XVINTERNATIONAL SCIENTIFIC CONGRESS

SUMMER SE§\SION ‘”.
. 121509 2018"~unnNn~B.uuinmn

‘H

R

i

x‘

R i Ifﬂy{ [' : ,r

' Q'
v 8

”‘o’-a - ot 2

Wy 7 ,, NOLOGIES
‘! ;‘"/' RIALS 2018
'!ii// ' |

i P em .--'Jj' “»‘ E INGS
VOLUMEI f ‘.»h l
MACHINES ‘t gw B
INDUSTRIAL | IEIFO RMA'%;‘ c&
MATHEMATICAL Mon “r |
MANAGEMENT mﬂf.
ISSN 2535-0021 (Prm\‘g} i i
ISSN 2535-003X (omnﬁe) . *

ORGANIZER .
SCIENTIFIC-TECHNICAL UNION OF MECHANICAL ENGINEERING
BULGARIA



The FEDERATION OF THE SCIENTIFIC
ENGINEERING UNIONS (FSEU)

in Bulgaria is a professional, scientific - educational, non-
governmental, non-political non-profit association of legal
entities - professional organizations registered under
the Law on non-profit legal entities, whose members are
engineers, economists and other specialists in the field of
science, technology, economy and agriculture.

FSEU performed bilateral cooperation with similar
organizations from many countries.

FSEU brings together 19 national associations - Scientific
and Technical Unions / STU /, 34 territorial associations,
which have more than 15 000 professionals across the
country.

FSEU is a co-founder and member of the World Federation
of Engineering Organizations (WFEO).

FSEU a member of the European Federation of National
Engineering Associations (FEANI), and a member of the
Standing Conference of engineering organizations from
Southeast Europe / CO.PICEE /, Global Compact, European
Young Engineers (EYE). The Federation has the exclusive
right to give nominations for the European Engineer
(EURING) title.

Contacts:
108 Rakovsky Str., Sofia 1000, Bulgaria
web: www.fnts.bg
e-mail: info@fnts.bg



INTERNATIONAL SCIENTIFIC CONFERENCE
MACHINES. TECHNOLOGIES. MATERIALS

12-15.09.2018, VARNA, BULGARIA

PROCEEDINGS

YEARII, ISSUE 2 (9), SOFIA, BULGARIA 2018

VOLUME 11
MACHINES
INDUSTRIAL INFORMATIC & MATHEMATICAL MODELING
MANAGEMENT

ISSN 2535-0021 (PRINT)
[SSN 2535-003X (ONLINE)

PUBLISHER:

SCIENTIFIC TECHNICAL UNION OF MECHANICAL
ENGINEERING

108, Rakovski Str., 1000 Sofia, Bulgaria
tel. (+359 2) 987 72 90,
tel./fax (+359 2) 986 22 40,
office@mtmcongress.com
www.mtmcongress.com



INTERNATIONAL EDITORIAL BOARD

Chairman: Prof. DHC Georgi Popov

Members:

Acad. lvan Vedyakov
Acad. Yurij Kuznetsov
Prof. Aleksander Mihaylov
Prof. Anatoliy Kostin

Prof. Adel Mahmud

Prof. Ahmet Ertas

Prof. Andrzej Golabczak
Prof. Boncho Bonev

Prof. Gennady Bagluk
Prof. Detlef Redlich

Prof. Dipten Misra

Prof. Dmitry Kaputkin
Prof. Dmitry Dmitriev
Prof. Eugene Eremin
Prof. Ernest Nazarian
Prof. Juan Alberto Montano
Prof. Esam Husein

Prof. llir Doci

Prof. Ivo Malakov

Prof. Katia Vutova

Prof. Krasimir Marchev
Prof. Leon Kukielka

Prof. Lyudmila Ryabicheva
Prof. Milan Vukcevic

RU
UA
UA
RU

TR
PL
BG
UA
DE
IN
RU
UA
RU
AM
MX

KO
BG
BG
USA
PL
UA
ME

Vice Chair: Prof. Dr. Eng. Tsanka Dikova

Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.

Mihail Aurel Titu
Mladen Velev
Mohamed El Mansori
Movlazade Vagif Zahid
Nikolay Dyulgerov
Oana Dodun

Olga Krivtsova

Peter Kostal

Raul Turmanidze
Renato Goulart
Roumen Petrov
Sasho Guergov

Seiji Katayama
Sergej Dobatkin
Sergej Nikulin

Stefan Dimov
Svetan Ratchev
Svetlana Gubenko
Sveto Cvetkovski

Prof. Tale Geramitchioski
Prof. Vadim Kovtun

Prof. Viktor Vaganov
Prof. William Singhose

Prof.

Yasar Pancar

Prof. Wu Kaiming

RO
BG
FR

BG
RO
KZ
SK
GE
BR
BE
BG
JP
RU
RU
UK
UK
UA
MK
MK
BY
RU
USA
TR
CN



CONTENTS

MACHINES

SYNTHESIS OF KINEMATICAL CONJUGATE SPATIAL GEARING
Assoc. Prof. Abadjieva E. PhD. | Prof. Sc. D. Abadjiev V. PID. o e en s maaseneeeeensenneneeneeees 1O

PRINTING PARANMETERS EFFECT ON SURFACE CHARACTERISTICS OF 3D PRINTED PLA MATERITALS
Kovan V., Tezel T., Topal E.S., Camurlu H E. s . 168

REFINING THE PROCESS OF DESIGNING AN ELECTRICAL RESISTANCE HEATER FOR VACUUM FURNACE IN NON-
STATIONARY PROCESS
PhD E. ANGRLOVA oottt e oot e et e oo L T2

DYNAMIC ANALYSIS OF BRIDGE CRANE WITH ONE MAIN GIRDER DURING TELPHER MOTION WITH FULL LOADING
Prof.dr. Ilir Dogi, Profass. Shpetim Lajqi, Msc. Blerim IMOTIIA ... oc.ooooiiiioe et eeese e cem e s es s emmsseeneeesmeseeas mneeeaneaeanees 11D

SYNTHESIS OF VACUUM TUBES
As505. Prof. DaC A i OV e .. 179

CBIVIACYBAHE HA 3ATEHKBAHHATA HA CTPYT'OBH MAIITHHA C THPPOBO-IIPOTPAMHO YIIPAB/IEHHE
I'm ac. n-p k. mmrescxa M., Tpod. a-p mmx. Muxos M. . SNSRI SRRRSRURSRUURSURORURRY | : 1

H3B0P HA IOJABATEJHH 3ATBHKBAHHA 3A MIPOBHBHH MAIINHHHA C TH®POBO- IPOTPAMHO YIIPABJIEHHE
I'1 ac. o-p HE. KHaeBckH M. . SO SNSRPSRPRNURRSROR 1 i

IMPACT OF THE SPEED OF SLIDING OF FRICTION LINING ON THE TRIBOLOGICAL PARAMETERS OF FRICTION
CLUTCHES OF MOTOR VEHICLES
M.Sc. Sasko Milev, PhD. Simeon Simeonov, PhD Nikola Avramov, PhD.P.Simonovski, M.Se.Gorgi Duskov, Eng. Elica Simeonova _.......... 190

MODELLING, SIMULATION AND IMPLEMENTATION OF AUTONOMOUS UNMANNED QUADROTOR
Yaser Alarwi, Askin Mutlu . e . 193

OPTIMIZATION RESEARCH OF THE CARGO PENDULUNM AND UNITS DISPLACEMENTS OF THE GANTRY CRANES
LEVEL LUFFING JIB SYSTEM

MSec. (Eng). Bargazov E., Assoc. Prof. PhD. Bortyakov D., Assoc. Prof PhD. Uzunov T, Prof. DSc. Alipiev O., Principal assistant. PhD.

A OOV S e e 199

PROPOSAL OF THE ERGONOMIC PROGRAMME IMPLEMENTATION IN INDUSTRAL PRACTISE
Eng. Vaclava POKOIIA ... oo e 203

INDUSTRIAL INFORMATIC & MATHEMATICAL MODELING

THE CONCEPT OF SYNTHESIS OF MOBILE ROBOTS
Prof. Dr. Kuznetsov Yu N, Assoc. Prof. Polishehuk M N . e .. 206

EMBEDDED MICROPROCESSORY SCADA SYSTEM FOR SUPERVISORY, CONTROL AND DATA ACQUISITION IN THE
PROCESS OF PURIFICATION OF GASSES IN FERRO-NICKEL FACTORY.
Engineer Iliev Dejan. Ph.D Goce Stefanow ... . 210

SYSTEM FOR SENTIMENT ANALYSIS OF BIG TEXT DATA
Assoc. Prof. Atanassov A., PhD Student Al-Barznji K., Senior Lecturer Tomova F. ... 214

USING PATTERNS IN ARCHITECTURE OF SOFTWARE ENGINEERING
ML S, Ivanova MIlKa .. 218

CALCULATION OF PARAMETERS OF TENSELY DEFORMED STATE OF DISK PIEZOELEMENTS WITH SURFACES
PARTIALLY COVERED BY ELECTRODES
D Bazilo . P DD . e .. 222

OCHOBHH CTPYKTYPHH EJIEMEHTH HA TEKCTA B YEb THIIOTPA®HATA
T A0 J-P HIIHEB, B e et e enaes 22T

MANAGEMENT

OCHOBHEIE OKHIAEMEIE IIPOBJIEMEI B IEPHOI OCYIIECTBJIEHHA PEQOPMEI . . HHIYCTPHA-4.0“ H IIVTH HX
INPAKTHYECKOI'O PEHIEHHA HA OCHOBE INIOBBIIMEHHA 3@ ®PEKTHBHOCTH HCIIOIB3YEMBIX MEXATPOHHBIX
CHCTEM

Doctor Of Science, Prof. Turmanidze R., Hon.D.Se. Predrag D, Master Popkhadze G. .._........._._...._.............230



ATRCRAFT REPAIR MAINTENANCE IN UKRAINE: ECONOMIC AND ORGANIZATIONAL PROBLEMS OF DEVELOPMENT

AND INVESTMENT SUPPORT
Doctor of Economic Sciences, Professor, Zhavoronkova G., PhD (Economics), Associate Professor, Zhavoronkov V_, Phd (Economics),

Associate Professor, Klymenko V. Graduate Student, Volvach M. e e

ENVIRONMENTAL IMPERATIVE OF INNOVATIVE INDUSTRIAL PRODUCTION

Struk A Avdeychik O, BeIeSIIEVEA A ek e ettt ee e e e e

THE CONCEPT OF KNOWLEDGE MANAGEMENT IN THE REGION AS A BASIS OF ESTIMATION OF CONDITIONS OF
INNOVATIVE ACTIVITY

Prof. dr. Zaborovskaia O., Babskova O. PhD Student . 2

KNOWLEDGE, CREATIVITY AND INNOVATION IN KNOWLEDGE SOCIETY FORMATION
Zhavoronkova G., Doctor of Economic Sciences, Professor, Zavalko K. Doctor of Pedagogical Sciences, Professor, Zhavoronkov V., PhD

(Economics), Associate ProtessOr e

THE USE OF GLOBAL BEST PRACTICES OF EFFECTIVE MANAGEMENT OF THE COMPANY ARCELORMITTAL
TEMIRTATU JSC

Gelmanova Z Krvtsova O Smmailova A e

237

241

247

251



MACHINES. TECHNOLOGIES. MATERIALS. 2018

IMPACT OF THE SPEED OF SLIDING OF FRICTION LINING ON THE
TRIBOLOGICAL PARAMETERS OF FRICTION CLUTCHES OF MOTOR
VEHICLES

M.Se. Sasko Miley V

Ph.D Simeon Simeonov M . PhD Nikola -*-'n-‘mmm =

*. PhD P Simonovski ¥°, M.Sc.Gorgi Duskov **, Eng. Elica

Simeonova

Y* Faculty of Mechanical Engineering — Goce Delcev University in Stip. Macedonia
o Facult} of Mechanical Engineering - Ss. Cyril and Methodms University in Skopje. Macedoma
*" Ruen Inox Automobile, Production of automotive clutches — Kocani, Macedonia

sasko milev@ugd edu mk

Abstract: Friction clutches are mechanisms placed between the engine and the gearbox and are used to fransmit the forgue from the
engine of the vehicle to the ransmission. The clutches should provide stavt and stopping of the vehicle without vibration and need to have a
certain lifetime. The fribological parameters of the linings m these clutches depend on several facitors: the guality of the linings, the
condifions of the test (exploitation), the temperature between the friction surfaces, the specific pressure between the friction surfaces, the
speed of sliding of the friction linings, the number of furms on the clutch, etc. In this paper, will be analyzed the impact of the speed of sliding

of friction linings on the ribological parameters of the [inings.

Kevwords: FREICTION CLUTCHE. FRICTION LINNING, SPEED OF SLIDING, TRIBOLOGICATL PARAMETERS

1. Introduction

The quality of friction lining in friction clutches is expressed by
tribological parameters-coefficient of friction and specific wear.
These parameters depend on the sliding that occurs during the
engagement of the clutch.

The linings are made from different materials and there are
various factors that defermine whether a material is quality or not.
These factors are: the speed. the temperature and the pressure
between the friction surfaces, the number of engagements of the
clutch, etc.

The temperature in the lining depends on the load and the
number of engagements of the clutch in the unit time Greater
temperature in the liner is created at higher loads and at a larger
number of engagement The temperature is one of the most
influential factors. It acts on the structure of the lining. The raised
temperature leads fo the softening of the lining, decreasing of the
coefficient of friction and increasing of the specific wear of the
coating. The lining in its composifion should have substances that
will enable removal of the heat from the lining, that is, the lining
should be resistant to high temperature, provide a stable coefficient
of friction and wearing within the permissible limits.

The pressure of the lining is achieved by the compressive force
of diaphragm wound springs or diaphragm springs. This force
creates a friction torque between the friction surfaces of the lining
and the pressure plate of the clutch, which transfers the engine
power to the transmussion. By reducing the specific pressure
between the friction surfaces, the friction torque between them
decreases, the switch-on fime increases, which leads to an increase
in the friction and in the temperature. The increasng of the pressure
leads to increas in the switch off force, so in this case. when the
clutch reloads, the clutch's protective role on one side decreases,
and on the other hand, the switch-on time is too short. This means
that the pressure affects the temperature of the lining. The specific
pressure has a greater impact on the wearing of the lining, and the
smaller the friction coefficient. The wearing of the lining is the
smallest at a pressure of 20 [N / mm’]

By increasing the number of engagements of the clutch in the
unit fime, the femperamire increases, thereby decreasing the
coefficient of friction, and increasing the lining wearing / 1/2/5 /
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2. Research

The purpose of this research is fo determine the impact of the
sliding speed on the tribological parameters.

Determination of ftribological parameters is
according to the following expressions:

The specific workload when switching on the clutch is
determined by expression [1]:

4 lJJ.-"rcm : J

a=—
vk

performed

(1)

A [T]-work of sliding during the engagement of the clutch

F,i [cm’] - total friction surface

F,=z-F [ear] @

F=

%-(D2 —d?) [eur] (3)

z- [-] mumber of friction surfaces
D - [cm] — outside diameter of the lining
d — [cm] — inner diameter of the lining

After determining of the specific workload, the specific heat
load 15 determined by expression :

g=a % [ Wien'] )

X [1/min] — clutch engagement frequency
The work of sliding accomplished during the engagement of the
clutch is :

;J-mz [7]

A
(D[]TI{S] - angular speed on the bench test

()
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TN ©
o=—
30

n - [1/muin] — number of rotation

The specific depletion of the lining is determuned by the
EXPression :

9= Ab-F [cm®/10MJ] (7
*
A []] - average work per cycle
'A\'J: = Z A.ﬂ' (3}
1

n [-] — mumber of cycles

Clutch work of the shding for a smngle cycle is calculated
according to the expression :

M_-o-t
2

A [ ©

M,; - the mean value of the forque read from the diagram of the
machine for a given cycle

(0 [1/s] - angular speed of the driven part

t [5] — time of sliding for given cycle

After deternuning A for each cycle, A, is determined as the
mean value for one cycle, and then Ay is determined as the fotal
work from one test (product of the number of cycles and Ag).

The coefficient of friction is determined by the expression :

A (10)
z-r, P
M [N m] - torque of the clutch
z—[-] number of friction surfaces
Ty~ [m] - average radius of friction liming
P [N] — pressing force of the clutch
For =%' o [m] (11)
2 (D -d°
S (m} [m] (12

3. Experiment

The examination was carried out on a fest bench with the
following characteristics :

Electric motor with direct current. and having the following
characteristics:

191

= rated power

* nominal forque ...

+ mumber of rotations
{with contimmous change) ...........co...... (0-2,000) [1 / min]

- Main swing table with inertial torque ._............. 40 [kg m2]

- Simtdown time with setting (0-24) [mm]

- Force of disconnection ... .
- Torque that can be tested:
* mAXinMM forque ... 5.000 [Nm]
= dynamic limit torque ........... 3,500 [Nm]
- Additional inertia:
« own inertial torque ................. ;=243 [kgm’]
= inertial torque of the variable swing weights:
1.J.=1.98 [kg m’]
2.1,=3.79 [kg m’]
3.1,=58 [kgm’]
4.1, =8.07 [kg m’].

The following measurements were performed on the exisfing
insfallation of the test bench:

- Measurement of the torque the clutch is fransnutted at the
moment of its engagement.

- Measuring the number of rotations of the drive unit,
- Measuring the number of rotations of the drven part,
- Measurement of the ambient temperature of the clutch

These data during the experiment are visually monitored on the
given indicators of the measurement sizes.

To control the duration of a cycle, 4 potentiometers are used for
individual parts of the cycle:

- 1; - sliding time when switching on the clutch,

-ty - shutdown time.

- 1; - time of slowing down the driven part,

- 1, - time of control of the state of relative rest (this time is
at time t3).

Test mode:

-the inertial torque - 10.22 [kg - m’]

- switching frequency 0.6 [1 / min]

- speed [m/ s] (number of rotations [1 / min]):

7.13 (500), 11.4 (800), 171 (1200). 22.7 (1600)
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- specific work [T/ cmz]: 105, 27, 60, 107

The test was performed in three samples for 4 speeds and the
mean values of the tribological parametfers was used:

Table 1: The mean values of the used tribological parameters
=

a[TiemT] 105 77 &0 107
Vs] 713 114 171 227
{n[1/min]) (500} (200) (1200} (1600)
m 045 044 042 0.40
Slcm3/10Mj] 021 041 0.68 .82
DIAGRAM -1
3 specific wear
(=]
= ! 35
g 08 —
S 06 o
m
g 04 e
o 02 —&’/
T 0
o
w 5 10 15 20 25
sliding speed [m/s]
y =-0,0011x + 0,0738x - 0,2661

Fig.1. Change of the specific wear of the clutch depending on speed
of sliding

DIAGRAM -2
. coefficient of friction
(=]
:E 0,46
= 0,24 .H““‘H—QRH
—
5 042 ——
g 04 e
g 0,38
E 5 10 15 20 25

sliding speed [m/s]

y = -5E-05x* - 0,0017x + 0,4652

Fig.2. Change of the cogfficient of friction of the clutch depending
on spead of sliding
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4. Analysis and conclusion

The speed of sliding on the friction surfaces depends on the
number of rotations of the clutch and from the frictional radius of
the clutch. The radius for a given cluich 15 constant, and the speed
of sliding depends on the number of rotations of the clutch. Higher
speed of sliding creates more heat on the lining, while the wearing
torque, and therefore the coefficient of friction decreases. The wear
of the lining 1s increasing. At lower speed, there is a greater friction
coefficient, and less wearing.

The dependence of the frictional parameters on the speed of the
tested lining is given with the expressions:

For the coefficient of friction: y= -0,00 1+ 0.0078x-0,2661
For specific wear: v =-SEx>-0.0017x + 0.4652

These diagrams refer fo a cerfam quality of linings. With
another quality, similar curves will be obtained.

The performed tests, from a methodological approach. provide
the possibility for further research in the domain of defermining the
influential components of the structure of the matenal of friction
clutches, on the performance of the clutch, By expanding the tests,
the dependence of the coefficient of friction and the specific wear of
the friction lining at different temperatures of the friction surfaces,
the specific pressure between the friction surfaces, efc. can be
determined.
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