul placilor de
blindaj vizibile [4].
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Figura 10. Gradul de umplere in functie de marimea unghiului o [7].

Determinarea gradului de umplere se poate
face si in functie de unghiul la centru J, care

caracterizeaza segmentul de incarcatura (v. fig. 2 si
11).
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20 25 30 35
Gradul de umplere, %

Figura 11. Dependenta gradului de
umplere de unghiul la centru 6 [6].

Unghiul la centru J se determina in functie de

unghiul o (definit de expresia (7)), cu relatia:
360°-[1- v
- 360°-a n

2 2

~180° .[1—”VJ
nt

)

= )

unde n, este numarul de placi de blindaj vizibile de
pe un rand circumferential (neacoperite de
incarcatura de bile); n; - numarul total de plici de
blindaj de pe acelasi rand circumferential.

Cunoscand numarul placilor de blindaj vizibile,
gradul de umplere se poate determina si prin
folosirea relatiei [5]:

9=134-017- )
Di
unde n, reprezintd numarul blindajelor vizibile
(neacoperite de incarcitura de macinare),
corespunzatoare unui rand circumferential.

Evaluarea gradului de umplere se poate face si
prin masurarea puterii absorbite de catre moara.
Graficul din figura 12, stabilit experimental, aratd o
dependenta neliniard intre gradul de umplere si
puterea absorbitd de moard, o variatie mica a puterii
absorbite putind fi rezultatul unei variatii
semnificative a gradului de umplere.

Prin urmare, puterea absorbitd de moard poate
fi folositd pentru evaluarea gradului de umplere,
ceea ce se intdmpld In mod frecvent in practica
exploatdrii morilor cu bile. Deoarece reducerea
gradului de umplere are loc ca urmare a uzurii
bilelor in timpul mécinarii, variatia puterii absorbite
de moara va indica uzarea incarcaturii de bile.
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Figura 12. Dependenta neliniara dintre puterea absorbitd si gradul de umplere [9].
1 — curba gradului de umplere; 2 — curba puterii absorbite.

Controlul si reglarea gradului de umplere al
morii cu corpuri de macinare trebuie sa se faca insa
prin masurarea directd a nivelului bilelor in moara
(raportul H/D;) care este o metoda mult mai precisa
decat citirea puterii absorbite, aceasta depinzand, Tn
afara gradului de umplere, si de alti parametri de
functionare ai morii (incarcarea cu materialul supus
mdcinarii, forma  (configurarea)  suprafetei
blindajelor etc.).

La macinarea umeda a minereului de platina
(pana la dimensiuni ale particulelor mai mici de 75
um) S-a constatat experimental ca sporirea gradului
de umplere de la 25% la 30% conduce la cresterea
finetii de macinare, dar prin cresterea in continuare
a gradului de umplere de la 30% la 35% finetea de
macinare nu mai creste, rimanand la valoarea atinsa
la gradul de umplere de 30% [9].

Trasand graficul energiei necesare pentru
mdcinare, in functie de gradul de umplere, rezultd
cda minimul consumului specific de energie
corespunde valorii gradului de umplere de circa 30
% (fig. 13).

40

Lo
s =]

g

energie, kWhit
L
[=2]

(]
%]

Cosumul specific de

Ly
o

25 30 35
Gradul de umplere, %
Figura 13. Dependenta consumului specific de
energie de gradul de umplere [9].

La macinarea cimentului acest optim se atinge
pentru valoarea de 27...28% a gradului de umplere
[10].

Dacé se lucreazd cu un grad de umplere mai
mare decat cel optim, pe langa faptul ca se consuma
inutil energie, se produce si o uzurd pronuntatd a
incarcaturii de bile (rata de uzurd a acesteia fiind
proportionald cu suprafata ei). De asemenea, daca
gradul de umplere este mai mare decat cel optim,
materialul nu va putea ocupa complet toate spatiile
goale dintre bilele incércaturii, ceea ce face ca 0
parte dintre bile sa functioneze in gol, consumand
energie si uzandu-se inutil.

Actualmente, pentru a stabili incarcatura de
bile a morilor tubulare din industria cimentului, se
utilizeaza valorile gradul de umplere din tabelul 2.

Tabelul 2. Valori ale gradului de umplere a morilor
tubulare cu bile [6].

Tipul morii Gradul de umplere, %
Camera Camera  Camera
1 2 3
Moara 27...33 - -
unicamerala
Moara cu doua 27...33 23...32 -
camere
Moara cu trei 26...32 26...30 23...27
camere
Moara ~ 26 - -
unicameralda cu
evacuare
pneumatica

Gradul de umplere trebuie sia aiba wvalorile
cuprinse Tn intervalul ¢ = 26...33% (26% - pentru
morile cu evacuare pneumaticd; 33% - pentru
morile scurte (cu valori reduse L/D)) [6].

Un studiu recent [12] privind influenta gradului
de umplere asupra eficientei macinarii cimentului, a
aratat o crestere a consumul specific de energie
atunci cand gradul de umplere al morii scade sub o
valoarea de 25%.
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Experienta practica si cercetarile experimentale
arata ca eficienta maxima a macinarii cimentului se
atinge la un grad de umplere de 26...28%, valorile
mai mari conducand la o eficienta mai mica
macindrii. Cu toate acestea, in unele tari cu costuri
reduse ale energiei electrice si cerere mare a
cimentului pe piata, se folosesc valori ale gradului
de umplere de 40...45% pentru a maximiza
productia morii [11].

Astfel, L. B. Levenson [2] recomanda pentru
nivelul incarcaturii H =0,58- D, ceea ce conduce,

utilizand relatia (4), la valoarea Pentru a se obtine o
eficienta ridicatd a macindrii, morile moderne
functioneazad cu valori ale turatiei relative y =
70...75%. ¢ = 40 %. Atunci cand se folosesc valori
ale gradului de umplere mai mari decat cele
normale, pe langd cresterea puterii absorbite, se
maresc si  solicitdrile mecanice ale invelisului
morii.

Valoarea adoptatda a gradului de umplere
trebuie sa asigure si ventilarea morii, in scopul
racirii si desprafuirii acesteia si a evacuarii din
moarda a materialului care a atins deja finetea de
macinare cerutd. Viteza aerului prin sectiunea
transversala libera (situata deasupra incarcaturii de
bile) a tubului morii este determinata de expresia:

v Qe m (10)
@ (_ ).7Z"Di2 S
¢ 4

unde Qy, este debitul morii, kg produs/s; Ospaer -
debitul specific de aer necesar pentru ventilarea
morii (Qsp.aer=0,20...0,90 m*/kg produs, in functie de
tipul echipamentului de desprafuire utilizat in
instalatia de méacinare [13]); ¢ — gradul de umplere;
D; — diametrul interior (util) al tamburului morii, m.
Pentru ventilarea corectd a morii, viteza aerului
prin tubul acesteia trebuie sa aiba fie cuprinsa intre
urmatoarele valori [13]:
v = 1,5..2,0 m/s — pentru mori in circuit
nchis;
v = 1,0..1,5 m/s — pentru mori in circuit
deschis.
in timpul functiondrii morii, incarcatura de bile
se reduce ca urmare a uzarii acestora, iar gradul de
umplere scade afectdnd performantele morii. Pentru
a evita acest lucru, gradul de umplere al morii cu
corpuri de macinare trebuie verificat in mod
periodic.

4. CORELAREA GRADULUI DE
UMPLERE CU TURATIA
MORII

Comportarea Incarcaturii de bile in moara este
determinatd pe langda gradul de umplere, tipul si
starea de uzura a blindajelor si de turatia acesteia.

In practica exploatarii morilor cu bile turatia morii
se exprima prin raportul (turatia relativa):

y =n/n, (11)
in care n — turatia de regim a morii; ng — turatia
criticd a acesteia cand, din cauza fortelor mari de
inertie, corpurile de macinare nu se mai desprind de
pe peretele tamburului, ci se rotesc impreunda cu
acesta:

30-4/2 rot

Ny =—F— ——
JD;  min
unde D; diametrul interior al morii, m.
in functie de valorile turatia, gradul de umplere
si de tipul si starea de uzura a blindajelor, moara va
putea functiona fie in regim de cascada (la care,
dupa desprinderea de peretele tamburului, bilele se
rostogolesc pe suprafata inclinatd a segmentului de
incarcaturd) (fig. 14 a), fie in regim de cataracta (la
care, dupd desprindere, bilele cad dupa traiectorii
parabolice) (fig. 14 b).

La functionarea in cataractd macinarea se
realizeaza preponderent prin lovirea materialului de
catre bile care cad, iar la functionarea in cascada,
bilele rostogolindu-se unele peste altele, predomina
macinarea prin frecarea materialului intre bile. Cea
mai mare eficientd de macinare o are functionarea
in cascada cand bilele se rostogolesc unele peste
altele.

(12)

Figura 14. Regimuri de functionare a morilor cu
bile. a — regim de functionare in cascadd; b — regim
de functionare in cataracta.

Domeniile de functionare in cascada si in
cataracta se definesc pe baza gradului de umplere a
morii si a turatiei relative a acesteia (fig. 15).

100
X 80
A
o
[N
g 60 /
2 /
S 40 _
= Functionare
g fn cascada
(3 20 Functionare
n cataractd
0 }

0 20 40 60 80 100
Turatia relativa, n/ng %
Figura 15. Domeniile de functionare in cascada si

in cataracta, in functie de gradul de umplere si de
turatia relativa [12].
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De regula morile cu bile functioneaza in regim
combinat cascada/cataractd, unul dintre regimuri
fiind preponderent fata de celalalt (de exemplu, la
moara cu turatia relativd y=75%, daca gradul de
umplere este ¢=22%, predomina regimul de
functionare in cataracta, iar daca gradul de umplere
este ¢ = 40%, predomind predomind regimul de
functionare in cascadd) (fig. 15). Este necesard deci
o corelare a gradului de umplere cu turatia
tamburului, care se poate face si prin utilizarea
relatiei [1]:

n~\/3i—16 y/~ncr~\/5
[T R

40 (13)

1542y -8

20
unde D; este diametrul interior al tamburului morii,
m; n — turatia acestuia, rot/min.
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Pentru w = 0,60...0,75 relatia (13) conduce la
valorile ¢=0,24...0,40 care sunt cuprinse Tn
domeniile de valori specifice functionarii morilor
cu bile.

Morile cu valori mari ale gradului de umplere si
cele cu blindaje fara efect de ridicare (netede) necesita
0 turatie ridicata: yw = 74...75%, iar cele cu grad de
umplere redus si blindaje ridicatoare necesitd valori
ale turatiei relative: y = 70...71% [6].

Un grad de umplere mic si o turatie relativa
redusd nu asigurd o actiune eficientd a bilelor
asupra materialului, iar un grad de umplere mare si
o turatic relativa ridicatd produce centrifugarea
incércaturii de bile si, prin urmare, o eficienta foarte
redusd a macinarii.

La morile cu turatie relativi mare si grad de
umplere redus, uzura bilelor si blindajelor va fi
foarte mare.

Comportarea incarcaturii de bile in moara,
pentru diferite valori ale gradului de umplere si ale
turatiei acesteia este ilustratd in figura 16.

O
O
O
>

Turatia relativa n/ng, %

Figura 16. Comportarea incarcdturii de bile in moarad, in functie de gradul de umplere
si de turatia morii [7].

Comportarea tipicd a incarcaturii de bile din
prima camera a morii (v. fig. 9) se caracterizeaza
prin valorile: ¢ = 30% si w = 70% [6].

Tipul blindajelor, gradul de umplere si
compozitia incarcaturii de bile se coreleaza cu
turatia astfel incat performantele morii sa fie
optime.

Pentru a se obtine o eficienta ridicata a
mdacinarii, morile moderne functioneazd cu valori
ale turatiei relative w = 70...75%.

5. EXEMPLU DE CALCUL

Se considera camera Il (de macinare find) a
morii de ciment Tn circuit Tnchis @ 4,2 x 10,75 m,
care are urmatoarele caracteristici:

- Diametrul interior al morii: D; = 4,15 m;

- Lungimea camerei Il: L; = 6,4 m;

- Debitul morii: Q,, = 100 t/h;

- Gradul de umplere initial: p; = 28 %;

- Densitatea Tn vrac a bilelor: p, = 4,650 t/m°.

Se determina:

- Masa initiald a incarcaturii de bile:

7-D? r-415°
4

Myi=9;- L-p, =028

- Dupa o perioada de functionare a morii 4¢ = 1000
ore:.

- distanta H (masurata): H=2,84 m.

- numarul placilor de blindaj vizibile (de
pe un rand circumferential): n,=26 placi
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Cu valoarea % = &

1 y
din figurile 4-8, rezulta: p;=27 %.
Utilizand relatia (4), se obtine:

=0,685, utilizdnd oricare

@ =112,5—125-% =1125-125- 2’82 =27%-

- Numarul de plici de blindaj de pe un rand
circumferential:

n = Do 420045

100-~ 100
- unghiul pe care se intinde suprafata vizibild a
blindajului:

o =" 3607 = 20 3607 = 202°.
n, 42
- Pentru o =222°, utilizand diagramele din
figurile 9 si 10, se obtine: p=27 %.
- unghiul la centru care caracterizeaza segmentul de
incdrcatura:

5 =180° -(1-“) ~180° -(1—26j — 68,5
n, 42

- Pentru & =68,5°, utilizand diagrama din figura
11, se obtine: p=27 %.
- Utilizand relatia (9), se obtine:

@ :1,34—0,17-& :1,34—0,17-ﬁ ~ 0,27
D 415

i y
- Masa iIncarcaturii de bile dupa trecerea perioadei
At = 1000 ore de functionare a morii:
z-D?
My, ¢ =5 'T"L'Pb =

- 4,15

=0,27- -6,4-4650=108688kg ~108,7 t

- Masa de bile consumata prin uzura in perioada de
functionare 4¢ =1000 ore, egald cu masa de bile
necesara pentru compensarea uzurii acestora:

r-D?

AM, =M,; -M, :(‘/’i — Q4 )7

L - =
4 i pab

74,15

=(0,28-0,27)- -6,4-4650 =

=4025kg = 4,025t
- Productia morii in perioada de functionare At
=1000 ore:

P=Q, -At=100-1000 =100000t .

- Rata de uzura a incarcaturii de bile:
_AM, 4,025-10°

P 100000

u, ~40,25 9.
t

CONCLUZII

Functionarea eficientd si performantele morilor
tubulare cu bile se asigura prin corelarea
corespunzatoare a urmdtorilor factori foarte
importanti: gradul de umplere a morii cu
incarcatura de corpuri de macinare, compozitia
dimensionald a acesteia, turatia morii si tipul
(configuratia suprafetei de lucru) si starea de uzurd
a blindajului.

Pentru a se obtine o eficienta ridicata a
macindrii, morile moderne functioneaza cu valori
ale gradului de umplere ¢ = 26...33% si ale turatiei
relative w = 70...75%.

Modalitatile practice de evaluare a gradului de
umplere prezentate sunt utile pentru determinarea
diferitelor marimi care caracterizeaza functionarea
morilor tubulare cu bile: masa initiald a incarcaturii
de bile, masa incércaturii de compensare a uzurii
bilelor, rata de uzura (uzura specifica) a acestora.
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ABSTRACT

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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1. INTRODUCTION

A company with international expansion that
has more complex operations and subsidiaries
globally needs a well-trained management, integrated
to provide a very high degree of coordinating
operations to create a unified framework. This activity
requires a highly trained team at the national level,
where the parent company is located to be able to
manage the entire international activity.

An alternative to making exports is creating
subsidiaries in the domestic markets. This decision is
based on the extension for obtaining both a new
market and getting tax incentives that each market
offers. A subsidiary is coordinated entirely by the
parent company and which may at any time request to
stop work or slow down activity even if it is profit.
This potential exists where management identifies a
new market can be very profitable and can cover such
losses against profits first branch of the second.

2. THE PHENOMENON
AND THE MECHANISM OF
INTERNATIONALIZATION

Internationalization strategy is an option
when choosing companies that may adopt as a result
of the will of employment in a global economy,
building the main pillars of its development policy.

Although there are numerous ways of
extension globally, the specialists cannot sustain one
of the most ways as most profitable way because each
company, by its own specific, adjust both their
strategy and mode of action of internationalization.

In addition, an important aspect is related to
the dynamics present on market and how quickly a
company must meet these pressures of change so they
can survive and more importantly, can grow profits
and market share. Companies, before adopting this
strategy, should be aware of the risks and barriers
they may encounter in the process of
internationalization through export. The companies
initiate a major project to examine the decision of
internationalization, and in most cases alternatives are
analyzed in terms of internationalization and decision-
making and testing, but also development stages to
implement export strategies. For Development of
internationalization  strategies, = managers  are
considering the evolution of the global economic
environment but also the features of the company,
developing and summarizing the conclusions drawn
of the SWOT analysis to identify all opportunities that
can benefit the company. These will be laid down in
order to improve the company's overall work to
improve product realization processes or services that
it offers worldwide, trying to overcome all the
obstacles that arise and they can obstruct
development.

In view of internationalization process, must
be highlighted key elements of the supply chain to
understand the cause — effect process in multinational
space. By identifying all the links of the logistics can
build a solid base for future activities without existing
doubts in transportation and accessibility.

Although during the research of possibilities
and project development for export cannot accurately
determine the practical phases that will move the
project and difficulties that will encounter in each
stage, it can be created an overview of the risks and
opportunities though.
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3. MOTIVATIONS OF
INTERNATIONALIZATION

The companies undertake international
operations for various reasons. Some companies
decide to internationalize because most of their
customers and competitors are involved in the process
of globalization, others are pushed by the idea of
achieving a multinational, seen as symbol of success
and progress.

There are a large number of motivations for
which companies decide to carry out this action, but
the main one is the desire for expansion and hence the
growth of the company. Such an extension is possible
largely due to specific technological innovations of
this century, reflected in means of communication
ever faster and easy to use, enabling remote managing
a business.

Worldwide it is noted currently, a high
economic instability of many countries, which affects
companies operating within those boundaries,
therefore, from the desire of lessen their dependence
on local and national markets, companies decide to
internationalize. Assuming that the consumer demand
within national boundaries of the company is
declining, that decline will be offset by the existence
of an increase in consumer demand in international
markets.

In the specialized literature there were

formulated theories about the forces that influence the
process of internationalization. Among these theories
is the theory called the principle of determinism and
behavioral that suggests that the internationalization
process is the result of decisions taken at management
level to adapt to international business. The second
theory called the principle of material determinism,
according to which the process of internationalization
is considered the result of forces outside the
organization, forcing the company to adapt to changes
in global business. In the first case, we discuss about
proactive motivations, that constitute the stimuli for
initiating strategies of internationalization of a
company’s business, while in the second case, when
companies see themselves actually forced to enter into
this process, all considerations are part of the reactive
motivations, those emerging as a response to changes
in business environment in which the company must
adapt.
Generally, companies that are successful in
international business are those who engage in the
international environment deliberately, so based on
proactively motivations that are directed more
towards services. Moreover, companies with
proactively motivations tend to focus on issues related
to marketing and strategic decisions, while reactive
companies tend to focus on operational issues.

4. INTERNATIONALIZATION
STRATEGIES

Companies have different choices regarding
internationalization strategies, each taking into
account the objectives, market structure and their
competitive positions so that they become the main
components to be taken into account in implementing
the strategy of internationalization. Companies will
begin the internationalization by addressing the
markets where they can most easily understand. The
strategy they use is not a simple decision. Thousands
of decisions are made every day in organizations and
the only way they can become realistic involves
creating a permanent strategic direction that provide a
comprehensive framework within which decisions
may be taken. The strategy is for the company a
detailed plan with an important role in achieving its
objectives and a way for the company identifies a
competitive market position so as to gain competitive
advantage.

Undoubtedly, internationalization of business
has become one of the most typical strategies of
globalization. Under the influence of economic,
political, social and technological companies are
forced to go beyond the national limit of their
commercial activities. So, international development
is becoming more and more a necessity or an
obligation than a choice. Such international
engagement urges any company to reflect on many
issues and particularly on the strategy it will adopt.
Choosing this strategy is an important decision that
engages the company because of its choosing it
determines the future in new markets.

Internationalization ~ strategies can  be
categorized based on two criteria: first after
internationalization reasons then depending on the
type internationalising company. Internationalization
strategies integrated into the first category, namely
that based on the reasons for internationalization
include international marketing strategies and
multifunctional international development strategies.
Marketing strategies are the ones predominantly
commercial, expressing the company's choice
regarding entrance in foreign markets. These
strategies can be used by the company either in the
initial moment of company internationalization,
which means their use in the short term with a low
level of engagement, either at the time of
implantation, long-term when approaches are binding.

The first the marketing strategy is "the
market skimming" strategy. This strategy is used by
companies when the international market targeted is
easily accessible, the company entering the market
with short life cycle product. The strategy involves
limited investments from the company and also
obtaining short-term profit. The advantages of this
scenario are the lower costs that the company incurs,
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given that the market is easily accessible and also
potential risks are diminished.

Within the marketing strategies is comprised
the market penetration strategy. A first advantage of
this method is to obtain profits by the company in the
long term, which will allow it to be allowed to invest
in various sectors of the company or give bring other
products. Given that involves obtaining long-term
capital investments made by the company achieve
high volume. Investments reach this volume because
the market in which a company seeks is difficult to
access.

If the first two marketing strategies had well
defined the type of a product with which aimed to
address the foreign market, a product with life-cycle
short or long term, the strategy of dumping does not
take this into account so that the company can enter
foreign markets either with a long a product with life
cycle or with a short a product with life cycle.
Dumping strategy aims to address a market
accessible, which is determinant of price
competitiveness. Through this strategy, the company
does not aim to achieve a volume of profit but seek to
achieve a volume of immediate cash flow or hold a
sustainable control of the market.

Dumping strategy aims to address a market
accessible, which is determinant of price
competitiveness. Through this strategy, the company
does not aim to achieve a volume of profit but seek to
achieve a volume of cash flow immediate or hold a
sustainable control of the market. Depending on the
purpose, the volume of investment that the company
allocates internationalization process is variable. This
type of strategy responds to different concerns of the
company because these, on the one side pursue short-
term selling stocks that have been accumulated either
in productive enterprises or commercial units, and on
the other hand aims a time horizon that involves entry
on very competitive markets in which there is a high
elasticity of demand based on price.

The second category of internationalization
strategies, taking into account the type of company
that use this process includes strategies implemented
by small and medium businesses and strategies
implemented by multinationals. This difference
between small and medium enterprises and
multinational is made in the context of the differences
on the organization, the objectives, financial
resources, human resources, technological resources,
are different. Internationalization strategies that small
and medium companies put them into practice are
influenced by each firm identifying characteristics,
the global business and their perception of how
expansion.

The most common strategy used by small
and medium firms is the niche strategy. As mentioned
in the first chapter, companies that decide to operate
across borders are in possession of a competitive

advantage, thanks to which will be able to maintain
the foreign market. Competitiveness is the key
element of this strategy, given that this strategy
translates into companies focus on products or
services that benefit from competitive advantages.

Another strategy adopted by small and
medium strategy is called concentration. As the name
suggests, it aims to focus on products, aiming to
improve the technical performance and the trade of
goods and services provided by companies in markets
that are already operating. In this context, taking
account of these changes, the company will begin the
process of internationalization in other markets.

Multinational companies are big players in
the business world. In the confrontation with the
globalization of markets, a multinational company can
act on its own or can realize a strategic alliance.
Besides import and export strategies used by
companies acting on their own consist mainly of
setting up international subsidiaries, both in sales and
production processes. To accomplish this two
approaches are conceivable: the acquisition of
existing company or creating a new one.

5. INTERNATIONALIZATION
FORMS

In recent decades, more and more companies
began to operate outside their borders, giving their
customers their products through exports or through
foreign direct investment. The company faces
unknown markets, thus with incomplete information
meaning that they are in a state of constant
uncertainty.

The company will develop in foreign
markets by adopting a process that develops in
installments. Companies are moving from one stage
to another as soon as they progressively accumulate
international experience, therefore, in the first chapter
I mentioned that companies that are at an early stage
of internationalization have a high risk of failure in
international markets due to lack of international
experience. The internationalization process develops
on one hand by developing and knowledge of foreign
markets and on the other by a commitment to increase
the number of resources.

Internationalization involves trial and error.
An enterprise will test the foreign market through
exports, so that after a trial period, it will stop exports
to that market if it finds that the export activity does
not bring the desired volume of profit to ensure the
cost of trade. For an intermediate level of profit and
profitability, the company will continue to serve
foreign markets through exports. If the company
decides that export business does not bring high
profits and given that the company is willing to pay
the fixed costs required, the company will open its
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branch in the host country, thus reducing variable
costs.

In economic reality, the companies are
involved in the development of international
operations, initially through this initial form of export.
For small and medium-sized companies export
achievement across national borders may be the only
embodiment of the process of internationalization,
given the limited resources and low risk aversion.

We are witnessing two types of export,
respectively export of direct and indirect export.
Direct export company aimed at fully involvement of
the company in the marketing of products abroad,
while exports indirectly involves making business
through agents which means that the company is not
directly involved in the international process.
Considering this it is difficult to say that indirect
export is a form of strategy and internationalization.
The main advantage of this type of business
internationalization is the ability of the trader to
acquire the entire amount of profit. Maintaining
constant contact with the market requirements in
order to adapt its products is another benefit of export,
given that this form of internationalization of business
offers the greatest flexibility in relation to the market.
Although it is the easiest way for the
internationalization of business, this form also
presents some disadvantages. A first disadvantage is
the existence of high costs for marketing products,
which implies that a certain level of export activity is
starting to become profitable for the company.
Operating abroad through export aims the creation of
special departments to ensure good development,
which indicates the existence of other costs for their
formation, being outlined in a form of
internationalization disadvantage. Another
disadvantage which firms are afraid of is the bad
image that the company will make for the foreign
market if it fails to convince the market.

Another form of internationalization is the
franchise. This is similar to licensing, except that
franchise organization tends to be more directly
involved in the development and control of programs.
Franchising can be defined as a system in which
business owners, under the name of franchisees pay
taxes and royalties to the parent company, called
franchisor, in exchange for the right to become
identifiable to its brand to sell goods or its services
and often to use his business format system.
Compared to licensing, franchising agreements tend
to be larger, the franchisor offering a broader package
of rights and resources that typically includes
equipment, management systems, the initial training
and all necessary assistance to the franchisee to carry
on work in the same way that the franchisor does.
Franchising is a way of internationalization, the best
example depicting McDonald's company, whose
presence in many countries is through franchising. it

is joined by many other companies, some of the fast
food industry, such as Subway, which provides details
on how to obtain a franchise on its website.

The companies will choose in their
internationalization process for one or more of the
forms presented in this chapter. Foreign market entry
strategies are numerous and involve a variable degree
of risk and commitment to an international firm.
Generally, the implementation of a international
development strategy is carried out in several stages.
As a starting point, companies will use the export to
take hold of new markets. If the results achieved from
this activity are satisfactory, the companies will target
more complex forms of internationalization to ensure
a high volume of profit.

CONCLUSIONS

The national - international path of a
company not only bears its actions mark but also of
the market that is to expand its business. The process
of identifying market is not easy, but requires the use
of all resources of the company to obtain information
that provides an accurate picture of the exterior and
the election of a market that favors development of
the company and not its placement in a negative zone.
I noticed that the way of market penetration is
important according to many criteria (experience,
degree of control, risk), and that evaluation methods
that markets are miscellaneous and complex.
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