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Preface

The ANNUAL INTERNATIONAL SESSION OF SCIENTIFIC PAPERS - IMT Oradea 2020 is an
International Conference which held, usually, in Felix Spa, near Oradea, in the North-Western part
of Romania. We are delighted, proud, and honored to be your hosts every year at the scientific
events of the Faculty of Managerial and Technological Engineering at the University of Oradea.
But, this year, our Conference held virtually, due to the mass disruption caused by the coronavirus.

We had to find solutions so as not to affect the continuity in the annual event of the Conference,
even if on March 16, 2020, a state of emergency was declared on the Romanian territory. The
decision of the Romanian authorities was referred to as travel, transport, and accommodation
restrictions, respectively, the closure of restaurants and the prohibition of public meetings, even the
formation of groups of more than three people. Thus, we were morally obliged towards our fellow
researchers, university professors, scientists, to find feasible solutions for the Conference.
Therefore, we found that the best option is to change the format of the Conference to a virtual
format, with the presentation of works online, live video-audio.

We prepared the schedule of the works presented by distributing fifteen minutes for the presentation
of the one paper each and discussions on the topic of the article. The timing was strictly adhered to,
and there were no delays or postponements.

The organizers had at their disposal eight different rooms in the Campus of the University of
Oradea from where they coordinated the development of the Conference. Six members of the
Scientific Committee of the Conference were permanently online, plus the two co-chairs of the
Conference. We had eight office rooms at the disposal of the members of the Scientific Committee
because personal contact was not allowed, as the social distance was restricted.

The authors presented their works from their office, from home or other personal locations. From
time to time, during presentation sessions, we saved a few screenshots, images from the Virtual
Conference, and kept them as pdf files, which we publish in the preliminary section of our volume.
Permanently was online about 20-27 participants.

The platform used for the online meeting and presentation of the papers was Cisco Webex
Meetings, which worked exemplary, without interruptions or distortions.

The Conference took place over two days: Thursday, May 28, and Friday, May 29, 2020,
respectively, from 9:30 to 17:00, every day. The start of the meeting was 30 minutes ahead to have
time for possible questions or concerns about how the session was going. The end of the session



was extended by one hour compared to the schedule of the works, to include possible delays or
postponements.

All the participants in our Conference expressed their enthusiasm to the organizers for the elegant
way in which the Conference took place. All works were presented at the Conference. We had a
smaller number of papers (i.e., 55 works), half of the number of presentations in 2019, but this is
due to the coronavirus pandemic, which prevented the development of research activities. We cite
here a message from a researcher in Hungary, present to the Conference, FErdei
Timotei, timoteierdei @ gmail.com: “Dear Assoc. prof. Ph.D. Eng. Gavril Grebenisan!

Due to the current circumstances, many conferences canceled. However, not only the ,,Annual
Session of Scientific Papers “IMT Oradea 2020 international Conference not canceled, but it held
at its usual high standards. Seeing how others solve particular problems serves is always valuable
10 us.

Thank You for this opportunity, we were glad to partake in this international event on the 28-29th
of May 2020. I hope that we will meet again next year, in person!

I wish you and your colleagues good health!
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After the publication of the papers in the IOP Conference Series: Materials Science and
Engineering, we will ensure the printing of physical copies, in paper format, Conference’s
Proceedings, and we will send them by regular mail to the address provided by the first author.
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Numerical analysis of the influence of the number of blades on
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Abstract. The use of Unmanned Aerial Vehicles and known under the generic name of drones
is increasingly present in different economic sectors, due to the versatility they offer in solving
specific problems. The specific problems to be solved, however, raise the need for the technical
characteristics of the drones to be optimized according to the specific usage. In the case of drones
used in technological processes in agriculture, they must offer a high autonomy, that can be
increased by optimizing their weight. The paper proposes the study of the dynamics of the air
flow according to the configuration of the drone rotor (2 and 3 rotor respectively) by numerical
analysis methods for the further development of a drone that will be used in the phytosanitary
treatment process of agricultural crops. The parameters evaluated and compared are the specific
parameters for characterizing the airflow: velocity and relative pressure (at different nacelle’s
section, both in horizontal and vertical directions). The obtained results show that the most
constant, dense and homogeneous velocity field was obtained from the 3-blade configuration of
the rotor.

1. Introduction

Since ancient times, agriculture was the basic occupation of mankind. The main result of the agricultural
activities was the production of food, with a huge role in the development of the human civilization.
This more important nowadays as the world population is constantly growing. Thus, in the last 100 years
there has been a massive population growth, respectively 4 times more due to: advanced medical
procedures, a lower mortality rate and a continuous increase of productivity in the agricultural field.
Historians estimate that around 1800 the world population had an approximate value of 1 billion, but
after 1800, this changed fundamentally: the world population increased 7 times. Generally speaking, it
is estimated that 108 billion people have ever lived on our planet [1].

In a study by United Nations Population Division, it was predicted that by the end of the 21st century,
the population will reach 11 billion [2]. However, a study conducted by Sanjeev S. bring
counterarguments regarding this prediction, arguing that global fertility will fall in 2020 below the
replacement rate and the world population will reach a threshold of less than 9 billion by 2050, followed
by a decline on long term [3]. Any of these theories, however, show that a huge volume of food will still
be needed to meet the needs of the world's population.

The only constant in the agricultural processes that provide food since the beginning of human
society is the limited agricultural area, which is why (in order to counteract the increase of worldwide
pollution) in order to increase the production and productivity in agriculture modern methods and
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methodologies must be used. These principles can be found in the concept of Agriculture 4.0, a concept
that includes development directions in order to achieve this goal. The concept of Agriculture 4.0 has
brought with it an environment in which all the elements that compose it (Intelligent resources, Devices,
Products or Machines, Data Transfer and Infrastructure, Data Analysis, People Processes and Systems)
are in continuous and direct connection, reaching a very high level of coordination. For example, the
use in agriculture of existing technologies that are used in other fields (e.g. Bluetooth, GPS, or RFID)
leads to an agricultural supply with self-optimization function, due to the rapid and direct
communication created between people and agricultural machinery.

One of the modern technologies used in the application of the Agriculture 4.0 concept is the use of
UAVs (Unmanned Aerial Vehicles), with immediate applications in: the prevention and the treatments
of agricultural crops, the monitoring of the vegetation status of the crops, the monitoring of
environmental factors, transport, search and rescue , surveillance, security, etc.

At present, due to the use of UAV in the field of phytosanitary prevention and treatment of
agricultural crops, there are developed many practical applications and carried out research for this
purpose. The Food and Agriculture Organization of the United Nation [4] investigated their effect on
agricultural production and how UAVs can simplify and facilitate the work of farmers by automating
processes, which leads to correct and rapid decisions regarding: irrigation plants, pesticide treatments
or establishing the degree of harvest.

Muraru et al. [5] dealt with the ways in which UAV use revolutionizes agriculture. Regarding the
phytosanitary treatments a first essential role is the health of the crops and the identification of bacterial
or fungal infections. By scanning the culture with visible light close to the infrared the drones can
identify plants that reflect different amounts of green light. With this information, multispectral images
are created that follow the changes of the plants and indicate their state of health. The faster the disease
is discovered, the more crops can be saved and farmers can apply and monitor the remedies more
accurately. Furthermore, Wen S. et. of [6] have investigated the possibilities of implementing artificial
intelligence in the use of a UAV for plant and crop protection activities, and propose a system based on
neural networks that optimize the spray process depending on the environmental conditions.

The conclusions drawn by Gupta et al. [7] regarding the immediate benefits of using drones in
agriculture were related to reducing pollution, costs and losses, finding problems much faster,
optimizing treatments, etc. Even if these benefits exist and are recognized, there are still some limitations
regarding the large-scale applicability, limitations related to the cost and performance of the sensors
used or the high price of a complete equipment.

The present paper aims to present the partial results of some researches carried out in order to
optimize the spray process, by proposing to use the spray nozzles built inside a drone's rotor nacelle,
compared to the classic systems that use a common ramp. spray. For this purpose, using numerical
analysis methods, the effect of the number of blades (2 and 3) forming a drone rotor, on the dynamic air
flow parameters (air flow velocity and pressure) was studied.

2. Material and Method
For the numerical analysis of the velocity and pressure fields caused by the air flow under the rotor of a
drone that is intended to be used in the process of plant protection (agricultural crops), a model was
developed using Solid Works software. The general geometrical dimensions of the model are: inlet
platform diameter 550 mm, output platform diameter 550 mm, platform length 550 mm, blade diameter
450 mm, thickness of the platform walls: upper part 16 mm, lower part 1.58 mm and are shown in figure
1. As boundary conditions, the fluid flow was considered to be air with a density of 1.205 kg/m3, at an
ambient temperature of 293.2 K (20°C). Rotor speed is 250 rad/s (2387 rpm).

The analysis of the velocity and pressure fields of the air flow was performed for the cases in which
the rotor has 2 and 3 blades in design, and the measurements of the obtained values were made both in
the horizontal plane and in the vertical plane of nacelle.
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Figure 1. Simulation model (2-blade case).

3. Results and Discussions

The results obtained from computerized numerical analysis (CFD) are presented comparatively in
Figures 2-17. It can be observed that differences in the speed and pressure field model appear depending
on the number of blades of the rotor.

The graphs of the variation of the air flow velocity are shown in Figures 10-13. From the point of
view of the measurements recorded in a vertical plane the maximum speed is 3.45 m/s for the 2-blade
rotor case and 3.25 m/s for the 3-blade rotor case. The average speed values are 7.64 m/s for the 2-blade
rotor case and 7.41 for the 3-blade rotor case.

The structure of the pressure field is shown in Figures 6-9. Horizontally and vertically for the 2-blade
rotor case in figures 6-7 and for the 3-blade rotor case in figures 8-9.
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Figure 2. Velocity field in vertical Figure 3. Velocity field in horizontal
section of nacelle (3-blades rotor case). section of nacelle (2-blades rotor case).
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Regarding the pressure variation, the graphs are shown in Figures 14 - 17. The maximum pressure
registered horizontally in the case of the 2-blade rotor case is the same as in the case of the 3-blade rotor
case (101366 Pa), being recorded in the blade rotation area. In the case of the vertical plane, the
following maximum values have been recorded: for the 2-blades rotor case a value of 101391 Pa
respectively a value of 101381 Pa for the 3-blades rotor case.

From the point of view of the air-speed recorded at the exit of the rotor nacelle the highest values
were obtained for the case of the 2-blade rotor. The average flow through the platform is 2.60 m/s for
the 2-blade rotor and 2.45 m/s for the 3-blade rotor case. The relative difference between these values
is relatively small by 5.77%.

The pressure fields created by the operation of the rotor at a speed of 2,387 rpm have different values
for the studied cases. The highest uniformity of the pressure field is in the case of the 3-blade rotor case
but the highest value of the air flow pressure appears in the case of the 2-blade rotor case. The average
flow pressure through the nacelle is 101338.05 Pa for the 2-blade rotor case and 101326.89 Pa for the
3-blade rotor case. The relative difference between these values is 11.17%.

Based on the results obtained it can be said that in the case of a 2-blade rotor case can accommodate
fewer nozzles spray a common rail of spraying of a drone, but the pressure of the jet is greater which
results in the formation of a liquid jet with smaller droplets. In the case of a drone using a rotor with 3
blades in construction, it can accommodate more spray nozzles on the spraying common rail, but the
droplet size of the resulting jet (that reach the crop/plant) will be higher.

4. Conclusions

Following the computerized numerical analysis on the influence of the number of blades of a UAV
rotor (drones) used in the processes of plant protection in agriculture, the following conclusions can be
issued.

UAVs are an emerging technology that offers high potential for use in agriculture with immediate
beneficial effects on increasing agricultural productivity. Further studies are needed to improve their
performance in order to reduce the costs of application and to obtain material benefits (cost reductions
with exploitation).

It is necessary that in order to increase the values of the flow velocity and the pressure, a topological
optimization of the shape of the platform will be carried out in the future, which will favor the geometry
of the spray in order to make the area covered with the liquid used in the phytosanitary treatments of the
crops as uniform.
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The obtained results will be used further in the researches to optimize the geometric construction of
the platform of a UAV used in the technological processes of protection of agricultural plants, in order
to introduce spray nozzles in the construction of the platform and to eliminate the external common
ramps currently used. This would eliminate the effect of the influence on the drone's displacement
velocity spray and allow a more accurate dosage of the protective liquids used on agricultural crops.
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Abstract. The objective of this paper was to determine the braking distance of a passenger
vehicle when traveling at the speeds of 30, 50 and 70 km/h, on low friction surfaces (snow, deep
snow) and also on asphalt. A number of tests were conducted on different surfaces. The vehicle
was accelerated and then braked completely. Based on the braking distance values obtained by
GPS, the adhesion coefficient was calculated for each surface for every velocity value tested.

1. Introduction
In winter time, cars travel on different road surfaces influenced by the weather, causing modifications
to the dynamic characteristics of the vehicle [1]. Statistic show that in the winter time, on icy roads, the
injury risk is believed to be 20 times higher than in the summer where the road is dry [2]. Vehicle
parameter will depend on various external parameters that intervene when driving in winter conditions
unpredictable to the driver [3].

For the study, by using the GPS data, the vehicle velocity was obtained. Acceleration and distance
travelled were determined analytically using the formulas [4]:

dv
a=— 1
at (1

ds
_0 2
v at ()

Where: V — velocity (m/s), a - acceleration (m/s2), S — distance (m), t — time (s)
Formula (3) defines the velocity in relation with the gravitational acceleration and adhesion coefficient

[5]:
dv

- =Q- 3
it g9 3)

max

Where: g — gravitational acceleration (m/s2) and ¢ — adhesion coefficient. To obtain the braking
distance, the formula was used [6, 7]:

2
Vmax

= max 4
26-9-¢ @
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In this relation, the velocity Vmax is in (km/h). The variation of the adhesion coefficient is given by
the type of surface the wheel travels on. In the figure it is illustrated the value of the coefficient in regards
to the substances that are between the wheel and the road [8].
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Figure 1. Adhesion coefficient variation.
Tire-road adhesion is a property of rubber that causes it to stick to other materials, as we see with
adhesive tape. Adhesion is generally thought to be the result of momentary molecular bonding between
the two surfaces [9].
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Figure 2. Example of how adhesion works.
When velocity is applied to a rubber slider on a rough surface it results in the deformation of the
rubber by high points on the surface called irregularities or asperities. In the figure is shown how the
rubber of the tire is dispersed when vertical load is applied along with the forward velocity [10].

Vertical Load

Road Surface

Figure 3. Adhesion influenced by velocity.

2. Methodology

The method used to determine the braking distance was the mean of experimental tests using a passenger
vehicle. A controlled environment was established were the road was covered by snow, and another
environment were the asphalt road was partially dry. The vehicle was accelerated at the desired
velocities (30 km/h, 50 km/h and 70 km/h) then the brake was applied using the full available brake

9
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force. To study the key parameters of the vehicle during braking, a GPS system was mounted on the

vehicle. By using the data from the GPS, the deceleration, distance, time and velocity parameters were

obtained. For the vehicle, a standard sedan vehicle was used equipped with winter tires type Michelin

Winter Sport 4D with the dimensions: 225/55 R16 92E M+S.
V73 - :

Tl
s -

Figure 4. Tires used for the vehicle and measuring the snow on the road.
In the figure below the test scenario is presented. The vehicle is accelerated at the desired velocity
and then the full brake force is applied until the vehicle comes to a complete stop.

Paint of braking

t
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=
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Figure 5. Testing scenario.
There are total of 7 tests conducted with the following velocities: 30 km/h, 50 km/h and 70 km/h on
2 types of surfaces: snow and asphalt. One extra test was conducted at 50 km/h on fresh snow.

3. Results

The primary results were the vehicle distance of braking for the different surfaces at the desired
velocities. By studying the data provided by the GPS, the deceleration of the vehicle could be obtained
and compared for each surface.

This reflects the braking force of the vehicle, meaning a higher deceleration value resulted in a higher
adhesion coefficient between the tire and the road. Also by using the data from the GPS, the adhesion
coefficient was accurately calculated for each surface and for each test. In the next two figures the GPS
data is presented for the velocity of 30 km/h on snow and asphalt.

Braking on snow at 30 km/h
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Figure 6. GPS data for 30 km/h on snow.
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It can be observed that the distance travelled by the vehicle to completely stop it was 14 m in a period
of 3.1 seconds and having a maximum deceleration of 9 m/s2 but with an average of 3-4 m/s2.

Braking on asphalt at 30 km/h
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Figure 7. GPS data for 30 km/h on asphalt.

Compared to braking on snow, on asphalt the deceleration of the vehicle is higher, around 10 m/s2
and the duration of the braking phase shorter, 2 seconds compared to 3.1 s. The braking distance is a lot
shorter as well, only 6 m. Next are three test at the velocity of 50 km/h on snow, fresh snow and asphalt
done in the same conditions.

Braking on snow at 50 km/h
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Figure 8. GPS data for 50 km/h on snow.
The deceleration in this case is similar to the 30 km/h test, with an average of 5-6 m/s2 and braking
distance of 31 m in a period of 4.3 seconds.
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Braking in fresh snow at 50 km/h

20
80
70
B0
50
40
30
20

10

Velocity [km/h], Acceleration [m/s2], Distance [m]

-10

-20
O 05 1 15 2 25 3 35 4 45 5 55 6 ©5 7 75 8 85 9

Time [s]

Distance =++++=+ Acceleration

- — = Velocity

Figure 9. GPS data for 50 km/h on fresh snow.
In this case the braking distance increases dramatically compared to regular snow covered road, with
a total travel distance of 80 m in a period of 8.5 s and a deceleration of 3 m/s2 on average.

Braking on asphalt at 50 km/h
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Figure 10. GPS data for 50 km/h on asphalt.
On asphalt the braking distance at 50 km/h was about 19 m in a period of 2.7 s and a deceleration of
10 m/s2 on average. In the last 2 tests, the velocity was increased at 70 km/h on 2 surfaces, snow and
asphalt.

Braking on snow at 70 km/h
80

70 T T T =—

60 M=

50 . .

40 L

30 L

20 -

10 ~

Velcoity [kmy], Acceleration [m/s2], Distance [m]
!
I/

-10

-20
0O 04 08 12 16 2 24 28 32 36 4 44 48 52 56 6 64

Time [s]

- = = Velocity Distance eseees Acceleration

Figure 11. GPS data for 70 km/h on snow.
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At this velocity, the braking distance on snow was about 70 m in a period of 6.4 s and an average
deceleration of 6-7 m/s2.

Braking on asphalt at 70 km/h
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Figure 12. GPS data for 70 km/h on asphalt.
On asphalt the braking distance is considerably lower, with 26 m, achieved in a period of 3.5 s and
an average deceleration of 11 m/s2. In table 1, a summary of the results are presented and also, using

the formulas mention earlier, the adhesion coefficient predicted between the wheel and the road based
on GPS data.

Table 1. Summary of the results.

Velocity [km/h]  Surface Braking distance [m] Adhesion coefficient

30 Asphalt 5 0.72
30 Snow 14 0.26
50 Asphalt 12 0.70
50 Snow 31 0.33
50 Fresh snow 66 0.16
70 Asphalt 20 0.68
70 Snow 70 0.3

It was found that there was a considerable difference between the regular snow and fresh snow. On
fresh snow the adhesion coefficient calculated was 0.16 similar to ice, and in the case of snow, it had a
value of 0.33. This difference doubles the braking distance from 31 m to 66 m. In the figure below, there
is a graphical representation of the braking distance values and how can different surfaces affect these
values.

Braking distance for all velocities on all surfaces
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Figure 13. Braking distances for all the tests.
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In can be observed that the greater the velocity is, the greater the braking distance increases. At lower
velocities, at 30 km/h from snow to asphalt, the distance decreases by up to 64 % similar to higher
velocity of 50 km/h where the difference is 62%. At 70 km/h from snow to asphalt, the distance
decreases by up to 72%.

The huge difference is between snow and fresh snow, on fresh snow the braking distance increases
by 112%, doubling it, increasing the chances of accidents.

4. Conclusions

The main conclusion was that the difference in braking distance between asphalt and snow was more
than 60-70% increasing the chances of accidents. It was also found that there was a considerable
difference between the fresh snow and regular snow. On the fresh snow, the adhesion coefficient was
only 0.16, and in the case of shallow snow the coefficient had a value of 0.33. This difference doubles
the braking distance of the vehicle.

5. References

[1]  Sokolovskij E 2007 Automobile braking and traction characteristics on the different road
surfaces Transport 22 275-278

[2] Rémi P & Kulmala R 2000 Effects of variable message signs for slippery road conditions on
driving speed and headways Transportation research part F: traffic psychology and behaviour
3 85-94

[3] Gillespie T D 1997 Vehicle dynamics (Warren dale)

[4] Minguzzi E 2005 Differential aging from acceleration: An explicit formula American journal
of physics 73 876-880

[5] Kato H Momiyama M Yasui Y Muragishi Y Imoto Y & Aizawa H 2008 U.S. Patent No.
7,398,145 (Washington, DC: U.S. Patent and Trademark Office)

[6] Mannering F Kilareski W & Washburn S 2007 Principles of highway engineering and traffic
analysis (John Wiley & Sons)

[71 Aashto A 2001 Policy on geometric design of highways and streets American Association of
State Highway and Transportation Officials 1 158

[8] Wang WJ Zhang HF Liu Q Y Zhu M H. Jin X S 2016 Investigation on adhesion characteristic
of wheel/rail under the magnetic field condition Proceedings of the Institution of Mechanical

Engineers, Part J: Journal of Engineering Tribology 230 611-617

[91 Haney P 2004 Rubber Friction Inside Racing Technology 27

[10] Rubber Friction 2018 http://insideracingtechnology.com/tirebkexerptl.htm, last accessed
2018/05/10

14


http://insideracingtechnology.com/tirebkexerpt1.htm




Research of NOx and PM10 pollutants in Cluj-Napoca with
the mobile system for mitigating public health risks

D L Bildean', L Andrei? and A | Borzan'

! Automotive and Transportation Department, Technical University of Cluj-Napoca, Cluj,
Muncii 103-105, Romania

2 Infectious Disease Hospital of Cluj-Napoca, Cluj, Iuliu Moldovan 23, Romania

doru.baldean@auto.utcluj.ro

Abstract. The present research is conducted in order to show the possibilities of creating a smart
and advanced mobile system capable of investigations regarding the chemical composition of
the atmospheric air in the metropolitan areas using flexible technologies and some part of the
existing infrastructure. Experimental measurements are made using a mobile station for data
recording connected to the internet and with a link to the air quality stations. Taking into
consideration the values of different chemical compounds within the atmospheric air, the data
processing station may create a chemical map indicating the higher risk of air toxicity. Nitrogen
oxides and particulate matter are some of the essential chemical pollutants generated these days
by modern industries and transportation activities. By installing the proper technologies and
networking capabilities on a current car the research team has made a practical investigation of
actual chemical values in the metropolitan area of Cluj-Napoca by accessing the NO, NO,, NOy,
and PM 10 data retrieving lines. Necessary changes in hourly retrieved data show that road traffic
and other human activities do change the air quality level and its chemical composition. An air
map is provided for some moments of the day, including the four stations in Cluj-Napoca city.
The practical research is intended to present the technological capability and its embedding
potential for the new series models of cars which may thus indicate a proper route in order to
avoid critical points and to reduce the toxic chemical overload of some areas.

1. Introduction

Today, when health is a global concern investigating air quality is one of the most important activities
that may be done. The air intake is more important than water and food ingestion due to the fact of the
frequency of this act and its importance for each living being. Atmospheric air is the first, and the most
important transfer supports for disease agents, both biologic and physic-chemical origins, making it
more important for scientific research and engineering.

There were already developed a series of applied experiments and testing for improving diagnostic
devices and systems in polluted metropolitan environments with nitric and carbon oxides [1], but further
research of the problem is needed. Some pollutants [2] are quite closely related to the operation of
transport vehicles and their internal combustion engines [3, 4]. Temperature, pressure and engine speed
have an important influence on the operating regime [5], but in order to optimize the engines, either
conventional ones or the alternative types, an experimental approach must be considered [6, 7].
Researching the actual operating values and their influence upon emissions [8], as well as their on-board
display [9], could support the analysis of chemical composition with portable devices in order to gain
the environmental quality profile [10] and the status of the embedded after-treatment system [11]. Using
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precise sensing methods [12] and equipment [13] gas composition may be established, and specific
compounds may be identified or precisely located.

Figure 1 presents the state-of-the-art images regarding the chemical pollution of the atmospheric air
(a) and environmental mapping with portable profile-mapper of air quality (b) in order to optimize
transportation activity [14].

*_\’

... lives with

inadequate air quality clean air

b)

Figure 1. Capture of air pollution in today industry (a) and environment investigation device (b) [14].

2. Research methodology, materials and results
Today’s fast networking and advanced mobile systems allow the researchers and the engineers to
develop new smart applications for environmental investigations and atmospheric chemical profile. The
reference methodology applied when measuring the nitrogen dioxide and nitrogen oxides has been the
one given by the standard SR EN 14211 known as the Ambient air quality. Standard applied method for
investigating the actual values of both nitrogen dioxide and nitrogen monoxide is with chemi-
luminescence. The applied method for the sampling and determining of PM o and PM, 5 actual values is
the one specified in the standard EN 12341 Ambient air - Standardized methodology for gravimetric
measurement to determine the PM;o or PM, s mass fraction of particulate matter in suspension [13]. NOy
and PM, are generated by road-traffic and industry, both investigated here.

The experimental research car is a series model available at the Technical University of Cluj-Napoca.
It was equipped with a mobile advanced system having internet connection capabilities and data transfer
via Wi-Fi, as shown in figure 2. It has a wheel train 1, an internal combustion engine 2, a clutch 3,
gearbox 4, clutch control 5, engine unit 6, transmission control 7, traction control 8, on-board instrument
cluster 9, steering system 10, axle drive 11, exhaust control 12, radar system 13, air quality check point
14 (metropolitan chemical measurement station CJ1), 15 satellite connection. Applied research is
showing the hourly levels that may impact the public health and are a risk factor for life.
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Figure 2. Schematics of the research methodology and equipment placement in the testing structure

In figures 3 to 10 are shown the experimental measurements with the mobile advanced system regarding
the air quality check with flexible automotive technology in relation to the infrastructure.
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Figure 5. Air quality in the afternoon, at 18:00.

Figure 6. Measuring stations in Cluj-N. city.
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Figure 8. NO, variation in 27 and 28 dec.’19
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Figure 9. PM 10 variation in 27 and 28 dec.’19

Figure 10. NOy variation in 27 and 28 dec.’19

The tests were made for a prolonged period in order to take multiple sets of data.
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The partial data base concerning NO;, and PM10 actual values are given in figures 11 and 12. It is
observed that before important events, such a Christmas, intense human and road activities are doubling
the levels of NO, and PM o emissions in comparison to actual holidays and 2020 lockdown.

[ 11
250 | 80 J !
£ 200 | 5 60
an
E 11?)?) - u C‘E: 40 ! 2019.12.19 19:00:00
& P 2019.12.19 19:00:00 — 2019.12.28 11:00:00
50 2019.12.28 11:00:00 E 20 Z(iZ((i.lH.OS 11:00:00
Z ZUZU.UI—.’US 11:00:00 (=% 0 2020.01.07 11:00:00
0 0232(::“ 1101 ] ‘010(:?6“0 S 2020.03.23 11:00:00
2020.03.23 11:00: N Q
v o S
SO & ¢ 2020032311000 < S & & 20200323 11:00:00
S & 9 m20200107 11:0000 \2\0& R $\\Q 2020.01.07 11:00:00
RO £12020.01.03 11:00:00 < R £2020.01.05 11:00:00
& =2019.12.28 11:00:00 <& =2019.12.28 11:00:00
Parameter 112019.12.19 19:00:00 12019.12.19 19:00:00
Figure 11. NO; values in dec.’19 and mars 2020 Figure 12. PM 10 values in dec.’19 and spring

The location specifications and investigated pollutants are presented in table 1, presenting the
coordinates and addresses of the stations. Data from station CJ1 was represented graphically.

Table 1. Technical specifications for the air quality check points

Station CJ1 A. Vlaicu Street, no. 1; Latitude 46.78; Longitude 23.62; Altitude 336.00
Station CJ2 N. Bilcescu Street, no. 6; Latitude 46.78; Longitude 23.60; Altitude 336.00
Station CJ3 1 Decembrie 1918 Bvd., no. 1; Latitude 46.77; Longitude 23.55; Alt. 346.00
Station CJ4 Dambovitei Street, no. 80; Latitude 46.78; Longitude 23.63; Altitude 323.00

Investigated Pollutants NO, NO,, NOy, PM 10
Accuracy, [%] 98-100

Measurements taken with the equipment in experimental research allowed us to build a polynomial
model on a multi-point determination as follows:

NO, =22.779x* - 166.66x + 351.95 €]

where X is the timetable (day) measurement variable consisting in the type of working or holiday
when taking the measurement, for a polynomial model of NO; evolution.

3. Conclusions and observations

The flexible system of measurement works properly and allows the receiver to access data from
stationary infrastructure in order to gain insight of air quality in traffic at any given time. For
development purpose the infrastructure gives access at this point to the 4 air quality check points in the
city of Cluj-Napoca. These checkpoints may be accessed at any time regardless the location of the
mobile receiver with the condition of internet connection being available.

For public health concerns hourly NO emissions increase in afternoon, which mean respiratory
difficulties, irritations of the respiratory tract and lung’s disfunctions such as emphysema. Lower values
are recorded during the night fall and in the first hours of the day. The peak point for NO compounds
and for PM10 were recorded around afternoon at 18 o’clock by connecting the flexible database with
the measuring station from the metropolitan infrastructure. The investigation is required to be developed
in order to complete database and expand the applied study.
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Abstract. The endurance and the life time of the mechanical transmissions are highly
influenced by the functioning conditions and, not at least, by the materials that they are
manufactured from. The increase of the endurance and functioning life time, corroborated with
a friendly impact with the environment, is one of the main aims of the worldwide research
areas of today. According to this, the development of new materials characterised by low costs
and high endurance represents one of the solutions obtained by the specific scientific research.
The paper investigates the friction induced heating properties of the polyamide/steel type
contacts by considering dry friction conditions. It is studied the contact between a steel made
pin and a PA46 and PTFE added PA46 polyamide made disk, under different testing
conditions, depending on the rotational speed of the disk and the normal force, at the
environmental temperature. The tests are achieved on a tribometer equipped with a pin-on-disc
module and, as output, the friction coefficient is measured. Due to the friction is developed a
heating of the local contact area. The heat is calculated according to the measured friction
coefficient, the normal load and the relative sliding velocity. Finally there are given
conclusions regarding the friction induced heating properties of the tested materials.

1. Introduction

The environmental friendly solutions are widely researched themes today in many areas as: energy
production systems, automotive industry, aircraft and railway industry, food production and
processing systems, chemical industry etc. These solutions are characterised by low energy
consumptions and low CO; and other pollution gases emissions, during their manufacturing process
and their usage. According to this, one research direction is represented by the development of new
materials; a class of materials which are characterised by small frictional loses and good endurance in
the contacts with steel made parts is represented by the polyamides. These materials, in combination
with steel made parts, have applications in automotive industry, aerospace engineering, chemical
industry and electronics due to their good tribological properties, corrosion resistance and simple and
economic manufacturing process [1, 2, 3, 4].

In the scientific literature the tribological properties of the polyamide type materials are determined
by performing two categories of tests on the tribometer: tests performed on the pin-on-disc module
and tests performed on the reciprocating module.

In [5] there are performed test on a pin-on-disc module for a composite PA66 polyamide with
different values for the contact pressure and for the velocity; as results, there are highlighted the
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friction and wear behaviour of the tested material: low friction coefficients in combination with steel
materials and stabilised wear.

The paper [6] presents the mechanical properties of a class of PA66 polyamides. The tests are
performed on a pin on disk type tribometer under dry and lubricated conditions. In the case of no
lubricated conditions, the friction coefficient is increasing with the increasing of the force and has
values between 0.15 ... 0.23 for forces between 50 N ... 250 N, the pin diameter d=10 mm and the
velocity v=0.025 m/s; the friction coefficient is decreasing with the increasing of the sliding velocity —
bellow 0.1 for 0.1 m/s.

In [7] the friction is studied using a pin-on-disc module (the pin is made of two types of
polyamides and the disk is made of steel) with normal loads of 5, 10, 20 and 30 N and rotational
speeds of 1000, 1500 and 2000 rpm for a pin of 12 mm diameter, dry friction conditions and 1 km
sliding distance. The friction coefficient is decreasing with the increasing of the force with values
between 0.14 ... 0.42 for the pure PA66 and with 0.32 ... 0.42 for the graphite reinforced PA.

The dry sliding tests on reciprocating type motions modules are performed in [8] and [9]. In [8] the
tests were performed on an Universal Micro Tribometer (UMT) [10] on the reciprocating module
equipped with a ball on block device, at a humidity of 40% with a stroke of 5 mm. The test period is
about 1800 s and the friction coefficient of PA66 is equal with 0.22 ... 0.28 increasing with the
increasing of the normal load and with the increasing of the frequency. The paper [9] presents the
study of the friction coefficient and of the wear in the case of a GCrl5 steel ball in contact with a
PAG66 plate; the tests were performed on a Universal Micro Tribometer (UMT) [10] by using the
reciprocating module of it. The normal loads were 1 N, 2 N, 3 N, 4 N for a diameter of 4 mm of the
ball; the sliding velocities were 31.42, 62.83, 94.25, 1245.66 mm/s. Under dry conditions, the friction
coefficient decreases with the increasing of the normal load with values between 0.15 ... 0.4 and is
increasing with the increasing of the translational speed.

Under no lubricated conditions, due to the friction, in the local area of contact, it is produced heat.
The paper [11] studies the heat produced by a dry friction of PA6 nanocomposite fabrics and steel; the
local temperature increases with the increasing of the normal load and the increasing of the test period.

The paper investigates the friction induced heating properties of the PA46 and PTFE added PA46
polyamide on steel type contacts by considering dry friction conditions and different testing
conditions, depending on the rotational speed of the disk and the normal force, at the environmental
temperature. The heat is calculated according to the measured friction coefficient, the normal load and
the relative sliding velocity. Finally there are given conclusions regarding the friction induced heating
properties of the tested materials.

2. The tests

The experimental rig used to perform the tests is an Universal Micro Tribometer (UMT) [10]
connected to a computer, as it can be seen in figure 1. On the test rig may be performed wear and
friction tests.

The wear can be measured by using a sensor which allows the vertical stroke for the slider of 150
mm with an accuracy of 50 nm [10]; the lateral stroke is equal with 75 pm and can be adjusted with an
accuracy of 2 pm [10].

The friction tests are performed in order to find out the friction coefficient between different
materials being in contact. The friction coefficient is calculated automatically by the test rig’s software
as the ratio between the force measured about a horizontal direction, same with the motion’s direction
and the vertical normal load measured about the vertical direction; these forces can be measured by the
sensors in an interval of 0.1 ... 1000 N with the resolution up to 50 mN [10].

A pin-on-disc module is mounted inside the tribometer. The steel made pin has the diameter equal
with 6.3 mm. Inside the rotary module are mounted the PA46 and PTFE added PA46 polyamide disks
which will be in contact with the steel made pin (figure 2).

The tests are performed after a running-in period of 2 hours at a rotational speed of the disk equal
with 1000 rpm and a normal force of 50 N. After that, the tests are accomplished at the room
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temperature of 22 °C, with a set of rotational speeds equal with: 500 rpm, 1000 rpm, 2000 rpm and
3000 rpm; the normal forces used for the tests are equal with:10 N ... 50 N. Each test duration is equal
with 10 minutes. The sliding radius is equal with 12 mm.

Figure 1. The tribometer.

During the tests there are measured the normal force and the horizontal force oriented opposite to
the rotation’s direction. The software calculates the friction coefficient as the ratio between the two
measured forces. The friction induced heat is calculated with [11]

Q=pFvt (M

where: | represents the friction coefficient; F — the normal force; v — the speed; t — the test period.

a) | b)

Figure 2. The polyamide disks in contact with the steel made pin.
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3. Results and conclusions
The results present the evolution of the wear during the running-in test and variation of the friction
induced heat with the rotational speed of the disk and with the normal force.

Figure 3 shows the evolution of the wear during the running-in process. The value of the wear, for
the PA46 polyamide is stabilised after approximately 60 minute at a value around 0.08 mm. The wear
for the PTFE added PA46 polyamide is higher (about 0.11 mm) and it is stabilised after 100 minutes.

The running-in
F=50N; n=1000 rpm; T=22 C
0.12
0.1 —

£ 008 /f
?" 0.04 ///4

0.02

o
0 20 40 60 80 100 120
t, min
e DAY =P A46+PTFE

Figure 3. The evolution of the wear during the running-in process.
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Figure 4. The variation of the friction induced heat with the rotational speed.
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The variation of the friction induced heat with the rotational speed and with normal load is
presented in figure 4 and in figure 5. Figure 4 highlights that the amount of the friction induced heat
increases with the increasing of the normal force and with the increasing of the rotational speed. The
PTFE added PA46 polyamide produces smaller amounts of friction induced heat than the PA46
polyamide. According to figure 5, higher differences regarding the evolution of the friction induced
heat, between the PA46 and the PTFE added PA46 are noticed at high rotational speeds.

The friction induced heat, J
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Figure 5. The variation of the friction induced heat with the normal force.

As a general conclusion, the PTFE added PA46 polyamide has a higher wear than the PA46
polyamide and the wear is stabilised at a constant value after a longer period of time, instead of the
case of the PA46 polyamide. The friction induced heat increases with the increasing of the speed and
of the normal force, for both materials. In all the cases, the PTFE added PA46 has a smaller friction
induces heat production. Regarding their applications, the PA46 polyamides are preferable to be used
in order to obtain high endurances of the mechanical components. For smaller amounts of produced
friction induced heat, the PTFE added polyamide is preferable to be use.
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Abstract. In the context of increasing competitiveness, the companies from manufacturing
industry are constrained to provide quality products at a lower price and a shorter delivery
time. This brings new challenges during the manufacturing process. One of the main
challenges is to reduce or eliminate waste during the production stage. The actual paper
presents methods and solutions through which the waste from the manufacturing process is
identified and eliminated. As a consequence, increased productive efficiency and higher profit
have been gained. The objective of this study is to implement Lean manufacturing tools, in
order to improve the production process carried out within a manufacturing company, with a
small manufacturing batch. Based on real data from the manufacturing process, the current
value stream mapping (VSM) was built, identifying both operational and non-operational
times. After waste identification, an optimal solution was chosen for the manufactured parts
required by the customer. Implementing the best solution resulted in a productive efficiency
increase by 90.93%, which significantly reduces the manufacturing time.

1. Introduction
With the digitization of companies, new challenges have emerged in the operational activities of
manufacturing companies, aiming to increase performance by waste reduction. In this context, an
important role is played by the tools and the ways that companies use to increase their performance,
reducing the waste (different type of waste) within the manufacturing processes. [1-3]

Lean Manufacturing has proven to be one of the best practices that manufacturing companies adopt
within organizations to increase their performance by reducing, respectively eliminating waste [4-5].

According to Arunagiri and Gnanavelbabu (2014), a study was conducted on the main waste from
automotive industry, ranking the 7 waste defined by Taichi Ohno (overproduction, waiting, transport,
over-processing, stocks, unnecessary movements, defects). The most common losses that affect the
production process are: transportation, waiting times and unnecessary movements [6-7].

Subsequently, two other types of waste were added (in addition to the 7 waste defined by Taichi
Ohno), namely the improper use of human talents and insecurity or ergonomic working conditions [8].

According to Gupta and Kundra (2012), in all manufacturing processes, there are two types of
activities, namely value adding activities and non-value-adding activities. The non-value-adding
activities are distributed in activities that can be eliminated, referring to those activities for which the
client is not willing to pay, and the second category of the non-value-adding activities, which are
necessary (these cannot be completely eliminated, but can be reduced by making major changes within
the company) [9].
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Lean manufacturing is a production system, which aim is continuous improvement of productivity,
by identifying and reducing waste [10-11].

According to Azizi and Manoharan (2015), the implementation of the Lean Manufacturing
production system involves five principles, as follows: specifying the value, identifying the value
flow, creating the value flow, configuring the pull system by the customer and pursuing perfection
through continuous improvement [12].

The implementation of the Lean manufacturing concept within a company contributes significantly
to increasing productivity and sustainability, improving lead-time and improving quality of product
[13-14].

Lead time reduction implicitly reduces the time to make the payment to the raw material suppliers
and the time to collect the payment for the product manufactured and delivered to the customer,
because the lead time represents the time between the order from the customer is received and the
product is delivered to him [15-16].

Even if the transformation of a company based on traditional production principles into a company
based on the Lean Manufacturing principles contributes to the increase of the productive efficiency
and thereby generates higher profit, according to the study realized by Almanei et al, there are many
challenges that the company must face [10].

Regarding the correlation between profitability and waste, Hamed and Soliman (2017) point out in
their study that those companies that identify and eliminate waste, automatically increase their profit
because the costs of waste are eliminated. Moreover, the savings created by eliminating that
percentage of waste can be used to cover other operational expenses (employees' salaries, direct
expenses, maintenance costs, etc.) [17].

The operational process analysis is performed using Value stream mapping, which is a visual
management tool used in Lean production [18]. VSM is a method that helps to visualize the entire
technological process, quickly identifying the existing waste and eliminate it, realizing a streamline
flow of raw materials and information, removing non-operational times, respectively waiting times
from the technological flow [19-20].

This tool can be automatically generated, in real time, by computer-assisted programming, using a
system with wireless RFID monitoring, thus reducing the time to make the value stream mapping and
at the same time significantly reducing the errors [21].

Within Lean production, there are certain techniques that once implemented can significantly
contribute to the increase of the productive efficiency [22], for example the implementation of the
SMED (Single minute exchange of die). This technique improves the production flexibility and the
time required to change the manufacturing batch by 50% [15]. In some cases, by implementing the
SMED and Kaizen, these times have been reduced by over 60% [12].

The replacement of the traditional production system with the Lean Manufacturing production
system significantly contributes to increasing the quality and costs reduction [19].

The implementation of Lean techniques not only has an impact on increasing profitability, but it
also has a major impact on the environment. For example the use of VSM helps to identify the
production process impact on the environment, 5S helps to maintain cleanliness (oil leaks and a
variety of toxic solutions) and a clean working space, Total Productive Maintenance helps prevent oil
leaks, dust emissions, chemical vapors in the atmosphere [23].

The term of "leanness" represents the impact of a company to become lean, reaching its objectives,
respectively elimination of waste [24].

Lean design in manufacturing on CNC machining centers, or the design process by lean machine
tools, according to Gupta and Kundra (2012), have many advantages, such as increased operating time
of the machine, less materials, reduced design cycle time, easier manufacture and assembly of
machine tools, improves product quality and reliability, easy cleaning and maintenance of machine
tools, improves loading and unloading system, fast loading of machined workpiece [9].

The occurrence of errors in the production process involves different challenges, which if not
resolved in time cause significant waste, thus reducing the company's profit. Any errors in the
production process can be prevented by Poka Yoke mechanisms [25]. Here are some of the causes of
the occurrence of possible errors and their impact on productivity:
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= human errors can cause quality problems in the operation of the automated equipment (for
loading, unloading and configuration) [26];

= errors of the processed part because of tool [27];

= crrors at the workplace can be caused by inappropriate planning, ineffective
communication and lack of proper training [7];

= during the mechanical processing performed on CNC machining centers or conventional
machine tools, thermal errors can occur, due to the increased temperature of the machine
tool elements that cause a relative movement between the machined part and the tool,
during the machining process [28].

2. Research methodology
The study started from a human error, respectively inadequate assumptions and measurements were
made. Consequently, the price offer was also incorrectly issued, the calculated price being lower than
the cost of manufacturing the piece. The assumption for the price offer was made on the fact that the
piece will be manufactured on a classic lathe SN 320.

As a result of this human error, the technological process was re-analyzed, reaching the conclusion
that manufacturing the piece on a CNC lathe is more profitable than processing it on the classic one,
provided in the tender.

The adoption of the production on CNC machining center was considered more cost-effective due
to the reduced manufacturing time (considerably shorter than using the lathe SN 320 machine tool),
which led to the shortening of the overall operational time, a significant increase of profit and higher
product quality.

3. Case study
The present study analyzes the technological flow for the execution of a piece — knurled axle.

The number of pieces executed is 200. Figures 1 and 2 present the 2D, respectively the 3D
drawings of the manufactured piece, produced on a CNC machining center - CNC Fanuc Oi Tc lathe.
The final piece is shown in figure 3.

Knurled surfoce

¢ 28
ol

¢ 8
¢ 7
24

B2 173 7
210

Figure 1. Knurled axle — 2D drawing.

Figure 2. Knurled axle - 3D drawing.
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Figure 3. Knurled axle - manufactured on CNC machining center

Fanuc O1 Tc lathe.

Name of the piece: Knurled axle.

Material: 16MnCrl1.

Manufacturing technology

The processing of this part requires 2 clamps:
Clamping 1.

Exterior turning ®28 and ®8x30 respectively ®12x7;
Knurl ®28x157, step 0.6, deepness 0.2 mm;

Turning 3 mm;

Cutting ®28x210 mm.

Knurled surfoce UU}

o 8
1

pp OW 7 30

32
194

Figure 4. Knurled axle - clamping 1.

Clamping 2.

Exterior turning ®12X16 and ®6x10.

The cutting parameters:

speed: 2100 rpm;

feed rate: 400 mm/min (0.2mm/revolution).

The table 1 presents the cutting tools for each operation.

Table 1. Operations within the production process - CNC machining center.

(2x)

No.

ert Operation Tool Parameters
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Exterior turning ®28
and ©8x30 Speed: 2000 rpm
1 respectively ®12x7 : ’ Feed: 0.1 mm/revolution
7 Ap=3 mm

Knurl ®28x157, step Speed: 1000 rpm

2 Feed: 0.5 mm/revolution
0.6, deepness 0.2 mm Ap=0.2 mm
== Speed: 2280 rpm
3 Turning 3 mm e Feed: 0.2 mm/revolution
- PV Ap—
p= 8 mm
= Speed: 2280 rpm
4 Cutting ®28x210 mm L Feed: 0.2 mm/revolution
g pMEC Ao
p=14.5 mm
. . Speed: 2000 rpm
Exterior turning . .
5 ®12X16 and D6x10 ’ Feed: 0.1 r_nm/revolutlon
> Ap=3 mm

In order to manufacture the knurled axle on CNC machining center (Fanuc oi-Tc), the below table
presents the operations performed within the manufacturing process, with processing times related to
each phase.

Table 2. Operations within the production process - CNC machining center.

No. Operation Machine tools Measuring device Operations time
crt
Clamping 1
1 Exterior turning  FANUC 0l TC Caliper 10 s - clamping
®28 and D©8x30 Lathe aluminum bar
respectively ®12x7 18 s - processing
5 s - measuring
2 Knurl ®28x157, FANUCOITC Caliber 25 s - processing
step 0.6, deepness Lathe 5 s - measuring
0.2 mm 7 s - time for cutting tool
positioning
3 Turning 3 mm FANUCOI TC Caliper 38 s - processing
Lathe 5 s - measuring

10 s - time for cutting
tool positioning
4  Cutting ®28x210 FANUCOITC Caliper 4 s - processing
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mm Lathe 5 s - measuring
15 s - handling parts and
time for cutting tool
positioning

Clamping 2

1 Exterior turning FANUCOITC Caliper 10 s - clamping
®12X16 and Lathe aluminum bar
D6x10 14 s - processing
5 s - measuring
15 s - handling parts and
time for cutting tool
positioning

Total time 191 s - Production lead
time
99 s - VAT -
Value added time

With the help of Value Stream Mapping, the entire technological process and the operational flow was
graphically exemplified. The operational time (CT - cycle time) from each operation separately and
the nonoperational time (summing all the nonoperational activities from each operation separately - C
/ O - changeover time) is included in the VSM, shown in figure 5.

//L//L// PROD 0 //L/

ONTRO
Supplier Customer

Delivery Daily BefieduleDaily Sgfiedule Daly Sghedule Daily Ségedule Daily Segedule .
s Delivery
‘ Quiside A Knurling A Turning ‘ Cutting A Outside: '

turning tuming
CiT=25s C/T=138s CiT=4s -
ggif;s Clo=12s Clo=15s Cl0=20s gg;;z
e Production
lead time =
155 12s 12s 20s 30s 191s
Value
18 25 35 4 14
S S S S S o
time - VAT
=99s

Figure 5. The VSM - manufacturing on CNC machining center

4. Results and discussions

The price offered for the manufacturing process of 200 pieces was Eur 27 per hour. Following the
piece manufacturing on a SN 320 lathe, it took 35 minutes to manufacture a single piece, which means
a production capacity of 1.71 pieces / hour.

Regarding the necessary manufacturing time for the first piece it was found that the time required
to manufacture a single piece is much longer compared to the estimated time on which the price offer
was made. Therefore, after analyzing the technological process, new solutions were sought to reduce
this time significantly, which would solve human error.
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A solution chosen to quickly fix the human error was the implementation of a manufacturing
technology that shortens both the operational and non-operational times. As a solution in this regard
was the proposal to manufacture these parts on a CNC machining center (Strung Fanuc OiTc ). The
manufacturing time of one piece in this case was 3.18 minutes, which means a production capacity of
18.86 pieces per hour.

Therefore, starting from the premise that for every working hour Eur 27 are charged, the
production cost for a single piece in the case of CNC machining center is Eur 1.43, and in the case of
manufacturing on the SN 320 lathe is Eur 15.78 for a single piece.

Regarding the difference between the manufacturing time and cost, respectively the revenues for
each manufactured piece, there is a very big difference, reflected in figure 6.

€18.00 |
€16.00 F;ﬂ;i%ggctunﬁg on
€14.00
€12.00
€10.00
€8.00
€6.00
€4.00 -

lece

Costip

Manufacturing-en
CNC machine

€2.00
v

€0.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
Manufacturing time

Figure 6. The impact of the manufacturing time on the production cost.

5. Conclusions
The adoption of the manufacturing technology on a CNC machining center led to the increase of the
productive efficiency by 90.93%.

It took 15.60 days for the manufacturing of 200 pieces on the lathe SN 320, while in the case of
producing the same quantity on the lathe Fanuc Oi Tc 1.41 days were required (working hour per day -
7 hours and 30 minutes - 30 minutes break).

In the time difference between the two presented cases, respectively in the remaining 14.19 days,
continuing the production after the completion of the 200 pieces on CNC, an extra quantity of 2008
pieces can still be produced, which is equivalent of Eur 2871.4. This could be valued in case of
contracting orders with larger amounts than the 200 parts.

By adopting the manufacturing technology using a CNC machining center, not only was the human
error remedied, but it also significantly contributed to the elimination of non-operational times, which
led to an increase in the percentage of value-creating activities.

In conclusion, the shorter the required time for a single piece manufacturing, the more it reduces
the cost of production, in other words, more will be produced with less resources, which is one of the
characteristics of Lean Manufacturing.
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Abstract. Investigation of NOx emissions is a worldwide concern in order to mitigate or to
reduce the health risks that the pollutant poses for the public. It is known that the NOy are a
combination of highly reactive odourless gases containing nitrogen and oxygen in different
proportions. The main objective of the present paper is to show the applied investigation and its
following results regarding NOy values and trendlines for the warm-up phase of a Mercedes E
350 CDI Cabrio-Coupe A/C/W207. The secondary objective of the investigation consists in
dividing and comparing the results obtained before and after the threshold limit of 40°C in
coolant temperature. The warm-up sequence is not the highest temperature stress regarding
pollution and NOy formation. It is although very important due to at least two reasons. In the first
place, many of the usual road traffic trips are not exceeding the warm-up duration, meaning that
the travel is below 40 minutes long. Secondly, the operation below 60°C is the most stressful
both physically and chemically for the engine (its systems) and the environment being defined
by high wear and pollution levels. Temperature is a key factor.

1. Introduction
In the early 2020 the Corona virus pandemic brought both significant restrictions and research
opportunities. Due to the risk of transmitting the deadly virus authorities worldwide have drastically
limited the road traffic and other forms of transportation impacting the air quality and pollution levels.
Some researchers took this opportunity to further the science and to gain valuable result by looking into
the given problem as it was a great chance to understand the phenomena and to size the benefits [1, 15].
NOy is produced during the compression, combustion and evacuation strokes when air is compressed
at high temperatures and fuel is injected in order to generate mechanical work. NOx leads to smog
formation, acid rain, deterioration of water quality, greenhouse effect, and reduced visibility in urban
areas [2, 3, 4]. Controlling the temperature is the key factor to impact engine performance [5]. Smart
systems and comprehensive approaches allow the researchers to tackle both the operation and emission
problems [6, 7, 8, 9, 10]. Climate emergency mandates the researchers to investigate furthermore the
NOx control technologies and emission model implementation for different vehicles [11, 12, 13, 14, 15].
Because there are two ways of determining the NOx emissions in relation with the operating regime,
the most common one is by taking into consideration the performance, as the power output — which
coincides with the high engine speed and high temperatures. At high power output the hourly
consumption is significantly high. In this first case the formation of NOx compounds is sustained by the
high temperatures and fuel consumption. Increasing the demand upon the accelerator leads to higher
fuel injected quantity, thus increasing the temperature inside the cylinder, increasing the engine speed,
thus increasing the power output and NOx. In this stage, high engine loads lead to high NOy emissions.
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This observation is valid only when we consider the warming up phase and acceleration process, with
the precise consequence of increasing the power, the hourly fuel consumption, the engine speed and
mixture temperature. Another way of looking into the problem is more practical and considers the fact
of deceleration and engine brake when the temperature is already high. Depending on the environmental
temperature level, the usual warm-up phase takes between 10 and 30 minutes. In the present case the
first 5 to 7 minutes from engine start allowed the coolant to reach the 40°C level and the following 5
minutes led to another increase in temperature from 40 to almost 63°C.

Figure 1 shows the map with the recorded differences between the NO, emissions before and after
the road traffic restrictions in New York. It highlights the fact that the lower road traffic is the higher air
quality will get. On global scale, after animal farming industry, the transportation is an important
pollutant [14].

More NO, emissions —»

2019 March 1 to March 19

2020 March 1 to March 19

New York
New York

Figure 1. Differences in N.Y. NOx emissions in March 2019 (a) and 2020 (b) after restrictions [14].

2. Applied research
Applied research is based on advanced computer aided investigation with models and methods used for
taking measurements, calculating, predicting or estimating NOj levels in exhaust gas, as it is allowed by
the Law 104/2011 [14], and upon a vehicle which has diesel engine with technical data given in table 1.
Figure 2 presents the vehicle 1, a Mercedes E Cabrio-Coupe A207, having a common platform with
C207 and W207 models, used in the current research for NOyx assessment. It has engine, clutch, gearbox
and steering system placed on the front axle 2. The on-board data management system 3 records the
vehicle performance in operation. Fuel tank 4 and traction 8 are disposed on the rear axle. Tail pipes 7
on the rear end allow the exhaust compounds 9 to affect the atmosphere and develop specific reaction 5
with oxygen. Rain 6 and NO; gas negatively impacts the environment 10 and public health [2, 3, 12].

o ol®
1 2 3 4 5

ey @
NO+1/202 == N02

{

HNO,
9 HNO;
Y

“’W’
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Figure 2. Schematic of the NOyx emissions into the environment and some negative effect on life [11]
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In figures 3 to 12 are presented the results for NOy levels determined when operating the vehicle in the
warm-up phase, by taking the reference the point of 40°C which is also indicated on board.
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Figure 3. NOx per stroke vs. speed below 40°C.

Figure 4. NOy per stroke vs. speed above 40°C.
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Figure 5. NOx vs. engine speed, when below 40°C.

Figure 6. NOx vs. engine speed above 40°C.
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Figure 7. NOx vs. no. of inj., when below 40°C.

Figure 8. NO vs. no. of inj., when above 40°C.
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Figure 9. NOy vs. air mass flow when below 40°C.

Figure 10. NOx vs. air mass flow above 40°C.
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Figure 11. Hourly NOx vs. rpm, when below 40°C.

Figure 12. Hourly NOx vs. rpm, above 40°C.

The NOy emissions were determined just for a limited period of time to reach 60°C in worm up process.
The hourly NO, emissions versus the selected gear ratio are given in figures 13 and 14.
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Figure 13. NOx values vs. gear ratio in first 5 min. Figure 14. NOx vs. gear ratio above 40°C

Most significant technical specifications regarding the vehicle’s power-train are presented in table 1.

Table 1. Technical data for the vehicle under testing

Parameter Mercedes-Benz E350 CDI/Bluetec (2013) Model W/A207
Engine Diesel 350 CDI/Compression ignited/ W207/2013
3.0 L OM642 V6 turbo
Fuel supply Common-Rail/6 injectors
Clutch Dual
Transmission 7G-TRONIC 7-speed
Axle Rear axle drive, Front axle steering
Wheelbase 2874 mm

NOy assessment based on air and fuel consumption makes use of the instant mixture as modeled below:

NO, = 5 + 102Lapm/6=5 » 102[(Fc+Ac) » NJ/6, [kg/h] (1)

where Iapum is the instant air-fuel mixture introduced each operational cycle into the engine; Fc
— fuel consumption, in kg/h; Ac - air consumption, in kg/h; Nc — number of working cycles.

3. Observations and conclusions

Outside environment temperature during the experimental test was 13°C. The Mercedes E-Class Cabrio
under testing in this research has a complex transmission with 7 gear ratios for forward drive and one
for reverse, with three optional gear change strategies (M-manual; S-sporty; E- automatic eco-mode).
There have been written more than 300 lines of data code and a total of 3920 digital cells were created
for the current investigation. Steering excessively leads to higher fuel consumption and less autonomy.
In approximately ten to twelve minutes, the engine has been warmed up above 60°C due to traction load
and operation in road conditions. Changing in temperature led to a significant improvement in fuel
economy due to the reduction of fuel consumption. There are at least 2-3 seconds delay between
actuating the accelerator of the car, increasing consequently the fuel injected quantity, and the following
process of engine speed increase. After increasing the engine speed there are at least 1-2 seconds delay
till the recorded vehicle speed is following up the engine crankshatft.

The average NOy value, during the first phase of the investigation, when the coolant temperatures
increased from 13°C to 40°C, was 1.198 ppm. The same pollutant recorded an average of 1.326 ppm in
the second part of investigation, when the engine coolant was between 40°C and 63°C. The NOy increase
trend on average with approximately 10% is also validation proof of the research, showing the effect of
a higher temperature upon the formation of nitrogen and oxygen compounds. Estimation allows us to
foresee a significant increase in NOy levels when coolant temperatures are above 80°C and the vehicle
operates in engine braking regime. These insights, to be proven and discussed. require further research.
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Abstract. In this paper, a brief overview is presented, resulting from a recent literature review
of some representative books or papers regarding various research on different types of parallel
robots, parallel kinematic machines, or hybrid parallel mechanisms. Starting from a short
introduction regarding the motivation and necessity of the emergence of such parallel
mechanisms, some basic terms are presented, in the context of founding the existence of several
terminologies for certain specific expressions of this subject, as well as different definitions for
them. Then, after a short presentation of the advantages and disadvantages of the parallel robots,
compared to serial ones, and of the parallel kinematic mechanisms compared to the conventional
machine tools, some publications related to kinematics, dynamics, modeling and simulation of
these types of mechanisms are highlighted. This research is realized in order to identify a solution
that will be the basis for the development of a prototype, both virtual and experimental, for such
mechatronic system.

1. Introduction

In the last few decades, alongside the development of serial industrial robots, parallel robots attracted
the attention of many industries and researchers. This because of their higher precisions, rigidity,
dynamic performance and loading capacity, compared with the serial robots.

Also, in order to reduce or eliminate the disadvantages of the conventional machine tools, the modern
machine tools, based on the parallel kinematic mechanisms were developed, that are faster, more
accurate and less costly and offer higher dynamic performance and operational flexibility. Nowadays,
parallel kinematic machines, also called parallel robotic machine tools or parallel robot-based machine
tools, are developed and produced by many researchers and companies and used in a lot off applications.

The development in this field continued, and a new concept appeared, followed by the development
of different variants of hybrid parallel kinematic machines, that are able to work both in robotics and
machining applications.

After a substantial analysis, based on an extensive bibliography, consisting of 123 references, Merlet
and Gosselin [1] stated in 2008 that, compared to the serial robots, the analysis of the parallel
mechanisms and robots is far from being complete.

Their statement proved to be true, so in the years that followed, the interest of researchers and
companies in this field has increased, so that at present, there are a large number of books, articles or
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websites presenting papers, researches or information on this topic. For example, searching on Google
"parallel robot", about 237,000 results were identified [2], and on Web of Science Core Collection [3],
2,314 results. Also, on the Robotic Industries Association (RIA) website [4], for the same search, a total
of 5,679 results were identified, out of which 1085 referred to products, 308 were companies, 205 were
services, and 384 were industry insights.

According to this general interest, and in the desire to develop such a mechatronic system, we
conducted a literature review on the topic of parallel mechanisms, presented, briefly, in this paper.

2. Basic terminology
Consulting numerous books and scientific articles in this field, we found the existence of several
terminologies for certain specific expressions of this subject, as well as different definitions for them.
Of all these, we chose to take over and use the terminology provided by the ISO 8373 (1994),
Manipulating industrial robots-Vocabulary, and the Parallel Mechanisms Information Center.
According with these:
- Parallel Robot is “a robot whose arms (primary axes) have three concurrent prismatic joints”.
- Parallel Kinematic Machine (PKM) is “a machine tool based on a parallel mechanism”.
- Fully-parallel mechanism is “a parallel mechanism with an n-DOF (degree of freedom) end-effector
connected to the base by n independent kinematic chains, each having a single actuated joint”.
- Hybrid parallel mechanism is “a parallel mechanism with an n-DOF end-effector connected to the base
by m (m < n) independent kinematic chains, each having one or more actuated joints”.

Other definitions for the parallel robots, of some prestigious researchers in this field:
- “Parallel robots are closed-loop mechanisms presenting very good performances in terms of accuracy,
rigidity, and ability to manipulate large loads” [5]. After few years, in the second edition of the book,
[6], Merlet maintains his definition but adds that parallel robots are sometimes called hexapods or PKM,
and notes that this field is in a quickly moving, becoming increasingly popular in the machine tool
industry, and being addressed in an extensive bibliography.
- For Gogu [7], a parallel robot is “a robot in which the end-effector is connected in parallel to the
reference link by k>2 kinematic chains, called limbs or legs” For a fully-parallel robot, the number of
limbs is equal with the robot mobility, k=M>2, and in each limb exist just one actuator. For an hybrid
serial-parallel robot, the end-effector is connected to reference link by just one complex kinematic chain,
called complex limb or complex leg.
- Recently, Staicu, in [8], defines the parallel robots as “closed-loop mechanical structures whose mobile
platforms are linked to the base by some independent kinematical chains, presenting very good potential
in terms of accuracy, rigidity and ability to manipulate large loads with minimal positioning errors”.

3. Advantages and disadvantages
Reiterating the advantages of the parallel robots, compared to serial ones, Staicu presents the increased
interest of the researchers in this field, as well as the wide spectrum of their use, going up to the non-
traditional and innovative applications, such the surgical and rehabilitation robots. Regarding the hybrid
industrial robots, they present the advantages of both serial and parallel robots, namely high dexterity,
high stiffness, large workspace, and high force-to-weight ratio and minimized disadvantages.

Compared to the conventional machine tools, the parallel kinematic mechanisms offer higher
stiffness, higher acceleration, potential higher accuracy, lower moving mass, mechanical simplicity, and
reduced installation requirements, and so, they have the potential to be high precision machines, highly
modular and reconfigurable, with high dexterity and multi-mode manufacturing capability, and also with
a small footprint, thus changing the classical manufacturing technologies. [9]. By citing on Giddings
and Lewis, Zhang shows that a Hexapod machine tool is a substantially improved machine tool in terms
of speed (about 4 times), rigidity (about 5 times) and precision (about 7 times).

The Hexapod machine tool, which is a parallel kinematic machine with six legs, combines the speed
and dexterity of a conventional robot with the stiffness and accuracy of a machine tool.
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The Deltapod represents a combination between Delta robot and Hexapod machine tool, which is a
less costly and very compact machine, powerful, and that can carry payloads exceeding four times its
own mass [10].

An overview on the evolution of the parallel kinematics machine tools is conducted in [11], a survey
of their development, performances and practical application compared with the serial machine tools.

In a comparison between Tricept hybrid PKM versus serial robots and traditional machine tools, in
[12] is shown that, in terms of speed and flexibility, Tricept hybrid PKM is comparable to serial robots,
and in terms of accuracy and stiffness, its performance is more close to the machine tools.

4. Kinematics

Direct kinematics, also known as direct kinematic problem or forward kinematics, consists in finding
the generalized coordinates (the variables that describe the pose of the mobile platform) from the
articular coordinates (the variables that describe the actuated joints), or, in other words, in determining
the position and orientation (the pose) of the mobile platform for a given set of the articular coordinates.
For the parallel robots, usually, the direct kinematics is much more complex than the inverse kinematics,
but it is necessary for motion planning, control purposes and calibration of the robot.

Inverse kinematics, also called inverse kinematic problem, or reverse kinematics, consists in finding
the articular coordinates from the generalized coordinates, or, in other words, in determining the vector
of leg lengths for a given pose of the mobile platform, defined by the position vector and the rotation
matrix. For the parallel robots, the inverse kinematics is usually uncomplicated and easy to do or
understand.

A comparative study on the optimum kinematic designs of the parallel, serial and hybrid machine
tools and robotics structures is presented in [13] and few strategies for kinematic designs of some parallel
and hybrid mechanism are developed, discussed and analyzed.

For an experimental prototype of a new type of a 2RPU-2SPR parallel manipulator, presented in
[14], the direct kinematics solution is calculated by applying an artificial intelligence method, namely
the back propagation neural network (where the notation used for the kinematic pairs means: P -
prismatic; R - revolute; U - universal or Hooke's or Cardan joint; S — spherical).

To solve the inverse kinematics for any kind of parallel robot used, generally, for drilling or milling,
that require three translational and two rotational degrees of freedom, 3T2R, a general kinematics model
is introduced in [15].

5. Dynamics

Dynamics of the parallel robots, usually more complicated because of their complexity, is based on the
direct kinematics and requires the determination of the dynamic parameters, in order to obtain the
dynamic model, which is important for its automatic control.

The most used approaches in the dynamics of the parallel robots are the classical methods that use
the Lagrange formalism, Newton-Euler equations, Hamilton’s principle, Kane method, and the screw
theory and the principle of virtual work. An analogy between the principle of virtual work, and the
formalism of Lagrange's equations is presented by Staicu, in [8].

The inverse and direct dynamics of a 3SPS-1S parallel robot is solved in [16] and two different
control methods are presented, with some control examples for each method.

A new method for the dynamic modeling of the Stewart parallel mechanism, but which can be used
also for other linear multibody systems is proposed in [17] and validated through a numerical study. It
is based on the transfer matrix method and considers the mechanism as a flexible multibody system,
with the platform rigid and the legs flexible.

By using the matrix method and the Lagrange equation, in [ 18] is obtained the solution of the inverse
dynamics problem for a combined relative manipulation mechanism.

The dynamics formulation for a 5-DOF 2RPU-2SPR parallel manipulator is realized in [ 19] by using
the principle of virtual work, and linear parameterization with the regression matrix form.
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The general principle of virtual work is used, also, in [20], for solving the inverse dynamics problem
for a 5-DOF modular parallel robot and the achieved results are compared with the Siemens NX dynamic
simulations.

For a new and innovative structure of a 6-DOF 6-PGK spatial parallel robot, an inverse dynamic
model based on an artificial neural network is performed in [21] and a dynamic numerical simulation is
presented in [22].

6. Modelling and simulation

A finite and instantaneous screw based method is used in [23] for dynamic modeling and analysis of a
Helix robot, a 2-DOF parallel robot with changeable rotational axes. After the validation of the dynamic
model in ADAMS and MATLAB software, the method is declared suitable for the integrated design of
different parallel robots.

In the paper [24] is presented a virtual prototyping environment, developed in ADAMS, for the
analysis and design of a 3-DOF PKM, but which can be applied to any PKM modeled by rigid bodies.

After the study on the kinematics of a 3-DOF parallel robot, mathematical modeling, and simulation
is developed by using the MATLAB software and Optimization Toolbox package in [25] and a prototype
of the robot is developed.

In the paper [26], on the research object, which is a 5-DOF 4-SPRR-SPR parallel mechanism, an
inverse kinematic position analysis is carried out and solved by using MATLAB and then verified in a
virtual simulation, in ADAMS.

Through the paper [27] a novel 5-DOF 4-UPS-RPS spatial parallel mechanism is introduced and its
rigid dynamic model is established and analyzed, model that is then verified by numerical calculation
in MATLAB and virtual simulation in ADAMS.

A modeling and simulation process in SolidWorks for a 6-DOF 6-SPS parallel robot is used in [28]
for the analysis the variations of different motion parameters.

In [29], on the base of a detailed study on the mechanical structure, the kinematics, dynamics, and
the control system of a new type of 5-DOF 3T 2R hybrid robot manipulator (composes by a 3-DOF 3T
parallel module and a 2-DOF 2R serial module) and a virtual kinematics co-simulation conducted both
in ADAMS and MATLAB, a physical prototype and a specially designed control system are developed,
followed by few tests for repeatability and accuracy.

Another dynamic modeling of a new type of a 5-DOF gantry hybrid machine tool, in fact, a 2-
RPU+2-UPS parallel mechanism connected to the linear guides by two sliding pairs P5, is developed in
[30], by using the virtual modeling and simulation, also, in MATLAB and ADAMS.

In a recent paper, [31], a type of 5-DOF 2UPR-RPS-RR hybrid robot is analyzed and is proposed a
multi-objective optimization model taking into consideration that objectives which better reflect the
motion range (the higher priority), the stiffness and the kinematics performance of the robot.

For a 6-DOF 3-PRUS parallel kinematic machine, a comparative study of the dynamic analytical
model, realized through the numerical and ADAMS-based simulation, and, also, a dual experimental
prototype are presented in [32].

7. Conclusion

The purpose of this article is to present a brief overview, resulting from a recent literature review on
different types of parallel mechanisms, which is realized in order to identify a solution that will be the
basis for the development of a prototype, both virtual and experimental, for such a mechatronic system.
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Abstract. Travel sickness of the passenger, lack of human control over driving, high level of
complexity in construction and programming, possibility of technical failure, limited or no
driving engagement are just some of the possible vulnerabilities when using an automated or an
autonomous vehicle. There are also important benefits and clear advantages such as more time
for relaxing, resting, sleeping, reading, or working during the travel. Therefore is a ”must”, to
study the process of designing and using automated vehicles in order to outline vulnerabilities
which may provide the mitigating solutions. As majority of the studies regarding vulnerabilities
of the automated vehicles consist in fundamental research investigations a SWOT analyse of
vulnerabilities in designing and using autonomous cars is thus necessary. The present work
investigates methodological and designing aspects for researching the vulnerabilities in the
process of developing and implementing automated driving, based on SWOT approach,
simulation tools, practical measurement, experimental testing, sampling, graphical modelling,
programming, and ethical considerations. Moreover, some aspects of the SWOT method led by
multiple engineering and ethical problems are brought up and highlighted. Part of the data from
conducted research concerning the designing and using autonomous vehicles made in a dynamic-
based driving environment and with a real car are also applicable in sustaining the arguments.

1. Introduction
Individual vehicles and driverless taxicabs are nowadays the most important and necessary transport
means due to rapid contagion in pandemic period. Designing and using automated vehicles is now an
absolute necessity because of the high risk of sickness transfer from human to human (during pandemic).
Having such cars with automated driving capacities may contribute to the containment of the spread and
help the authorities. Also, smart driver-less automated cars may support vulnerable individuals to seek
and obtain help from others. Nonetheless these autonomous vehicles may generate a multitude of
vulnerabilities both in designing and during exploitation in road transport and traffic. Designing an
automated vehicle is not an easy task due to the repeated programming and testing sessions in order to
create a proper and adequate artificial intelligence to control the commands and cars’ behavior [1][2][3].
Using automated vehicles is entirely another problem based on the experience already acquired. All
the operational commands on the actuators resulting in smooth and safe driving of the vehicle are based
upon intelligent control of the car’s powertrain [4] and driving systems (steering and braking) during
the transportation process. Developing learning-based programs in automotive engineering is a niche
effort [5] which may lead to multiple discoveries and benefits such as fuel economy and carbon footprint
reduction [6]. There are foreseen both advantages and disadvantages, benefits, and treats in automation
of driving and road transportation processes based on future developments [7]. Travel sickness and lack
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of human individual control over the personal road traffic experience are few of the concern signals [8].
Interaction of human to vehicle essential information is also vital [9]. Electronic control [10] of the
powertrain in coordination with the over-all vehicle management [11] system should provide [12] the
user and the service staff with essential data properly displayed and grouped in order to minimize
harshness and to increase the safety, pleasure and comfort of travel experience and cars’ maintenance.
Investigating vulnerabilities and SWOT (strength, weaknesses, opportunities, and treat) aspects in
designing and using automated vehicles takes into consideration the multiple and complex interactions
between different life stages of the automotive product, especially when it comes to road traffic impact.
Figure 1 presents the virtual reality environment design in Unity 5 modelled in order to facilitate the
simulation of automated car control and artificial intelligence applied to driving and to machine learning
process or artificial intelligence (Al) in order to prevent transport and road traffic events [1],[2],[3],[4].

R L |

Figure 2 shows the relations facilitated by the development of robotic automated vehicles with
significant impact on road traffic, society, and transportation, implementing artificial intelligence
(neural networks and machine learning), automation, robotics, and programming [3-5]. Mathematical
modelling and computer science represent the fundamentals for robotics and automated systems (a). An
input set of parameters shown in figure 2 (b) are processed and filtered through kernel component in
order to generate an output value. There are also two hidden layers that control the output value. The
neural networks are based on mathematical calculus at first layer, then a non-linear operation function
in order to obtain features, followed by a pooling function which replaces the output value with a
statistical processed result [1-5]. Artificial intelligence (Al) may be programmed using Bayes theorem.

Road Traffic
Social
Impact

Robotic
Automated
. Vehicles ‘
Automation
@ °
a)

Figure 2. Relations of automated vehicles (a), machine learning (b) and Al neural networks [5]
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2. Applied SWOT study and modelling

The applied study of vulnerabilities in designing and using automated vehicles is based on a predefined
representation of strengths, weaknesses, opportunities, and treats (SWOT), aspects shown in table 1. In
order to address these aspects controlled applied research is necessary. Considering this assumption,
may be recorded that little research has been developed around the topic.

Table 1. SWOT descriptive data

Strengths Weaknesses Opportunities Threats

Uniformity of experience Complexity of protocols More leisure time Machine failure
Selfless driver Lack of empathy Less road crimes System hackings
Permanent memory Digital storage Rapid data sharing  Data stealing

Remote control Easy interception Efficient use Stealing from distance
High level control Software failure More programming Cyber crimes

Internet connection Privacy risks Accessing more info Personal data leaks
Programmed dynamics  Blind spots Drive Standardizing Travel sickness

Considering SWOT method for highlighting the aspects concerning the automated vehicles has been
followed a designing of a robotic automated vehicle based on Chevrolet Camaro model which was
replicated and tested in Virtual Reality application Unity 5 and afterwards validated with a series car
(most similar and closely related to the digital version).

Most important technical data that must be studied in the present case are mechanical, electrical and
digital in substance, due to the influence of kinematics (displacement, speed/velocity, acceleration),
dynamics (force and torque), electric currents, voltages, and programming on the vehicle movement,
travel experience and transportation safety.

Figure 3 highlights the connections and interactions between the shaping factors of the research,
testing, and development regarding automated vehicles. This paper shows a study of vulnerabilities and
basic considerations regarding materials and methods applied in designing and using Chevrolet Camaro
automated vehicles. It will sustain and contribute other applied engineers to choose proper methods,
measurements, design features, dynamics, and even ethical rules to be implemented and embedded in
automated vehicles which will travel on roads in the future.

Programing & Engineering protocols‘ Steering & .
s braking
On-board commands Autonomous car |_|Active & pasivel/ |Suspenssion &
5 driving and testing safety Wheels
Displacement e
: ‘ Operational automated vehicles and Airbags and

Kinematics safer public transport / road traffic SOS phone-call
Figure 3. Interactions between factors which may shape automated vehicles future design and use

Programing Al with Bayes theorem where first probability is defined using a training set as shown [5]:

_ PWI2)P(@) _ P@IIY,PWil2)
P(zlw) = Py o) (D

where P(z) is the prior / first probability; P(w) - last prob.; P(w]|z)— class conditioned probability.
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Chevrolet Camaro has been developed in six generations since 1967 till present days of which latest
models are suitable for automation. The important technical specifications are given in table 2 [13],[14].

Table 2. Specific data for the Chevrolet Camaro vehicle under the applied study [13]

Parameter Chevrolet Camaro

Car engine

Fuel system Gasoline

3.6 L V6 335 HP 250 kW

Gear Box 8L45-automatic
Traction/Steering Rear drive / Front steering
Tires 245/45R20 (front) 275/35R20 (rear)

In figures 4 to 12 are shown the significant steps in designing and using an automated Chevrolet car.

Wheel FR ©WheelFR (Wheel Collider) o
Max Motor Torque 100 Nm|

v |G| ¥ Car Engine (Script) &, Current Speed [1.682
Script CarEngine (o] Max Speed 1100
Path | A Path (Transform) |0 Center Of Mass X0 1Y[-004 20 ]
Max Steer Angle 46 g Is Braking -
Wheel FL O WheelfFL (Wheel Collider) | © Texture Normal = CC_ME_Body_R4 o

Texture Braking
Car Randerer

"= CC_ME_Body_R4 bracking | ©
LICC_ME_Body_R4 (Mesh Renc ©

Figure 5. Input the data regarding dynamics.

Figure 4. Using Car Engine Script for data set-up.

Figure 6. Real Chevrolet Camaro under the study.

1 using System.Collections;
2 using System.Collections.Generic;
using UnityEngine;

public class CarWheel : MonoBehaviour {
public WheelCollider targetWheel;

private Vector3 WheelPosition = new Vector3 ();
te Quaternion WheelRotation = new Quaternion ();

void Update () {
targetiheel.GetWorldPose (out WheelPosition, out WheelRotation);
transform.position = WheelPosition;
transform.rotation = WheelRotation;
}
> }

Figure 8. Programming the wheel collider in VR.

Figure 10. Solving the Maze problem with VR.

Figure 11. Travel on a specified track in VR.
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3. Observations and conclusions

Autonomous or automated cars may contribute to enhance the benefits of the users due to the free time
equally available for all the vehicle’s occupants to be spent as they see fit in multiple leisure and non-
driving tasks. Anyway, this fact leads to some treats and vulnerabilities, such as motion sickness and
total lack of control.

The most significant vulnerabilities which were uncovered during the present study are situated both
in design phase and in using of the real Chevrolet Camaro vehicle with automated system. For the first
step of the study for implementing the automated driven vehicle in virtual environment the weaknesses
or vulnerabilities are consisting in the fact that only few of the operational parameters may be replicated
and applied at the present stage of the development. The analysed parameters cover mostly kinematic
and dynamics of the vehicle and powertrain. Other vulnerabilities are found in the complex machine
learning of AL which is a limited step by step process and has possible negative impacts during travel.
The practical testing has although much more vulnerabilities because there is no self-driving vehicle
now. Thus, in practical research, now is only possible to drive Chevrolet Camaro with driver assistance.
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Abstract. Air deterioration and high toxicity affects life quality and longevity. Most important
is pollution and toxicity impact upon health and disease management. Air born sicknesses and
health problems are a permanent challenge for air dependent life-forms. Lately have been
recorded manifestations and a complex phenomenology of air partially transferred pathogenic
agents. The air quality is subject to investigation in order to provide a better management of the
pollution control system. Pollution is a major contributor to air quality deterioration and to health
problem multiplication. Present day pandemic is thought to be partially transmitted through air
and by direct contact. Low air quality may be a serious contributing factor to sickness promotion.
Air pollution due to road traffic and livestock is one such factor. The main objective of the paper
is to investigate some important failures and vulnerabilities recorded in the road traffic air quality
monitoring system during 2020 pandemics in our country and in Cluj. Thus, the evolution of
chemical composition has been put under the spot of scientific investigation. Failures and weak
points have been acknowledged and considered for improvement. At least twelve significant
system failures and multiple vulnerabilities have been recorded due to sensor faults and unit
malfunction. Social lockdown reduced all pollutants, but some units failed to indicate it properly.

1. Introduction
Air Quality Management System is implemented and operational by some years now, but its failures
and vulnerabilities must be investigated in order to support the proper adjustments for technical and
economic optimisations. Directive 2004/107 / EC, 2008/50 / EC, Decision 2011/850 / EC and Directive
(EU) 2015/1480 are defining the terms, rules, reference methods, data validation and location points in
ambient air quality investigation. Air quality is very important for life development. Many air-born
diseases are reported nowadays [1], [2], [3]. High toxicity of the ambient air and the chemical stress are
causal factors for many of the current health problems [4]. Benzene compounds (generated by road
traffic and by fuel distribution networks), nitric oxides and CO; are toxic for human health [5], [6], [7].
Some developments and applied protocols have been realized in order to improve the air quality
control and pollutant emissions management in relation with the road traffic and transportation field [8].
These contributions outline the road traffic pollution upon pathologic developments [9]. Some pollutants
like particulate matter may be contained by using exhaust after-treatment systems [7], [10]. Fuel and oil
combustion, evaporation and spill represent the cause for the environmental pollution and toxicity [10],
[11]. Electronics [13] and mathematical modelling of the operational process from internal combustion
engines [14], [15] constitutes basic support for pollution management. Improving efficiency regarding
fuel consumption and energy transformation depends mostly upon the management system [16]. The
electronic engine control [13] or the operational management system [16] facilitate, for both
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compression ignited and for spark ignition engines [15], in the same time improved performances and
lower fuel consumption with reduced pollutant emissions in ambient air [16], [17].

Figure 1 highlights the measurements made by the European Space Agency during the first three
months of 2020 regarding the pollution with nitrogen dioxide during the COVID pandemics [18],
showing the fact that road traffic lockdown in multiple countries have positively impacted the air quality.
Reduction of road traffic values generates a reduction in pollutant emissions, as a following reasonable
consequence, but there comes a justified question: may be measured correctly the pollutant trend? The
present paper investigates the failures and vulnerabilities in road traffic air quality management system.

o> 'T"P’
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Figure 1. Pollution high level in Italy first part of January 2020 (a) and March (b) same year [18].

2. Applied investigation

Some of the most dangerous pollutants and air toxicity are generated by the road traffic, animal intensive

factory farming, some industries and air transport [17], [18]. Main objective of the applied investigation

consists in monitoring the actual values of pollutants recorded by four stations in Cluj-Napoca. These

units (CJ1, CJ2, CJ3, CJ4) are positioned in central areas of the city, as they measure air quality.
Figure 2 presents the hardware infrastructure available for applied measurements and for pollutant

data monitoring and investigation.

Figure 2. Cluj-Napoca Air Quality Management units distributed in the most populated areas [17]

Definition of PM10 values by empirical polynomial model is presented as follows for CJ1 and CJ4:

PM10(CJ1|CJ4) = (1.3 ...2.4) * 103 * Mt2 — (0.2 ...0.4) x Mt + 27, (1)

where PM10(CJ1|CJ4) is the PM, estimated average value supported by a polynomial model in the
investigated time period of 100 hours for the CJ1 & CJ4 stations; Mt — monitoring time.
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Material and method used in applied research of the present investigation is outlined in table 1. Most
significant failures were recorded by station CJ2 in monitoring nitric oxide compounds and derivates.

Table 1. Specific technical data regarding Air Quality Management System used in applied study

Pollutant Method Station Unit Chemical formula
Benzene SR EN 14662, part 1-3 CJ1 C6H6
Ethylbenzene SR EN 14662 CJ1 C8H10
Nitric oxides SR EN 14211 CJ1,CJ2,CJ3,Cl4 NO /NO,
Carbon monoxide SR EN 14626 ClJ1,CJ2,CJ3 CcO
Ozone SR EN 14625 CJ2,CJ3,Cl4 0%
Sulphur dioxide SR EN 14212 Cl1,CJ2, SO,

CJ3,Cl4
Polycyclic aromatic HC SR EN 15549 CJ1,CJ2 CisHo; ... C32Hys;
Particulate matter EN 12341 Cl1,Cl4 PM; and PM> 5

Most recorded failures during the investigation are based on individual specific posts or system failures.
One of the investigated hypotheses is measuring sensors failures due to maintenance faults.

During the investigation presented in the present paper were recorded 12 significant failures of the
Air Quality management system which support our conclusion on the importance of remote access and
service implementation. An important vulnerability of the system is generated by the un-even type of
the measurements. Some pollutants are not monitored on some stations due to the specific differences.

The individual failures shown in figure 3 and the multiple fault values in figure 4 were taken from
air quality road traffic pollution management system. In the station unit CJ1 most failures were recorded
with m, o, p-xilen emissions, but there were also considerable failures with benzene and some with NOx.

Figure 3. Seldom recorded failures for NO [17]. Figure 4. General measuring failure [17].

Definition of NOx average estimated values by an empirical polynomial model is represented as eq. (2):

NO,(CJ1|100h ...284pril ...3May) = 6.1 = 103 * Mt — 1.53 * Mt + 105.1, )

where NOy (CJ1|10h...28April...3May) is the NOy estimated average value calculated with a
polynomial model on the 100 hours investigated time period; Mt — monitoring time.

In figures 5 to 14 are graphically represented the pollutants hourly recorded values on a 100 hours
investigation period. Nitric oxides were specially studied on all the available stations in Cluj-Napoca
city in order to properly investigate the failures and vulnerabilities of air quality monitoring units. The
graphical representations allow a better study on the failures and vulnerabilities of the monitoring units.
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Figure 13. CO values recorded by CJ1, CJ2. Figure 14. PM, actual values at two stations.

3. Observations and conclusions

Both theoretical and the applied parts of the investigation have been realized successfully as planned. It
was possible to show the real values which were recorded and monitored to outline the failures and
vulnerabilities of the air quality system.

In the recorded set of values has been highlighted a decrease with an average of 45% of NO level
starting from 28 April 2020 till 3™ of May 2020. Also, there was a reduction with 30% of NO». The
approaching weekend (1-3 May) and the low temperatures (6+13°C), coupled with the imposed social
lockdown measures contributed to overall reduction in pollution. The system failures must be further
studied, and faults eliminated.
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Abstract. Increasing the productivity and quality of products while reducing production costs
are the main objectives of manufacturing companies in the market economy. For companies that
produce parts using cutting processes, these objectives are strongly influenced, among other
factors,by the devices used during the manufacturing process. Devices must allow the clamping
of workpieces to be done in a short period of time, to have simple construction, to be cheap while
positioning and installing errors to be minimal to ensure that the parts correspond to the
manufacturing documentation. The calculation of clamping errors of workpieces and devices
involves complex analysis, therefore in order to accurately determine these errors, data obtained
from experiments, sometimes costly and difficult to be done, are used. This paper presents the
clamping force calculation of a prismatic part, as well as the study of elastic deformations that
appear by clamping it in the device, using finite element analysis.

1. Introduction

Clamping devices are an important component of the technological system that enable complex parts
manufacturing, in a short time, at low costs, and ensuring high surface finish [1]. With the increase of
computer capabilities and the development of computer-aided design applications, the study of different
structures’ behaviour during operation can be simulated with acceptable accuracy [2].

The literature [3], [4] in the domain of devices for machine tool processing offers theoretical
approaches necessary for the design. There are also researchers who address different device design and
operation aspects. In article [5] the authors present a way to reduce workpiece deformations, by
minimizing the value of clamping forces, the position and number of pressing points, the mathematical
model found being validated by finite element analysis. In article [6], a multi-objective optimization
model that allows the reduction of deformation degree and improves the uniformity of deformations’
distribution was developed. The researchers [7] study the deformations which appear when clamping
parts with thin walls and curved surfaces, using finite element analysis. In article [8] they focus on
identifying influencing factors and highlighting the deformations of parts clamped in the device by using
finite element analysis. A theoretical approach to improving eccentric clamping device is presented in
[9]. The article proposes a mathematical model for calculating an eccentric replacement cam in order to
increase the clamping force. Paper [10] presents the finite element analysis stages for establishing
optimal construction and loading variant of a modular clamping device for prismatic and circular parts.
It shows analysis methodology and the results of its application, under defined loading conditions, in
order to identify the most loaded area from the device structure studied.

The paper presents the calculation of the clamping force of a prismatic part, as well as the study of
elastic deformations that appear at its installation in the device using finite element analysis.
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2. Clamping force calculation
The part to be processed and clamped in the device is shown in figure 1. It is a prismatic piece containing
two tolerated holes @15 H7 and ¥20 H7. The part material is an aluminium alloy, Al 6061.
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Figure 1. The part to be processed

The machining is done on a milling center. Operations are indicated in table 1, and the cutting
parameters in table 2. The outer surfaces had been processed in a previous operation.

Table 1. Machining operations and the tools used.

Machining operation Tool Description  Tool material Diameter  No. of
d[mm] teeth, z
Face milling la 33015 End mill HSS 40 6
Spot drilling Spot drill HSS 10 2
Drilling 912, Drill TiAIN 12 2
Hole milling @14.7 End mill HSS 12 3
Hole milling ©19.7 End mill HSS 16 3
Reaming @315*0¥(H7) Reamer Carbide 15 5
Reaming @320""21(H7) Reamer Carbide 20 6

Table 2. Cutting parameters.

DOC WOC  Speed Rotation Feed Torque Power C;ﬁ(l) tligg

ap/cut  ac/cut Ve RPM Vi Mt P Fo

[mm] [mm] [m/min] [1/min] [mm/min] [Nm] [kW] IN]
Face milling 33*%1% 5 37 163 1297 892 16.20 2.20 828.7
Spot drilling 1.5 30 955 134 0.80 0.08 160.1
Drilling @12, 225 5968 2268 1.92 1.20 320.0
Hole milling @14.7 3 5 338 6724 2440 2.13 1.50 114.9
Hole milling @19.7 3 4 348 6923 2742 2.62 1.90 224.1
Reaming (31570018 60 735 406 2.60 0.20 50.0
Reaming @207 60 955 449 1.00 0.10 100.1

Considering that it is a part with thin walls, the problem of designing an orientation and clamping
device appears so that the elastic deformations of parts produced by the clamping force do not affect the
precision of the @15H7 and @20H7 after the reaming operation is performed. In order to determine the
clamping force, the scheme shown in figure 2 is used, where it was considered that the predominant
stress is produced by flat surface milling operation (as shown in table 2).

56



PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2020~
28" — 29" May, Oradea, Romania

Ri Rz

FI'=j.lIR' Ff.>=_|.| R;

P & k

Fr.:sz:
e

[ DO i
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N

N/
N
T

From force and moment equilibrium expressions one can determine the retention and reaction
forces(R;, R»):
k-F.

Fs= (1)
o+,

R = Lk g-b —hJ )
c-b Myt

R, = ¢ Lk €9 +hJ 3)
c-b M+ i

Where

u; and p represent the friction coefficient between the workpiece and the support, and between the
workpiece and the clamping element, for steel and aluminum p;=p>=0.45

F¢— cutting force; Fc=828.7 N

Fs — retention force

a,b,c,d e f,gh — distance between forces’ points of application and different characteristical points
from the workpiece to be machined

k - safety coefficient, &=2 [1]

Replacing the letters in the relations, (1), (2), (3) with the corresponding values in figure 1 and the
value of the cutting force for the milling operation in table 2, the values of the retention force and the
reaction forces from the supports are obtained (table 3).

Table 3. Calculated values for retention force and reaction forces

Parameter Symbol Value
Retention force Fs[N] 1850.0
Reaction force , support 1 Ry, [N] 704.5
Reaction force , support 2 R, [N] 1145.5

3. FEM analysis

The assembly that is studied is composed by the part, the support’s elements and by the clamping
element.NX Nastran is used to solve the equations. For each component, the material, the type of the
element (solid) is defined. The discretization of the model with Ctetra 10 3D elements is shown in figure
3, and the mesh properties in table 4. After the calculations, the results regarding the deformations and
stresses that appear in the part when clamped in the device are obtained (figure 4 and figure 5). From
the results of the analysis it is observed that although the Von Mises stresses are within limits allowed
for the AI 6061 material (tensile yield stress 276 MPa), the deformations are approximately 0.006 mm,
which in the case of holes with the diameter at the upper limit can be rejected. It can also be observed
that the clamping element creates an evident deformation on the contact surface with the workpiece.
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Table 4 Mesh information

Type of mesh 3D

Element Type CTETRA(10)
Element Size 0.5 mm
Number of elements in the mesh 501929
Number of nodes in the mesh 828200

Figure 3. Discretization of 3D model.
Applied forces and constraints

Figure 4. Displacement.

.
-

a

144

Figure 5. Von Mises stress.
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In order to diminish the elastic deformations of the part, it is proposed to make a clamping element
with a higher height and at the same time to reduce the clamping force. In order to reduce the retention
force, the cutting force for the flat milling operation is reduced by reducing the cutting depth by half,
i.e. t=2.5 mm. Table 5 presents the recalculated values of the forces acting on the workpiece.

Table 5. Recalculated forces’ values

Parameter Symbol Value
Cutting force Fc[N] 331.3
Retention force Fs[N] 740.0
Reaction force , support 1 R, [N] 282.0
Reaction force , support 2 R, [N] 458.0

The finite element analysis is resumed, and the deformations produced by the retention force are
analyzed. From figure 6, it can be observed that this time the deformations reduce below the value of
0.001 mm, which is considered acceptable.
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Figure 6. Displacement for recalculated forces.

4. Conclusions

The case study presents the estimation of the deformations that appear when clamping a part with
thin walls in a device. Considering the cutting depth 5 mm, the required clamping force and reaction
forces from the supports were calculated. The finite element analysis has shown that in this situation,
the clamping force produces a deformation of the workpiece by approximately 0.006 mm, which is
considered inadequate. In order to reduce this deformation, the contact surface of the clamping element
was increased by 100% and the cutting depth to 2.5 mm, which led to a 60% increase of the clamping
force. The finite element analysis was resumed, and this time the maximum deformation was below
0.001 mm, which was considered acceptable. Estimating the clamping errors right from the design
phase, with the help of finite element analysis, allows the reduction of rejected parts and costs for device
modifications.

Acknowledgements
The authors thank to Siemens PLM and ADA Computers for their support with Siemens NX academic
software.

References

[1] Tache V., Ungureanu I., Stroe C., 1985, Outlines of fixture design for machine tools Editura
Tehnica, Bucuresti.

[2] Hoffman E. 2011 Jig and Fixture Design, Delmar, USA.

[3] Joshi P.H., - Jigs and Fixtures Design Manual 2003 McGraw-Hill.

[4] Jones E. J. C., 1972 Jig and Tool Design Newnes-Butterworths, London 1972.

[5] Selvakumar S., Arulshri K.P., Padmanaban K.P., Sasikumar K.S.K., 2010 Clamping Force
Optimization for Minimum Deformation of Workpiece, World Applied Sciences Journal 11
(7): 840-846.

[6] Chen W, Ni L, Xue J., Deformation control through fixture layout design and clamping force
optimization, Int J Adv Manuf Technol (2008) 38:860-867, DOI 10.1007/s00170-007-1153-2

[7] QulL,and Liu H, Clamping deformation analysis research based on a flexible clamping fixture of
thin-walled curved surface parts 2012, Advanced Materials Research Vols. 476-478 (2012) pp
2028-2031. Trans Tech Publications, Switzerland.

[8] Shane P. Siebenaler, Shreyes N. Melkote 2006 Prediction of workpiece deformation in a fixture
system using the finite element method, International Journal of Machine Tools &
Manufacture 46 (2006) 51-58p.

[9] Yuanchao Deng, A 2011 Theoretic Study on Cam-Clamping Device, Advanced Materials
Research Vols 295-297 (2011) pp 1536-1539 Trans Tech Publications.

[10] Nita R, M, Ghionea A, Rachieru N, 2014 Research regarding performance evaluation using fem
of orientation and clamping devices for machine tools , Annals of the Academy of Romanian
Scientists, Series on Engineering Sciences, ISSN 2066 — 8570 Volume 6, Nr.1/2014.

59






Prediction of material removal rate in turning using Response
Surface Method

I Stanisel' , F S Blaga!, T Buidos' F Corb!

Faculty of Managerial and Technological Engineering, University of Oradea, Romania

stanasel(@uoradea.ro

Abstract. Obtaining quality products at low costs is the main objective of any company. As a
result, the efficiency of the production processes is sought by identifying a favorable
combination of all the factors that influence the respective process. With regard to metal cutting,
the Material Removal Rate (MRR) is an important factor affecting machining time.The paper
makes a study to highlight the influence of cutting parameters on material removal rate using
Response Surface Method (RSM). Using analysis of variance (ANOVA), you may identify the
significant factors of the process and determine a second-order regression model that takes into
account both main effects but also and the interactions between factors. It also presents the
possibility of optimization of cutting parameters for streamlining the turning process.

1. Introduction

Obtaining a product in economic conditions largely depends on the manufacturing technology. This
must ensure that products of appropriate quality are obtained at low cost and high productivity. Within
companies, there are continuous changes, which aim is to improve the functional performances of
products or manufacturing processes. Therefore, research is needed to establish a relationship that will
lead to the optimization of the parameters of the new technological process. In the case of products
obtained by cutting processing, production costs are influenced by several factors, including material
rate removal.

The optimization of the material removal rate is of great importance in the conditions of large-scale
manufacturing. This aspect is noticed by many researchers who propose different methods for adjusting
the parameters in order to optimize the cutting process.

The paper [1] investigates by an experimental procedure the optimum process parameters for
optimization of material removal rate and tool wear while turning of hardened AISI 52100 steel under
dry cutting conditions using Taguchi method. The importance of parameters is studied by using
ANOVA. The authors [2] studied the machinability of mild steel in the turning process by using a
conventional lathe machine. Two parameters, like tool rake angle and feed, are varied to investigate
their effect. The material removal rate is studied, taking into account two variable parameters like tool
rake angle and feed. The techniques Taguchi and ANOV A were used to reduce machining time and also
the power during processing. Article [3] describes a combined mathematical, graphical method in order
to adjust material removal rate in pocket milling operations but with reduction of tooling cost, machining
vibration, noise and also to increase surface finish. The authors [4] presents the effect of the spindle
speed, feed rate and depth of cut in dry turning of grey cast iron FG 260 in a computer numericaly
controled lathe. In order to study the material removal rate the process parameters were varied and were
investigated optimum conditions for higher MRR, being used Taguchi method, analysis of variance,
multivariable linear regression (MVLR). In [5] is shown an approach of Taguchi method with the aim
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of optimizing the MRR for an EMCO Concept Turning center, by variation of cutting parameters speed,
feed and depth of cut. The study gives a predictive model to determine MRR by combining machining
parameters, and it was proposed the optimal solution for increasing efficiency of the machining process.

A method for establishing the relationship between parameters influencing a particular process is the
method of factorial experiments. The Response Surface Method is an empirical method that allows the
determination of a relationship between different parameters and the response of a process. This
method is based on mathematical and statistical calculations. It is used to model and optimize the
processes in which the answer depends on several variables.

The paper presents the use of Response Surface Method (RSM) in order to estimate the material
removal rate according to the cutting parameters of the turning process and proposes a method of
optimizing them over the ranges of values.

2. Material and method
Usually, the influence of different factors is studied one by one at a time, to explore a phenomenon. This
means changing the values of the studied factor, and observing the behavior of the process, while all
other factors are kept constant. In this way, relations of connection and curves of variation are
highlighted, which represent only partially the studied phenomenon, since the interactions between
factors are not taken into account. The material for which the study was carried out is Al 7075.

If you know the parameters of cutting at turning: cutting depth (t, mm); feed (sr, mm / rot) and speed
(n, rot/min), the relationship that expresses the amount of material removed is:

MRR =;z£%}t-sr ‘n (D)
where:
d +d,,
med — 7 : (2)

MRR — material removal rate (mm?>/min)

Dieq- average diameter of the work piece (mm)
d; — initial diameter (mm)

di+1 — actual diameter (mm)

t — cutting depth (mm)

s — cutting feed rate (mm/rot)

n — cutting speed (rot/min).

From the point of view of the working mode, for the study of a process, the method of the factorial
experiments involves identifying the influence factors and the response that characterizes the respective
process. For each factor, the domain in which it takes values is defined, and the matrix for conducting
experiments is also established. The objective of the experiment consists of determining the influence
of factors xi on the answer function y and expressing it by the form:

Y= F (X, Xeees %) 3)

The model obtained from the experiments is an empirical one, in which its statistical estimation
replaces the real response function. The form of the empirical model is expressed by mathematical
functions that can be polynomial, logarithmic, exponential etc. Usually, the polynomial form is the most
used, due to the convenient possibilities for mathematical processing. Higher-order polynomials, most
commonly of the second order, expressed by the general relationship, are usually used to describe the
optimal:

k k k
y=by + > bx; +> bx; + > bixx, +e 4)
j=1 j=1 i,j=1

The aim of the experiments carried out was to obtain the necessary data to determine the coefficients
of the presented model. The regression model resulting from the calculations does not cover the entire
range of values that process influence factors may take, but it is satisfactory as an approximation for the
field of studied values of influence factors.
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Using the method of the factorial experiment, it is proposed to estimate the cutting parameters so as
to obtain a high MRR, under the conditions of getting an appropriate quality of the surface. The range
of factor variation is shown in Table 1.

Table 1. The level of cutting parameters.

Factor Symbol  Units Low High
Curring Depth t mm 0.50 5.50
Feed Sr mm/rot  0.05 0.55
Speed n rot/min 200 2000

3. Result and Discussion
The array of the experiment is presented in Table 2.

Table 2. The experimental array.

Run A: Curring depth B:Feed C: Speed Material removal rate

mm mm/rot rot/min mm>/min

1 5.5 0.05 2000 1727.88
2 2.75 0.54 1010 4711.92
3 5.4 0.275 1010 4711.92
4 0.625 0.345 1251.67 847.89
5 5.3 0.3 1914.6 9563.68
6 5.5 0.55 2000 19006.6
7 2.75 0.274707 1964 4661.16
8 3.425 0.3425 245 902.89
9 2.75 0.274707 1964 4661.16
10 3.425 0.06 1253 808.93
11 2.75 0.274707 1964 4661.16
12 0.5 0.05 1331.5 104.58
13 5.5 0.55 200 1900.66
14 2.75 0.54 1010 4711.92
15 0.5 0.05 200 15.71
16 3.65 0.05 200 114.67
17 0.5 0.55 2000 1727.88
18 5.4 0.275 1010 4711.92
19 2.75 0.54 1010 4711.92
20 0.5 0.363233 200 114.11

In Table 3 is presented the Analysis of Variance (ANOVA) of the experimental data. Fisher test (F-
value) is 209.28, which means that the model is significant. The p value is 0.0001<0.05 (significance
level), which indicates model terms are significant. As you can see in table 3, the significant terms of
the model are A, B, C, AB, AC, BC, A2, B2, C2 Also, p-value of the model showed that there is 0.01%
chance that an F-value this large could occur due to noise. The coefficient of determination R? is 0.9947
indicates a strong correlation between the real model and the regression model. Adjusted R? has value
0.99, which means a good correlation of the model, depending on the number of significant variables.
Predicted R? is 0.9774 indicating how well a regression model anticipates responses to new observations.
The difference is less than 0.2, which shows a good correlation between Adjusted R? and Predicted R2.
Adeq. Precision measures the signal-to-noise ratio, the ratio value must be greater than 4. The values
57.866 shown a good signal, so the model can be used to navigate the design space.
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Table 3. ANOVA for Quadratic model

Source Sum of df Mean F-value p-value
Squares Square
Model 2084991 9 2316.66 209.28 < 0.0001 significant
A-t 4862.07 1 4862.07 439.22  <0.0001
B-s 5171.58 1 5171.58 467.18 < 0.0001
C-n 5062.15 1 5062.15 4573 <0.0001
AB 957.21 1 95721  86.47 <0.0001
AC 947.37 1 94737  85.58 <0.0001
BC 853.11 1 853.11  77.07 <0.0001
A? 372.66 1 372.66  33.67 0.0002
B? 364.77 1 364.77 3295 0.0002
c? 310.62 1 310.62  28.06 0.0003
Residual 110.7 10 11.07
Lack of Fit  110.7 5 22.14

Cor Total 20960.6 19

Final equation in terms of actual factors is:

JMRR = —5.04448 +5.62723 -t +55.1091-5 +0.0148941-n+21.3868 -t -5 +
+0.00575621-t-n+0.0567796-s-n—1.54503-t*> —149.93-5> —1.10669¢ ™ - n*

In figure 1 is shown the normal plot of residuals. Residues are distributed relatively evenly on a
straight line in both positive and negative direction, which shows that the pattern is appropriate. In figure
2 is presented the Predicted vs Actual graph. As you can see, the estimated values with the regression
model are placed very close to the line at 45 degree with the observed points, which shows a good
correlation of the model with the observed data.
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Figure 1. The normal plot of residuals Figure 2. The Predicted vs Actual.

The amplitude of the effects of the cutting parameters on MRR over the studied range is shown in
figure 3. It can be seen that the speed and the cutting depth have the most significant influence on the
amount of removed material.
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Figure 3. The effects of the cutting parameters on MRR.
a) — vYMRR vs. speed ; b) - VvMRR vs. cutting depth ; ¢) - ¥vMRR vs. feed .
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In Figure 4 is shown the response surface for material removal rate according to the cutting
parameters. The regression model obtained by the factorial experiments offers the possibility of
optimizing the process on the field of variation of the influence factors. In the case of finishing
operations, it is possible to act in order to increase the quantity of material removed, in conditions of
minimizing the working advance in order to obtain an adequate roughness on the processed surface. For
this situation, in figure 5 the optimal solution t = 5.5 mm is presented; n = 2000rot / min; sr = 0.24mm/rot;

VMRR =0.8964 (MRR = 8035.3296 mm*/min).

| T

140 05 55 0.05 055
105 | a) b)
z 70|
s a5
g
A 7%%00 200 2000 3.96358 137.865
55 c) d)
by sog e movmn - Figure 5. The optimal solution for minimum cutting feed
A: Cutting depth, t, (mm) 0.5 * 200 and maximum material removal rate for studied interval.
Flgure‘4. Response surface of the a). Depth=5.5 [mm]; b). Feed=0.247 [mm/rot];
material removal rate vs cutting ¢). Speed=2000 [rot/min]; ). VMRR =0.8964
parameters

4. Conclusions

The use of factorial experiments allows the modelling of processes which depend on several variables.
In this paper it was analyzed the influence of the parameters of the process of cutting at turning on the
MRR. For experiments, an orthogonal matrix L20 was used. Using a second-order polynomial, the
regression model was obtained, which was analyzed and the influence of the process parameters on the
MRR, as well as the interactions between them were highlighted. From the analysis, it is observed that
the feed and the cutting depth have the most significant influence on the material removed rate for the
studied range. Based on the obtained model, the cutting parameters can be adjusted so that certain
objectives corresponding to a specific purpose are met. For example, it is possible to optimize the
maximum quantity of material removed, or the maximum quantity for an advance imposed in order to
ensure an adequate roughness of the processed surface.
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Abstract. Productivity and quality growth, all together with cost reductions, are the main
objectives of modern manufacturing companies. Fixture devices shall facilitate that the
workpiece can be changed fast, to have simple construction, to be cheap and affordable, and they
have minimal positioning and installation errors. Clamping forces are applied to the workpiece
with the help of fixture devices, after being correctly oriented by the application of adjusting
forces. In the stage of design, many parameters are taken into account, like strokes and forces
necessary, operation time, build simplicity, all which determines the cost of the device. In the
field of device design, the main requirements are related to rapid fixing of the workpiece, fixing
of more workpieces simultaneously and reducing the effort of labour for the operators. In this
paper is presented the research and construction of a circular cam with variable eccentricity used
in one this kind of fixture devices.

1. Introduction

The main objective of the companies is maximizing the productivity and quality of their products,
minimizing production costs. For manufacturing companies that use metal chipping processes, these
objectives are strongly influenced, besides many factors, by fixtures used in the manufacturing
processes.

The device is a component of the machine-device-tool-workpiece system, their primary role being
the orientation of the workpiece and sometimes of the tools in the meantime of manufacturing. By using
fixture devices are being watched the reduction of auxiliary times for fixing the workpiece, thus being
used rapid fastening mechanisms and also multiple workpiece fastening [1].

The forces must retain the workpiece oriented all the time in the manufacturing process. The direction
the fixing force must be perpendicular on the orientation base of the workpiece that cancels the maximal
number of grades of freedom.

In the field of manufacturing processes, there are many studies and different approaches related to
fixture device design.

In article [2], it’s been analyzed the cams geometrical calculations, calculations related to fixing
forces and torques, auto-blocking conditions and contact resistance conditions. In this paper, the
discussed solution is changing the eccentric with a cam that has a variable curve that can be designed
by the needs of auto-blocking. In the patent [3], it’s presented a different model with an eccentric drive
cam with variable stroke. Authors [4] are evaluating the efficiency of the manipulation systems, by
examining recent development of products, and are elaborating new requirements for upcoming
systems. The researchers [5] are focusing on aspects related to the development of integrated
computerized manufacturing, the automation of devices design, optimizing the fixing forces. Thus, in
the paper [6] they are approaching researches related to the performance of fixtures that can be adapted
to advanced production. There are presented design methodologies, studies related finite element
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method, optimization, models for simulation, and fixing forces analyzing, and also numerical research
and experiments related to the performance of the device.

In this paper is presented the design of a fixing device for a prismatic workpiece, and also the
construction of an eccentric cam with variable eccentricity.

2. The fixture design

In the process of design parameters that were taken into account was the ease of use, the length of
the stroke, acting time of the fixture, simplicity of operation and the necessary energy for the operation.
In this case, it was used a fixture mechanism with an eccentric cam with variable eccentricity which is
part of the rapid fixing systems category, having an operation time between 0.6-1.7 seconds.

The device (figure 1) has two workstations for fixing two workpieces simultaneously. It’s made from
a base plate (1) on which are fixed elements (2) and (3), in which can be found the support (4). The
workpiece (5) is placed on the plates (6) and fixed with the lever (7) that is operated by the eccentric
cam (8) being moved by the handle (14). For the release, the elements (15) are withdraw manually, and
for the undoing of the eccentric cam, the spring (16) is operating the rod (17) which remove the levers.

For adjusting the eccentricity, we must remove the assembly formed from the sleeve (8), disc (9),
handle (12), and the toothed coupling(10) which can be repositioned by rotating over a number of teeth
around the axle (11), thereby obtaining the desired eccentricity and operating stroke. The adjustment of
the handle can be done in a large domain (100-300 mm) by unscrewing the sleeve (14) and by blocking
it by a nut (13).

Figure 1. The 3D model of the designed duplex fixture.

The components of the eccentric cam with variable eccentricity is presented in figure 2, and the
parameters in table 1. In figure 3 is presented a physical model of an eccentric cam with variable
eccentricity.
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Figure 2. Eccentric cam with variable eccentricity. Figure 3. Physical model
a. Functional and constructive elements; of an eccentric cam with
b. calculation of the eccentricity variable eccentricity.

Table 1. Constructive parameters of the designed eccentric cam.

Parameters Symbol
Disk radius, mm R
Rotation axis radius, mm r
Stroke, mm h
Toothed coupling eccentricity compared to disk, mm el

Axis eccentricity compared to toothed coupling, mm €2
Total eccentricity of the disk compared to axis (adjustable), mm e
Handle length (adjustable), mm L

If we know the number of teeth z of the toothed coupling, the angle J, between 2 teeth can be
determined:

5=2" (1)
Z

The adjustment of total eccentricity e can be made by rotating the eccentric disk over the toothed
coupling by a number of teeth Z; The corresponding angle in noted y (figure. 2, b).

V=1 2
VA

Knowing the eccentricity e;, relative to the eccentric disk and the eccentricity e, of the axis compared
to the toothed coupling, using the scheme from figure 2, b can be found the mathematic relation for the
total eccentricity e:

2
e:\/ef +e; —2ee, COS[—”(Z—ZJ) (3)
YA
The stroke ,,h” of the eccentric by rotating an angle f can be determined:
h=e(l-cos f3) (4)

The property of auto-braking in any point selected in the eccentric must verify the following
relationship:
e< uR+ ur (5)
1 — coefficient of friction between the disk and lever and between the coupling and bolt, x=0.16.
Knowing the clamping force Q made by the eccentric through the length L of the handle, we can find
the human acting force.
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F_ Q(esin f—@)+ uR+ ur
) L (6)
50 < F, <150 [N]

@ — friction angle tgp=p.

3. Numerical study
Numerical studies are simulating the behavior of the eccentric cam for different practical situations:
case I.e;=e;=3 mmy; case II: e;/=e;=4 mm; case I1I: e;=e;=5 mm,;
For the numerical examples were taken in consideration the following values:
— Number of teeth of the toothed coupling: z=24 teeth;
—  Eccentric disk radius: R = 30 mm;
— Eccentric axis radius: 7 = 8 mm;
— Angle between two teeth: y = 15°.
— Handle length L = 100...300 mm
In figure. 4 is presented the variation of total eccentricity related to the number of teeth over which
the disk rotates compared to toothed coupling in three different situations. It can be seen that total
eccentricity e grows as e; si e; are higher.
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Figure 4. Eccentricity vs. Number of teeth on ~ Figure 5. Working stroke vs. rotation angle.
which the rotation is made, z;.

In figure 5 is presented the stroke variation related to rotation angle for three different situations
related to eccentricity e; si e2. We can see that for the same rotation angle, the stroke becomes bigger
with the growth of the eccentricities ¢; i e>. The variation of the stroke length related to angle of rotation
of the eccentric and number of teeth over which the disk is turned are presented in figure 6. The working
stroke size increases with increasing the angle of rotation of the eccentric f, and by decreasing the
number of teeth over which the disc is rotated relative to the toothed coupling.

Clamping force Q increases with the increase of the number of teeth over which the disk z rotates
and towards the ends of the variation range of angle § (figure 7).

Acting human force Fa of the eccentric cam compared to the rotation angle £ and number of teeth of
the rotation is presented in figure 8. This force decreases with the increasing number of teeth on which
the rotation is made, and towards the limits of the rotation angles f of the eccentric.

The human acting force Fa drops by growing the length of the handle L (figure 9).

Related to auto-braking properties in case I in which e,=3 si e,=3 the condition is respected through
the entire variation interval of the angle § (0<(<180).
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4. Conclusions

It has been designed a clamping device that has a mechanism with eccentric cam with variable
eccentricity and makes part of the quick clamping devices. For growing the field of use of the device, a
circular eccentric has been designed with the possibility to adjust the stroke and eccentricity. The
mathematical relations have been determined and numerical studies were done related to the eccentricity
variation, stroke length, clamping force, and rotation angle of the disk compared to the toothed coupling.
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Abstract. In the context in which, the dynamic behavior and performance of industrial robots
are very important for their general performance, we present, in this article, a short dynamic
analysis of an industrial robot. First, on the base of a short review of some papers on this topic,
a general presentation of some main concepts regarding the dynamics of the industrial robots,
and of the actual importance of the virtual prototyping in studying the dynamic behavior and
performance of such complex mechanical systems are highlighted. How the modern virtual
prototyping tools allow better, more rapid, and less costly dynamic designing of the complex
mechanical systems, comparing to the traditional designing and prototyping, and ADAMS MBS
of MSC software enables the evaluation of the dynamic behavior of the virtual prototype of a
robot during its designing stage, by starting from the kinematic model previously developed, we
conducted in this research the process of dynamic modeling and simulation of a 6R articulated
robot developed in ADAMS and a short dynamical analysis of it.

1. Introduction

In the last decades, in the context of using, on an increasing scale, and in more and more numerous and
diverse fields, of the robots, as well as of the development, in an accelerated rhythm, of the computer-
based designing techniques, the virtual prototyping has become much more used compared to the
physical prototypes. Having advantages such as reducing the execution time or lowering costs, the
possibility of simulation and testing in different stages or alternatives, there are, today, several complex
software packages and a lot of studies on the modeling and virtual prototyping of the industrial robots,
as presented in [1].

In robots' dynamics, virtual prototyping is an important and ordinary tool used nowadays by several
simulating software, ADAMS being declared, in [2], the most known one. Also, in a survey based on
the user feedback and presented in [3], the participants indicated more tools currently used by them for
the dynamic simulation of the robots, the most known tool being ADAMS (45%). According to these
findings, and after a short literature review on this topic, we found that ADAMS software is considered
one of the best solutions for analyzing the dynamic behavior of complex mechanical systems, and an
efficient alternative to the numerical simulation of the dynamic behavior of industrial robots.

In our research, by using the MBS (Multi-Body System) software ADAMS (Automatic Dynamic
Analysis of Mechanical Systems), we developed, in [4], a virtual kinematic model of a 6R articulated
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robot, with six revolute joints, and conducted, in [5] a short kinematic analysis for it, through direct and
inverse kinematics.

In this paper, after a general presentation of some main concepts regarding the dynamics of the
robots, by starting from the kinematic model of the robot, developed before, we present the process of
dynamic modeling and simulation of the robot, in ADAMS/View, according to [6], [7] and [8].

2. Dynamics of the industrial robots

The dynamic analysis of the multibody systems describes, through the dynamic equations of motion,
the relationship between the forces acting on the system and the motion produced by them. The
dynamics of robots are important for their design, simulation, and control [9, 10]. There are several
parallel algorithms used for dynamic calculation of industrial robots and several approaches, most using
either Lagrange or Newton-Euler formalism.

The dynamical analysis is, generally, both direct and inverse. In the direct or forward dynamics, the
torques or forces applied to the actuators are specified and the accelerations of the joints are determined,
this kind of analysis being required for simulation. In the inverse dynamics, starting from the
specification of the robot's trajectory (position, speed, and acceleration), the torques or forces required
for the actuators are determined, this type of analysis being used for data control and trajectory planning.
There is, in addition, the third type of computation, namely hybrid dynamics, in which some of the
accelerations and forces are given and it is necessary to determine the rest of them [11].

In the dynamic analysis are used, also, other two types of computations, namely the joint-space inertia
matrix, which leads to the accelerations and the torques or forces in the joints and it is, as a rule, an
integral part of many direct dynamics formulations and the operational-space inertia matrix, which leads
to the accelerations and forces developed to perform the task, in the operational or Cartesian space, and
it is used to control the end effector or the execution level of the robot load [12].

3. The dynamic model of the robot

The dynamic model of a robot expresses the relationship between the torques and/or forces applied to
the actuators and the positions, speeds and articular accelerations. In developing the dynamic model of
arobot, several criteria have to be considered, cumulatively, the most important being the need to travel
the trajectories as accurately and as quickly as possible; the other criteria refer to the need for real-time
operation, the need to minimize the effect of the interconnection between the elements of the guiding
device, the ability to compensate for the mass variations of the manipulated object, to ensure the robot's
robustness.

The virtual dynamic model of the robot is very useful and necessary for simulating its motion, thus
not needing the construction of a real model. The dynamic model contains information about the mass
and inertial properties of the component parts of the robot's mechanical system. The dynamic model of
the robot also provides the information needed to analyze the dynamic behavior of the mechanical
system of the robot.

A valid model, that represents the kinematic and dynamic properties of a robot, helps to understand
the reciprocal relationships between the tasks applied in each joint and the resulting motion of the robot.
Based on the dynamic model of the robot, various driving models can be made.

By using ADAMS, virtual prototypes of some different industrial robots were developed and used
for dynamic simulation or verification of the numerical models established in SolidWorks [13],
MATLAB [14, 15, 16, 17] or MATLAB and Maple [18]. The common conclusion of all these papers is
that the results of the dynamic simulations developed in ADAMS are in agreement with the numerical
results of the theoretical models, and, according to [19], represents a better alternative.

The capabilities of the MBS software, namely ADAMS, in the analysis and testing of the complex
mechanical systems are demonstrated in another paper, [20], by using three types of virtual mechanical
models, the same as in [21]:

- the kinematic model, that contains the kinematic elements (bodies) of the robot, connected by the
kinematic joints, and the geometrical parameters specific to the mechanism (the locations of the joints);
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the entry is made by using the kinematic restrictions (the motion generators), through which the position
or speed of the driving elements is controlled;

- the inverse dynamic model, that includes the kinematic model and the external and internal forces
acting on the system, including the massic-inertial characteristics, this model being used to determine
the motor torque / motor force that generate the kinematically prescribed motion of the mechanism;

- the dynamic model, which includes the inverse dynamic model, the input being made by the motor
torque / motor force, its purpose being to evaluate the behavior of the mechanism under the action of
the forces.

4. Dynamic simulation in ADAMS

By following a so-called master-slave approach, for the kinematic and dynamic analysis of the robot, as
proposed in [22], and developed in [5], was obtained the dynamic model of the robot, presented in figure
1, necessary for the investigation of the robot” dynamic behavior.
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Figure 1. Dynamic model of the robot in ADAMS.

I [k TN

By choosing, in the process of virtual simulation, the aluminum as the material from which the robot
is built, with density 2740 kg / m* and Young module 71705 newton / mm?, were obtained the mass and
inertia properties of the robot bodies, presented in Table 1.

Table 1. Mass and inertia of the robot bodies.

Link Mass, m Principal moments of inertia [Kg - m?]
[Kg] IXX Iyy IZZ
Body 1 - Base 79.03 3.43-10° 2.30-10° 1.33-10°
Body 2 109.42 3.80-10° 3.21-10° 1.67-10°
Body 3 21.67 7.49-10° 7.30-10° 5.22-10*
Body 4 44 .82 7.40-10° 6.93-10° 3.14-10°
Body 5 7.91 7.50-10* 7.25-10* 1.30-10%
Body 6 0.49 411.71 324.35 264.41
Body 7 - End effector 0.088 39.42 39.10 17.03
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For an animation of the robot motion, for 27 s and 200 steps, with the end effector following a spatial
trajectory, as presented in figure 1, the variation of the kinetic energy of the mobile elements of the robot
is shown in figure 2 and the variation of the potential energy in figure 3.
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Figure 2. Variation of the kinetic energy of the mobile elements of the robot.
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Figure 3. Variation of the potential energy of the mobile elements of the robot.

73



PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2020”
28" — 29" May, Oradea, Romania

Ty
g et

The variation of forces and torques in the robot joints are presented in figure 4, respectively 5, and
they could be used for studying the joints behavior, by using finite element analysis, in future work.

How, normally, the force and torque exerted in a joint due to gravity are in a function to the robot
pose, in this case, the bigger values are registered for the first joint, when the robot arm is in the closest
pose to the horizontal.
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Figure 4. Variation of forces in robot joints.
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Figure 5. Variation of torques in robot joints.

5. Conclusion

The dynamic behavior and performance of industrial robots are very important for their general
performance. The modern virtual prototyping tools allow better, more rapid, and less costly dynamic
designing of the complex mechanical systems, comparing to the traditional designing and prototyping.
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After a short literature review on this topic, we found that ADAMS enables the evaluation of the
dynamic behavior of the virtual prototype of a robot during its designing stage, in much less time and at
a lower cost, before realizing the experimental prototype. By adding other opportunities, such as the
possibilities to increase the operation speed and maintain the precision of positioning, to avoid the
vibration, to validate and optimize the control algorithm, and to evaluate the ability of the virtual model
to perform a wide range of applications, Adams offers the possibility to create a better robot in a shorter
period.

According to these findings, by using ADAMS in our researches, we developed a virtual kinematic
and dynamic model of a 6R articulated robot and conducted a short kinematic and dynamic analysis for
it. In this paper, we present the variation of the kinetic and potential energy of the mobile elements of
the robot, and, also, the variation of forces and torques in the robot joints. They could be used, in our
future work, for studying the joints behavior, by using the finite element analysis method.
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Abstract. With rapid developing of automated gearboxes used in conventional, hybrid and also
plug-in hybrid vehicles, clutches are inevitably controlled by transmission control unit. The
effectiveness of the clutch control is based on how smoothly are engaged and disengaged in
different situations like drive away from standstill, changing gears at high torque demand or
changing between different modes in hybrid vehicles. In this paper a clutch model is developed
in MATLAB Simulink environment taking in account physical properties of the clutch. For
establishing a controller that is robust enough to take in consideration clutch wearing and is
smooth enough for ride comfort, multiple control strategies are implemented. Finally the control
strategies are compared in different situations.

1. Introduction

The purpose of this paper is to underline the importance of a model in MATLAB for further development
use for a clutch and controller model. Especially for hybrid vehicles, this was also studied by Chen et.
al. [1], by implementing a torque control during the transition between gears in order to ensure a smooth
transition and a continuous torque. This was done by using a reference model, and a controller for the
plant. The Lyapunov stability theory was used to make the system have an asymptotic stability. The
method was also validated on a SPHEV (series—parallel hybrid electric vehicle) bus. Galvagno et. al. [2]
implemented a dynamic and kinematic model of a dual clutch transmission (DCT) on a vehicle with
front wheel drive and transversal internal combustion engine and gearbox. For the numerical simulation,
several simplifying methods were used. The internal combustion engine model was a steady-state torque
map as function of engine speed and throttle position. The implemented maneuvers were a sequence of
upshifts and downshifts. By using the transmission model, the performance of specified speed profiles
and shift transients were analyzed further and validated. The most problematic issue is the transient
state, therefor Kim et. al. [3] implemented several control methods for EV (electric vehicle) / HEV
(hybrid electric vehicle) change mode. An open and closed loop analysis was made and as results,
methods were evaluated and the method with a slip-less control and ease of calibration was concluded
as being the best. The best method was to control the clutch pressure in order to achieve the desired
speed difference from each side of the clutch (with motor speed faster than engine idle). Kulkarni et. al.
[4] simulated the shift dynamics and control of a DCT. The engine assembly was considered a 2 degree
of freedom system (rotation inertia of moving parts and the inertia of the engine and transmission).
Engine torque was considered as an interpolation from an engine map with engine speed and throttle
position in this case as well. A shift control logic was implemented, with focus on detecting the time of
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the shift initialization, creating a specific rate of engagement and disengagement of the clutches and
determination of the shift completion. The importance of clutch pressure control signals and clutch
pressure control were underlined. Letrouve et. al. [5] analyzed the influence of the clutch model in a
simulation of a parallel HEV, where simulations were done with and without a clutch and fuel
consumption and dynamic performance was underlined. For the NEDC (New European Driving Cycle)
the two models gave similar results in terms of fuel consumption, but the models can be further used to
implement different strategies, driver behavior and cycles. Liu et. al. [6] also implemented a DCT
control model to analyze the dynamic behavior of vehicles for upshifting and downshifting in different
situations like launching in first gear, creep and inching or uphill launch with heavy towing load. The
implemented controller was a PID with feedback on the difference between a predesigned gear ratio
change function and the actual speed ratio. The model was finally validated by measurements on a test
vehicle. Smith et. al. [7] implemented a three PID loop control, with a clutch torque control loop, a
motor torque control loop and a wheel torque control loop. The control system was implemented on a
dSPACE MicroAutoBox on a HIL (hardware in the loop) bench. The experimental study showed that a
flying engine start could be performed at 20 kph with little disturbance to vehicle acceleration. Van Der
Heijden et. al. [8] simulated and optimized the control of a dry clutch for hybrid vehicles. After
implementing the model, a piecewise linear quadratic (PWQL) control was implemented and compared
to a PI controller. The PWQL controller was proven to be better since the clutch engages faster and
smoother than the PI controller.

The dry clutch has been widely used in manual transmission vehicles and for automated manual
transmissions, controlling automated manual transmissions in the most comfortable way for the
passengers are one the most important control problem in this field. Various successful products such
as the diaphragm spring clutch, self-adjusting clutch, travel adjusted clutch and pre-damped clutch
damper have been developed by Valeo, LUK, SACHS and others. Although the development of a highly
responsive system with the engine in low speed ranges makes the control task more difficult, the dry
clutch is still widely used because of its efficiency, robustness and low manufacturing cost [9].

In order to simulate the clutch behavior all the powertrain must be modelled for more accurate results.
The powertrain consists of the engine, clutch, gearbox, differential and vehicle. For a simple model the
powertrain is developed based on components inertia and rotational speed.

2. Objectives

In this research a clutch system was developed in MATLAB Simulink environment and controlled by
using different control systems. Controlling the engaging process of the powertrain with the engine by
using the clutch is the focus of this paper. To achieve an acceptable control strategy two condition must
be fulfilled: the engine speed must never get lower than the idle speed and have a smooth torque and
rotation transfer from the engine to the powertrain. Different control types were used and compared in
the following sections.

3. Mathematical model of the clutch

Therefore, in the clutch engagement and disengagement phase, there is a slip between the drive and the
driven part of the clutch, making the clutch a two degrees of freedom mechanical system. When the
clutch pedal is released, the pressure between the driving and driven disk increased and transferred
torque and rotation is also increased, to the point where the driving disk and the clutch plate achieve
synchronous speed, the clutch is locked as a whole and become a single degree of freedom mechanical
system [11].

The maximum torque supported by the clutch can be expressed as:

2 R3-R3

Tnax = n(R3-R%) fO fR1 rpdrdd = 3 R3-R}

UF (1

where, R, and R, are the inner and outer radius of the contact surface between the driving and driven
disk; u is the coefficient of friction between the driving and driven disk; F is the force to compressing
the driven disk. When the rotation speed difference between the driven disk and the drive disk becomes
close to zero, the slipping disappears.
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Figure 1. Clutch slipping state Figure 2. Locked state of clutch
The equations for slipping state of the clutch:
JeOe +ke(0,—01) =T, =0 (2)
]1é1 t+ke(01—0.)+ T, =0 3)
]2é2 + ko (6, —6,) + Cc(éz - 91;) -T; =0 4)
]vév + kc(ev - 92) + Cc(év - 92) +T,=0 )
The equations for locked state of clutch:
JeOe + ke(0, —012) —T, =0 (6)
U1 +]2)é12 + ke(012 — 0e) — k(612 — 6,) — Cc(élz - 917) =0 (7N
]vév + kc(gv - 912) + Cc(év - 912) + Tv =0 (8)

The parameters of the clutch model that were used are [9], [12]: J=0.1 [kgm?], J;=0.03 [kgm?],
1,=0.02[kgm?], J,=115[kgm?], k.=500[Nm/rad], k.=800[Nm/rad], c.=0.5[Nms/rad], R,=220[mm],
Ri=150[mm], M=0.42[-].

4. Simulink model of the clutch

The Simulink model of the clutch system is a state dependent model, switching between the slipping
state and the locked state is based on speed difference between the drive part and the driven part of the
clutch. Equations (1) — (8) were implemented in Simulink. In figure 3 the lock logic block is responsible
for switching between states of the clutch. The lock logic has inputs like gearbox speed and engine
speed. After the lock, the output is clutch locked speed.

5. Control strategy

Requirements for controlling the clutch engagement are: no stalling of the engine or maintaining a
minimal engine speed during the slipping phase, second condition is to maintain the locked clutch status
after the driven and drive part of the clutch has the same speed. A closed loop controller is developed to
satisfy to above conditions, main focus is on maintaining the engine speed above the idle speed. The
control in first step is realized with a PI controller.

The PI controller integrator part is limited to last 50 time step error calculation, which is very helpful
with long simulation times and highly nonlinear models.

The second controller used is a transfer function which functions the same as the PI and also the behavior
is the same, but no limited integrator was used.

A fuzzy logic controller was implemented. The characteristics of this controller were established with
trapezoidal and Gaussian functions. The trapezoidal function is the input function with the rotation speed
difference, and the output controls the clutch pedal position.

To test the controllers, two setups were made, both drive-away from standstill situations, the difference
between them being the gradient of accelerator pedal with 1 second from 0 to 1 for the high gradient
and 5 seconds for the lower gradient. This situation is the most critical because of high demand of engine
torque and the high torque at low engine speeds must be delivered fast and smooth without stalling the
engine.
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79



PROCEEDINGS of the ANNUAL SESSION OF SCIENTIFIC PAPERS
“IMT ORADEA - 2020”
28" — 29" May, Oradea, Romania

.......................................................................

| T
*-. w— Chutch cortrol P
\ = Chltch contral TF
08 \', | Chlutch control FL
'
A\
)
)
08
\
A
-
2 \
0.7 Y
‘l
'
061 —
&=
°
@
(- )
- 05 . =
& N\
= N
=
o - -
04 e 2 |
- — ‘E
)
0.3 -
] }
'

ol 1 1
8 85 9 a5 10 10.5 1 11.5

Figure 5. Engine and clutch speed in function of time for high gradient accelerator pedal variation
6. Conclusions

Previous work from Minh and Pumwa [13] has shown that fuzzy logic can be implemented to ensure
the successful control of the clutch in HEVs. In this paper, the authors demonstrated that the clutch
system model developed for simulation purpose has a similar behavior (figure 4, figure 5). The control
strategy that was chosen for this comparison is based on not stalling the engine condition. The three
different controllers that were implemented in the model have approximately the same results, engaging
times have small differences in all cases. The reason why the three implementations were compared, is
because of the computing time necessary to obtain similarly same results, and how that translates into
different codes when trying to flash the controller onto a physical control unit.
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Abstract. In order to have a better understanding of influencing factors when designing
an electric vehicle, the author implemented a model in MATLAB Simulink of a basic
electric vehicle taking into consideration several factors, with room for improvements
and addons to further studies. The purpose was to have a basic model for teaching. The
model takes into consideration the basic aecrodynamics of the vehicle, the electric motor
(implemented via transfer function), the vehicle velocity calculation from the sum of
acting forces and validation of the model. Validation of the model was done by
comparing the output data like vehicle velocity with the real measurements done by the
manufacturer itself. After the validation, a PI controller was implemented, and two
instances were compared. The author considers that students should learn by doing,
especially when simulation-based design is easy to understand.

1. Introduction

It is very important to have a model or library of models and systems/subsystems in MATLAB Simulink
because they can be used for development or dimensioning or different approximations while in the
design phase of the vehicle. Several papers on the issue were studied and analysed in order to have a
clear perspective on the steps to take when implementing an electric vehicle.

With many electric vehicles now on the market, with an average range over 250 km on a single charge,
the focus is more and more on the development and improvement of the performances for a more
sustainable transport. Also because the 2010-2020 time period has been described as a tipping point
period for the internal combustion engine to electric propulsion systems.

Butler et. al. [1] modelled an electric and a hybrid vehicle using MATLAB, with the V-Elph package,
that offers blocks for the transmission, the internal combustion engine (for the hybrid), the battery, the
different drive shafts, the induction motor and the controller, with a clever implementation of the drive
cycle from a “.mat” file. The simulation concluded with the fact that all components inserted into the
model need a fine tune in order to have accurate results. For all four drive cycles results were analysed
for all control strategies and vehicle configuration. Lakshmi et. al. [2] implemented an electric vehicle
drive simulation in order to investigate the power flow for both motoring and regeneration instances,
with very detailed equations for all blocks like battery model, motor drive and different controllers. Ma
[3] implemented a controller for the propulsion system of an electric vehicle to underline the waveforms
of phase voltage and current, but also waveform of the power. It also presented a propulsion system
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design that requires a high-power density. Sri Kaloko et. al. [4] developed a small electric vehicle and
modelled it in MATLAB by taking the physical data for batteries and vehicle, in order to know the
necessary battery capacity to reach a certain specification. Fan [5] used MATLAB Simulink and
ADAMS to model and simulate a hybrid electric vehicle. In ADAMS, the vehicle model was developed
with inputs about the chassis, suspension, driveline, tires, braking, steering and terrain info, and in
MATLAB, the internal combustion engine (that was implemented using the engine maps for all throttle
positions and taking into account the losses when throttle is null), battery, controller, power management
and driver input were implemented. The driver controller subsystem is a complex model that considers
the desired drive cycle and takes into consideration the actual vehicle speed.

2. Objectives

In this paper, the author presented a model of a basic electric vehicle implemented in MATLAB
Simulink, taking into consideration the dynamics of the vehicle (Tesla Model S), a simple generated
testing cycle to see the response of two different PI Controller configurations.

3. Method

First, due to the high complexity of a three-phase AC four pole induction motor, it was replaced with a
brushed one for similar performances, even though AC motor rotates without contact, therefore more
efficient, but an overall efficiency coefficient was taken into account to balance this.

The electric motor is a basic R-L-EMF series circuit, where R is the resistor, L is the inductor and EMF
is the electromotive force generated by that motor when rotating. From this circuit, the following
equation can be written:

V=10-R+LE2 4 E(t) (1)
The generated torque is:
T(t) = Kr - 1(t) (2)

Kr being the motor torque constant defined by the manufacturer.
The generated EMF can be written taking into consideration K (EMF coefficient of the motor) and the
rotational speed of the motor w(t):

E(t) = Kg - w(t) 3)

From the three equations, the current can be obtained with respect to the voltage and the rotational speed
of the motor. After using Laplace, the motor can be implemented in MATLAB with a transfer function
block with the voltage as an input and the generated torque as an output.

The next subsystem is the vehicle dynamics system, where all forces that act on the vehicle must be
taken into consideration, starting with mechanical traction torque of the motor, aerodynamic drag force,
roll resistance, and inertia of the vehicle.

The mechanical traction torque of the motor F,,,. can be calculated taking into consideration the gear
ratio G,., the torque T and the diameter of the wheel, or r the radius of the wheel, but also the efficiency
of the transmission ef f,:

T
Fmecz;'Gr'efftr (4)

The aerodynamic drag force can be written as:
D=3p-V2-A-Cp (5)

were p is the air density, V velocity of the vehicle, A frontal area of the vehicle, C, drag coefficient.

The roll resistance is:
F=0C mp-g (6)
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where C,is the roll resistance coefficient, mr total mass of the vehicle taking into account the mass of
the passengers, and g is the gravitational acceleration.

4. Implementation in MATLAB
The constants were introduced and defined in a “.m” file so that it may be adapted to other vehicles as
well. After running the m file, the data is introduced to the workspace.

il= clc

adl= clear

3= close all

4 % definition of constants

5= R=5.3%107-3; %

6 — L=493*10"-9;

7= Ke=0.12; T ad

&= Kt=0.25; % [Nm/&)

9

1@= D=0.48; [m]

il |= r=D/2; 1

12 - Gr=9.73;

13 SFf=T/r*Gr

14

15 — rho=1.225; % [kg/m3]

16 — B=2.3;

17 — Cd=0.24; r

18 — Drag=1/2*rho*a*cd; % Drag

13
20 — Cr=0.02; % roll resistance coefficient (0.02 for car on dry asphalt)
21 - mveh=2108; % mass of the
22 — mpass=200; % mass of the
23 — mT=mveh+mpass; % total mass of th
24 — g=9.81; % gravitational accel
25 — Fr=Cr*mI*g; % =413N
26
27 - efftr=0.7; % global efficiency of the transmission
28 — Tmax=600; % maximum tor Nm]
29 — Vmax=265; % maximum velocity [km/h]

Figure 1. The definition of the constants for the model.
The sum of all acting forces can be written as:
YF =mg-a, (7

Therefore by knowing all the forces and the mass, the acceleration can be calculated. The velocity of
the vehicle appears in the 5" equation, but MATLAB allows to calculate it from the acceleration via an
integration block with the chosen initial value of zero.

The calculation for the vehicle dynamics were implemented using a MATLAB function block, where
the inputs were vehicle velocity and motor torque, and acceleration of the vehicle as output. The final
model is presented in figure 2. The main parameters that were followed were: vehicle acceleration,
vehicle velocity, motor torque, input velocity, error (calculated by subtracting the actual velocity from
the input velocity), PI voltage (voltage given by the PI controller).

In order to have a realistic simulation, there are some limitations that must be inserted: motor torque
limitation (by using a saturation block), because the current absorbed by the motor can be limited this
way.

The maximum voltage given by the battery must also be limited. This can be done either by inserting a
scope or by selecting the output limit of the controller in the output saturation tab.

The validation of the vehicle was done so that the vehicle reaches its maximum velocity (around 250
km/h) and the acceleration matches the acceleration given by the manufacturer (around 6.2 m/s?).

As an input to the system, the vehicle velocity was chosen. The cycle that was implemented consists of
a demand velocity of 50 km/h, follower by a step to 100 km/h (each for 50 seconds), follower by a 0
km/h request and then a maximum velocity demand for 200 seconds follower by motor braking for 300
seconds. When motor braking, the velocity drops gradually since the total mass of the vehicle is 2308
kg and the acting forces are the ones presented before.

For comparison, two PI controllers were compared (using a PID block but coefficients only for P and I,
with D=0): PI1: P=100, I=2; and PI12: P1000, [=5; to underline the importance of the coefficients.

The Motor Model was implemented as a transfer function with numerator K; and denominator L - s +
R, and the input takes into consideration the rotational speed of the motor w(t) calculated from the
velocity of he vehicle, knowing the radius of the wheel and the transmission ratio.
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Figure 2. Simulink model implementation.

5. Results
The extracted results are presented in figures 3 and 4. The error and voltage given by the controller are
presented in figure 3, and the performance results are depicted in figure 4.
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Figure 3. Error and voltage results for the two implemented controllers.
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Figure 4. Performance results for the two implemented controllers

6. Conclusion

For PI1, it can be seen from figure 3 that at 300 on the time axis, the demand goes to 250 km/h, and the
error starts to reduce, but because of a low proportional gain, when the error is smaller, the rise of
velocity is lower, also due to the low integral coefficient.

Figure 3 underlines the fact that both controllers have a good response at low velocity demands (50 km/h
errors), but at high velocity demands (step of 250 km/h), P12 controller responds better because of the
higher proportional gain. Figure 4 presents the acceleration and the torque given by the motor for both
controllers. Because of the low integral and proportional coefficients, with the PI1 the motor has an
early drop of torque and therefore a slower increase of velocity. Since this is a basic model, the following
improvements can be considered: introduce wheel slip, modify the transfer function to a time-based
model, introduce gradient of the road, filter the acceleration and implement other drive cycles.
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Abstract. Procurement is the beginning of the global supply chain and is driven by customer
demand for goods. In the automotive industry and not only, the timely and qualitative delivery
of finished products is an important goal, the customer being 100% satisfied. This paper
addresses the issue of improving the supply process in case of urgent changes, especially in the
automotive industry, in the processing of electrical wiring, for a number of companies producing
vehicles. The Romani car industry grew quite a bit after the 1990s. The arrival of the world's
major car companies has cemented the domestic sector in adopting best practices in the supply
chain. This has led to improved competitiveness and increased quantum exports. However, the
Romanian car industry must operate in a unique environment that still presents challenges for
the supply chain. It is therefore necessary to continuously study supply chain practices in the
automotive sector.

1. Introduction

The concept of SCM has gained over time an increased importance in the world economy due to its
impact on the competitive advantages of companies [1-2].

Supply chain management is under pressure from companies that strive to maintain high levels of service
for their customers, while being forced to reduce costs and maintain profit margins [3]. Decision support
tools, strategic planning and cost reduction are extremely valuable. Each situation is unique and requires
a customized model to suit the particular situation and purpose of the company in question [4].

Thus, over time in the automotive industry, standards related to product quality have been developed
and implemented, one of which is the ISO/TS 16949 standard, which refers to the quality elements
within the supply chain.

Joe Bransky, member of the International Automotive Task Force (IATF) comments: “In the current
manufacturing environment, the huge intervention stocks in the inventory have been replaced by
logistics and just-in-time delivery. Rooting safety as the ISO TS 16949: 2009 standard ensures major
improvements in terms of quality, productivity, delivery is essential.”

In essence, supply activity includes the purchase of material resources and inventory management.
It is a very important activity, because it has a great financial impact on the company's turnover [4-5].

The organization of the circulation of material values from the supplier to the beneficiary, their
reception from a quantitative and qualitative point of view, their proper storage and maintenance and
their distribution to the consuming sections and jobs, represent some problems that compose the supply
process [6].
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2. Procurement and supply - basic logistics operation

The supply of material resources is defined as "the activity that ensures the elements necessary for the
consumption of production, in volume and structure to ensure an activity, with a high profit, of economic
units." [7]. The good functioning of the enterprises' activity is conditioned, to a large extent, by the
timely and complete supply of raw materials that will become part of the finished product manufactured
and delivered to the customer.

A competitive and reliable supply means a timely management and adequate quantity of components
and raw materials needed in production. This requires a brief analysis / prospecting, a good forecast and
optimal management of stocks, a good rotation of them and at the same time a low level of supply
disruptions, but also to control, verify, systematically monitor the use of materials, negotiation,
contracting.

Figure 1 presents the trends of the automotive industry that have an impact on the supply chain [8].
According to Fisher [9] the supply chain must be adapted to the specific requirements of the
manufactured product. This is especially the case for the complex automotive industry, where a car
manufacturer has to struggle with the management of a network that includes several supply chains. The
macroeconomic cycles of growth, contraction and recovery create extraordinary efforts on the efficiency
of the established supply chain, especially in the automotive sector, due to its widespread links with
other industries [10].

Trends from offer

*Uneven growth *Differentiated outsourcing
*Fragmentation *Supply with low costs
* Accelerated volatility *Risk management
*Importance after-market *Responsibility / transparency

Figure 1. Trends affecting SCM [8]

The share of costs related to raw materials and materials is generally high, sometimes decisive,
representing 70-80%, maybe even more. According to some authors, it is an exchange of a commercial
nature, through which material values are traded following the elaboration of consumption needs, after
the suppliers have been identified; the prices and other conditions of the transfer of ownership between
the partners have been negotiated.

3. Evaluation of the efficiency of the supply process - Case study

The case study is carried out on a company producing electrical wiring in Romania that performs cutting
operations - automatic and semi-automatic crimping, with and without Seal, tinning operations, printing
of strips and automatic banding. The company produces electrical wiring mainly for the automotive
industry (lighting systems, safety systems, dashboard, mirrors, handsfree telephony ...). The company
has a number of 170 employees, currently having a mainly manual, semi-automatic and very little
automatic production. Within the company there are 3 major departments: Automatic/Semi-automatic,
Manual/electrical assembly and Final testing. The Automata/Semiautomata Department cuts/crimps the
wires, which are then sent to the Manual/Electrical Assembly Department where they perform pressing
operations / plug inserts, applying collars, spot bandages, hair dryer operation, etc ... and finally reach
the Testing Department where it is checked electrically and visually if the products comply with the
customer's requirements.
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The main customers of the company are: Harting SCS Romania, Kuhnke Production Romania,
Electromagnetica SA Bucharest, and among the final customers are the largest car manufacturers:
Mercedes, Audi, Volkswagen, BMW, Aston Martin and Volvo (fig.2).

LECTR®MAGNETIC

—— Societate Comerciala pe Actiuni | [

Figure 2. The company's customers

In the field of engineering and measurement technology, the company has all the necessary facilities

for a supplier for the automotive industry, whose products are qualitatively appropriate.
Within the company, the supply department has a very important role, that of maintaining internally a
permanent connection with the finance department and with the production department, and externally
it relates to the suppliers but also to the company's customers. An essential condition is the
synchronization of the production plan with the supply, only in this way it is possible to obtain the
reduction of stocks, of the costs related to them, the increase of the quality, of the productivity and of
the capacity to adapt to changes [10].

The supply department pays special attention to the way in which the movement of stocks takes
place, the evolution of stocks, the conditions and the degree to which they ensured the productive
consumption, the critical periods determined by the lack of stock, their speed of movement.

As in any other company, the issue of stock management and the quantity to be supplied is raised by
establishing supply rules so that the items necessary for the production process are not missing from the
stock.

To optimize the size of the stock, the Wilson-Within model is used, which takes into account two
categories of variables:

e (- the cost of launching supply orders
e ;- storage or inventory costs

As stocks of materials are depletable over time, they gradually pass into consumption, storage or
inventory costs are calculated as an average of the expenses from the first day of the stock and the
expenses from the last day of its existence => any storage costs is weighted (corrected) by 0.5.
Sometimes the company is faced with situations where there is no stock of raw materials, suppliers do
not deliver the goods on time or it is delivered with defects.

4. Improving the supply process within the company
In order to be able to start a process of improvement in terms of supply, the main problems were
identified. Thus, between 17 - 22.11.2019, the head of the supply department analyzed and identified
the problems he faced in the last 6 months. These were grouped according to how often they occurred,
importance, degree of occurrence and risk.
The problems identified are:
e Delays in the supply of special conditions (due to changes imposed by customers)
e Impossibility to predict long-term framework orders
e There is no feedback from suppliers to solve the problems identified in the evaluation
of suppliers (lack of corrective action plan)
e The supplied products do not correspond to the technical specifications (lack of invoice,
documents accompanying the goods)
The Pareto Diagram statistical quality tool was used to solve the problem and apply an improvement
[11-12]. The 4 identified problems were given grades, as shown in the table 1.
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Table 1. Alternative evaluation matrix

Degree
Identifyed Cronicity Importance of potential Expedite Risk Total
Problems 10 % 40 % impact 38 % 10 %
2 %

Delay§ in the supply of special 5 5 5 5 | 71
conditions
Impossibility to predict long-term ) 5 0 5 | 13
framework orders
There is no feedback from
suppliers to solve the problems
identified in the evaluation of > > 0 > ! 16
suppliers
The supplied products do not
correspond to the technical 5 2 0 5 2 14
specifications

Following the evaluation, the issue with the highest weight and, also the highest priority was
considered as "Delays in the supply of special conditions".

25

20

15
10
O B

Frequency

W

u Expedite ®Importance M Cronicity B Degree of potential impact ® Risk

Figure 3. Frequency of the problem

In order to improve the supply process with the raw material necessary to make the car wiring
according to the requirements imposed by the company's clients, the DMAIC method was applied,
performing the steps [11-13]:

* Defining the problem

The main problem is the supply in special conditions (as a result of changes imposed by customers).
Delays in raw materials for special orders are on average 2 weeks. The company's proposal is to reduce
delays by 1 week within 6 months. In order to fulfill this mission, a team of project manager and 5
members was created.

* Measuring the main aspects of the current process and collecting the main relevant data

In order to reduce the delays related to the supply of raw materials, it was necessary to identify the
main reasons that lead to their occurrence.

To identify the causes, a Fishbone & 5 Why diagram was drawn up, which is presented in figure 4 [12-
13].
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faulty organization

All 130 cases in which there were dysfunctions in the last 6 months were analyzed and the defects that
initiated the respective dysfunctions were identified. Based on the frequency of these malfunctions, the
Pareto Diagram was drawn up with the help of which the most important defects were identified, which

produce 80% of the delays.

Table 2. Alternative evaluation matrix

c | TOP defectcs
. Relative umuate 80%"
Defect description Frequency f relative
requence f

requence
Incorrect stocks in the
system 40 30.77% 30.77%

Incorrect stocks in the
Ambiguous procedure 40 30.77% 61.54% I system
« Ambiguous procedure

Overworked employees 23 17.69% 79.23% I guous p .
Delayed transport 13 10.00% 89.23% 11 Overworked employees
Rigid company policy 8 6.15% 95.38%
Disorganization 4 3.08% 98.46%
Unclear responsibilities 2 1.54% 100.00%
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Figure 5. Pareto diagram

So, if the company focuses on eliminating or at least reducing the frequency of these defects, the
delays will be reduced by 80%.
* Improving and optimizing the supply process based on the analyzed data
Once the improvement team identified the root causes of the problem, it was ready to identify
solutions/improvements. As it emerged from the analysis of the data from the last 6 months, the main
non-conformities were:
e Incorect stocks in the system
e Ambiguous procurement procedure
e Overloaded employees
In order to reduce the frequency of non-conformities, several measures have been proposed presented
in figure 6.

1. Incorrect stocks identified in the system 2. Ambiguous supply procedure

- distribution of responsibilities / tasks clearly and unambiguously

Stz dy ety ol ik s vt g el s - elaboration of the procedure by the department in question

- warehouse audits - clarification of the steps in the process of material supply

3 Overwork of employees

- clear establishment of responsibilities (reworking of the job description)
- employee satisfaction form

Figure 6. Measures to reduce non-conformities
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As not all the improvements found are equally effective, the team had to consider other criteria for
evaluating alternatives:
e (3) the impact on the main issue
e (2) implementation time
e (1) the total cost which must not exceed the available resources
The magnitude of the impact of the proposed solution on the current non-conformities was quantified
by grades between 1 and 3, where:
e 3 - very favorable impact
e 2 -favorable average impact
e 1 -weak favorable impact

Table 3. Other criteria for evaluating alternatives

Selection criteria  TOTAL
Cause The improvement alternative 1 2 3 score
- Incorrect - weekly inventory. to certain materials
. : 3 3 1 7
stocks in the ~ With problems
system - warehouse audits 3 2 1 6
- redistribution of responsibilities / tasks 2 3 ! 6
- Ambiguous )
supply - elaboration of the procedure by the ) 3 1 6
procedure department concerned
- clarification of material supply steps 3 3 1 7
_overwork of clear establishment of responsibilities 3 3 1 7
emplovees (reworking of the job description)
ploy - employee satisfaction form 3 2 1 6

It is observed that in order to correct the first non-conformity, the incorrect stocks in the system, the
biggest impact would have the performance of a weekly inventory for the materials identified as being
with problems.

Regarding the ambiguity of the procurement procedure, the measure of clarifying the steps of the
process seems to have the greatest impact. With regard to overworked employees, it is recommended to
rework the job description in order to clearly establish the responsibilities of each employee.

At the end, we started to plan the improvement process, drawing up the following file.

Table 4. Plan the improvement process

Main causes Corrective action Necessary Responsible Term Achievement
resources stage%
Incorrect Weekly inventory. to Material warchouseman weekly
stocks in the certain materials with resources: scales
system problems Human resources:
specialist
Information
resources: ERP
Procedure Clarify material Human resources: Manager 2 weeks
supply steps specialist supply
Overworked Stabilirea clara a Material Manager 2 weeks
employees responsabilitatilor resources: office  Human
(reelaborarea fisei Human resources: resources
postului) specialist
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Following the implementation of the control elements, the improvement team ensured that the
improvements are put into practice and maintained, and at this moment, the delays in the supply of raw
materials within the company were reduced by 15%.

5. Conclusions
The importance of supply is materialized by the responsibility assigned to it. It can be said that the
procurement process includes both the purchase of material resources and the management of stocks.

The supply department is necessary and very important because it comes to the aid of organizations,
so that they maintain internal control, to meet their own requirements and especially those of customers.
It has a special importance because it achieves the establishment of the material needs of the production,
the continuous reduction of the consumptions of raw materials and materials, the attraction in the
economic circuit and in the consumption of the production of new material sources, the increase of the
organization's profit.

Good supply of raw materials and materials is the optimal way to accomplish the of production tasks
and manufacturing of products. Procurement management can provide the means necessary for
improvement activities through a consistent development of its processes. It can generate "good or bad"
performance, thus providing the basis for managing these processes.

If the organization does not have a well-defined supply management, it fails to achieve a necessary
pace of improvement in order to be able to face the competition in the market, in a very short time.
Procurement management that emphasizes continuous improvement can build capacity, lead to
significant cost reductions, and create added value.
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Abstract. The paper presents the results of research on the use of hierarchical models with
colored Petri nets in the evaluation of automated systems for the preparation and analysis of
metallographic specimens. Modeling with hierarchical colored Petri nets was used to evaluate
the performance of a preparation and analysis robotic system for metallographic samples. The
automated system is composed of three subsystems: the subsystem for the preparation of
metallographic samples, the subsystem for the attack with reagent of metallographic samples,
the subsystem for the analysis of metallographic samples. Two models were made: a model
with colored Petri nets with simple colors and a model with timed colored Petri nets with
complex colors. Each model was developed on two hierarchical levels. Level 1 contains the
model of the entire flexible system for the preparation and analysis of metallographic samples.
Level 2 consists of three sub-models: the sub-model of the system for the preparation of
metallographic samples, the sub-model of the system for the reagent attack of metallographic
samples, the sub-model of the system for the analysis of metallographic samples. Models with
timed colored Petri nets allow the evaluation of system performance in terms of the number of
samples analyzed in a time interval. The performance of the modeled system was evaluated by
simulation, considering a time interval of eight hours.

1. Introduction

In the field of metallography there had been developed systems which contain a microscope, storage
devices and are assisted by a robot which handles samples, although without integrating the sample
preparation equipment which it is still made with specialized machines outside the automated systems
aided by human operators. The idea of an automatic metallography laboratory is sustained by the ever
rising need for an efficient quality control of industrial products. Such a laboratory can be seen as a
development in the field of Computer Aided Testing which completes the CAD and CAM concepts. In
[1] is presented an automated serial sectioning system with metallographic polisher, robotic arm,
ultrasonic cleaner and Inverter Microscope.

The authors analyzed different aspects of this subject in previous work [2].

Modeling and simulation of automated systems are effective tools for evaluating their performance
and improving their operation. Among the modeling and simulation tools, one of the most used are
Petri nets.

Timed colored Petri nets offer the possibility of making models that describe very accurately the
real system and whose structure is simplified compared to models with ordinary Petri nets. Thus, in [3]
is present the model with timed colored Petri nets made for a flexible manufacturing cell composed of
two CNC machines served by a robot. The use of Petri Nets with complex colors allows the realization
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of relatively simple models that take into account the fact that in the cells several types of parts are
processed. The introduction of the time factor allows the determination of the manufacturing cycle.

The use of models with hierarchical colored Petri nets, allows a more rigorous analysis of the way
in which each subsystem within the analyzed system works [4]

The modeling and simulation of a flexible manufacturing cell (FMC) can be done by implementing
hierarchical techniques based on Colored Timed Petri Nets. The paper [5] is focused on implementing
decisions and strategies in a flexible manufacturing cell with colored and hierarchical techniques. In
this context it discusses the decision making for machine, parts and allocated tools in transitions.

In the last years research in the field of automation of specific activities and operations of testing
and (biology laboratory, chemical, material sciences). The development of drug industry and biology
and medical research needs a huge amount of experimental studies on samples which in turn asks for
automation of processes. As examples in the field of biology sciences, we can give Highres
Biosolutions [6], Hombrechtikon System Engineering (HSE) [7], or in the field of material science we
can give Picoquant [8] or SaxsLab (Xenocs) [9].

In this paper are developed the hierarchical models with colored Petri nets with simple colors and
with complex timed colors of the automated system of preparation and analysis of metallographic
samples described in [10]. In the paper [10] was presented in detail the model with T-timed Petri