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SIMULATION OF AN ACTUATOR & DRIVE OF A WIRE DRAWING MACHINE’S

MECHATRONIC SYSTEM USING MATLAB/SIMULINK

Goce Tasevski, Zlatko Petreski, Dejan Si§kovski

Institute for Mechanics, Faculty of Mechanical Engineering, "'Ss. Cyril and Methodius" University in Skopje,

P.O. box 464, 1000 Skopje, Republic of Macedonia
goce.tasevski@mf.edu.mk

A bstract: Simulation of a mechatronic system actuator, implemented in a wire drawing machine, devel-
oped in Matlab/Simulink environment is presented in this paper. AC induction motor with vector control drive is cho-
sen as an actuator. Mathematical model of the actuator is expressed in d-g reference frame rotating at synchronous
speed. Diagrams for calculation of the important parameters for the simulation of the actuator were constructed.
Simulation results from the model behaviour were discussed in comparison with the specified parameters by the
manufacturer of the existing actuator integrated in such mechatronic system.

Key words: actuator; induction motor; simulation; Matlab/Simulink; mechatronic system

CUMYJIAIIMJA HA AKTYATOP O MEXATPOHHUYKHU CUCTEM HA MAILIMHA
3A N3BJIEKYBAIE HA )KUIIA CO YIIOTPEBA HA MATLAB/SIMULINK

A mcTpak T HampaBeHa e cuMmyJsaldja U aHajau3a Ha JMHAMHYKOTO OJHECYBAamC Ha CICH aKTyaTop OJ
MEXaTPOHMYKUOT CHCTEM Ha MAIIFHA 32 W3BJIEKYBambe Ha jKHna co yrmorpeda Ha Matlab/Simulink. Kako axryatop e
n30pan AC HHIYKIMOHEH MOTOpP CO BEKTOPCKO yNpaByBambe. MaTeMaTHUKHOT MOJEN Ha aKTyaTOpPOT € IPeTCTaBeH
BO pepepeHTeH cucTeM d-g KOj poTHpa cO CHHXpOHa Op3uHa. HampaBeHu ce aujarpamu 3a MpecMETKa Ha BaXKHUTE
HapaMeTpy 3a CUMyJallfja Ha akTyatopoT. Ha KpajoT ce AMCKyTHpaHU pe3y/iTaTHTe O CUMyJalijaTa Bo cropenba
CO JJaJICHUTE ITApaMETPH OJL MPOU3BOIHUTEIIOT 3a IIOCTOJHUOT aKTyaTOp BIPaJIeH BO TAKOB MEXaTPOHUYKH CHCTEM.

Kany4ynu 360poBH: akTyaTop; HHIYKTHBEH MOTOp; cuMyJanuja; Matlab/Simulink; MexaTpoHHYKH cHCTEM

1. INTRODUCTION

Improving performance of wire drawing ma-
chines, in terms of high drawing speed, has been
usually achieved by the advances in the area of the
die materials [1]. With the development of the
mechatronic systems and functionalities nowadays,
wire drawing machines could also increase the per-
formances by introducing modern sensors and con-
trol units in the system itself. With better monitor-
ing of the motor parameters new advanced control
algorithms could be developed in order to better
control the system behaviour and increase drawing
speeds.

Mechatronic system of a modern wire draw-
ing machine is presented in Figs.1 and 2. Dancer

arms or tuner rolls are used as sensors to indicate
the current tension in the wire. These signals val-
ues are compared with reference position values
pre-set in the PLC controller. If any error occurs,
PID controller together with variable frequency
controllers gives command signals to the actuators,
which are responsible for transforming the output
of the control system into a controlling action on
the mechanical system [2], [3], in order to maintain
the wire tension.

One of the most important parts in the wire
drawing machines are the motors that drive the
blocks with different speeds to reduce the wire di-
ameter. To increase performance of the machine, it
is extremely important to develop a model of the
entire system including the motors themselves, so
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that the engineers have clear picture of the parame-
ter influence during the wire production. Choosing
the right motor type for this technology remained
an engineering challenge even today.

Stage 1
T
! i
| .
Yref | Mechanical o
L *ﬁ_' VFC  —» Actuator ——m system ‘
| |
| |
v1 ! i
Sensor
| —r 1
L ]
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| . |
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| system |
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Fig. 1. Mechatronic system of a wire drawing machine

Green and Kramer [4] have compared the dif-
ferences between AC and DC actuators applied to
the wire drawing machines in terms of line speed,
dancer control, efficiency and power consumption,
and maintenance. They have pointed out that mod-
ern AC drives with advanced vector control algo-
rithms are able to offer performances which are as
good as equivalent DC drive. Therefore, AC actua-
tors and drives are making serious inroads into ap-
plications where previously only DC actuators
would have been considered.

Matlab/Simulink is established engineering
tool when it comes to modelling of dynamic sys-
tems. Here, as well, this platform has been used to
simulate a vector controlled AC induction motor,
as an actuator from wire drawing machine. Input
motor parameters that will be used in simulation,
such as nominal power, nominal speed, nominal
voltage and nominal frequency, given by the
manufacturer, are shown in Table 1.

In this paper, in section 2, the actuator
mathematical model is developed in detail. The
Matlab/Simulink implementation is given in sec-
tion 3, and in section 4 the simulation results are
presented. At the end some conclusions and final
remarks are given.

Table 1

Parameters from AC induction motor’s nameplate

Induction motor parameters Value
Nominal power 30 kW
Nominal voltage 380V
Nominal frequency 50 Hz
Nominal current 56.6 A
Nominal speed 1468 rpm
Electromagnetic torgue 190.9 N m

2. ACTUATOR MODEL

AC induction motors could be mathematically
modelled in many different ways. The model used
in this paper utilizes the concept of vector control,
which is the most popular control technique of AC
induction motors. The concept of vector control is
based on the methodology of control of separately
excited DC motors, where field flux produced by
the field current is perpendicular to the armature
flux produced by the armature current. Vector con-
trol seeks to recreate these orthogonal components
in the AC machine in order to control the torque
producing current separately from the magnetic
flux producing current [5]. This control is usually
performed in the reference frame (d-g) attached to
the rotor flux space vector. Analysis and design of
the induction motor is traditionally done through
the per-phase equivalent circuit [6], [7], shown in
Figures 2 and 3.

Rs @ Wsd gy Lir w,¥rd  p,
-+ -+

+ .
Isq
Usy
o
Fig. 2. g-axis circuit
Rs 0Fsq [y Ly -o¥rq g,
+ +

Fig. 3. d-axis circuit

In Figures 2 and 3, Rs and Rr represent the
stator and rotor winding resistances, Lm is the

Mech. Eng. Sci. J., 32 (1), 1-7 (2014)
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magnetizing inductance of the motor and Lls and
Llr are the stator and rotor leakage inductances.
Considering the direct and quadrature axis (d-
q) reference frame rotating at synchronous speed
., the model of the induction machine, as stated in
[8] and [9], is given by the following equations:
Stator voltage equations:
. d
usd = Rslsd +_lPsd - a)elpsq
dt 1
P (1
uxq = Rslxq + E\{Isq + a)eLPA\‘d

Rotor voltage equations:

u,=0=Ri, +%‘P,d —(a) - )‘P

e r rq
4 )
u,=0=Ri, +E‘Prq + (a)e -, )‘P,,d
Stator and rotor flux linkage equations:
‘Psd = Lsisd + Lmird
Wy, = Lo + Ly, )
l'Pr = Lrird + Lmisd
W, =Ly, + Ly,
Electromagnetic torque:
L, . .
Te :l'spL_(‘Prdlsq _\Prqlsd) (4)

r

3. MATLAB/SIMULINK IMPLEMENTATION

A standalone 3-phase induction motor with
vector control drive is simulated in this part of the
paper. The motor model is needed for more accu-
rate modelling of the complex wire drawing ma-
chine’s mechatronic system. Establishing accurate

Speed reference

P Maotor

Sgnalib—  lTm N
wony.

Torgue ref Ale—ala
Ctrl
I| B (s—=a|B ACS
Cle—=s|C Wm
Dizcrete, 380V 50Hz Figld-Criented Control
Ts = 2e-006 s Induction Motor Drive

model of the mechatronic system is essential in
increasing performances of the machine. As the
motor being one of the main components of the
mechatronic system, modelling the motor that
would be implemented in the machine is challenge
by itself.

The motor modelled for the purpose of this
paper has the following characteristics stated by
the manufacturer: nominal power of the actuator is
30 kW, AC source phase-to-phase rms voltage
value is 380 V, and the frequency is 50 Hz. The
idea of the model and simulation is to confirm the
motor parameters (nominal current, nominal speed
and electromagnetic torque) given by the manufac-
turer, shown in Table 1. Matlab/Simulink model of
the actuator, based on the mathematical model de-
veloped in section 2 is presented in Figure 4.

To develop the model in MATLAB/Simulink,
electrical and mechanical parameters of the motor
are required. Based on the data given by the manu-
facturer, it was concluded that those information
are not sufficient to estimate the basic parameters
of the motor needed to be imported in the MAT-
LAB/Simulink model. Since it has been used a mo-
tor that has power 30 kW, with no detailed infor-
mation, it was decided to find this values based on
the following methodology.

MATLAB/Simulink library contains a limited
set of induction motor models with prescribed
nominal power. Using the data of the existing
models, diagrams for rotor and stator resistance,
leakage stator and rotor inductance, mutual induc-
tance, inertia and friction coefficient, in relation to
the motor power were constructed and are given
below in Figures 5 to 10. Trend lines were used in
order to obtain mathematical expressions that are
used to calculate the values of the necessary pa-
rameters.

e o
motor L8 Stator curment In RM3

speed

Cony. Rotor speed

¥ ¥y

Tem
Ctrl v_de

Electromagnetic Torque

b

DC bus voltage
demux SCGDE

Fig. 4. Matlab/Simulink model of AC induction motor

Maw. undie. nayu. ciiuc., 32 (1), 1-7 (2014)
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Based on the diagrams for determination of
the motor parameters, the parameters for the

30 kW motor were extracted and are given in Ta-
ble 2.

Table 2

Electrical and mechanical parameters
of the simulated actuator model

Motor parameters Value

Stator resistance 0.11 Q
Rotor resistance 0.0809 Q

Leakage stator inductance  0.000762 H

Leakage rotor inductance ~ 0.000762 H
Mutual inductance 0.0333H
Inertia 0.02715 kgm?
Friction 0.025971 Nm's

In the model, load torque was selected as a
mechanical input in order to get the actuator speed
as output, based on the following differential equa-
tion, which describes the mechanical system dy-
namics [10],

d
I,=J—ow,.+Bo,+T, 5
7 )

where J — motor inertia; @, — rotor speed; 7, — elec-
tromagnetic torque; 7, — load torque; B, — fric-
tion torque.

General scheme of the induction motor’s
drive is shown in Figure 11.

Reference speed of the actuator is set point in
the Matlab/Simulink model. The rest of the settings
used in the model are given in Table 3.

Mech. Eng. Sci. J., 32 (1), 1-7 (2014)
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The dynamic response of the rotor speed and
electromagnetic torque can be adjusted by the pro-
portional and integral gains from the PI controllers

in Table 3, as well.

N*

Braking chopper

| AR -
‘ @ v+
B—avi-

-

Three-phase Inverter

F.O.C.
MagC Torgue® )
Flux | Z’ﬂ Rad/s2Rpm
Teta " Fy
wm
Munx -
gates — Gates I_ABC |
m
-i_
h
Induction
Measures T Rate Transition machine
Iy -
A B—H|Ta |_abe D, T
hta A
BElg——=aTh Mo uBJ7 \llrn——h\ i _)
| c //' Mator
B S— — 8 —
< i Mo |
<Rokor speed {(wm | <Rotor speed (wm)>
Wm

Fig. 11. Scheme of induction motor’s drive

Table 3

Parameters for speed and flux controller

in the speed and flux controllers. Speed controller Speed controller parameters Value
and field oriented controller schemes are shown in Acceleration ramp 500 rpm/s
Fig. 12 and Fig. 13, while Fig. 14 shows flux con- Deceleration ramp 500 rpm/s
troller scheme. Tuning the parameters from speed Proportional gain 10
and flux PI controllers is done by using trial and Integral gain 2000
error method, and best fit parameters are inserted Flux controller prameters Value
Proportional gain 50
Integral gain 200
Flux Function
h Flux*
Torque limiter
Torque*
Y ) I 3 JH—— ki
Speed Integral Limited
ramps gain Integrator
L ¢
First order Proporftlonal
low-pass filter gain

Maw. unxc. nayu. ciiuc., 3

2 (1), 1-7 (2014)

Fig. 12. Scheme of speed controller
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Fig. 14. Scheme of flux controller

4. SIMULATION RESULTS

The simulation of the motor behaviour was
done in the Simulink environment and the results
are given in Fig. 15.

At time ¢ = 0 s, the speed set point value is
1468 rpm. Applied load torque should reach 190
Nm at ¢ = 3 s, after that period, maintained a con-
stant value.

The actuator reaches its maximum speed in
little less than 3 s, according to the acceleration

ramp which is set to 500. Static error of the speed
is reduced in range from 0.05 to 0.1 rpm due to the
large integral gain of the speed controller so the
reference and actual rotor speed of the actuator is
identical (second diagram from Figure 15).

Stator current oscillates while the load torque
reaches its set point value at # = 3 s. Then, it main-
tains a value of 60 A. Differences between load
torque and electromagnetic torque can be reduced
by adjusting the flux controller parameters.

Mech. Eng. Sci. J., 32 (1), 1-7 (2014)
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Fig. 15. Results from the simulation

5. CONCLUSIONS

In this paper an actuator and drive from a
wire drawing machine’s mechatronic system were
simulated using Matlab/Simulink. Matlab/Simulink
environment was tested and proven to be powerful
tool in the process of modelling and analyzing dy-
namic behavior of induction motor.

The necessary parameters for the simulation
were obtained by constructed diagrams based on

Maw. undie. nayu. ciiuc., 32 (1), 1-7 (2014)

existing previously defined motor models in Mat-
lab/Simulink library.

The simulation results were compared with
the manufacturer data given in the specification of
the motor. For the proposed input values: nominal
power, nominal voltage, nominal frequency and
nominal speed, the output values for the nominal
current, the electromagnetic torque and the rotor
speed are in sufficient accuracy range with the
value prescribed from the manufacturer.

Modelling the motor behavior, as accurate as
possible, is important task that allows developing
complex models of mechatronic systems. By con-
firming the motor parameters, as shown in this pa-
per, a solid model of the motor behavior has been
constructed and could be upgraded with the other
functional blocks.
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A bstract: In this study included several dilemmas arising from the recommendations in the inter-
national standards referring to surface roughness measurement with using skidded and skidless measure-
ment instruments. Also, this paper explained the role and the impact of the skid as mechanical reference
in the construction of the surface roughness measuring instruments. In order to determine the impact from
the different constructive performances of the measurement instruments on the surface roughness value,
are measured more periodic and non-periodic etalon surfaces representative of various machining process
(turning, milling, grinding and lapping). Comparative analysis of the values and differences for the
roughness parameters and primary profile parameters are displayed.

Key words: primary profile parameters; roughness parameters; skidded instruments;
skidless instruments; periodic and non-periodic etalon surfaces

CIIOPEJJBA HA KOHTAKTHHUTE TEXHUKH CO JIM3I'AY U BE3 JIN3I'AY
KOHU CE KOPUCTAT 3A KAPAKTEPU3AIIUJA HA PAITABOCTA HA TIOBPIIMHUTE

AmncrpacxT Co oBaa HCTpaxyBame ce ON(aTeHH HEKOJKY IMJIEMH KOHM IPOHM3JIEryBaaT OJ
NPENOPaKUTe BO HHTEPHALMOHAIHUTE CTaHIapllH, a KOM CE OJHECYBaaT Ha MEPEHETO Ha pamaBocTa Ha
HOBPIIMHUTE CO KOPUCTEHE HA MEPHH HHCTPYMEHTH CO JIu3rad u 0e3 nm3rad. Bo oBoj Tpyx ucro Taka ce
o0jacHeTanyJIoraTa M BIMjaHHETO HA JIM3radyoT Kako MEXaHWYKa pedepeHna Bo KOHCTPYKIMjaTa Ha HHC-
TPYMEHTHTE 32 MEpeH-e Ha PallaBoCTa Ha MOBPLIMHKUTE. MepeHH ce IoBeke NePHOANYHN U HEIePUOANYHH
€TaJOH-TIOBPLIMHYU MPETCTaBHUIM HAa Pa3IM4YHU 00pabOTKHU (CTpyXkeme, riojiame, Opyceme U 3riio0yBa-
1€), @ CO LIeJ J]a CE ONpPE/eIH BIHjaHUETO BP3 BPEIHOCTHUTE HA AapaMeTPHUTE Ha PariaBoCTa Koe IpOoH3Ie-
ryBa OJl pa3IMYHUTE KOHCTPYKTUBHM M3BEJOM Ha MEPHHTE MHCTPYMEHTH. [IprkakaHa € KoMIlapaTHBHA
aHaJM3a Ha BPEIHOCTHUTE M HUBHUTE Pa3JIMKHU 3a MMapaMeTpUTe Ha PamaBOCT M MapaMeTpUTe Ha IpuMap-
HHUOT npodur.

Kay4nu 360poBu: NapaMeTpH Ha MpUMapeH Npoduir; mapaMeTpy Ha panaBocT; HHCTPYMEHTH CO JIM3ray;
WHCTPYMEHTH 0€3 JIN3rad; NepHOANYHHI U HEEPHOANIHH €TaJ0OH-TTOBPIIMHI

1. INTRODUCTION the capacities of measuring devices. In order to

provide the conditions for comparability of the

The procedure (procedures) for obtaining the measured values of the roughness parameters, the
roughness profile, and thereby the roughness pa- procedures and recommendations used to measure

rameters, has evolved together with the increase of and obtain the roughness profile are usually in-
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cluded in national standards on local level, or in-
ternational standards on global level, which are
usually harmonized with one another. However,
these procedures and recommendations to be ap-
plicable for different types of measuring instru-
ments, they are general. According to ASME
B46.1-2009 [1] all instruments that measure sur-
face texture can be grouped into six groups of in-
struments (first: profiling contact skidless instru-
ments, second: profiling non-contact instruments,
third: scanned probe microscopy, fourth: profiling
contact skidded instruments, fifth: skidded instru-
ments parameters only, and sixth: area averaging
instruments). Of all the mentioned groups of meas-
uring instruments for application purposes are used
mostly contact skidded or skidless measuring in-
struments.

The main purpose of these researches is to de-
termine whether there are any differences as well
as the size of those differences between the values
of the roughness parameter obtained using two
contact different measuring instruments (skidded
and skidless), when measuring periodic and non-
periodic etalon surfaces in identical measuring
conditions.

2. THE FUNDAMENTAL DIFFERENCES
BETWEEN SKIDDED AND SKIDLESS
INSTRUMENTS

The skids from skidded instruments have a
role of a mechanical reference used to register the
vertical movement of the measuring stylus. The
skid also has a role of a mechanical separator (a
mechanical filter) of the roughness profile from the
surface (total) profile (Fig. 1). On the other hand,
the skid can contribute to a drastic change in the
form of the measured profile (Fig. 2).

Total profile

a)

Roughness profile?

b)
Fig. 1. The role of the skid
a) skidless instruments, b) skidded instruments [2]

Real profile
' / Measured profile

I

Skidless pick-up

—1

a)
_ Real profile
i ! Ly
/ Measured profile
b)

Fig. 2. Change to the shape of the measured profile
as a result of the skid
a) skidless instruments, b) skidded instruments [3]

Skidded pick-up

v
ol |

M

Although the deviations (change) of the
measured profiles, shown on Figures 2, are on the
micro (or meso) level, still it is useful to research
these impacts since the contact surface between the
measured surface and the skid, for certain con-
structions, is very small. One pick-up can contain
several skids. It is recommended to place the skid
in close proximity to the measuring stylus, before
or after the stylus, or the measuring stylus can pass
through the middle of the skid. Each different con-
structive shape of the skid and his positioning
combinations (before or after the measuring stylus)
influences the shape of the measured profile. Usu-
ally the shape and the position of the skid (skids)
depend on the type of the pick-up (pick-up for the
deep groove, pick-up for the curved surface etc.).
In this context, the International standards lack
recommendations about the metrological charac-
teristics of the geometry of the contact segment of
the skid. Simply, according to ISO 3274:1996 [4],
if the skid has spherical shape, its radius in the di-
rection of the trace should be no less than 50 times
of the nominal cut-off wavelength used.

In [5] is presented a detailed illustration of the
measuring procedure for obtaining the roughness
profile and the roughness parameters using contact
skidless instruments, in accordance with the rec-
ommendations of several international standards.
In addition, [2] stipulates certain ambiguities aris-
ing from the international standards. According to
ISO 3274:1996 [4], instruments using skids can be

Mech. Eng. Sci. J., 32 (1), 9-15 (2014)
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used for measuring roughness parameters only. On
the other hand, the calculation of the values of the
roughness parameters requires the determination of
a mean reference line using a Ac profile-filter,
which means that the measured profile should un-
dergo software filtration using a Ac profile filter.
How do we call the profile through which we draw
the mean reference line using a Ac profile filter? Is
this the primary profile? Also, having in mind that
it is not possible to isolate the noise from the signal
during the measurement, again there is a need for
software filtration using a As profile filter. If we
add the noise to the primary profile, do we get the
total profile? Every measuring instrument has a As
profile-filter, and usually, in the case of portable
instruments, this filter turns on automatically,
without any activation by the metrologist. If, on
top of this, we also add the software leveling of the
measured profile (using the least squares method)
which is the same as removing the nominal linear
shape, then we get the total profile. Therefore, the
question is: What kind of an initial profile is ob-
tained when the using an instrument that uses a
skid as a mechanical reference?

Precisely these remarks, directly related to the
use of contact skidded and skidless instruments
were the additional reason to implement this type
of research.

3. EXPERIMENTAL INVESTIGATIONS
3.1. Measuring conditions

The research includes several periodic and
non-periodic etalon surfaces representing various
processes such as turning, milling, grinding (cir-
cular and flat) and lapping. In order to enable the
measuring stylus to traverse an approximately
equal path on the etalon-surface, the place where
the measurement starts (the starting point of the
measuring stylus) was marked on the etalons. The
measurements were done using a contact measur-
ing system MarSurf XR20 (with MarSurf XR20
V1.30-5 software) as a skidless measuring system
and the contact profilemeter Surtronik 3+ (with the
TalyProfile V3.1.4 software) as the skidded meas-
uring instrument. Both measuring systems used a
measuring stylus with a tip radius of 2 um. The
measuring conditions (the sampling length, evalua-
tion length, sampling spacing etc.) are compliant
with the recommendations from the international
standards and the recommendations from [5], and
they are identical when using either of the two in-

Mawi. undie. nayu. ciiuc., 32 (1), 9—15 (2014)

struments. The measuring instruments in this re-
search were used only to obtain the coordinates of
the measures (total) profiles. The nominal form
was removed using the Microsoft Excel software
and the least square method, while the filtering was
done using Ac and As profiles filters and the Matlab
(R2009b) using the mathematical formulations
provided in ISO 11562:1996 [6] and ISO 16610-
21:2011 [7] for the weight functions of the profile
filters. The Gaussian filter was used as the Ac pro-
file filter. The obtained data (the total profile coor-
dinates) were processed outside of the MarSurf
XR20 V1.30-5 software and the TalyProfile V3.1.4
software in order to provide for identical condi-
tions for data processing. Both measuring instru-
ments were calibrated using the type C standard
[8], in accordance with [9].

Considering the ambiguities present in the in-
ternational standards, stipulated in [2], the authors
of this paper have adopted two methods (cases) for
obtaining the roughness profile using the contact
profilemeter Surtronik 3+.

First case: In the case the measured profile
shall be considered to be the roughness profile.

Second case: In this case the measured profile
shall be considered to be the total profile, as if it
were measured with a skidless instrument.

3.2. Results and discussion

The differences between the roughness pa-
rameters (the primary profile parameters) meas-
ured using the two different measuring instruments
are shown on Figures 3 to 22. The research in-
cludes the following parameters: SE (Parameter of
statistic equality ot sampling lengths [5]), Ra (Pa),
Rt (Pt), Rq (Pq) and RSm (PSm). The values of
the considered parameters were obtained as the
average of five measurements.

The values of the considered parameters ob-
tained using Surtronik 3+, shown on Figures 3 to
12, were calculated for the case when the measured
profile is considered to be the roughness profile.
Therefore the comparison does not include the P-
parameters (the primary profile parameters), which
is not the case for the Figures 13 to 22 when the
profile measured using Surtronik 3+ is considered
to be the total profile from which is obtained the
roughness profile.

The presented diagrams suggest that there are
significant difference between the valued obtained
using the two different measuring instruments.
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Differences between
parameters (%)

SE Ra Rq Rt RSmM
Parameters

Fig. 3. Differences between parameters for the etalon surface
representative of turning with Ra = 1.8 um

Differences between
parameters (%)

SE Ra Rq Rt RSmM
Parameters

Fig. 4. Differences between parameters for the etalon surface
representative of turning with Ra = 3.2 um

Differences between
parameters (%)

SE Ra Rq Rt RSmM
Parameters

Fig. 5. Differences between parameters for the etalon surface
representative of milling with Ra = 1.6 pm

Differences between
parameters (%)

SE Ra Rq Rt RSmM

Parameters

Fig. 6. Differences between parameters for the etalon surface
representative of milling with Ra = 3.2 um

Differences between
parameters (%0

SE Ra Rq Rt RSmM
Parameters

Fig. 7. Differences between parameters for the etalon surface
representative of circular grinding with Ra = 0.2 pm

Differences between
parameters (%)

SE Ra Rq Rt RSmM
Parameters

Fig. 8. Differences between parameters for the etalon surface
representative of circular grinding with Ra = 0.8 um

Differences between
parameters (%0

SE Ra Rq Rt RSmM
Parameters

Fig. 9. Differences between parameters for the etalon surface
representative of flat grinding with Ra= 0.4 um

Differences between
parameters (%0

SE Ra Rq Rt RSmM

Parameters

Fig. 10. Differences between parameters for the etalon surface
representative of flat grinding with Ra= 0.8 um
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Differences between
parameters (%0

SE Ra Rq Rt RSmM
Parameters

Fig. 11. Differences between parameters for the etalon surface
representative of lapping with Ra = 0.05 pm

Differences between
parameters (%0

SE Ra Rq Rt RSmM
Parameters

Fig. 12. Differences between parameters for the etalon surface
representative of lapping with Ra= 0.2 ym

30+

parameters (%)

Differences between

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 13. Differences between parameters for the etalon surface
representative of turning with Ra= 1.8 um

Differences between
parameters (%)

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 14. Differences between parameters for the etalon surface
representative of turning with Ra = 3.2 um
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Differences between
parameters (%)

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 15. Differences between parameters for the etalon surface
representative of milling with Ra = 1.6 um

30+

Differences between
parameters (%)

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 16. Differences between parameters for the etalon surface
representative of milling with Ra=3.2 um

Differences between
parameters (%)

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 17. Differences between parameters for the etalon surface
representative of circular grinding with Ra = 0.2 um

Differences between
parameters (%)

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 18. Differences between parameters for the etalon surface
representative of circular grinding with Ra = 0.8 um



14 M. Tomov, P. Cichosz, M. Kuzinovski

Differences between
parameters (%0)

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 19. Differences between parameters for the etalon surface
representative of flat grinding with Ra= 0.4 um

30+

Differences between
parameters (%0)

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 20. Differences between parameters for the etalon surface
representative of flat grinding with Ra= 0.8 um

The biggest differences can be noted for the
SE parameter (the parameter of statistic equality of
sampling lengths), especially for periodic profiles
(turning and milling). The significant differences
of the SE parameter suggest that the profile forms
are different after all.

If we compare the values of differences be-
tween the parameters obtained in the first and the
second case, we can conclude that the differences
are smaller in the second case, when the measured
profile is considered to be the total profile. This is
a very important conclusion that suggests that the
recommendations in the international standards
referring to the skidded instruments need to be fur-
ther specified in the future. If we compare the dif-
ferences between the primary profile parameters
(P-parameters) and the roughness profile parame-
ters (R-parameters), shown on Figures 13 to 22, we
can conclude that no specific pattern exists. For
some of the profiles the P-parameter differences
are larger, whereas the R-parameters are larger for
other profiles.

The authors may have expected to see that the
parameter RSm exhibited quite significant dif-
ferences. This can be explained as follows:

Differences between
parameters (%0)

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 21. Differences between parameters for the etalon surface
representative of lapping with Ra = 0.05 pm

parameters (%0)

Differences between

SE Pa Ra Pq Rq Pt Rt PSm RSm
Parameters

Fig. 22. Differences between parameters for the etalon surface
representative of lapping with Ra= 0.2 ym

a) The horizontal sampling spacing of the
measuring instruments is obtained as result of rec-
onciling the speed of the pick-up along the surface
during the measuring process and the sampling
speed of the A/D converter. The differences of the
horizontal sampling spacing will have a direct im-
pact on the value of the RSm and the PSm pa-
rameters.

b) The change of the profile form results in
the drawing of a new filter mean line which di-
rectly impacts the values of the RSm and the PSm
parameters.

4. CONCLUSION

These researches showed that one needs to be
very careful when using skidded instruments to
obtain the roughness parameters. The differences
between the roughness parameters obtained by
fully complying with the recommendations con-
tained in the international ISO standards arise pri-
marily as a result of ambiguities in the definition of
the measuring procedures. In order to overcome
this situation, the surface roughness measuring
procedures should be further specification The

Mech. Eng. Sci. J., 32 (1), 9-15 (2014)
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large differences in the PSm (RSm) parameter lead
us to the conclusion that maybe the calibration of
the measuring instruments requires more than an
overall calibration using one type of etalon, but
rather calibration of the vertical readout of the in-
strument should be separated from the horizontal.
The values obtained for the differences between
the considered parameters have shown no specific
change patters.
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A bstract: Conventional model-based control strategies are very complex and difficult to synthesize due to
high complexity of the dynamics of robots manipulator considering joint elasticity. This paper presents investigations
into the development of hybrid control schemes for trajectory tracking and vibration control of a flexible joint ma-
nipulator. To study the effectiveness of the controllers, initially a collocated proportional-derivative (PD)-type Fuzzy
Logic Controller (FLC) is developed for tip angular position control of a flexible joint manipulator. This is then ex-
tended to incorporate a non-collocated Fuzzy Logic Controller and input shaping scheme for vibration reduction of
the flexible joint system. The positive zero-vibration-derivative-derivative (ZVDD) shaper is designed based on the
properties of the system. Simulation results of the response of the flexible joint manipulator with the controllers are
presented in time and frequency domains. The performances of the hybrid control schemes are examined in terms of
input tracking capability, level of vibration reduction and time response specifications. Finally, a comparative as-
sessment of the control techniques is presented and discussed.

Key words: elastic joint; vibration control; input shaping; fuzzy logic control

DAZUIOI'NYEH YIIPABYBAYKU AJIT'OPUTAM CO O®OPMYBAIBE HA BJIE3OT
3A MAHUITYJIATOP CO EJIACTHYHA BPCKA: IPUAYITYBAIE HA BUBPAIIUHN
" AHAJIM3A HA BPEMEHCKH O3B

A ncTpaxk T: KoHBEeHIIMOHAIHATE yNIpaBYyBauKy AJTOPUTMH 0a3UpaHU Ha MOJEN C€ MHOTY KOMIUICKCHHU U
TEIIKH 32 KPEeHPamke MOPaau CIOKEHOCTa Ha IMHAMUKATa Ha MaHUITYJIATOPH 3€MajKU ja IPEIBU eIaCTHYHATA BPCKA.
OBOj TpyX Ipe3eHTHpa HHCTPaXKyBamba O Pa3Boj Ha XUOPUIHH yIIPaBYBauKH alrOPUTMH 3a CJIEICHE Ha TPAeKTOpHja
U KOHTpOJIa Ha BUOpalMUTe HA MaHMITYJIaTOp CO €JacTHYHA BPCKA. 3a HCHHMTYBame Ha eeKTHBHOCTA Ha yIpaByBa-
40T, HAjIIpBO € pa3BueH PD-tun Ha (a3u-ynpaByBau 3a ynpaByBame CO arojHara HO3MIMja HA MAHHUITYJIaTOPOT CO
enacTuyHa Bpcka. [1oToa 0BOj KOHIIENT € MPOIIMPEH CO BKIy4yBambe (a3u-ynpaByBay U ylpaByBad co 0(opMyBambe
Ha BJI€30T 3a HaMallyBame HA BUOPAI[MHTE Ha CHCTEMOT. Y IPaByBadoT CO 0(OpMyBamE Ha BIE30T € IPOSKTUPAH CIIO-
pel KapaKTepUCTUKUTE HA CUCTEMOT. Pe3ynraTuTe o cHMymamujaTa ce Ipe3eHTHPAaH BO BPEMEHCKH U ()PEKBEHIINC-
xu nomeH. [lepdopmancure Ha XUOPUAHUOT yIpaByBaduKH aITOPUTaM Ce aHAJIM3HMPAHH BP3 OCHOBA Ha CHOCOOHOCTA
3a ciefemhe, HIBOTO HAa HaMallyBame Ha BHOpaMUTEe M BPEMEHCKHOT oa3uB. Ha kpajoT e mpe3eHTHpaHa U IUCKyTH-
paHa KOMIIapaTHBHA aHAIU3a Ha yIPaBYyBaUKUTEC TEXHUKH.

KuayuHnu 360poBu: enacTuyHa Bpcka, KOHTPOJIa Ha BUOpALnH, YIIPaByBame cO 0POPMyBambE Ha BIIE3,
yIpaByBame co (ha3H-JIOTHKa

1. INTRODUCTION weight, high manoeuvrability, flexibility, high
power efficiency, and large number of applica-
Nowadays, elastic joint manipulators have re- tions. However, controlling such systems still faces

ceived a thorough attention due to their light numerous challenges that need to be addressed.
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The control issue of the flexible joint is to design
the controller so that link of robot can track a pre-
scribed trajectory precisely with minimum vibra-
tion to the link. In order to achieve these objec-
tives, various methods using different technique
have been proposed. Yim [1], Oh and Lee [2] pro-
posed adaptive output-feedback controller based
on a backstepping design. This technique is pro-
posed to deal with parametric uncertainty in flexi-
ble joint. The relevant work also been done by
Ghorbel et al. [3]. Lin and Yuan [4] and Spong et
al. [5] introduced non linear control approach using
namely feedback linearization technique and the
integral manifold technique respectively. A robust
control design was reported by Tomei [6] by using
simple PD control and Yeon and Park [7] by ap-
plying robust H, control. Among the proposed
techniques, the conventional feedback control de-
sign handled by pole placement method and LQR
method also have been widely used due to its sim-
plicity implementation. Particularly in LQR
method, the values of QO and R matrices are pre-
specified to determine optimal feedback control
gain via Riccati equation [8].

On another aspect, an acceptable system per-
formance with reduced vibration that accounts for
system changes can be achieved by developing a
hybrid control scheme that caters for rigid body
motion and vibration of the system independently.
This can be realized by utilizing control strategies
consisting of either non-collocated with collocated
feedback controllers or feed-forward with feedback
controllers. In both cases, the former can be used
for vibration suppression and the latter for input
tracking of a flexible manipulator. A hybrid collo-
cated and non-collocated controller has widely
been proposed for control of a flexible structure [8,
9, 10]. The works have shown that the control
structure gives a satisfactory system response with
significant vibration reduction as compared to a
response with a collocated controller. A feedback
control with a feed-forward control to regulate the
position of a flexible structure has previously been
proposed [11, 12]. A control law partitioning
scheme which uses end-point sensing device has
also been reported [13]. The scheme uses end-point
position signal in an outer loop controller to con-
trol the flexible modes, whereas the inner loop
controls the rigid body motion independent of the
flexible dynamics of the manipulator.

This paper presents investigation into the de-
velopment of control schemes for trajectory track-
ing of tip angular position and vibration control of

flexible joint manipulator. Control strategies based
on collocated PD-type FLC with non-collocated
fuzzy and the combination of collocated PD-type
FLC with input shaping are investigated. For non-
collocated control, a deflection angle feedback
through a fuzzy logic control configuration
whereas input shaping is utilised as a feed-forward
scheme for reducing a deflection effect. A simula-
tion environment is developed within Simulink and
Matlab for evaluation of performance of the con-
trol schemes. The rest of the paper is structured as
follows: Section 2 provides a brief description of
the single-link flexible joint manipulator system
considered in this study. Section 3 describes the
modelling of the system derived using FEuler-
Lagrange formulation. The composite collocated
PD-type FLC with fuzzy logic control and input
shaping scheme are described in Section 4. Simula-
tion results and comparative assessment are pre-
sented in Section 5 and the paper is concluded in
Section 6.

2. THE FLEXIBLE JOINT MANIPULATOR
SYSTEM

The flexible joint manipulator system consid-
ered in this work is shown in Fig. 1, where @ is the
tip angular position and « is the deflection angle
of the flexible joint. The base of the flexible joint
manipulator which determines the tip angular posi-
tion of the flexible link is driven by servomotor,
while the flexible link will response based on base
movement. The deflection of link will be deter-
mined by the flexibility of the spring as their in-
trinsic physical characteristics.

Fig. 1. Description of the flexible joint manipulator system

Mech. Eng. Sci. J., 32 (1), 17-24 (2014)
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3. MODELLING OF THE FLEXIBLE JOINT
MANIPULATOR

This section provides a brief description on
the modelling of the flexible joint manipulator sys-
tem, as a basis of a simulation environment for de-
velopment and assessment of the hybrid Fuzzy
Logic control techniques. The FEuler-Lagrange
formulation is considered in characterizing the dy-
namic behaviour of the system.

The linear model of the uncontrolled system
can be represented in a state-space form [15] as
shown in equation (1), that is

X=Ax+ Bu

y=Cx (1)

. T
with the vector x = [6’ a 6 02] and the matri-

ces 4, B and C are given by

4. CONTROL ALGORITHM

In this section, control schemes for rigid body
motion control and vibration suppression of a
flexible joint manipulator are proposed. Initially, a
collocated PD-type FLC controller is designed.
Then a non-collocated fuzzy logic control and in-
put shaping scheme are incorporated in the closed-
loop system for control of vibration of the system.

a) PD-type fuzzy logic controller (PD-FLC)

A PD-type fuzzy logic controller (FLC) utiliz-
ing tip angular position error and derivative of tip
angular position error is developed to control the
rigid body motion of the system. The hybrid fuzzy
control system proposed in this work is shown in
Fig. 2, where 7(f). 0(¢) and «a(t) are the desired

angle, tip angular position and deflection angle of
the flexible joint manipulator, whereas k;, k, and k;
are scaling factors for two inputs and one output of
the fuzzy logic controller used with the normalized
universe of discourse for the fuzzy membership
functions.

K 0 1 0]
0 0 0 1
2
A= 0 Ksti_/f' _”m”gKthKg + Bequ
Jeq Jequ
_Ksti[)" (Jeq + Jarm ) ;/Ir7z’7g1<t1<ml<g,3 + Bequ
L Jeq Jarm Jeq Rm i
KK, - KK
B: 0 0 7]mng tmrg 7]mng tTg , C:[l 0 0 0]
Jeq&n “]equ
2

In equation (1), the input u is the input volt-
age of the servomotor, V/, , which determines the
flexible joint manipulator base movement. In this

study, the values of the parameters are defined in
Table 1.

() 4
O

>

FuzzY
LOGIC
CONTROL

{-

FLEXIBLE JOINT

g
o)

Table 1
System parameters
Symbol QUANTITY Value
R,  Armature Resistance (Ohm) 2.6
K, Motor Back-EMF Constant (V-s/rad) 0.00767
K, Motor Torque Constant (N-m/A) 0.00767
Jink  Total Arm Inertia (kg-m?) 0.0035
Joq  Equivalent Inertia (kg'm®) 0.0026
K, High Gear Ratio 14:5
Ky Joint Stiffness 1.2485
B, Equivalent Viscous Damping (N-m.s/rad) 0.004
ny  Gearbox Efficiency 0.9
nn  Motor Efficiency 0.69
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Fig. 2. PD-type fuzzy logic control structure

For PD-type FLC, triangular membership
functions are chosen for tip angle error, tip angle
error rate, and input voltage with 50% overlap.
Normalized universes of discourse are used for
both tip angle error and its error rate and input
voltage. Scaling factors k; and k, are chosen in
such a way as to convert the two inputs within the
universe of discourse and activate the rule base
effectively, whereas k; is selected such that it acti-
vates the system to generate the desired output.
Initially all these scaling factors are chosen based
on trial and error. To construct a rule base, the tip
angle error, tip angle error rate, and input voltage
are partitioned into five primary fuzzy sets as:

— tip angle error £ = {NM NS ZE PS PM},
— tip angle error rate V'= {NM NS ZE PS PM},
—voltage U= {NM NS ZE PS PM},

where E, V, and U are the universes of discourse
for tip angle error, tip angle error rate and input
voltage, respectively. The nth rule of the rule base
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for the FLC, with angle error and angle error rate
as inputs, is given by

R, IF(e is E;) AND (¢ is ;) THEN (u is Uj),

where R,, n =1, 2,... N4, 1s the nth fuzzy rule, E,,
V,, and Uy, for i, j, k =1, 2,...,5, are the primary
fuzzy sets.

A PD-type FLC was designed with 11 rules as
a closed loop component of the control strategy for
maintaining the angular position of flexible joint
manipulator. The rule base was extracted based on
underdamped system response and is shown in Ta-
ble 2. The three scaling factors, k;, k; and k; were
chosen heuristically to achieve a satisfactory set of
time domain parameters. These values were re-
corded as k; = 0.552, k, = 0.073 and k; = —985.

Table 2

Linguistic rules of the PD-type
fuzzy logic controller

No. Rules

1. If (e is NM) and ( € is ZE) then (u is PM)
If (e is NS) and ( € is ZE) then (u is PS)
If (e is NS) and ( € is PS) then (u is ZE)
If (e is ZE) and ( € is NM) then (u is PM)
If (e is ZE) and ( ¢ is NS) then (u is PS)
If (e is ZE) and ( ¢ is ZE) then (u is ZE)
If (e is ZE) and ( ¢ is PS) then (u is NS)
If (e is ZE) and ( ¢ is PM) then (u is NM)

$ x® =N 0 A WD

If (e is PS) and ( e is NS) then (u is ZE)

_.
e

If (e is PS) and ( é is ZE) then (u is NS)
If (e is PM) and ( € is ZE) then (u is NM)

—
—

b). PD-type fuzzy logic with non-collocated
fuzzy logic controller (PD-FLC-FLC)

A combination of PD-type fuzzy logic and
non-collocated fuzzy logic control scheme for con-
trol of tip angular position and vibration suppres-
sion of the system respectively is presented in this
section. The use of a non-collocated control sys-
tem, where the deflection angle of the flexible joint
manipulator is controlled by measuring its angle,
can be applied to improve the overall performance,
as more reliable output measurement is obtained.
The control structure comprises two feedback
loops: (1) The hub angle as input to PD-type FLC
for tip angular position control. (2) The deflection

angle as input to a separate non-collocated control
law for vibration control. These two loops are then
summed together to give a torque input to the sys-
tem. A block diagram of the composite fuzzy logic
control scheme is shown in Fig. 3.

FUZZY LOGIC
CONTROL

r(t) _ « f)
+ ;ui?ffééc FLEXIBLE JOINT »
. MANIPULATOR P
CONTROL T (t)
>

Fig. 3. PD-type FLC with non-collocated fuzzy logic
control structure

For tip angular position control, the PD-type
FLC strategy developed in the previous section is
adopted whereas for the vibration control loop, the
deflection angle feedback through a non-collocated
fuzzy logic control scheme is utilized. In designing
the non-collocated fuzzy logic control, a basic tri-
angle and trapezoidal forms are chosen for input
and output membership functions. Fig. 4 shows the
membership functions of the fuzzy logic controller
for vibration control. It consists of Negative Big
(NB), Negative Small (NS), Zero (Z), Positive
Small (PS) and Positive Big (PB) as shown in the
diagram. The universes of discourses of deflection
angle, deflection angle rate and input voltage are
from 1.2 to —1.2 rad, —0.015 to 0.015 rad/s and
—447 to 447 V, respectively.

T T T T T T T
1 NB NS Z PS PB,

051 R

0

Degree of membership

L L L L L L L L L L L
1 08 06 04 02 0 -02 -04 -06 -08 -1
Deflection angle (rad)

N NS z PS P
0.5+ -
O L L L L L
-0.015 -0.01 -0.005 0 0.005 0.01 0.015
Deflection angle rate (rad/s)
s T s T S vy T A

0.5r b

Degree of membership  Degree of membership

L L L L L L L L L
-400  -300 -200  -100 0 100 200 300 400
Input voltage (V)

Fig. 4. Membership functions of inputs and output signals

Table 3 lists the generated linguistic rules for
vibration control. The rules are designed based on
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the condition of the deflection angle and the de-
flection angle rate as illustrated in Fig. 5. Consider
the joint of the manipulator rotates to anti-
clockwise direction and the link deflects on clock-
wise direction. As illustrated in Fig. 5(a), at this
condition intuitively the torque should be applied
to clockwise direction in order to compensate the
deflection. In this case the relation between input
voltage and torque per inertia is shown in equation

()
r= anmngKtKg
R

m

3)

Meanwhile, if the joint rotates to clockwise
direction as shown in Fig. 5(b) and the link deflects
to anti-clockwise direction; the torque should be
imposed to anti-clockwise direction to suppress the
deflection motion. In the case there is no deflec-
tion, no torque should be applied. Furthermore, the
proposed fuzzy logic control adopts well-known
Mamdani min-max inference and centre of area
(COA) methods.

Torque
direction to
compensate
the deflection

Initial
torque

dirartinn

Deflection
angle
direction
p  dueto
" toraue

a) Direction of torque to reduce deflection angle when link
moves anti-clockwise

Torque direc-

tion to com- Initial torque
pensate the direction
Anflnnsinm
7 ]
¢ |
’ ! k
’ T )
a, : Deflection angle T
‘ 1 direction due to
| torque
'a (anticlockwise)

b) Direction of torque to reduce deflection angle when link
moves clockwise

Fig. 5. Rules generation based on the motion condition
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Table 3

Fuzzy rules for vibration control

Deflection angle rate a

Deflection angle PB PS Z NS NB

PB PB PB PB NB NB
PS PB PS PS NS NB
a Z PB PS Z NS NB
NS PB PS NS NS NB
NB PB PB NB NB NB

¢) PD-type fuzzy logic with input shaping
(PD-FLC-IS)

A control structure for control of rigid body
motion and deflection angle reduction of the flexi-
ble joint manipulator based on PD-type FLC and
input shaping scheme is proposed in this section.
The positive input shapers are proposed and de-
signed based on the properties of the system. In
this study, the input shaping control scheme is de-
veloped using a Zero-Vibration-Derivative-Deriva-
tive (ZVDD) input shaping technique [12]. Previ-
ous experimental study with a flexible manipulator
has shown that significant vibration reduction and
robustness is achieved using a ZVDD technique
[15]. A block diagram of the PD-type FLC with
input shaping control technique is shown in Fig. 6.

a(t)

INPUT PD-TYPE FLEXIBLE >
—P sHaPER —P FuzzY —»  JOINT 0
LOGIC MANIPULA- ‘(t)
nnnnnnnn ot »

Fig. 6. PD-type FLC with input shaping control structure

The input shaping method involves convolv-
ing a desired command with a sequence of im-
pulses known as input shaper. The design objec-
tives are to determine the amplitude and time loca-
tion of the impulses based on the natural frequen-
cies and damping ratios of the system. The positive
input shapers have been used in most input shaping
schemes. The requirement of positive amplitude
for the impulses is to avoid the problem of large
amplitude impulses. In this case, each individual
impulse must be less than one to satisfy the unity
magnitude constraint. In addition, the robustness of
the input shaper to errors in natural frequencies of
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the system can be increased by solving the deriva-
tives of the system vibration equation. This yields
a positive ZVDD shaper with parameter as

T 2 RY/4
Hh=0, t,=—, =", t,="
@, @, @,
_ 1 4= 3H
" 1+3H+3H*+H’ 1+3H +3H*+H?’
3H? H?
4, = 2 3’A4= 2 30
1+3H+3H +H 1+3H+3H +H

(4)

where

¢
H:e e H a)d:a)n\ll_gzﬂ

w, and ¢ representing the natural frequency and

damping ratio, respectively. For the impulses, ¢
and 4; are the time location and amplitude of im-
pulse j, respectively.

5. IMPLEMENTATION AND RESULTS

In this section, the proposed control schemes
are implemented and tested within the simulation
environment of the flexible joint manipulator and
the corresponding results are presented. The ma-
nipulator is required to follow a trajectory of 50°.
System responses namely the tip angular position
and deflection angle are observed. To investigate
the vibration of the system in the frequency do-
main, power spectral density (PSD) of the deflec-
tion angle response is obtained. The performances
of the control schemes are assessed in terms of vi-
bration suppression, trajectory tracking and time
response specifications. Finally, a comparative as-
sessment of the performance of the control
schemes is presented and discussed.

Figs. 7-9 show the responses of the flexible
joint manipulator to the reference input trajectory
using PD-FLC in time-domain and frequency do-
main (PSD). These results were considered as the
system response under rigid body motion control
and will be used to evaluate the performance of the
non-collocated fuzzy logic control and input shap-
ing scheme. The steady-state tip angular trajectory
of 50° for the flexible joint manipulator was
achieved within the rise and settling times and
overshoot of 0.222 s, 0.565 s and 1.78 %, respec-
tively.

60

| | | | |
| | | | |
| | | | |
I Ao e | |
50———,:‘5‘\77’?4 - :
A g | | || ===—= PD-FLC
5 : : : : — PD-FLC-FLC
@4077 777:7 7774‘ 77777 : 777777 :—PD;FLC-IS
S ] I I I I I
= 2 I | | | I
! | | | | |
830’4‘1””\ I B [ [ E
3 ! I I I I
3 { | | | |
g i | | | | |
7R [N [ - TR
_'%20 I,' | | | | |
b I | | | |
| | | | |
| | | | |
O e A e [ [ E
| | | | |
| | | | |
| | | | |
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Fig. 8. Deflection angle response

40

PD-FLC-FLC

Y A PD-FLCAIS ||
T

Power Spectral Density (dB)

Frequency (Hz)
Fig. 9. PSD of deflection angle

It is noted that the manipulator reaches the re-
quired position within 1 s, with little overshoot.
However, a noticeable amount of vibration occurs
during movement of the manipulator. It is noted
from the deflection angle response that the vibra-
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tion of the system settles within 3 s with a maxi-
mum residual of + 15°. Moreover, from the PSD of
the deflection angle response the vibrations at the
flexible joint are dominated by the first three vibra-
tion modes, which are obtained as 2.94 Hz, 8.83
Hz and 14.52 Hz with magnitude of 32.38 dB,
—12.08 dB and —26.52 dB, respectively.

The tip angular position, deflection angle and
power spectral density responses of the flexible
joint manipulator using PD-FLC-FLC and PD-
FLC-IS are shown in Figs. 7-9, respectively. It is
noted that the proposed control schemes are capa-
ble of reducing the system vibration while main-
taining the trajectory tracking performance of the
manipulator. Similar tip angular position, deflec-
tion angle and power spectral density of deflection
angle responses were observed as compared to the
PD-FLC. With PD-FLC-FLC, the steady-state tip
angular trajectory of 50° for the flexible joint ma-
nipulator was achieved within the rise and settling
times and overshoot 0of 0.215 s, 0.613 s and 9.68 %,
respectively. While with PD-FLC-IS the manipula-
tor reached the rise, settling times and overshoot of
0.469 s, 0.857 s and 0.16 %, respectively. It is
noted that, the settling time of PD-FLC-FLC is
much faster as compared to the case of PD-FLC-
IS. However, the percentage overshoot of PD-
FLC-IS is much lower than the case of PD-FLC-
FLC. Besides, the results also demonstrate a sig-
nificant amount of deflection angle reduction at the
tip angle of the manipulator with both controllers.
The vibration of the system using PD-FLC-FLC
settles within 1 s which is much faster as compared
to PD-FLC-IS. However, in terms of maximum
residual of deflection angle, the PD-FLC-IS and
PD-FLC-FLC produces a four-fold and two-fold
improvement respectively as compared to PD-FLC
scheme. Moreover, from the PSD of the deflection
angle response, the magnitudes of vibrations using
PD-FLC-FLC and PD-FLC-IS were reduced to
1.87, —41.95, —4825 dB and 17.59, -25.28,
-36.69 dB, respectively, for the first three modes
of vibration.

Table 4 summarizes the magnitude of vibra-
tion of deflection angle and specifications of tip
angular position response for both control
schemes. It is noted that high performance in the
reduction of vibration of the system is achieved
using PD-FLC-FLC as compared to PD-FLC-IS.
This is observed and compared to the PD-FLC at
the first three modes of vibration. In addition, as
demonstrated in the tip angular trajectory response,
a slightly faster response with higher overshoot is
obtained using PD-FLC-FLC as compared to the
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PD-FLC-IS. Comparisons of the specifications of
the tip angular trajectory responses are summarized
in Table 4. Besides, as demonstrated in the tip an-
gular trajectory response with PD-FLC-FLC, the
minimum phase behaviour of the manipulator is
unaffected. Nevertheless, the implementation of
PD-FLC-IS is much easier as compared to PD-
FLC-FLC as a large amount of design effort is re-
quired in order to determine the best range of
membership functions parameters.

Table 4
Magnitude of vibration and specifications
of tip angular position
Controller PD- PD- PF—
FLC FLC-FLC FLC-IS

Mode 1 32.38 1.87 17.59

Magnitude of

vibration (dB) Mode 2 —12.08 —41.95 -25.28
Mode 3 —26.52 —48.25 -36.69

Specifications Settling time (s)  0.565 0.613 0.857
of tip angular p. ime (s) 0.222 0215 0.469

position
response Overshoot (%) 1.78 9.68 0.16

6. CONCLUSIONS

The development of techniques for trajectory
tracking and vibration suppression of a flexible
joint manipulator has been presented. The control
schemes have been developed based on collocated
PD-type FLC with non-collocated fuzzy logic con-
trol and PD-type FLC with input shaping scheme.
The proposed control schemes have been imple-
mented and tested within simulation environment
of a flexible joint manipulator. The performances
of the control schemes have been evaluated in
terms of input tracking capability and vibration
suppression at the resonance mode of the manipu-
lator. Acceptable performance in input tracking
and vibration control has been achieved with pro-
posed control strategies. A comparative assessment
of the control schemes has shown that the PD-
FLC-FLC performs better than the PD-FLC-IS in
respect of deflection angle reduction of the elastic
joint. Moreover, in term of speed of responses, PD-
FLC-FLC results in a faster settling time response
with high overshoot as compared to PD-FLC-IS.
The work thus developed and reported in this paper
forms the basis of design and development of hy-
brid control schemes for input tracking and vibra-
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tion suppression of multi-link flexible manipulator
systems and can be extended to and adopted in
practical applications.
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STRUCTURAL AND CONTACT ANALYSIS OF DISC BRAKE ASSEMBLY
DURING SINGLE STOP BRAKING EVENT
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A bstract: An automobile disc brake system is used to perform three basic functions, i.e. to reduce speed of
a vehicle, to maintain its speed when travelling downhill and to completely stop the vehicle. During these braking
events, the disc brake may suffer of structural and wear issues. It is quite sometimes that the disc brake components
fail structurally and/or having severe wear on the pad. Thus, this paper aims to examine stress concentration, struc-
tural deformation and contact pressure of brake disc and pads during single braking stop event by employing com-
mercial finite element software, ANSYS. The paper also highlights the effects of using a fixed calliper, different fric-
tion coefficients and different speeds of the disc on the stress concentration, structural deformation and contact pres-
sure of brake disc and pads, respectively.

Key words: disc brake; Von Mises stress; structural deformation; contact pressure; finite element

CTPYKTYPHA U KOHTAKTHA AHAJIM3A HA CKJIOIT HA KOYHHIIU CO JTUCKOBHN
3A BPEME HA E/JUHUYHO COIIMPAIBE

AncrtpaxT: CucreM 3a KoUeHE Kaj aBTOMOOWINTE UMa 3 OCHOBHHU (DYHKLIWU: Ja ja Hamaiau Op3uHaTa Ha
BO3MJIOTO, /1a ja OPKH Op3MHATa KOTra BO3MIJIOTO C€ JBHXKH MO YIOJHHMIIA H LIENOCHO Ja I'o 3aIpe BO3UIOTO. 3a BpeMe
Ha KOYeHhe AUCKOBHTE MOJXKAT Jla TPIAT CTPYKTypHU MPOOJIEeMH WM IpobIeMu ox 3aMop Ha Marepujaiotr. Yecto ce
CllydyBa KOMIIOHEHTH Ha CHCTEMOT 3a KOYCH-E Ja OTKa)XaT II0paju MPOMEHa Ha CTPYKTypara WM IOBpIIMHATA HA
Mmarepujanot. OBOj TPYA € MMOCBETEH Ha UCTPaKyBarbha Ha KOHIIEHTPAIMja Ha HAIOH, Ae(OopMaliy 1 IPUTHUCOK HA JI0-
HMp Ha JUCKOBMTE 32 BPEME Ha CAMHUYHO CONMpAaHE CO YNoTpeda Ha KOMEpLHUjaleH COPTBEp 32 METO/ Ha KOHEYHH
enementd, AHCSC. Tpyzot ucro taka ce Gpokycupa Ha eheKTOT Ha KOpucTemhe HHUKCEH HOcay Ha IUIOYKHUTE, pasiiv-
YHU (PUKIHMOHU KOS(HHULHESHTH U PA3IMYHU OpP3MHH Ha JUCKOT BP3 KOHIEHTpALMjaTa Ha HAMOHH, aedopmarjaTta u
MIPUTHCOKOT Ha JIONHUP Ha AUCKOBUTE U IUIOYKUTE, COOJIBETHO.

Kuayunu 360poBu: 1uck 3a kodewme; Von Mises-0B HanoH; AeopMalija; MPUTHCOK Ha TOMUP; KOHEUYEH eJIeMEHT

1. INTRODUCTION

Passenger car disc brakes are safety-critical
components whose performance depends strongly
on the contact conditions at the pad-to-rotor inter-
face. When the driver steps on the brake pedal,
hydraulic fluid is pushed against the piston, which
in turn forces the brake pads into contact with the

rotor. The frictional forces at the sliding interfaces
between the pads and the rotor retard the rotational
movement of the rotor and the axle on which it is
mounted [1]. The kinetic energy of the vehicle is
transformed into heat that is mainly absorbed by
the rotor and the brake pad.

The frictional heat generated on the interface
of the disc and the pads can cause high tempera-
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ture. Particularly, the temperature may exceed the
critical value for a given material, which leads to
undesirable effects, such as brake fade, local scor-
ing, thermo elastic instability, premature wear,
brake fluid vaporization, bearing failure, thermal
cracks, and thermally excited vibration [2, 3]. Gao
and Lin [2] stated that there was considerable evi-
dence to show that the contact temperature is an
integral factor reflecting the specific power friction
influence of combined effect of load, speed, fric-
tion coefficient, and the thermo physical and dura-
bility properties of the materials of a frictional
couple. Lee and Yeo [3] reported that uneven dis-
tribution of temperature at the surfaces of the disc
and friction pads brings about thermal distortion,
which is known as coning and found to be the main
cause of judder and disc thickness variation
(DTV). AbuBakar et al. [4] in their recent work
found that temperature could also affect vibration
level in a disc brake assembly. Valvano and Lee
[5] simulated thermal analysis on a disc brake with
a combination of computer-based thermal model
and finite element-based techniques to provide a
reliable method to calculate the temperature rise,
thermal stress and distortion under a given brake
schedule. Wolejsza et al. [6] performed analysis on
the thermo-mechanical behavior of airplane carbon
composite brakes using MSC/Marc finite element
software which allows accurate simulation of the
transient heat transfer phenomenon coupled to disc
deformations caused by frictional sliding contact.

There are three types of mechanical stresses
subjected by the disc brake. The first one is the
traction force created by the centrifugal effect due
to the rotational of the disc brake when the wheel
is rotating and no braking force is applied to the
disc. During braking operation, there are another
two additional forces experienced by the disc
brake. Firstly, compression force is created as the
result of the force exerted by the brake pad press-
ing perpendicular onto the surface of the disc to
slow it down. Secondly, the braking action due to
the rubbing of the brake pad against the surface of
the disc brake is translated into frictional or trac-
tion force on the disc surface which acts in the op-
posite direction of the disc rotation.

A disc brake of floating caliper design typi-
cally consists of pads, caliper, carrier, rotor (disc),
piston, and guide pins. One of the major require-
ments of the caliper is to press the pads against the
rotor and should ideally achieve as uniform inter-
face pressure as possible. A uniform pressure be-
tween the pads and rotor leads to uniform pad wear

and brake temperature, and more even friction co-
efficients [7]. Unevenness of the pressure distribu-
tion could cause uneven wear and shorter life of
pads. It has also speculated that they may promote
disc brake squeal. The interface pressure distribu-
tions have been investigated by a number of peo-
ple. Tirovic and Day [8] studied the influence of
component geometry, material properties and con-
tact characteristics on the interface pressure distri-
bution. Belhocine and Bouchetara [9] recently
studied the interface pressure distributions of the
inner pad under the influence of the thermome-
chanical coupling in the braking process. They
used a simple and nonvalidated, three-dimensional
model of the disc brake. Tamari et al. [10] pre-
sented a method of predicting disc brake pad con-
tact pressure for certain operating condition by
means of experimental and numerical method.
They developed a quite detailed model and vali-
dated the model by fitting the numerical deforma-
tions of the disc brake components with experi-
mental results. Hohmann et al. [11] also presented
a method of contact analysis for the drum and disc
brakes of simple three-dimensional models using
ADINA software package. They showed a sticking
and shifting contact area in their results. Like [8],
validation of their model was not made. Ripin [12]
developed a simple, validated three-dimensional
finite element model of the pad, and applied rather
simple piston and finger force onto the back plate
interface in his analysis. He studied the contact
pressure distribution at the disc/pad interface,
where gap elements were used to represent contact
effect.

In this paper, structural analysis is performed
on a simple finite element (FE) model of a real disc
brake assembly to obtain the contact pressure dis-
tributions on the friction pads and the Von Mises
Stress in disc interface by utilizing the ANSYS
11.0 FE software. Sensitivity study on rotation of
the disc, load pattern and coefficient of friction is
also performed.

2. INITER ELEMENT ANALYSIS

In this work, a three dimensional CAD and
FE model consists of a ventilated disc and two
pads with single slot in the middle as illustrated in
Fig. 1 and Fig. 2, respectively. The selected mate-
rial of the disc is Gray cast iron FG 15 with high
Carbon content and the brake pad has an isotropic
elastic behavior whose mechanical characteristics
of the two parts are presented in Table 1. The ma-
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terials of the disc and the pads are homogeneous
and their properties are invariable with the tem-
perature.

Table 1
Mechanical properties of the disc and pad
Properties Disc Pad
Young modulus £ (GPa) 138 1
Poisson's ratio v 0.3 0.25
Density p (kg/m®) 7250 1400
Coefficient of friction y 0.2 0.2

0.000 0.100 {mj
I

){\{
0.050

Fig. 1. CAD model of the disc and pads

Fig. 2. FE model of the disc and pads

A commercial FE software, namely ANSYS
11 (3D) is fully utilised to simulate structural de-
formation and contact pressure distributions of the
disc brake during single braking stop application.
Boundary conditions are imposed on the models
(disc-pad) as shown in Fig. 3a for applied pressure

Mauw. unorc. nayu. ciuc., 32 (1), 25-33 (2014)

on one side of the pad and Fig. 3b for applied pres-
sure on both sides of the pad. The disc is rigidly
constrained at the bolt holes in all directions except
in its rotational direction. Meanwhile, the pad is
fixed at the abutment in all degrees of freedom ex-
cept in the normal direction to allow the pads move
up and down and in contact with the disc surface.
In this study, it is assumed that 60% of the braking
forces are supported by the front brakes (two ro-
tors) [13]. By using vehicle data as given in Table
2 and Egs. (1) — (3), braking force on the disc, rota-
tional speed and brake pressure on the pad can be
calculated, respectively.

. Support fixe
. Pragsion: 1, MPa
. Support fixe 3
. Support fixe 4

0 Te+005 (um) <Z(-
|
Se+004 ks

a) One side

Pression 2.1,
[€] Bupportfixe 4
[B] Bupportfixe 3
. Suppaort cylindrigque: 0, pm
[E] Pression: 1, MPa

0 12+005 urm) <7s
[ —
Se+004

(b) Two sides

Fig. 3 Boundary conditions and loading imposed
on the disc-pads
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Table?2
Vehicle data
Properties Value
Mass of the vehicle, M (kg) 1385
Initial velocity — vy (m/s) 60
Time to stop fyq, (S) 45
Effective rotor radius — R, (mm) 101
Radius of the wheel — R, (mm) 380
The coefficient of friction disc/pads u 0.2
Surface of the pad A4, (mm?) 5246
0 1 2
(30%) - Mv;
Fy= 2 ~104736 N
2 Roar| o LW |
R 0 “stop 2 ¢ stop
tire stop
(1

The rotational speed of the disc is calculated
as follows:

Vo

= =157.89rad/s. (2)

tire

The external pressure between the disc and
the pads is calculated by the force applied to the
disc; for a flat track, the hydraulic pressure is, as
referred to [14]:

p="Tus _1\pa, (3)
A - p

where A, is the surface of the pad in contact with
the disc and u the coefficient of friction.

Max: 31,441
Min: 1,7862-11

31,441
29,196
26,95

24,704
22,458
20,212
17,967
15,721
13,475
11,224
58,0833
B.7374
44915
22458
1,7962e-11

3. RESULTS AND DISCUSSION

3.1. Von Mises stress distribution

Figure 4 shows distributions of the equivalent
Von Mises stress over braking period and it is
shown that the highest stress occurs at the bolt
holes at the time ¢ = 0.25 s. This is due to the disc
having experience in torsion and shear modes. This
high stress concentration can cause a rupture to the
bolt holes.

3.2. Contact pressure distribution

Figure 5 illustrates contact pressure distribu-
tions of the inner pad at different braking times. It
shows that the contact pressure increases gradually
and reaches its maximum value of P, = 1.8 MPa
at the end of braking period. It is believed that the
rise in pressure on the contact surface can also
cause a rise in the temperature of the disc and wear
of the pads. At the leading side and inner radius of
the pad, contact pressure is seen to be higher com-
pared to the other regions. This is due to this area
is mostly in contact with the disc surface. Fig. 7
shows the evolution of contact pressures along an-
gular positions of the pad. The maximum value of
the contact pressure is located at the leading edge
and at the level of the lower edge of the pad. Con-
tact pressure distributions of the outer pad are de-
picted in Fig. 6. It shows that the maximum contact
pressure is predicted in the middle of the pad with
the value of 1.3 MPa. This is much lower than that
obtained on the inner pad.

Fig. 4. Stress concentration at the bolt holes
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0,01793
0,008965
0 Min

a)attimer=0.25s

0,081205
0064964
0048723
0032482
0016241
0 Min

b)attimer=0.5s

016151

0,12945

0,097025
0,064724
0,032362
0 Min

c)attimer=1s

0,19274
0,1285%
0,064263
0 Min

d)attimer=2s

0,08003
0 Min

e)attimer=25s

0,47839
0,32271
0,22703
0,19135
0,095677
0 Min

fattimer=3s

0,64023
0,512149
0,38414
0,25609
0,12805
0 Min

g)attimer=3.5s

0,38415
0,2561
012805
0 Min

h) at time 1 =45's

Fig. 5. Contact pressure distribution on the inner pad
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0,044825
0,02586
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0 Min
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032131
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0192749
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0064263
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d): attime t=2's

0,4001%
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0,24009
0,16006
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0,25609
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g)attimer=35s
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Fig. 6. Contact pressure distribution on the outer pad
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Fig. 7. Variation of contact pressures according
to the angular position in the inner pad
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3.3. Effect of a fixed caliper

For a comparative study, the effect of a fixed
caliper (disc with double pressure) is also simu-
lated where it maintains the same boundary condi-
tions used in the case of a single-piston caliper.
Fig. 8.shows the levels of equivalent Von Mises
stresses in a section of a disc brake at the end of
braking period. Unlike the case of the disc with a
single-piston caliper, it is noted that the highest
stress appears at the outer side of the fins with the
value of 8.3 MPa. This is lower than the stress
predicted at the bolt holes with the value of 31.4
MPa for single-piston caliper. It is also found that
the stress is well distributed to the disc interface
compared with stress predicted in Fig. 5.

Fig. 8. Von Mises stresses

3.4. Effect of friction coefficient

It is interesting to see deformation behavior of
the disc and the pads with respect to variation of
friction coefficient from 0.25 to 0.35. Fig. 9. shows
the different configurations of the total deforma-
tion of the model in the final stage of braking. It is
clearly seen that the total deformation is slightly
decreased with the increase of friction coefficient.
Indeed, the high mechanical advantage of hydrau-
lic and mechanical disc brakes allows a small lever
input force at the handlebar to be converted into a
large clamp force at the wheel. This large clamp
force pinches the rotor with friction material pads
and generates brake power. The higher the coeffi-
cient of friction for the pad, the more brake power
will be generated coefficient of friction can vary
depending on the type of material used for the
brake rotor. If the value of the coefficient of fric-

Mauw. unoic. Hayu. ciuc., 32 (1), 25-33 (2014)

tion is increased, the disc is slowed down by fric-
tion forces which are opposed to its movement,
and the maximum deformation that it undergoes is
less significant.

3.5. Effect of disc speed

Fig. 10 shows prediction of contact pressure
distributions at three different speeds of the disc. It
is found that contact pressure distribution is almost
identical in all three cases and its value increases
with the increase of the angular velocity of the
disc. This was also confirmed by Abu Bakar et al.
[15]. It is believed that this increase can create the
wear of the pads as they can leave deposits on the
disc, giving rise to what is called "the third body."
It is noted that the maximum contact pressure is
produced on the pad at the leading edge.
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a) u= 0.25

12623
11361

11317

b) u= 030
Fig. 9. Total deformation at the end of braking period

c)u= 035

1,1422

1,008 1,088 1,0153

0,88021 0,88361 0,88838
075447 0,75738 076147
0,62872 0,63115 063456
0,50298 050452 050764
037723 0378649 0,38073
0,251449 0,25246 026382
012574 012623 012691
0 Min 0 Min 0 Min

a) o= 60 rad/s b) @ =90 rad/s ¢) o= 60 rad/s

Fig. 10. Contact pressure distributions

4. CONCLUSION

This paper presents structural and contact
analysis of a reduced brake model without consid-
ering thermal effects. The analysis is performed
using commercial FE software package, ANSYS,
where the FE model only consists of a disc and two
pads. From the single stop braking simulation it is
found that:

o the bolt holes and outer side of the fins could
first damage due to high stress concentration
for single and double piston case, respectively;

e contact pressure is predicted higher at the lead-
ing side compared to the trailing side and its

value slightly increases with the increase of
disc rotation speeds;

e there is no significant change in disc-pad defor-
mation with respect to the variation of friction
coefficient.

REFERENCES

[1] A. Soderberg, S. Andersson: Simulation of wear and con-
tact pressure distribution at the pad-to-rotor interface in a
disc brake using general purpose finite element analysis
software, Wear, 267, 2243-2251 (2009).

[2]C. H. Gao and X. Z. Lin: Transient temperature field
analysis of a brake in a non-axisymmetric threedimen-

Mech. Eng. Sci. J., 32 (1), 25-33 (2014)



Structural and contact analysis of disc brake assembly during single stop braking event 33

sional model, J. Materials Processing Technology, 129,
513-517 (2002).

[3]S. Lee and T. Yeo: Temperature and coning analysis of
brake rotor using an axisymmetric finite element tech-
nique, Proc. 4th Korea-Russia Int. Symp. on Science &
Technology, 3, 17-22 (2000).

[4] A. R. AbuBakar, H. Ouyang, and L. Li: A combined
analysis of heat conduction, contact pressure and transient
vibration of a disc brake, Int. J. Vehicle Design, 51 (1/2),
190-206 (2009).

[5] T. Valvano and K. Lee: An analytical method to predict
thermal distortion of a brake rotor, SAE Technical Paper,
2000-01-0445 (2000).

[6] Z. Wolejsza, A. Dacko, T. Zawistowski, and J. Osinski:
Thermo-Mechanical Analysis of Airplane Carbon-Carbon
Composite Brakes Using MSC. Marc, Warsaw University
of Technology, Paper 2001-58 (2001).

[7]1 R. Limpert: Brake design and safety (Second edition).
Society of Automotive Engineers, 1999.

[8] M. Tirovic, A. J. Day: Disc brake interface pressure dis-
tributions. Proc. I Mech E, Part D, 205, 137146, 1991.

[9] A. Belhocine, M. Bouchetara: Simulation of fully coupled
thermomechanical analysis of automotive brake discs.

Mauw. unorc. nayu. ciuc., 32 (1), 25-33 (2014)

Simulation: Transactions of the Society for Modeling and
Simulation International, 88 (8), 921-935 (2011).

[10] J. Tamari, K. Doi, T. Tamasho: Prediction of contact
pressure of disc brake pad. Society of Automotive Engi-
neering, Review, 21, 133-141 (2000).

[11] C. Hohmann, K. Schiffner, K. Oerter, H. Reese: Contact
analysis for drum brakes and disk brakes using ADINA.
Computers and Structures, 72, 185-198 (1999).

[12] Z. B. M. Ripin: Analysis of Disc Brake Squeal Using the
Finite Element Method. PhD Thesis, University of Leeds,
1995.

[13] T. T. Mackin, S. C. Noe, K. J. Ball, B. C. Bedell, D. P.
Bim-Merle, M. C. Bingaman, D. M. Bomleny, G. J.
Chemlir, D. B. Clayton, H. A. Evans: Thermal cracking
in disc brakes. Eng. Failure Analysis, 9, 63—76 (2002).

[14] G. Oder, M. Reibenschuh, T. Lerher, M. Sraml, B.
Samec, I. Potr¢é: Thermal and stress analysis of brake
discs in railway vehicules, Advanced Engineering, 3, 1
(2009) ISSN 1846-5900.

[15] A. R. Abu Bakar, H. Ouyang, Q. Cao: Interface Pressure
Distribution through Structural Modifications, SAE Tech-
nical Paper, 2003-01-3332.



Mechanical Engineering — Scientific Journal, Vol. 32, No. 1, pp. 35-44 (2014)

CODEN: MINSCS5 —451 In print: ISSN 1857-5293
Received: March 3, 2014 On line: ISSN 1857-9191
Accepted: April 20, 2014 UDC: 662.767:504.5-044.245

Original scientific paper

USE OF NATURAL GAS AS A CONTRIBUTION TO REDUCING EMISSIONS

Dame Dimitrovski', Goran Dimeski’

'"Ss. Cyril and Methodius" University in Skopje, Faculty of Mechanical Engineering,
Karpos I1. bb, P.O. box 464, 1001 Skopje, Republic of Macedonia
’Toplifikacija Inzenering AD, 1000 Skopje, Republic of Macedonia

dame.dimitrovski@mf.edu.mk

A bstract: Air quality is one of the conditions that affect both humans health also extend to natural ecosys-
tems, stratospheric ozone, biosphere, changing weather conditions and climate. Imbalance in the atmosphere, the ap-
pearance of the greenhouse effect, as well as damage the ozone layer is due to the release of large amounts of pollut-
ing substances, which give the effect of acidification and ruin the biosphere, soil and affect others. Pollutants emitted
into the air from various sources, mix it, and transported on greater distances and affect on air quality. The polluting
substances emitted and remain part of the troposphere that is one part of the air that people breathe, with negative ef-
fect on human health, especially respiratory. Given the rapid growth of the industry and the growing need for energy,
it is necessary to consider the possibilities for the application of alternative fuels as a proposal to reduce emissions.
This paper is considered part of the urban area and thus created a comparative analysis of the work of one plant
(which is mainly supplying the area with heat energy), in terms of the type of fuel and related emissions. Also con-
sider the possibility and benefits of the use of natural gas as an alternative fuel to meet the needs of households. Pre-
pared analysis is presented also with the benefits of replacing the electrical and thermal energy (taken from the dis-
trict heating system) with the use of natural gas as energy terms, and the financial and environmental.

Key words: pollutions; emissions; energy; natural gas

YIHOTPEBA HA ITPUPOJEH I'AC KAKO IPUJOHEC 3A HAMAJIYBAIBE
HA EMUCHUTE

AmcTpax1: KBaIMTETOT Ha BO3LYXOT € €€H O]l YCJIOBHUTE KOM BIIMjaaT Kako Ha 31paBjeTo Ha JIyleTo Taka
Ha MPHPOJHUTE EKOCUCTEMH, CTPaTOC(EpCKUOT 030H, Ouocdepara, NPOMEHUTE HAa BPEMEHCKUTE YCIIOBH M KIMMAaTa.
Hapymienara pamHoTexa Bo armocdepara, nojaBarta Ha e(eKTOT Ha CTaKJeHa IPaJMHA, KaKO M OLITETYBAaHbETO Ha
030HCKaTa 0OBMBKa, C€ MOCIEANLH Ha HCITYLITABETO FOJIEMH KOJIMYMHHU 3arajlyBayky CyNCTaHIMM, KOM J1aBaaT eexT
Ha 3aKHCeIyBamke U ja pa3pyllyBaar ouocdepata, AejCTByBaaT Bp3 MOYBATa U JAp. 3aragyBauyKuTe CYIICTAHIMH, KOU
Ol Pa3JIMYHH U3BOPH CE€ UCITYIITAAT BO BO3AYXOT M C€ MEIIAaT CO HEero, Ce TPAHCIIOPTHPAAT HA MOTOJIEMH JAICUYHHH 1
BIIMjaaT Ha KBAIUTETOT Ha BO3MyXOT. [IpuToa 3arasyBadkuTe CyICTaHINN KOM CE€ €EMUTYBaaT U OCTaHyBaaT BO JEJIOT
Ha Tporocdepara, KaJie IITO crara U AEJOT Ha BO3MyXOT LITO TO JUIIAT JTyIeTOo, BIIMjaaT HETATHBHO BP3 37[paBjeTo Ha
JyfeTro, ocoOeHo Bp3 pecnupaTopHHuTe opraHu. ViMajku ru nmpeaBu Op3voT pa3Boj Ha MHAYCTpPHjaTa M 3rojeMeHara
norpeda oJ] eHepruja, HEONMXOAHO € J1a e pa3IielaaT MOXKHOCTUTE 33 IIPUMEHA Ha alTepPHATHBHU T'OPUBA KAKO pelle-
HME 32 HaMaJlyBame Ha eMHuCHUTe. BO TPy0B € pasriesyBaH /el 0] IPaJcKOTO MOApayje U € HalpaBeHa cropenoeHa
aHanu3a Ha paboTa Ha eAHa TolUIaHa (Koja BO morojieMa Mepa ro cHabayBa MOAPadjeTo CO TOIUIMHCKA SHepruja) Bo
OJIHOC Ha THIOT Ha TOPUBATA M COOABETHHUTE eMucHH. McTO Taka ce pasriie/lyBa MOXKHOCTa U MPUIOOUBKUTE OJL TIPHU-
MeHaTa Ha MPHPOJHUOT r'ac Kako alTepPHATHBHO FOPHBO 3a 3310BOJTyBakb¢ Ha MOTpeOHUTE Ha AoMakuHCcTBara. Hanpa-
BCHA € aHAJIN3a U MOCOYeH e OeHeuTOT oxf 3aMeHaTa Ha eJICKTPUYHATA ¥ TOIUIMHCKATa eHepruja (Ipe3eMeHa oJf CH-
CTEMOT 32 JIAJICYNHCKO I'Peerhe) O MPHPOAHHIOT Tac KaKo Off CHEPreTCKU Taka U 0] (UHAHCHCKH M €KOJIOMIKH acIIeKT.

K.ﬂy‘l]—[ﬂ 360pOBI/I: 3aralyBa4ku CyICTaHlIUU, EMHUCUU, eHepmja; MPUPOJICH rac

1. INTRODUCTION it causes properly increases the need for energy. In
order to meet the needs of energy there is intensive
Due to the increasing development of the in- depleting reserves of fossil fuels, and increasing

dustry and the growing number of people on Earth the use of nuclear fuel and hydropower. Consider-
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ing the fact that fossil fuels are non-renewable
sources of energy, and also if the trend of their
utilization is not reduced, then simultaneously with
their use we are consciously violate the principle of
sustainable development.

The need to protect the environment and re-
duce greenhouse gas emissions, also Macedonian
import dependency on energy, and the need to en-
sure greater diversity and therefore security of en-
ergy supply, inevitably requires the adoption of
measures and enforcement actions for increasing
energy efficiency in final consumption.

Significant impact on air quality in urban ar-
eas have activities of human life or the so-called
anthropogenic sources such as industrial processes,
energy installations for power generation, heating
in buildings (residential, administrative and com-
mercial facilities), transportation [5] (road, air,
ship), agriculture, waste and more.

Of particular importance is the availability of
data on the origins, prevalence and impact of pol-
luting substances present in the air in order to take
measures for their reduction. It is often accepted
approach to act locally in order to improve air
quality globally. Reducing pollution from traffic,
and the use of alternative energy sources, renew-
able sources, bio fuels and natural gas are the pri-
mary processes to improve air quality.

2. PARTITION TYPES OF POLLUTANTS

Pollutants can generally be divided into gas,
vapor, solid particles and lately more often men-
tioned scents. Furthermore, in terms of size sus-
pended particles are divided into: dust, smoke,
fumes and aerosols.

Tables 1 and 2 show pollutants and upper lim-
its of pollutants.

Gaseous pollutants: The gaseous pollutants
include compounds of sulfur (sulfur dioxide — SO,,
and sulfur trioxide — SOs3), carbon monoxide — CO,
nitrogen compounds (nitrogen monoxide — NO,
nitrogen dioxide — NO,, and nitrogen trioxide —
N,03), organic compounds (hydrocarbons, volatile
organic compounds, polycyclic aromatic hydrocar-
bons, halogen derivatives, etc.), halogenated com-
pounds (HF and HCI) and materials with specific
scents. Secondary pollutants are created under the
influence of heat, chemical or photo-chemical re-
action.

Table 1

Pollutants to be monitored by automatic monitored

Sulphur dioxide (SO,) 1.30 kT yearly
Nitrogen dioxide 39 kT yearly
Ozone

Solid particle size of 10 pum (PM10)
Solid particle size of 25 um (PM2.5)

Benzene
Toulene
NMVOC
Ethyl-benzene
Ortho- and paraxylene
Table 2

Upper limits of pollutants to be monitored
by automatic monitored (kT yearly)

SO, NOy VOC
130 39 30

Suspended particles: The composition of
suspended particles in the air are covered sus-
pended particles (TSP), PM10 (PM with a mean
acrodynamic diameter less than 10 pum), PM2.5
(PM with a mean aerodynamic diameter less than
2.5 pm), and fine particles originating from diesel
engines, floating ash from coal, mineral dust (coal,
asbestos, silicate, cement), metal dust and fumes
(e.g., zinc, copper, iron and lead), acid aerosols
(e.g. sulfur acid), fluoride particles, pigment color,
etc.

"Summer smog" occurs only in summer, un-
der certain meteorological conditions, and a mix-
ture of oxidants etc.. Photochemical oxidants are
arising as a product of the action of ultraviolet ra-
diation on the mixture of present pollutants (nitro-
gen oxides, hydrocarbons). Under the influence of
sunlight the nitrogen dioxide breaks down and re-
leases oxygen atom that is reactive and creates
ozone.

3. AIR QUALITY AND HEALTH EFFECTS

Air pollution, indoors and outdoors, is a ma-
jor environmental health problem affecting all ap-
propriate developed and in developing countries.
In 2005 the World Health Organization (WHO)
developed guidelines for air quality (AQGs) de-
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signed to provide global guidance to reduce the
health impact of air pollution. Guidelines were
originally developed in 1987 and later updated in
1997 for European needs. The new principles
(2005) are related to the world and they are based
on expert evaluation of current scientific evidence.
They recommend revized limits for the concentra-
tion of selected air pollutants: suspended particles
(PM), ozone (03), nitrogen dioxide (NO,) and sul-
fur dioxide (SO,), applied in all WHO regions.

The effects of PM particles on human health
caused on different levels of exposure are filled by
most urban and rural populations in developed and
developing countries. Chronic exposure to sus-
pended particles leads to an increased risk of de-
veloping cardiovascular and respiratory diseases
and lung cancer. In developing countries, exposure
to pollutants substances from the combustion of
solid fuels indoors, on open fires or traditional
stoves, increases the risk of acute lower respiratory
infections and is associated with mortality in
young children; air pollution indoors caused by use
of solid fuels is also a major risk factor for chronic
obstructive pulmonary disease and lung cancer in
adults. Mortality in cities with high levels of pol-
lution is greater for 15-20% compared to that ob-
served in relatively cleaner cities. Even in the EU,
average life expectancy is 8.6 months lower due to
exposure to PM2.5 produced by human activities
(data from WHO 2011) .

4. CLIMATIC FEATURES

Situated in the southeastern part of Europe or
in the center of the Balkans, Macedonia, although
landlocked it has quite favorable geographical lo-
cation. The country has regions with different cli-
mates: continental, Mediterranean, mountain air
and their subtypes. On the temperature of the air in
the Republic of Macedonia affect latitude, relief
structure, the distance from the seas and oceans,
the presence of water reservoirs, the degree of for-
est expanse in certain areas, etc. Depending on
these factors it’s occur temperature changes as well
in horizontal and vertical direction.

In Macedonia the average yearly temperature
is 11.5°C. The warmest month of the year is July
with an average temperature of 22.1°C and the
coldest month is January with a average tempera-
ture of 0.3°C. The air temperature in the country is
decreasing with increasing of the altitude on every
100 m for 0.39°C. In winter sometimes there is an
effect of temperature inversion valleys have
smaller temperature values, while the high moun-
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tains have larger temperature values. Cold air can
keep while in the valleys, where despite the ex-
tremely low temperatures and can form dense fogs,
while the heights of the surrounding mountains
have lot of sunshine and heat. Characteristic to
mention is the duration of frosty days, or days
when the air temperature is below 0°C — the lowest
number of frosty days is in Dojran only 32 days,
while that number in Lazaropole is 134 frosty
days.

Precipitation in the country is quite improp-
erly spaced, with an yearly mean value of 500 to
1000 mm. Most rains fall in autumn and winter
months — with a maximum in November, and
minimum in summer months — with a maximum in
August. The relative humidity in the country's
largest in winter months especially in December
with 84%, and lowest in the summer months, in
July up to 57%.

The yearly amount of solar splendor ranges
from 2,100 to 2,450 hours and is close depending
on latitude and altitude.

5. DESCRIPTION OF CONSUMER AREA
FOR USE OF THERMAL ENERGY

The subject matter of this paper is part of the
urban area, e.g. consumption in certain defined
area, composed of public facilities (primary and
secondary schools, kindergartens, dormitories, ad-
ministrative buildings, libraries, etc.), objects of
public interest (ambulance, post office, banks,
gyms, etc.), other major facilities (hotels, restau-
rants, administrative buildings of private compa-
nies, etc.), commercial entities and residential
buildings (individual and collective). The buildings
are mostly of solid construction, especially larger
facilities, collective residential buildings and a
large part of individual residential buildings. Most
of the examined area is connected to the central
heating system while the lower part, mostly house-
holds, have individual heating systems, mostly are
using boilers that are powered by electricity, heat-
ing fuel oil (EL), firewood and coal fraction, while
rest of residents the heating of homes have settled
with solid fuel stoves and electricity panels. An
installation for heating by applying modern eco-
nomical heating system is negligible.

According to the existing regulations in RM
the heating season begins when the temperature of
the outside air at 21 p.m, three consecutive days
will fall under 12°C, and ends when the outside air
temperature under the same circumstances rise
above 12°C. Thus usually the heating season starts
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on October 15th and ends on April 15 next year,
with an average outdoor temperature during the
heating of 6°C, with a daily average of 15 hours
warming and theoretical duration of the heating
season of 182 days.

In the examined area there is district heating
system with plant comprised with three hot water
boilers in block construction. Two boilers are with
a capacity of 6 MW (with consumption of 1000
kg/h heavy oil or 1155 Nm®/h natural gas), and one
boiler with capacity of 16.3 MW (with consump-
tion of 1659 kg/h heavy oil or 1900 Nm®/h natural
gas), or a total plant capacity of 28.3 MW. Plants
originally worked with heavy oil, but after per-
formed adaptation an old heavy oil burners of the
two smaller boilers was replaced with new burners
for combustion of natural gas only, while in the
larger capacity boiler with appropriate reconstruc-
tion was inserted two combined burners with the
possibility of using fuel gas / heavy oil alterna-
tively.

In order to improve the quality and efficiency
of heating, there is set up different modes of op-
eration of the plant, where qualitative delivery of
heat is directly dependent on the outside air tem-
perature. During their daily work, the plant oper-
ates in two modes: daily regimen and reduced
mode. With the introduction of these two modes
will allow improvement of the quality of heating
facilities in particular exerted energy on a daily
basis. The Figure 1 is represented delivery of heat
for each day of the heating season, while the share
given from each boiler at same production is re-
spectively shown. The energy deposited by the
plant provides uniform heating of all facilities and
maintenance of stable parameters throughout the
day.

When analyzing the emissions of the com-
bustion products from the operation of the plant
there are considered three scenarios of operation of
boilers depending on the plant used fuel: only
heavy oil, combined heavy oil / natural gas and
natural gas only, under the same external tem-
perature terms and heating needs. From the at-
tached diagrams is evident that emissions of harm-
ful substances SO,, NO, suspended particles are
far more for production, transmission and distribu-
tion of heat energy per unit with using heavy oil as
fuel compared with emissions of harmful sub-
stances in the production of the same amount of
heat energy while using natural gas.

While emissions of CO are inversely propor-
tional in terms of SO,, NOy, suspended particles,
emissions are higher when using natural gas than

the combined use of fuel oil / natural gas. You can
see that work only with fuel oil as fuel is worst in
terms of emissions of harmful substances and it is
justified tendency to use natural gas as fuel.
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Fig. 1. Comparison of total emissions in kT for the period
2003-2010, with an upper limit on pollutants respectively
(data from reports of Ministry for Environment of RM)
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For boilers of older production, often energy
from fuel is underused since the temperature of the
exhaust gas is relatively high and it is discharged
into the environment. In recent years many im-
provements have been made and necessary
changes to the central heating system, with the sole
aim to improve the utilization of thermal energy
supplied to final consumers, and thereby reduce
emissions of greenhouse gases and the environ-
mental impact.

6. OPPORTUNITIES FOR APPLICATION
OF NATURAL GAS

From the analysis of the area it can be con-
cluded that the structure of consumers is diverse,
which the greater extent energy demand could be
substituted with natural gas. The dominance of
housing space in terms of industrial and public fa-
cilities in the area, leads to the conclusion that it
will have uneven consumption of natural gas dur-
ing the year, emphasized the need during the heat-
ing season. In summer, not taking in account the
needs of industry, mostly natural gas consumption
will be reduced and it will be used only to meet the
needs of SHW and partially for cooking, on the
other hand in the winter it will be increased even
triple because of needs for heat production.

The concern in this paper are households
needs, using as input the necessary data relevant to
the calculation of the consumption of natural gas in
the examined area where was taken following pa-
rameters: average number of apartments in an ur-
ban unit, maximum gas consumption in an average
apartment, maximum gas consumption of individ-
ual devices embedded in an average apartment, and
the coefficient of simultaneity of consumers within
an urban environment. Given the structure and type
of facilities for collective and individual housing in
the examined area, the average apartment regarded
residential area is with approximately 80 m’
(apartment with three rooms), and inside is living
an average family with four members. The average
apartment is provided natural gas to be used pri-
marily for heating in winter, preparation of sanitary
hot water and cooking.

The yearly amount of delivered natural gas to
end-user can predict when we will take in consid-
eration the yearly consumption of thermal energy
towards the aforementioned conditions for the
heating season and the anticipated needs of the
heat production of domestic hot water/cooking
(which monthly amount would be 170 kWh for
SHW and about 150 kWh for cooking to meet the

needs of an average apartment and the average
family). For collective residential buildings is more
favorably to locally produce heat in a highly effi-
cient gas boilers by measuring the thermal energy
delivered at the facility/user, while individual resi-
dential buildings for heating purposes would use
own small gas boilers. An additional factor to in-
vest in a new system that uses natural gas is more
comfort in terms of the earlier way of providing a
heat.

Assessment of environmental change with in-
creased use of natural gas by the end users, can be
achieved on the basis of comparison with previous
methods of supplying heat witch directly affect on
global and local environment. The comparison
should be done in terms of competing ways to
meet the needs for thermal energy, i.e. electricity,
heat of central heating systems, thermal energy
from local sources witch for the production of
thermal energy are using fuel oil EL, LPG, wood
for burning or other solid fuels.

Price calculation for thermal energy produced
by fuel type (energy) and types of combustion is
based on the purchase price of energy medium,
their calorific value and coefficient of utilization of
boiler, without taking in consideration cost of lo-
gistics, transportation and storage, for current pe-
riod in 2012 at Macedonia is given in Table 3.

We should take into account the fact that
firewood is the cheapest medium but not possible
any automation system, see the micro and mini
boilers while using fruit seeds as fuel has limited
quantitative capacity in the country. While fire-
wood is still the cheapest medium in the produc-
tion of thermal energy it is characterized by high
emissions of harmful substances and solid parti-
cles.

It is undisputed that the substitution of elec-
tricity with natural gas to provide heat energy
needs of the consumer greatly reduces impact on
the environment. Households in the RM are char-
acterized by relatively high average monthly con-
sumption of electricity, due largely to the use of
electricity for heating homes in the winter months.
Increased consumption is caused by lack of alter-
native, lack of developed distribution network of
natural gas, poor thermal insulation of buildings
for housing and the high cost of insulation materi-
als in construction.

According to the State Statistical Office, in
2012, the Republic of Macedonia, the gross na-
tional electricity consumption in the amount of
8.930.977 MWh, 70.1% are supplied from domes-
tic production and 29.9 % of imports.
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Table 3
Cost of thermal energy by type of fuel for March 2012%
Coefficient of Retail price Price for a Price for office
No Fuel type utilirz)?;il(zn of without VAT private facility building
n EUR/... EUR/kWh EUR/kWh
1. Electricity (12 h per day/4 h night period + power Private
engaged 1.00 0.031/0/062 0.085 0.146

2. Fuel 0il EL 0.90 0.895 EUR/ 0.104 0.106

3. Heavy oil 0.90 0.779 EUR/kg 0.079 0.092

4. Natural gas 0.95 0.503 EUR/dm® (1) 0.053 0.067

5. Butane—propane 0.95 0.773 EUR/m’ (1) 0.063 0.073
6. Coil (1500 kcal/t) 0.80 95.935 EUR/t 0.067 0.067
7. Heat pump 2.00 0.043 0.073

8. Firewood 0.85 57.561 EUR/m’ 0.011 0.011

9. Fruit seeds 0.90 50.407 EUR/t 0.012 0.012
10. Wooden pellets 0.90 201.627 EUR/t 0.045 0.045
11. Biomass (pellets) 0.90 100.814 EUR/t 0.023 0.023
12. Biomass (chips) 0.90 75.61 EUR/t 0.017 0.017
13. District heating (by heat meter + power engaged) 1.00 0.079 0.157

* Data is taken from the published text of Stefan Pop Ducev in magazine press issued by Chamber of OAI

The biggest consumers of electricity in 2012
are households with 36.5%, industrial sectors (en-
ergy sector plus industry) with 26.6%, and other
sectors with 17.2% of gross national electricity
consumption. 80% of domestic electricity produc-
tion is realized in thermal power plants, and only
20% of the hydropower facilities. In thermal
power plants as a primary fuel for electricity gen-
eration is using coal. Emissions of harmful sub-
stances SO,, NOj, suspended particles are far
more in production, transmission and distribution
of electricity for single amount in relation to the
emission of harmful substances in the production
of the same amount of thermal energy from a lo-
cal source that uses natural gas.

Thermal energy from the central heating sys-
tem is mostly produced from natural gas. Ac-
cording to the State Statistical Office for 2012, in
the RM are produced 2.463.391 GJ of heat: 2.4%
coal, 24.4% of oil products and 73.2% of natural
gas. Consumption of thermal energy production is
0.4% and the loss distribution is 11.5% of total
production. The biggest consumers of thermal en-
ergy in 2012 with 1.430.926 GJ are households
and other sectors with 615.148 GJ.
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7. LEVEL OF EMISSIONS

Mostly in combustion emissions depend on
the equipment, the quality of fuel and the com-
bustion process. The Table attached is showing
typical emission of products of combustion in
terms of different types of fuels.

From the attached Tables 4 and 5 can be
noted that natural gas has the lowest emission lev-
els of pollutants (CO,, SO, and suspended parti-
cles), even compared with some fuel ratio is sev-
eral fold lower respectively. The frequently emis-
sions of suspended particles from combustion of
natural gas tend to be extremely low, typically
less than 3.6 mg/kWh, while the coal they are
very high as 430 mg/kWh or more if the equip-
ment is older technology. An emission level of
NOy in the flue gas depends on the equipment
used for combustion, fuel type and largely on how
the system operates.

Confirmation of reduced emissions of pollut-
ants by changing drive fuel boilers (oil/gas) are 3,
4, 5 accompanying charts of the plant operation.
Notably is the reduction of emissions, and ac-
cordingly the impact on the environment, with the
use of natural gas.
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Table 4
Emissions from different types of fuels*

Fuel type  Heating value C-content CO,-emission
Ml/kgg kgc/kgg kgco,/KWh
Natural gas 39.6 0.59 0.20 0.055
Fuel oil El 42.7 0.86 0.37 0.075
Hard coil 29.7 0.77 0.34 0.095
Brown coil 8.5 0.28 0.43 0.12
Firewood 15 0.5 0.43 0.12
Electricity - - 0.56 0.22

* Data taken from the text published by the University of Magde-
burg — Germany, entitled Control of air pollution

Table 5
Emissions from different types of fuels*

Emisions (mg/kWh)
Fuel type
SO, Suspended particles
Coil 3250 430
Fuel oil EL 500 18
Natural gas 3.6 3.6

* Data taken from the published text of Stefan Pop Ducev in
magazine press issued by Chamber of OAI

It should be noted that it is necessary mod-
ernization of facilities because the level of per-
formance of the last generation of heat generators
for use in district heating systems is significantly
higher than the boilers in heating plants that are
outdated technology and installed more than 20

Table 6

years. Thus it can be concluded that with appro-
priate modernization and application of the latest
generation of generators will have a significantly
reduced impact on the environment.

The main difference in the effective use of
thermal energy generated from natural gas, from
district heating system and from local system is
the loss that occurs in the distribution of thermal
energy from plant where it’s produced to the end
user. For smaller district heating systems these
losses are 6% while for larger they reach to 16%.
With use of local systems for heat production, the
heat loss from the distribution is eliminated, mak-
ing a direct influence on reducing the cost of heat-
ing for end user. The effects of reducing the con-
sumption of natural gas are directly reflected on
emission reductions at municipal level.

The data in Tables 6 and 7 are designed for
an average apartment with an area of 80 m” (with
specific heat demand of 80 W/m?) in which the
average family of four members is living in a pe-
riod of heating season. The Tables 1 contains fol-
lowing data: Planned a monthly consumption of
thermal energy towards the aforementioned con-
ditions for the heating season (cca 940 kWh) and
predicted needs of heat production of domestic
hot water / cooking (which amount will be 170
monthly kWh for SHW and about 150 kWh for
cooking for an described average apartment and
the average family). In the average apartment
natural gas is planned to be used primarily for
heating in winter, preparation of SHW and cook-
ing. For other types of energy they are provided to
be used exclusively in heating purposes, and en-
ergy needs for cooking and SHW are satisfied
with the application of electricity.

Total monthly energy costs for 4 members family accommodated in the 80 m’ apartment

Monthly costs for:

Price for a private Total monthly
Fuel type facility heating SHW  cooking energy costs
EUR/kWh EUR EUR EUR EUR
Elecricity (12 h per day/4 h night period + power engaged) 0.09 85 16 14 115
Fuel oil EL 0.11 104 16 14 134
Natural gas 0.06 57 11 9 77
Firewood 0.02 19 16 14 40
District heating (by heat meter + power engaged) 0.08 76 16 14 106
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Table 7

Total emissions of CO, from energy needs of 4 member family accommodated in the 80 m’ apartment

Emissions of monthly needs for:

Emission Total montly emmissions
Fuel type heating SHW cooking
kg/kWh kg kg kg kg
Electricity 0.56 527 46 41 614
Fuel of oil El 0.27 256 46 41 341
Natural gas 0.20 188 34 30 252
Firewood 0.41 405 46 41 492
District heating 0.223 210 46 41 297
Figure 6 shows the economic viability of us-
ing natural gas. Use of natural gas instead of elec-
tricity will result in monthly financial savings of Total monthly energy costs (EUR)
38.46% instead of heating / electricity would result o
in a slightly lower monthly financial savings of o
37.42%, while the biggest financial savings re- 60% Savings
sulting from the use of natural gas instead of heat- ot M Natural gas
ing fuel oil EL/electricity espectable 47.44%. o H Electricity
By comparing the results obtained from the o
Figures 6 and 7 it can be seen that the percentage ' :
reduction of CO, emissions is not right propor-
tional with financial savings expressed in percent- Total monthly energy costs (EUR)
age during replacement of energy medium with o [
natural gas. The largest reduction in emissions we 80% ® — msavings
have with substitution of electricity with natural o
gas 58.95%, and with substitution of heating fuel o W Naturalgas
oil EL/electricity we have 26.1%. The closest re- b = Distric heating /
duction we have with replacement of district heat- 10% Electricity
ing/electricity because the boilers in the plant runs ” 1 2
on natural gas, therefore mostly savings is due to
the replacement of electricity used for the prepara- Total monthly energy costs (EUR)
tion of SHW and cooking. 100%
Local production of heat with heating fuel oil o . Savings
EL, LPG and wood burning have lower energy ef- e [
ficiency of local production of thermal energy o M Natural gas
from natural gas, making use of natural gas has 20% = Fueloil EL/
less appropriate environmental impact. A social o Electricity
benefit from the use of natural gas in providing the o ) 5
required amount of heat is reducing of environ- )
Fig. 6. Comparative data on total monthly energy costs

mental pollution.
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by using natural gas and other fuels
accordance to Table 6
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Fig. 7. Comparative data on CO, emissions on a monthly
basis with the use of natural gas and other fuels
accordance to Table 6
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A bstract: The existing housing buildings are consumers of large quantities of energy due to the low ther-
mal characteristics of the buildings envelope. The ground-floor housing buildings represent large percentage of the
housing stock in Republic of Macedonia. Three possibilities for achieving environmental sustainability of a building
are analyzed such as: improvement of the energy efficiency of the buildings walls, the windows and both options al-
together. The possibilities consider the improvement of the energy performance of the facade related with financial
issues such as bank credit and investment return. Autodesk Ecotect is used for the modelling and energy performance
simulation. From the results it is concluded that the investment return period is very long and certain measures need
to be taken such as decreasing the loans interest rate, decreasing the building cost and materials and providing possi-
bilities for subsidy.

Key words: sustainability; building envelope; bank credit; return of investment

OJAPXK/INBO NNOJOBPYBAILE HA EHEPTETCKATA EOUKACHOCT HA IOCTOEH OBJEKT

A mcTpacxk T [locrojHute craHOeHH 00jEKTH ce MOTPOIIYBAYH HA TOJIEMH KOJIHYECTBA CHEPTHja MOpamd
cnabuTe TEPMUYKH KapaKTEPHCTHKH Ha (acazaTa W MOKpUBOT. [Ipu3eMHHTE cTaHOCHH OOjeKTH Ce 3acTalleHH BO
TOJIEM TIPOIEHT BO IEIOKYHNHHOT cTaHOeH ¢(oHx Bo PemyOmmka Makenonuja. 3a mMOCTOeH HpH3eMEH O0jeKT ce
pasriielyBaH! TPH MOXHOCTH CO IIeJ IOCTHTHYBAakbe OJP KIMBOCT Ha 00jEKTOT BO OJHOC Ha OKOJIMHATA, U TOA MPEKY
nono0pyBambe Ha CHEPreTCKUTE KapaKTePUCTUKH HA HAJIBOPEIIHUTE SHAOBH, Ha MPO30OPIUTE U JBETE OILUH 3aeIHO.
MosKHOCTUTE Ce OJJHECYBaaT Ha NoJ00pyBame Ha eHeprerckute nepdopmaHcu Ha 00jeKTOT MOCTABEHU BO pellaluja
CO (PMHAHCHCKUTE aCHEeKTH KaKo LITO ce OaHKapCKH KPEAUTH M Bpakame Ha MHBECTHIIMjaTa. 32 MOJACIUPAETO Ha
eHeprerckute nepdopmancu Ha 00jekToT e ynorpedbeH codreepor Autodesk Ecotect. Ox noOuenure pesyiratu e
3aKJIy4€HO JIeKa POKOT Ha BpPaKameTO Ha MHBECTUIIMja € JIONT, MOpajy LITO € MOTPeOHO Ja ce Ipe3eMar YeKOpU BO
OIHOC Ha HaMaJlyBame Ha KaMaTHHUTE CTAllKU 32 KPEIWTH, HAMaJyBambe HA IPajeKHUTEC TPOLIOLM U CO3/aBamC
MOXKHOCTH 32 CyOBEHIIHOHUPAIHE.

Kay4unu 360poBH: 0pKIMBOCT; HAJBOPCIIHN SHIOBH Ha 00jEKT; KPEANUTH; Bpakambe Ha MHBECTHIN]a

1. INTRODUCTION fluence of the built environment in causing these

climatic changes [1]. According to the studies of

Modern society is confronted with transfor- the yearly emission of CO, per capita, 30% from
mation imposed by the climatic changes. The con- all the emissions are from the heating of buildings,

struction sector reached a consensus about the in- 28% from the cars, etc. [5].
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Construction industry is one of the most in-
tensive industries participating with 50% of the
resource consumption, 40% of the energy con-
sumption and 50% in the creation of waste [9]. In
Republic of Macedonia, in certain regions, 70—
90% of the built fond is consisted of individual
housing buildings [4]. Therefore, the focus of this
paper is pointed towards this type of buildings.
According to the State Statistical Office, there is an
upward trend in the electrical energy demand in the
households with a total use of 36.5% in 2012 of the
gross-domestic energy demand [6]. The Strategy
for energy efficiency in Republic of Macedonia
anticipates that in all energy demand sectors, espe-
cially in the housing, savings should be made [7].
In this sector, the largest energy demand goes for
heating and cooling with 71%, 17% for water heat-
ing, etc.

Sustainability as a concept is described with
multiple definitions, and the most used one defines
that the sustainability is satisfying the current
needs without compromising the needs of the fu-
ture generations. It is based on three principal
segments: economic, social and environmental,
often addressed as the “triple bottom line”. The
sustainability even if it is usually connected with
the “green” movement, it recognizes the need for a
healthy economy. It is not a marginal topic, but
contrary, with its concepts it offers paced devel-
opment of all industries. Therefore, the fastest
growing sector in the energetics is the exploitation
of the wind energy, in the tourism, it is the eco-
tourism, in the investment sector are the social re-
sponsible investments [1]. The participants in the
sustainable construction have to have in mind prin-
cipal factors which include in themselves aspects
such as: design and building management, choice
of materials, interaction with the city and economic
development [2]. Sustainable buildings have a
positive influence in the surroundings because they
are designed to be built with recycled materials or
materials capable for recycling, while their pro-
duction demands low CO, emission [3]. Because
of the contemporary demands, the construction
industry goes through a process of evolution and
transformation of the current work methods and
development of new technologies as the demand
for low-carbon buildings enhances. The buildings
influence the environment in two ways. The first
one is by the exploitation of natural resources and
the second is by the use of unrenewable energy
referred to as environment deterioration [17].
Therefore, a lot of attention should be given to
these two segments especially regarding the origin

of materials, their appropriate use with ultimate
purpose of decreasing the exploitation of non-re-
newable resources.

The goal of this research is to examine the
possibilities for financing a reconstruction of a
building facade thus improving the buildings sus-
tainability. A model of a ground floor housing
building is analyzed and several possibilities for a
reconstruction are considered. Aspects of potential
energy savings, financial investment, credit possi-
bilities are inspected. A techno-economic analysis
is conducted regarding the possibilities for ROI
(return of investment). The methodology of the
conducted research is based on:

1. Gaining climatological data from the soft-
ware Meteonorm, needed for simulation of the en-
vironmental conditions for the area where the
building is placed.

2. Analysis of the energy performance of the
building through a software model in Autodesk
Ecotect. The energy performance simulation would
be observed without the use of active HVAC sys-
tems with an intention to measure the passive be-
haviour of the building. Most used method for
measuring the buildings performance is his energy
demand and/or number of (un)comfortable hours

[11].

3. Analysis of the sustainability of the facade
reconstruction through parameters such as cost of
the reconstruction, credit possibilities and ROL.

2. ANALYSIS

For testing the proposed methodology a
building constructed in 1963 is chosen. It has po-
tential for sustainability improvement considering
the period in which it is built and the used materi-
als. The building is placed in Skopje, in the Vlae
neighbourhood, built after the Skopje earthquake
in 1963. This neighbourhood is first planned with
the Skopje’s Master plan for the period of 1963—
1985 where is predicted renewal of the built fund
which was 65% destroyed from the earthquake.
For the need of fast population settlement a prefab-
ricated way of constructing was used and 15.000
housing buildings were erected, among which is
the neighbourhood of Vlae [13]. The sustainability
improvement of this kind of building offers possi-
bilities for tackling the sustainability of the whole
area, meaning that with micro-interventions, macro
-implications on an urban level are induced.

Mech. Eng. Sci. J., 32 (1), 45-49 (2014)
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The building analyzed is prefabricated type
EDILIT, constructed from light weight gas-con-
crete panels 15 cm thick, and connected to each
other by a thin reinforced concrete joint built on
site. The physical and thermal characteristics of
these panels are not entirely known because there
is no technical documentation from this period. For
a precise determination of their thermal character-
istics, an in-situ thermo-graphical measurement is
needed. For those reasons, in the calculation of this
research, thermal characteristics of contemporary
panels made of gas-concrete are being used. The
floor is constructed as a reinforced concrete slab,
laid on terrain with a final layer of wood parquet
placed on cement screed. The roof is constructed
from wooden beams, with roofing made of asbes-
tos-cement boards. The room height is defined
with the ceiling constructed of modular panels
upon which a 5 cm glass wool is laid. This kind of
ceiling and isolation placement defines the thermal
zone for calculation of the energy demand for heat-
ing and cooling of the interior. The building is L-
shaped flanked on two sides by neighbours as
shown in Fig.1.

Fig. 1. Model of the analyzed building.
(Source: From own research)

The possibilities of sustainability improve-
ment of the building through renovation of its en-
velope are based on three options shown on Table
1.

In the option 1 improvement of the thermal
transmittance of the envelope are planned. In the
option 2 replacement of the windows with U = 5.1
W/m’K is planned, with windows with total U
value of the whole windows of 1.2 W/m’K and
low-E coating. The option 3 include the two
aforementioned options altogether. The choice of
these options is based on the fact that they are the
most common way of renovating the buildings in
the country. The first option is modified, because
in the common renovating construction works are
planned for the exterior walls or/and rood but not

Mauw. unorc. nayu. ciuc., 32 (1), 45-49 (2014)

for the floor. In the analysis the whole envelope is
treated thus achieving low thermal transmittance of
U=0.254 W/m’K.

Table 1
Renovating options
Options Construction cost
(MKD with VAT)
1. Insulation in the building envelope 491.398
2. Window replacement 136.290
3. Construction of option 1 and option 2 627.688

Source: From own research

Instalment of a 15 c¢m insulation is planned in
the roof, floor and facade. The choice of isolation
is from the programme of the manufacturer Knauf
Insulation because of its sustainable characteristics.
It is a product of the innovative ECOSE technol-
ogy based on renewable materials and at the same
time avoiding all the malign substances such as
formaldehydes used as binder. This technology has
a positive environmental influence by reducing the
embodied energy in the insulation material for up
to 70% compared with standard materials using
conventional binders. The embodied energy is
interlinked with the operative energy and it is a
very important factor that needs to be taken into
consideration, considering that the operational en-
ergy is decreasing (by efficient improvements), the
embodied energy gains in significant even more
[16]. The rock wool produced with the ECOSE
technology has a 0 global warming potential
(GWP) and ozone depletion potential (ODP) [14].

The mineral rock wool insulation type FKD-S
is planned for instalment in the facade. It is
planned to be constructed as contact facade with
final facade mortar from the same manufacturer.
For reduction of the thermal transmittance of the
floor while also satisfying the load carrying de-
mands, rock wool type KR plus is used. The glass
wool type Classic 042 is used for reducing the
transmittance of the ceiling, and for the facade
walls towards the neighbour’s a lining of insulation
type TI 140 is planned. The details are designed
according to the technical guide provided by the
manufacturer, with a purpose to secure the building
from the malevolent influence of the diffusing
processes through the buildings envelope [18].

The results from the conducted analysis of
energy performance of the building are shown in
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Figure 2 from which it can be concluded that the
decrease of energy losses in the reconstruction in
option 1 is larger that in option 2. The existing
windows have much larger coefficient of thermal
transmittance, meaning that through them it occurs
a large heat flow, and an expected result of the
renovation would be to have largest saving with
their replacement.
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Fig. 2. Model of the analyzed building
(Source: From own research)

kwh/m?a

But, because of the large participation of the
wall area in the total area of the envelope with
95.8%, while the windows participate with 4.2%,
the largest heat losses are through the opaque sur-
faces. The total yearly consumption of heating and
cooling energy is shown in Table 2.

Table 2

Energy and financial savings

Energy Total Yearly Monthly
consump yearly cost savings savings

kWh.a MKD MKD MKD

A0 — existing build. 5617 44.907 0 0

Al —option 1 3136 25.072  19.835 1653
A2 — option 2 4043 32323 12.584 1048
A3 —option 3 1562 12.488  32.419 2101

Source: From own research.

In Table 2 are shown the total energy con-
sumption, yearly cost, yearly and monthly savings,
from which it can be concluded that the largest
energy savings are in the Option 3. The total en-
ergy costs are calculated according to the current
energy price of 0.13 €/kWh (7.9 MKD/kWh), with
an expected tendency for its increase. In the next
step of this research an analysis is conducted on

the possibilities of bank credits and ROI according
to the monthly annuity and the monthly energy
savings.

3. INVESTMENT SUSTAINABILITY

In Republic of Macedonia the banks offer dif-
ferent credit options for realizing such a renova-
tion. The loans can be met under the names as
“green” credit or consumer credits. For fulfilling
the right of taking credit, the borrower should meet
certain demands such as: being employed (in the
private or public sector, from which the interest
rate depends), salary from which the payment pe-
riod depends, possibilities for a co-signer, etc. De-
pending of the bank, the monthly annuity should
be covered by 40-56% of the monthly net-salary of
the borrower.

Table 3

Interest rate

Option1  Option2  Option 3
Credit value 491.398 136.290 627.688
Interest rate 6.55%
Number of payments 72
Payment value 8.272 2.294 10.566
Total payment value 595.588 165.187 760.776
Total interest value 104.190 28.897 133.088

Source: From own research

The user of the existing building has a salary
of 26.000 MKD, which are 23% larger than the
average net-salary in the country [15]. According
to this, the minimal payment period which the
banks approve is from 6 until 30 years.

The interest rate with a denar exchange clause
is 6.5%, 7.9% and 8.5%. The maximum amount
for a loan can be until 600 000 — 9 000 000 MKD,
and therefore only the banks that finance the larg-
est investment, such as Option 3, are considered.

The loan value, interest rate, payment and to-
tal payment value are shown in Table 3. To cal-
culate the ROI it is needed to compare the yearly
energy savings of the renovation with the total
payment value as shown in Table 4.

The simple ROI is calculated as a quotient of
the total payment value and the yearly energy sav-
ings. From the values shown in Table 4 it can be

Mech. Eng. Sci. J., 32 (1), 45-49 (2014)
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cated employees providing all the necessary technical
data for a successful conduction of this research.

concluded that the ROI is shortest in Option 2,
when only the windows are replaced, while the

largest ROI is in Option 3.

Table 4

Interest rate

Total payment value Yearly energy savings ROI

(MKD) (MKD) (years)
Option 1 595,588 19,835 30
Option 2 165,187 12,584 13.1
Option 3 760,776 32,419 234

Source: From own research

4. CONCLUSIONS

This paper analyzes the possibilities of energy
efficiency and therefore sustainability improve-
ment of an existing buildings while considering the
credit offers from the banks in the country. The
investment is being approached in three options for
renovation of the building. From the gained results
it is concluded that the payment period is large,
from 13 until 30 years. The long ROI is due to the
fact that the building has small floor surface area
thus having small energy demand and consump-
tion. Although the energy savings on a yearly basis
are decreased for 30—70% depending on the reno-
vation option, the savings are small compared with
the investment. Therefore certain measures should
be considered stimulating users initiating such
renovation. Possibilities for decreasing construc-
tion cost and insulation materials should be ex-
plored, as well as decreasing the interest rate and
providing state subsidy for carrying out such con-
struction renovation. By implementation of these
type of measures the country enables conditions
for transforming the buildings into energy efficient
and sustainable ones with the decrease of their
monthly CO, emission. Also opportunities for pro-
ject financing should be made, which is different
from the classic loan system, where from the suc-
cess of the project depends the success of the in-
vestment. With these improvements and changes,
certain conditions are provided for a transforma-
tion of the current consumer, inefficient society
into a sustainable society.

Acknowledgment: This work was supported by
Knauf Insulation — Skopje, and many thanks to its dedi-

Mauw. unorc. nayu. ciuc., 32 (1), 45-49 (2014)

REFERENCES

[1] D. Hitchkok, M. Willard: The Buisiness Guide to Sustain-
ability: Practical Strategies and Tools for Organizations,
Routledge, pp. 146 (2006).

[2] U. Bogenstatter: Prediction and optimization of life-cycle
costs in early desig, Building Research & Information, 28
(5) 376-386 (2000).

[3] R. Schneiderova Heralova: Sustainable Buildings: Market
Value and Market Share, Organization, Technology and
Management in Construction: An International Journal,
Vol. 3, Issue 1, pp. 250-253 (2011).

[4] T. CrojkoB: Cucitiemu 3a 0gpaicauso iraHupare u upoex-
uparbe UHQUEUQYAIHU CeMejHU KYKU 80 cA0D0geH ipoc-
wwop, JlokTOpCcKa mucepTanuja, APXUTEKTOHCKH (aKyJ-
tet, Cromje, 1995.

[51P. F. Smith: Building for a Changing Climate: The chal-
lenge of construction, Planning and Energy, Routledge.
(2010).

[6] Hdp>xaBen 3aBon 3a cratuctuka: Coonwmenue 6p. 6.1.13.
81,2013.

[7] Nexant, Inc., ICEM-MANU, Timel proekten inzenering,
and Organizacija na potrosuvachi na RM: Strategy for
energy efficiency in Republic of Macedonia (in Macedo-
nian), Ministry of Economy of Rpublic of Macedonia,
Vol. 1, 2010.

[8] W. Feist, S. Pepper, and M. Gorg: CEPHEUS — Cost effi
cient Passive Houses as European Standards, http:/
www.passiv.de/old/07_eng/news/CEPHEUS final long.p
df. [Accessed: 20-Apr-2014].

[9] D. Anik, C. Boodra and J. Mark: Handbook of Sustainable
Development, James and James, 1996.

[10] P. de Wilde and D. Coley: The Implications of changing
climate for buildings, Building and Environment, 55, pp.1
(2012).

[11] P. Rastogi, S. Horn and M. Andersen: Towards Assessing
the Sensitivity of Buildings to Changes in Climate: Initial
work on a novel performance methodology,. PLEA2013,
No. EPFL-CONF-187507 (2013).

[12] A. A. E. Othman: Improving building performance, Or-
ganization, Technology and Management in Construction,
vol. 3, no. 2, pp. 333-347 (2011).

[13] A. Henunk: Baujanueitio na ypoaunucimuuxuite iiaHo8u
8P3 QUCKOHIUUHYUpAHATUA UPOCHIOpHA WpaH3uyuja Ha
tpagoiu Ckoilje 60 geaeceiiuoi ek, JJokTopcka aucep-
Tanuja, ApXuTeKToHCcKH (akynter, Ckomje, 2011.

[14] Sustainability report, Knauf Insulation, 2012.

[15] dpxaBen 3aBox 3a cratuctuka: Cootiwinenue op. 4.1.11.
22,2011.

[16] T. Hanak, P. Dosedélova: Environmental Evaluation of
Energy-Saving Measuers — A Case study, Proceedings of
the International Scientific Conference People, Buildings
and Environment, Vol. 2, pp.147-153, 2012.

[17] M. Santamouris, Environmental design of urban build-
ings: An integrated approach, Earthscan, pp. 64, 2006.

[18] Knauf Insulation Datasheets,, http://www.knaufinsulation.rs/en/
datasheets (Accessed January 19, 2014).



Mechanical Engineering — Scientific Journal, Vol. 32, No. 1, pp. 51-56 (2014)

CODEN: MINSCS5 —453
Received: October 14, 2013
Accepted: February 20, 2014

In print: ISSN 1857-5293
On line: ISSN 1857-9191
UDC: 629.3.083:519.866

Original scientific paper

DEVELOPMENT OF LIFE CYCLE COSTING FRAMEWORK FOR USER'S COSTS

IN MOTOR VEHICLES

Kristina Jakimovska, Igor Gjurkov

"Ss. Cyril and Methodius" University in Skopje, Faculty of Mechanical Engineering,
Karpos II. bb, P.O. box 464, 1001 Skopje, Republic of Macedonia
kristina.jakimovska@mf.edu.mk // igor.gjurkov@mf.edu.mk

A bstract: This research is made on user's costs of three different vehicles in a vehicle fleet in Macedonia.
Various methods of maintenance such as preventive and corrective maintenance are taken into consideration. A Life
Cycle Cost (LCC) model is a simplified representation of the real system. Its function is to abstract the salient fea-
tures and aspects of the product and to translate them into a cost figure. A Life Cycle Cost (LCC) analysis is a process
of identifying and evaluating costs associated with acquisition and ownership of a product during its life cycle. This
article shows a LCC model of vehicle ownership costs. According to this model a separate LCC analysis is made for
each vehicle and for three different regimes of exploitation.

Key words: Life Cycle Cost — LCC; LCC model, availability; ownership cost; user’s total cost

PA3BOJ HA CTPYKTYPA HA TPOIIOLX HA ’JKUBOTEH HHUKJIYC BO IIOI'VIE]]
HA TPOIIOIIUTE HA KOPUCHUIIUTE HA MOTOPHUTE BO3NJIA

AncTpackT: HampaseHo e ucrpaxyame Ha TPOLIONUTE HA KOPHCHUK HA TP Pa3IHMIHU BO3MIA BO BO3HUOT
napk Bo P. Makenonuja. 3eMeHn ce NpeaBUA Pa3INYHE METOAU HA OJPXKYBame, KaKO IPEBEHTHBHO TaKa M KOPEK-
THUBHO OJpXKyBame. MozenoT Ha TpoiokoT Ha uBoTeH nukiyc (LCC) e ynpocTeH npuka3 Ha peasHHOT CHUCTEM.
Herosara ¢yHKuMja € 1a I'M HM3/BOM BaKHUTE KApaKTEPUCTHKM M ACIEKTH HAa IPOM3BOAOT M Jia T NPETOYU BO
TpouIioK. AHanu3aTa Ha TPoIokoT Ha kuBoTeH nukiyc (LCC) e mpouec Ha uaeHTH(UKYBamkE U OLICHYBabe Ha TPO-
LIOLUTE TIOBP3aHU CO aKBH3UIIMjaTa M KOPHCTEHETO HA MPOM3BOJOT BO TEKOT Ha HETOBHOT XKHUBOTEH nukiayc. OBaa
CTaTHja IPe3eHTHPA MOAEI Ha TPOLIOLKTE 32 )KUBOTHUOT LMKIIYC HA MOTOPHO BO3MJIO ILTO I' CHOCH KOPHCHUKOT Ha
Bo3mwioTo. Criopes 0BOj MOzeN € HallpaBeHa NOceOHA aHaIM3a 3a CEKOe BO3WIO WM 3a TPH PA3IMYHH PEXUMHU Ha
eKCIUIOoaTalyja.

Kutyunu 360poBu: Tpouok Ha xuBoteH 1ukinyc — LCC; LCC Mozen; pacroyioxkIMBOCT; 1IeHa 32 KOPUCHUK: BKYIIEH

TPOIIOK HA KOPUCHUKOT

1. INTRODUCTION

Many systems and products have been
planned, designed, produced and operated with
very little concern for their life-cycle cost (LCC)
[7]. Today’s customers require products which are
reliable, products which can perform their func-
tions safely and that can be easily maintained over
their operating period.

2. LIFE CYCLE COST (LCC)

Life cycle cost is the total cost of ownership
of machinery and equipment, including its cost of

acquisition, operation, maintenance, conversion,
and/or decommission (SAE, 1999). LCC helps
change provincial perspectives for business issues
with emphasis on enhancing economic competi-
tiveness by working for the lowest long term cost
of ownership which is not an easy answer to obtain
[8]. As with most engineering tools, LCC provides
best results when both engineering art and science
are merged with good judgment to build a sound
business case for action. LCC includes every cost
that is appropriate and appropriateness changes
with each specific case which is tailored to fit the
situation.
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Life Cycle Costs may help vehicle fleet’s
managers to envisage their costs for the next year
and thus make them more successful in their
budget making. Moreover, LCC awareness may
also help vehicle manufacturers in making market
competitive vehicles.

A primary guidance for a vehicle life cycle
cost evaluation represents a standard [1]. Accord-
ing to such standard the vehicle life cycle costs can
be divided into six periods:

1) concept and demand determination period,
2) design and development period,

3) manufacturing period,

4) installation period,

5) operating state and maintenance period,

6) disposal period.

The total costs incurred can be divided into

two major parts, i.e. acquisition costs and owner-
ship costs.

3. LIFE CYCLE COST (LCC) OF A VEHICLE

The LCC model, as is the case with any other
model, is a simplified version of reality. It summa-
rizes specific characteristics of the product during
its life cycle and transforms them into costs. In
order to be more realistic, it should [2]:

1) have all the characteristics of the product
being analyzed, including the environment it is
used in, maintenance strategy, operation, logistics,
etc.;

2) be comprehensive and comprise all factors
relevant to LCC;

3) be simple and easily understandable and al-
low for timely changing of decisions and making
corrections or modifications;

4) be created in a way that will provide inde-
pendent assessments of any LCC item.

In some cases a separate model may be re-
quired to make further researches of this issue,
whereas in some other cases commercially acces-
sible models may be applicable. A simple LCC
model is in fact a calculation structure containing
conditions and factors which may allow any cost
assessment be referred to any LCC item contained
therein. Each LCC model has its own flexibility
and application. It is important to know the con-
tents and conditions in which LCC models are ap-
plied in order to ensure the suitability of their ap-
plication.

Before selecting a model, the scope of infor-
mation needed should be compared with the results
that are expected from such model application. A
person acquainted with the respective model de-
tails should control it and establish all the applica-
ble cost factors, empiric connections and other
model constants and variables. Therefore, before
applying any existing LCC model, it should be
compared with the life cycle costs being assessed.
To achieve that, costs factors and other parameters
of a known example, along with an operating sce-
nario, should be used to assess the scope within
which such model may provide actual results.

Analytical studies and estimates of total costs
are methods for finding life cycle costs. The objec-
tive of LCC analysis is to choose the most cost-
effective approach from a series of alternatives so
the least long-term cost of ownership is achieved
[3]. LCC analysis helps engineers justify equip-
ment and process selection based on total costs
rather than initial purchase price. The sum of op-
eration, maintenance, and disposal costs far exceed
procurement costs. Life cycle costs are total costs
estimated to be incurred in the design, develop-
ment, production, operation, maintenance, support,
and final disposal of the product over its antici-
pated useful life span.

In this article a LCC model of a vehicle con-
sidering the ownership costs is presented (Fig. 1).
The ownership cost analysis considers the follow-
ing three cases of various exploitation intensity [6]
expressed in mileage travelled per year:

I — 10000 km per year (actual situation in this
vehicle fleet),

IT — 20000 km per year (recommended for this
purpose),

I — 30000 km per year (intensive exploita-
tion).

As it can be seen from Figure 1, user costs
consist of the following four elements:

1) acquisition cost, i.e. vehicle purchase cost;
2) operation cost;

3) maintenance cost;

4) disposal cost.

As previously mentioned in this research
three different vehicles from the Army’s Vehicle
Fleet in Macedonia have been taken, and they are:

= [VECO EURO CARGO 4x4
= [VECO EURO TRAKKER 4x4
= HMMWYV M998
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User's LCC model

Maintenance cost

\/\

| | | |
Operation cost

Acgisition cost | | Disposal cost
\/\

— fuel cost

preventive
maintenance cost

insurance and corrective
road traffic cost maintenance cost

motorway toll cost

L= other costs

Fig. 1. LCC model of a vehicle

In this paper determination of the costs in the
process of maintenance was conducted in three
variants of the cost of labor as follows:

* Variant A — 1 working hour = 3 €, when
the maintenance is done using resources
from the Republic of Macedonia Army.

* Variant B — 1 working hour = 20 €, when
the maintenance is done by an external or-
ganization, i.e. outsourcing maintenance.

* Variant C — 1 working hour = 50 €, when
maintenance is done during a military mis-
sion abroad.

3.1. Acquisition cost

Acquisition cost, seeing from the manufac-
turer’s point of view, can be expressed by the fol-
lowing equation [4]:

CPC:CCD+CDD+CM+CS+CR07 (1)
where is: Ccp — costs on concept and demand de-
termination period, Cpp — costs on vehicle proposal
and development period, Cy; — manufacture costs,

Cs — vehicle sale period costs, Crg — warranty pe-
riod repair costs.

From the user’s point of view, the acquisition
cost is manifested through the purchase price of the
vehicle.

3,2. Operation cost

Operation cost can be expressed by the fol-
lowing equation [4]:

Crrv = C + CroL + Cpa + Cor + Cpr + Cyg, (2)
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where is: Cg — fuel costs, Cror — working fluid
costs, oil and motor lubricant costs (if there are not
included in the maintenance stage), Cpa — tyres and
accumulator battery costs (if there are not included
in the maintenance stage), Cor — vehicle insurance
and road traffic tax costs, Cpr — motorway toll
costs, Cyg — driver costs.

The vehicle fuel cost can be expressed by the
following equation:

Co=gec'S (€), )

where is: ge (I/km) — fuel consumption for appro-
priate vehicle, cg (€/1) — fuel single price, S (km) —
vehicle mileage.

It should be noted that fuel consumption is
basically a variable size and that it depends on ve-
hicle technical condition. For a real display of such
a cost, measuring should be made of the real fuel
consumption in real exploitation conditions. Tyres
and accumulator battery costs in this case are taken
within corrective maintenance. Working fluid costs
and oil and motor lubricant costs are not consid-
ered out of the maintenance process. Being Army
vehicles, they, according to the regulations, are not
burdened with insurance and tax duties and are free
from motorway toll costs, so, these costs, along
with drivers costs, are also not taken into account
in the total cost.

3.3. Maintenance cost

Costs on vehicle preventive maintenance. In
general, preventive maintenance costs are most
accurately fixed according to the preventive main-
tenance schedule provided by vehicle manufactur-
ers on the basis of their own market research and
experience and targeted to as high competitiveness
of their vehicles as possible.

The total cost amount required to be spent on
preventive maintenance during the operating state
apparently depends on the number of preventive
maintenance operations required to be performed
on the vehicle during its usage, and on the cost
amount required for carrying out such preventive
maintenance operations. For the preventive main-
tenance cost, the following equation can be used

[4]:

Comp =1 - cm, 4)
where is: ¢ — operating time, ¢y — average costs on
preventive maintenance applied to an operating

time unit that these costs are dependent on the ve-
hicle reliability level, i.e. failure rate.



54 K. Jakimovska, I. Gjurkov

Costs on vehicle corrective maintenance: The
total cost amount necessary to spend on vehicle
repairs during its operating state depends appar-
ently on the number of failures which occur in the
vehicle during its usage, and on the cost amount
necessary to remove each failure. If the failure rate
A is regarded as a measure of reliability level, it is
possible to use the following equation for repairing
support costs [4]:

Comc = At cr, ®)

where is: A — failure rate, ¢t — operating time, cg —
average price of the vehicle, whereas it is esti-

mated that the price is again dependent on the ve-
hicle reliability level, i.e. on failure rate.

Total costs on vehicle maintenance. Vehicle
maintenance generally comprises the following op-
erations:

= care,

= preventive maintenance,

= corrective maintenance,

= overhauls (middle and large-scale),
= control / inspection,

Crc = Cc+ Comp + Come + Co + Car. (6)

——1

-1

Cost (€)

—ir—I

1 2 3 4 5 6 7 8 9 1011 1213 41516

17 18 19 20 21 22 23 24 25 26 27 28 29 30

Years of exploatation

—1

—=-1II

e 111

Cost (€)

1 2 3 4 5 6 7 8 92 1011 12 15 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Years of exploatation

Fig. 2. Total maintenance cost on IVECO CARGO’s maintenance [6]
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3.4. Amortization

Amortization percent is set depending on ve-
hicle category (kilometer-category — km'K) and
vehicle exploitation period (age). Vehicle category
is set for every individual vehicle type of the same
brand according to the SUPERSCHWAKE Cata-
logue [5]. Vehicle exploitation period is set from
the date of first registration (as it can be seen from
the traffic booklet) till the date when the vehicle
was sold.

3.5. Disposal cost

Vehicle disposition can be as important as
vehicle acquisition. The disposal procedure should
start after a long use when both maintenance costs
and vehicle amortization begin to grow rapidly. As
this study reviews user costs, only for disposal cost
is considered the sale price of a specific vehicle.
Furthermore, the dismantling process is not taken
into consideration.

—e— total
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cost

—- amortization
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Fig. 3. IVECO CARGO user’s cost for the first regime of exploitation [6]
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4. CONCLUSIONS

The article describes methodology of calcu-
lating user costs on any vehicle. To carry out this
task successfully, it is necessary to collect and sort
data on the occurrence and relevancy of failures,
costs on failures removal, preventive maintenance
costs and costs on operating state. The developed
LCC model on the vehicle user costs includes any
influential elements found in the use of vehicles.

This model is easy to understand and allows
for relevant corrections and modifications. It has
been verified in this research by analyses made on
the relevant military vehicles of my country.

Knowledge of the vehicle user costs may help
vehicle maintenance engineers to envisage such
costs for the next year and thus create their budget
more successfully. Moreover, knowledge of such
costs may also help vehicle manufacturers be more
competitive.
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A bstract: Virtual reality is the use of computer technology to create the effect of an interactive 3D world in
which the objects have a sense of spatial presence. The primary difference between conventional 3D computer
graphics and Virtual Reality is that in Virtual Reality we are working with things instead of pictures of things. In this
paper are compared 6 models for simulation scenes in virtual reality and also is made their comparison in terms of
features that they offer and the price for their implementation. The purpose of the analysis is to obtain guidance for
developing own model for interactive scientific visualization adapted to circumstances in research centers in Republic
of Macedonia, which means to be optimized for effective results by using cheap equipment no more than 1000 Euro.

Key words: virtual reality; virtual environments; scientific visualization; computer design; techniques of interaction

CIIOPEJBA HA HEKOJIKY MOJEJIN 3A THTEPAKILINJA BO BUPTYEJIHA PEAJIHOCT

AmcTpaxkT: BupTyenaHaTa peatHOCT NPETCTaByBa KOPUCTEHHE HA KOMITjyTepcKara TEXHOJIOTHja 3a
co3maBame e(DeKT Ha TPHUIMMEH3HOHAJICH CBET BO KOj MPEAMETHTE HMMaarT H3IJIe]] Ha MPOCTOpHA
npucytHocT. OCHOBHATa pa3inka moMer'y KOHBeHIMOHAIHATa KoMIjyTepcka 3/1 rpaduka u BupTyenHara
PEaNHOCT € TOoa LITO BO BUPTYENIHATA PEATHOCT paboTHME CO MPEAMETH HAMECTO CO CIUKH Ha MPEIMETH.
Bo 0Boj Tpyn ce aHanu3upand 6 MOZAENH 3a BUPTYEJHa PEAHOCT W HANpaBeHa € HHMBHA criopenda BO
OJTHOC Ha KapaKTePUCTUKUTE KOWIITO I'M HYJAAT U IleHaTa 3a HUBHA UMILIeMeHTaluja. [{enra Ha aHamu3a-
Ta € Ja ce J00MjaT HACOKM 3a pa3BOj Ha CONCTBEH MOJIC] 3a WHTCPAKTHBHA Hay4yHa BH3yalH3alldja,
YCOIJIaCeH CO MPWIMKHUTE BO HCTPAXKYBAYKUTE LEHTPU BO PemyOnuka MakenoHwuja, IITO 3HAYU Ja €
ONTHUMUPAH 3a 00MBamkbe e(DEKTUBHU PE3Y/ITaTH CO KOPUCTEHHE HA €BTHHA ONpeMa Koja O YMHENIa OKOJTy
1000 EUR.

Kay4ynu 360poBu: BUPTYEJIHA PEATTHOCT; BUPTYEIIHA OKOJIMHA; Hay4Ha BU3YyaJIM3alli]ja; KOMILYTEepCKH
ITN33jH; TEXHUKA Ha WHTEPaKIIHja

1. INTRODUCTION

The idea of inserting a man in some imagi-
nary the world is very old. Needs for visualization
unrealistic, but yet sufficiently realistic environ-
ments occurs in the middle of the twentieth cen-
tury. First registered attempt that has similarities
with modern devices was constructed by Morton
Heilig (1926-1997) and was named Sensorama. It
was a motorcycle simulator that had a wide range

of stimuli that simulate. For visualization of im-
ages it used video projection and for sound it used
appropriate audio of motorcycle. It was interesting
that this device simulated vibration and even the
smell of overheating tyre. In 1960 was designed
the first device with built-in display that bring on
the head (HMD), and in 1977's was constructed
first Data Glove. The early nineties of the last cen-
tury marked the development of various devices
and software for virtual reality. Today, the applica-
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tions for virtual reality technology provides good
solutions in the implementation of complex visual
requirements.

2. VIRTUAL REALITY

“Scientific visualization is the use of com-
puter graphics to create visual images which aid in
the understanding of complex, often massive nu-
merical representations of scientific concepts or
results” (McCormick, 1987).

Such numerical representations, or datasets,
may be output of numerical simulations as in
Computational Fluid Dynamics (CFD), Molecular
Dynamics (MD) or engineering in general, sensing
(recorded) data as in geological, meteorological or
astrophysical applications. Visualization is essen-
tial in interpreting data for many scientific prob-
lems. It transforms numerical data into a visual
representation which is much easier to understand
for humans. The process of data visualization can
be described as a sequence of fundamental proc-
essing steps:

e Simulation: results of numerical simulations

(or data sensing / measurement) are the input
of the visualization pipeline.

e Data selection & filtering: relevant regions
of the raw data are selected, then filtered and
enhanced. Techniques such as: i.e. enrich-
ment & enhancement, data cropping, down-
sizing, noise filtering, segmentation and fea-
ture extraction can be used.

e Visualization mapping: the processed data
have to be mapped / transformed into gra-
phical primitives such as points, lines, pla-
nes / surfaces (triangle meshes), or icons,
and their properties such as color, texture or
opacity.

e Rendering: finally, the graphical primitives
are rendered as images, which are then dis-
played on the screen.

Virtual reality can be defined in many ways,
which all come down to the definition of a signifi-
cant relationship between human and computer. It
can be described as a simulation that computer
graphics applies for creating a world with realistic
view and that synthetic world is not static, but re-
sponds in some way to the reaction of the user and
modify the environment in real time. Interactivity
and its effect contributes to a strong sense of im-
mersion — including in the environment in which is

the user. He can see and manipulate with graphical
objects on the screen, but also could touch and
feel. Studies go in that direction to make sensors
for hearing, taste and smell.

In this paper we refer to the concept of im-
mersive Virtual Reality, which gives the user the
psycho-physical experience of being present in a
virtual environment consisting of interactive (vir-
tual) objects. This experience is achieved by a
proper integration of VR hardware (3D displays
and spatial interaction devices) with a responsive
computer-generated 3D environment.

The sensation of space and depth is essential
for every VR system. The human visual system
interprets the depth in sensed images using both
physiological and psychophysical cues. Through
the use of artificial depth cues in computer graph-
ics, these spatial sensations can be simulated. In
Immersive Virtual reality the stereo display and
head tracking are used to also provide the binocu-
lar parallax and motion parallax, respectively.

Visualization in a technology of virtual reality
is a graphic representation of the virtual environ-
ment in the form of images or animation and can
be displayed with various output devices such as
monitors, LCD projectors, TVs and similar devices
that can display three-dimensional world.

3. SEVERAL MODELS FOR INTERACTION
IN VIRTUAL ENVIRONMENTS

Interaction is an essential characteristic of vir-
tual environments. Much has been published about
interaction techniques in VR but the quest for truly
intuitive and natural interaction techniques is still
going on. Interaction between users and virtual
environments is complex. Users must be able to
navigate through 3D space, manipulate with virtual
objects or control parameters of a simulation, and
interact with the 3D GUI inside the virtual envi-
ronment in a user-friendly way. In this paper are
processed several models of interaction in a virtual
environment and each of them has special tools
and equipment.

M. Rorke, S. Bangay, P. Wentworth (2000)
with the help of Rhodes University implemented
the system with a magnetic tracker and simple de-
vice with four switches called virtual stick. There
was worked on some problems related to interac-
tion in immersive virtual reality and was given
recommendations on how is best to deal with them.
Their research showed that most applications for
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virtual reality belong in the field of spatial realiza-
tion and there is a very little effort to allow users to
direct manipulation with objects. The main reasons
for this are listed haptic force feedback, equipment
for monitoring, precision of devices, etc.

W .

Fig. 1. Magnetic Tracker and Virtual Stick

D. Bowman (2001) proposes a systematic
study of the design, evaluation and implementation
of techniques of interaction in VE. He designed
and effective and efficient interaction techniques in
VE. Most of them belong to three categories: point
of view in motion, selection and manipulation. For
each of these tasks there are many proposed inter-
action techniques. The motion is part of a bigger
task of navigation that includes real movement and
decision process of the desired direction and aim of
the movement. Three main components are in-
volved in this technique and they are direction,
speed and conditions which a user begins, contin-
ues and ends with the movement. Selection refers
to specifying or selecting an object for a specific
purpose, while manipulation refers when the user
touch the objects with the virtual hand and ma-
nipulate with them. Two basic techniques of selec-
tion and manipulation are presented. The first is
ray casting, while the second is arm extension. In a
ray-casting technique a light ray emanates from the
user’s virtual hand. To select an object, the user
intersects the object with the light ray and performs
a “grab” action usually by pressing a button. She
can then manipulate the object using the light ray.
Arm-extension techniques allow the user to reach
far away objects by providing a means to make the
virtual arm longer than the user’s physical arm.
This can be accomplished by various mapping
strategies, button presses, etc. The user then selects
and manipulates the object as with the in-hand
metaphor: touch the object with the virtual hand
and manipulate it with hand movements.

M. Koutek and F. Post (2001) presented a
model of spring based tool for user interaction with
virtual worlds that will provide more realistic fell
to the manipulation with objects in virtual envi-
ronments. This tool using a spring attaches to ob-

Mauw. unorc. nayu. ciuc., 32 (1), 57-63 (2014)

jects and help in manipulating with them. This tool
gives the user a feeling of weight or mass of the
objects and can get natural visual force feedback
during manipulation. When the user take some ob-
ject, spring will expand proportionally to the
weight of the object. Also, acceleration and decel-
eration of the movement will effect on the visible
length of the spring.

N
*®

Fig. 2. Spring-based manipulation tool

J. Kjeldskov and J. Stage (2003) describe and
evaluate tools for developing software applications
for virtual reality. Their goal is to compare and
discuss the importance of classic styles of interac-
tion for tools that are used in development of ap-
plications for virtual reality. The focus is on the
process of developing actual virtual reality appli-
cations and comparing the potential of develop-
ment tools based on a command language with one
tool that is based on direct manipulation. The first
category can be characterized as a classical pro-
gramming approach, since the creation and ma-
nipulation of the virtual world and the objects in it
is specified in a command language. One of the
most widely used binary libraries for developing
3D virtual worlds is CaveLib. The second category
of tools for developing virtual reality applications
can be characterized as a graphic representation
and direct manipulation approach. One of the few
professional tools in this category is dvMockup.

L. Vogelmeier and others (2006) developed
an aplication for virtual reality and it was cocpit
using virtual prototypes. For this aplication it is
essential to ensure, that the deviation of the real
human body from its virtual representation is
within a defined margin. Another important feature
for cockpit development is the provision of haptic
feedback. Both requirements could not be satisfied
using commercially available tools, so they needed
to develop their own methods. In the beginning
they concentrated their activities on a precise rep-
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resentation of the human body. For this purpose
they designed easy-to-use calibration methods for
the measurement of the tracking sensor positions at
the human body. In addition they developed a new
kinematic model, which was able to compensate
for inaccuracies, which arise from differences be-
tween the virtual and the real skeleton. In order to
provide haptic feedback they built a flexible Mixed
Mock-Up system, parts of which can be adjusted
by the user during the VR session. For each
method it is necessary to put special unit called
LRU (Line Replaceable Unit). It is a box with elec-
tronics for complex engineered system that speeds
up the operation.

P. Boudoin and others (2008) proposed a new
multimodel for 3D interaction. It is a model for
increasing the realness and the easiness of the in-
teraction in virtual environment called Fly Over
and is especially devoted to the navigation task.
The purpose of this model is to give a sense on the
user that moves naturally and easily in a virtual
environment. This model offers possibility that all
3D navigation devices can be replaced with a sim-
ple pointing device called Fly Over.

Infrared camera

Flystic

Fly Over -N
blob

Fig. 3. Experimental setting with the use of Fly Over
on the semi-immersive platform. Users navigate by moving
a Flystick in their hand, which position is computed by two

infrared cameras

4. ANALYSIS OF IMPLEMENTED MODELS

Model of M. Rorke is easy to use and provide
tools to overcome the problems with haptic force
feedback. But it also offers some alternative solu-
tions to overcome problems in virtual environment.

In the model of D. Bowman none of the de-
scribed techniques not provided optimum usability.

In general Ray Casting technique is better choice
than the Extended Arm technique which requires
greater precision and manipulation with objects.
However these techniques and research gave their
contribution to the interesting and complex virtual
applications such as Architectural Walkthrough
and Gorilla Exhibit.

M. Koutek and F. Post designed tools to pro-
duce realistic visual force feedback. From the per-
formed testing for manipulation in virtual envi-
ronment with group of people, spring based tool is
easy and intuitive to use. The results show that the
behavior of the objects is a natural and predictable
in most virtual environments. Synthetic models
which are using the spring based tool look and feel
surprisingly real. Approaximation of the mechanics
seems good enough to create illusion of weight and
substance.

From the performed study of J. Kjeldskov and
J. Stage is showed that implementing a virtual re-
ality application using a command language tool
and a direct manipulation tool required efforts in
terms of time that are comparable. The command
language tool, however, resulted in faster imple-
mentation during the most essential phases of the
implementation process and thus outperforms the
direct manipulation tool on a larger scale. The di-
rect manipulation tool on the other hand resulted in
fewer errors. While the empirical results from the
comparing shows that command language tool is
simply superior to direct manipulation tool and is a
three times faster in the implementation of the pri-
mary application. In further investigation direct
manipulation reveals a number of more specific
issues, which may have negatively influenced the
performance of dvMockup.

On the model of L. Vogelmeier problem areas
for examination were haptic force feedback, hav-
ing a good motor skills, movement of the user and
his visual perception, visual quality, etc. They
made five methods for examining the interactions
in the model.

The first method was to use a Data Glove for
interaction in combination with a contact simula-
tion. Visualization was provided by the data helmet
and no haptic feedback was available. The contact
simulation ensures that, if a collision between the
LRU and the aircraft structure occurs, a compen-
sation movement is calculated. If a collision occurs
and the real hand continues to move, the positions
of the real hand and the virtual hand do no longer
correspond. This positional difference is visualized
by the introduction of a second virtual hand in a
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wireframe look which represents the position of
the real hand.

Fig. 4. Holding a Ball with Two Virtual Hands; the Opaque
Hands Show the Positions of the Virtual Hands, the Wire-
frame Hands Show the Positions of the User's Real Hands.
They are, in contrast to the virtual hands, able to penetrate

the ball.

The second option was to skip the contact
simulation and to utilise a real size model of the
LRU made of polystyrene. It was provided with an
additional tracking sensor, so that the movement of
the real LRU and its virtual representation mat-
ched. The user was wearing two datagloves, they
were visualized by two virtual hands. So the user
was able to see and also feel the LRU.

The third method applied an active force
feedback device (FFD), which comprises a robotic
arm, the joints of which were controlled by electric
motors. The FFD allowed to provide a force on to
the user. The range of the robotic arm was compa-
rable to the range of a human arm. A mock-up of
the LRU was mounted at the end of the FFD arm.
The contact simulation linked to the FFD made
sure that, in case of a collision between LRU and
aircraft structure, the respective force is transmit-
ted to the user.

Fig. 5. User Working with the Force Feedback Device
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The fourth interaction method was to use a
Space Mouse to control the movement of the LRU
in combination with a contact simulation. The
visualization was stereoscopic on a desktop moni-
tor. The Space Mouse allowed the user to move an
object in all six degrees of freedom.
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Fig. 6. Space MouseTable Captions

The last method was to use a Flying Mouse
for the control of the movement of the LRU in
combination with a contact simulation. The visu-
alization was done in a four Side Cave System.
The Flying Mouse has the form of a handle; it con-
tains one or more triggers and a tracking sensor to
pick up its position and orientation in space. By
pressing a trigger, the virtual LRU is tied to the
Flying Mouse and is moved according to the
movement of the Flying Mouse. With the Flying
Mouse it was much easier to control the LRU than
with the SpaceMouse.

Fig. 7. Flying Mouse

Model of P. Boudoin is based on two main
ideas. First, all basic 3D interaction tasks may be
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turned into a simple pointing task. Second, the 6D
space of the user (3D position and 3D orientation)
may be seen as a set of hyperspaces in which a
separate pointing task may be applied. Due to these
ideas, Fly Over may be utilized the same way with
various 2D, 3D or 6D devices. The generic model
has been applied to a 2D navigation task and has
been compared to the gaze-steering technique. Pre-
liminary qualitative results shows that Fly Over

generates smoother trajectories and is well ac-
cepted by the users.

5. COMPARATION
Overview of the characteristics of processed

modes is shown in Table 1, while the cost of each
individual model are shown in Table 2.

Table 1
Overview of the characteristics of the considered models
Author Dim FF VD Us\ijﬁ vs | vD Looéisg © ™
M. Rorke and others 3D - X - X X - - 10 min.
D. Bowman 3D - X X - X - - 1 hour
M. Koutek and F. Post 3D X X X - X - - 3-8 hours
J. Kjeldskov and J. Stage 3D - - - - X - - 2-10 hours
L. Vogelmeier and others 3D X X X X X X X 24-72 hours
P. Boudoin and others 3D - - - X X - - 1 hour

Legend:

Dim — Dimensions, VD — Virtual Display, FF — Force Feedback, CV — CAVE, HMD — Head Mounted Diplay, CK — Cockpit for Virtual
Reality, VH — Virtual Hands, TA — Time of Adjustment, VS — Virtual Stick, X — yes / no

Table 2

Overview of costs

P. Boudoin and others

L. Vogelmeier and others
J. Kjeldsov n J. Stage

M. Koutek v F. Post

D. Bowman

M. Rorke and others

BEEUR 0

10000 15000

6. CONCLUSIONS

From the performed comparation all models
related to 3D virtual environment. Also, in each of
these models user view is directed to the virtual
display or virtual workbench, with the exception of

the model of L. Vogelmeier which included also
cockpit for virtual reality. In most models is used
HMD and equipment appropriate for each model.
But an important characteristic is that only two
models had force feedback in contact with objects
in the virtual environment. Another important ele-
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ment in these models is a time of adaptation by the
user. From performed analysis model of M. Rorke
is the easiest for using and can be used after 10
minutes of exercise. All models have a similar
price in the market which is around 3000 EUR ex-
cluding model of L. Vogelmeier which is very ex-
pensive due to the complexity of the system and
the high performance it has.

At te Faculty of Technical Sciences in Bitola
in progress is development a model for interactive
scientific visualization that will be based on the
following principles:

e user friendly interface;
e using open soure libraries;
e using computer monitor or LED TV;

e unexpensive accessories needed for virtual
navigation (HMD, trackball, virtual stick).
The same model compared with analyzed is
expected to have the following advantages:

e to enable work on any computer that sup-
ports CAD software who can run interactive
scientific visualization;

e it will be a low cost about 1,000 EUR;

Mauw. unorc. nayu. ciuc., 32 (1), 57-63 (2014)

e it will give a contribution to the field of in-
teractive scientific visualization as a tool for
a large number of users which are not spe-
cialized in the field of engineering technol-
ogy and virtual reality.
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Abstract: Revised Hydro Power Plant model of the IEEE working group recommended converted to state
space model is used for simulation of transient response of hydro turbine, and verification was made using measure-
ments of transients from real Hydro Power Plant (HPP). Nonlinear mixed model controller was designed and imple-
mented into complete HPP simulation model and compared with PID with real parameters used in HPP, and with ad-
justed PID parameters with consideration of smallest frequency error. Verification of performance of the model was
made comparing model response with measured load rejection, which is worst case of HPP operation.
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CIIOPEJIBA HA CUMYJIMPAH U UBMEPEH O/I3UB IIPU O/IBUBAILE
HA OIITOBAPYBAIE HA MOJEJI HA XUJAPOEJEKTPUYHA ITIOCTPOJKA
CO KOMBUHUPAH HEJIMHEAPEH YIIPABYBAY

AmnmcTpaxk T 3a cuMylanyja Ha OJHECYBamkeTO Ha xuupoenekTpuynute nocrpojku (XEIT) Bo ekctpeMHM
CHUTYyaIlMH KaKo MTO ce mober, o701Bambe Ha ONTOBAPYBABE U CIMYHO, CE KOPUCTH PEBUIMPAHHOT MOJET Ha paboT-
Hara rpyna Ha IEEE, mpuBenen Bo mpoctop Ha cocToj6a u BepuHUIUpaH NPEKy SKCIePUMEHTaIHH Mepema Ha
npeonuute kapakrepuctuku Ha XEIL. [Ipoektupan e HOB KOMOMHUpAH HETMHEApEH YIpaByBad U € UMIUIEMEHTUPAH
BO Bepuummpannor mozen Ha XEII. On3uBuTe Ha Taka Ae(UHUPAHIOT CHCTEM C€ CIIOPEACHH CO PEaTHO U3MEPEHH-
te oa3usu Ha XEII, kako u co cumynanuu Ha mozenu Ha XEIT xou xopucrar asa tuna Ha [IM/]-ynpaByBame

Knyuynu 300poBu: XxuapoeHepreTcka NOCTPOjKa; XUApayIndHa TypOrHa; HEIMHEapHO yNpaByBambe; YIIPaByBay

1. INTRODUCTION

Hydro Turbine is highly nonlinear device
which behavior is highly unpredictable and varying
with change of network load. Because of that, use
of linearized models for simulation of dynamic
response characteristics of Hydro Turbine is not
recommended. In this paper revised model of the
IEEE working group [1] recommended is used for
simulation of transient response of hydro turbine,
and verification was made using measurements of
transients from real Hydro Power Plant (HPP). Af-
ter that, nonlinear mixed model controller was de-
signed and implemented into complete HPP simu-

lation model. Verification of performance of the
model was made comparing model response with
measured load rejection, which is worst case of
HPP operation. Simulation response was compared
to simulation model with PID with real parameters
used in HPP, and with adjusted PID parameters
with consideration of smallest frequency error.

2. NONLINEAR HYDRO POWER PLANT
MODEL WITH SURGE TANK

Recommended models for simulation of hy-
dro turbine [1, 2] are mainly nonlinear models for
hydro turbine with tunnel, surge tank and penstock,
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with or without implementing elastic properties of
the water column above turbine, and penstock ma-
terial. In this paper, comparative analysis of the
response characteristics of models of hydro turbine
with measured dynamic characteristics of the real
HPP with medium head and short penstock (Tw <
3 seconds) was made. Comparison of the results

shows that the influence of the surge tank and elas-
tic properties of the water column and penstock
material is minor for HPP with medium head and
short penstock [3]. Because of that control law was
designed for model with surge tank and without
elastic properties, shown on Figure 1.

Fig. 1. Nonlinear hydro turbine model

General nonlinear equations that describe
Hydro Power Plant model are:

Dynamics of the common conduit before
surge tank:

hy=hy=hy—h,, (pu) (1)

hie =84 [9.] (pw) ()
_r 9.

hqo - Twc dt (pu) (3)

Dynamics of the surge tank:
1
h=c [4.dt-pyq,14,1 (pw) (4)

where

¢, = Ahee ),

q.=9,+4, (pu) (5
qbasc

Dynamics of the pressure penstock:

ht = hs - hjp - hqp (pu) (6)

h,=,q, (pu) (7)
dql

hy =T, =25 (W) ®)

L . o
where T = % (s) is water starting time,
8 base

water flow through hydro turbine is:

g, =c\lh, ©)

and the mechanical power produced with hydro
turbine is:

P,=A4h(q-q,)-DcAw. (10)

For the task of design of nonlinear control law
model of Hydro Power Plant should be converted
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into state space model representation defined with
following general nonlinear equation:

X =f(x)+G(x)u y = h(x) (11)

State variables are defined with following
equations: x; = ¢, x, = h,, X3 = ¢. 1 x4 = ¢ and com-
bining above equations lead to following represen-
tation of the HPP model in state space:

- o
E["’(@”x_ﬁjx‘j
X3 =X
fx)= < (12)
—(ho—x2 ¢fcx3[x3])
A
L Tg _
o
0
gx)=| 0 (13)
1
_Tg_
h(x)=x,. (14)

3. DESIGN OF NONLINEAR MIXED MODE
CONTROL

Nonlinear controller was designed using par-
tial state linearization method, simulation model
was integrated and simulation results of load re-
jection were compared with PID and gain sched-
uling controller simulation results and with meas-
urement of the load rejection on the real HPP.

The procedure of designing the nonlinear con-
troller is following: for nonlinear system defined
with (12), (13) and (14) exist local diffeomorphism

z = @(x) with @(0) = 0, for which system in z co-
ordinate system become:

Z L R4 (%)
22 _ L»/'(”z (X) (15)
Zy L D3 (%)
z, L Py (x)+u
After transformation with:
u=-L.@,(x)+v (16)
equation (15) will have this form:
Z, L_f¢1 (%)
. I
Z.z _| L (x) (17)
Z3 Lo, (x)
z, \%

Above system has relative degree » = 1 and
the system is partially linearizable with stabilizing
controller in feedback.

In this case local diffeomorphism will be-
come:

Z @, (x) X

| e | X

= = (18)
Z3 @5(x) X3
Z4 ¢4 (x) Tgx4
and the control variable becomes:
u=-Lg(x)+v=x,+v (19)

Nonlinear control law (19) is used in parallel
with conventional PI controller and thus became
mixed mode nonlinear controller. Introduction of
feedback controller causes partial linearization of
the state vector, splitting dynamics of the system to
external linear part and internal nonlinear and non-
observable part. Integrated model and nonlinear
controller is shown on Figure 2.

Controller

Nonlinear system
)'c:f(x)+G(x)u
y=h(x)

Fig. 2. Integrated Hydro Power Plant model
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Designed control law asymptotically stabi-
lizes the system around working point because
vector field of zero dynamics of the system is also
asymptotically stable.

4. COMPARISON BETWEEN SIMULATED
AND MEASURED RESULTS

Verification of performance of the model was
made comparing model response with measured
load rejection, which is worst case of HPP opera-

Table 1

Parameters of HPP

Turbine power

Base flow

Base head

Water starting time 7,
Head loss coefficient kr
Turbine gain 4,
No load flow g,

Surge tank constant C,

41 MW
50 m%/s
92 m

1,434 s

1,1211
0.08 pu
36,11s

0,001071 m/(m%/s)>

tion. Table 2
) Parameters of used controllers
Parameters of the HPP model used for simu- /
lation are given in Tables 1 and 2. Controller Kp Ki Kd
. . . PID 2 0.465 1.06
Response of simulation models is shown on . .
. Nonlinear mixed 5 20 -
Figure 3.
14
12 /_\\\
1 \\
x“"w
——— Pm feta measured |
0,8
— — — measured gate opening |
1_::: measured frequency I
%] [
o simulated frequency nonlinear controller
3 L
0,6 simulated gate opening nonlinear
simulated frequency FID |
= simulated gate opening PID L
04 \
0,2 \ - -
r \\<f “"h.._--“_'____.--'_._‘_.c-—
k__ﬁ____—\——w——'\—___
\ /
0 = — 4
10 20 30 40 70 20 a0

Fig. 3. Simulation of load rejection
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A bstract: Evacuation of people located inside the enclosed area of an LNG terminal is a complex problem,
especially considering that accidents involving LNG are potentially very hazardous. In order to create an evacuation
model managed through fuzzy logic, extensive influence must be generated from safety analyses. A very important
moment in the optimal functioning of an evacuation model is the creation of a database which incorporates all input
indicators. The output result is the creation of a safety evacuation route which is active at the moment of the accident.

Key words: evacuation model; risk analysis; fuzzy logic; LNG terminal

HAIIPEJEH EBAKYAIIMOHEH MOJEJ YIIPABYBAH IIPEKY FUZZY-JTOTUKA
INIPU HE3I'OJA BO TEPMHHAIJI 3A TEYEH ITIPUPOJAEHTAC

A mcTpax T EBakyanujata Ha JIyfeTo KOM ce HaoraaT BHATPE BO OTPaJeH MPOCTOP O TEPMHUHAT 32 TCUCH
npupogen rac (TIII') npercraByBa KOMIUIEKCEH IPOOIeM UMajku IpeaBuy neka Hesroaute co TIIIN ce morenujanHo
MHOTY OHacHH. 3a Jia ce u3paboTH eBaKyallMOHEH MOJIEN yIpaByBaH NpeKy Fuzzy-mormuka, roiemMo BiIMjaHHE MMaaT
cripoBesieHHTe 0e30€IHOCHM aHAIM3M. 3a ONTUMAIHO (DYHKIMOHMpame Ha €BaKyallMOHHOT MOJEN Of rojema
BaXKHOCT € KpeupameTo Ha 6a3a Ha I0JAaTOLH KOja Ke I'M COIP)KH CHTE BIIE3HHU nojaTouu. KpaeH nsneseH pesyirar e

Kpeupame Ha 0e30e/jHa eBaKyaloHa pyTa Koja € akTUBHA BO MOMEHTOT Ha HE3rozata.

Kunyuynn 360poBu: eBakyanroner Moel; 6e30enHocH aHanu3y; fuzzy-noruka; repmunain 3a TIIT

1. INTRODUCTION

Due to the ever increasing call for energy in
the world, there is more and more need to use natu-
ral gas as an energy source and hence the need to
open new Liquid Natural Gas (LNG) terminals as
shipment by sea is inevitable. Basic information
regarding LNG terminals is the capacity and num-
ber of LNG storage tanks as well as the size and
the capacity of the tankers which carry out the
transport to the terminal. The potential hazard as-
sociated with LNG mainly comes from the possi-
bility of an accident with consequences generated
by LNG leakage. In such situations, a very possible
occurrence is fire and thermal radiation. If the
events lead to leakage of a greater quantity of LNG

— into a pool - a cloud is created due to the evapo-
ration which contains natural gas, water, steam and
air. Due to its weight, the cloud, being heavier than
the air, remains at the surface of the earth. The
evaporated natural gas may be significantly influ-
enced by the atmospheric conditions and the geo-
graphic-topographic features of the terrain. The
cloud shifts according to the direction of the wind,
while the speed of the wind additionally effects the
mixing of the natural gas with the air. This mixture
is flammable when the concentration of the natural
gas in the air ranges between 5% and 15%. The
dispersion of the cloud represents a danger to peo-
ple, which is increased in the case of flammability.
The rapid evacuation of people in such a situation
is essential.
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Fuzzy logic, as a part of an artificial intelli-
gence computational method, is being increasingly
used during different industrial researches, above
all for the purpose of advancing the process of de-
cision making, the combined predictions, prob-
ability theories and similar, in situations where the
existing data are insufficiently accurate or insuffi-
ciently precise. An extensive number of the route
planning models use the fuzzy logic with the ob-
jective to obtain precise data which influence dur-
ing the selection of the best route for individuals or
group of people.

The risk for employees at the LNG terminal is
greatest. The lack of advanced evacuations in
situations of LNG leakage accidents indicates a
need for designing evacuation models which apply
to those both inside and outside the enclosed part
of the LNG terminal.

2. GENERAL DESCRIPTION
OF THE EVACUATION MODEL

This paper describes an evacuation model in-
tended for the people located inside the LNG ter-
minal. Risk analysis techniques are divided into
four categories: deterministic, probabilistic, quali-
tative and quantitative. During the risk analysis,
several methods can be used: Event and Fault three
analysis, Hazard and Operability analysis (HA-
Z0P), Hazard Identification (HAZID), Quantita-
tive risk assessment (QRA), Layer of protection
analysis (LOPA), and Probabilistic risk assess-
ment. The model uses data generated by con-
ducting Quantitative risk assessment (QRA) [1][2]
of events involved in LNG leakage accidents. The
management or the control of the evacuation
model is performed using FUZZY LOGIC [3],
where the final output result is crucial during the
selection of the shortest safe evacuation route for
each individual located in the LNG terminal.

Quantitative risk assessment

The objective of conducting the QRA is to
identify the potential impact of the LNG leakage
accident on the workers in the terminal. The analy-
ses result in a time-based and spatial presentation
of the dispersion of the evaporated LNG, its con-
centration in the air, as well as thermal radiation.
For more precise management of the evacuation,
the area of the terminal is divided into cells
(smaller blocks), as shown in Figure 1.

3 EAT2 EAT3 m

B Road
| network

Cells

Fig. 1. Scheme of the modelled LNG terminal

The areas which are a potential source of an
LNG leakage accident are identified well in ad-
vance, including the maximum quantity of LNG
that may leak. For each cell or area, the conse-
quence from the accident is separately defined
(possible size of a crack as a consequence of the
accident, maximum quantity of the leaked LNG,
the size of the leaked LNG, the area in which the
LNG is leaking and so on) and in compliance with
these data and other input parameters, the QRA is
carried out. Potential accidents with LNG leakage
involve cryogenic pipeline systems which are used
to transport LNG, storage tanks, mooring LNG
tankers during off-loading in storage tanks and so
on. Intentional threats may range from insider
threats to intentional external attacks. During such
events, there is a small chance of complete leakage
of LNG from each tank separately, but with the
objective to obtain conservative calculations of the
dimensions of an accident, we shall presuppose
that the tanks have been completely emptied. In
compliance with the described LNG terminal, we
may distinguish several scenarios. Scenario 1 re-
fers to an accident with a moored LNG tanker un-
der the process of off-loading (cell 1), Scenario 2
refers to an accident with the pipeline system in the
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process of off-loading (cells 2 and 4), Scenario 3
refers to an accident with the LNG storage tanks
(cells 6 and 8) and Scenario 4 refers to an accident
in the re-gasification plant.

In this case, we will review the example of an
accident that occurs when mooring an LNG tanker
during the course of off-loading (Scenario 1). The
accidents caused by terrorist attacks are scenarios
considered to have the biggest negative impact. It
has been estimated that in such cases, there is a
possibility of a maximal crack in the tanker of
1500 mm [4], creating conditions for a pool with a
diameter of up to 400 m [4 — 7]. Scenario 1 thus
includes a crack of 1500 mm and an LNG pool
with a diameter of 400m. The behaviour of the
evaporated natural gas from the LNG pool may be
calculated by using a Fire Dynamics Simulator
(FDS) on the basis of Computational Fluid Dy-
namics (CFD) modelling of the dispersion of the
natural gas into the surrounding environment [8 —
12]. The speed and the direction of the wind, as
well as the atmospheric class, plays an immense
role when it comes to the length, speed, direction
and the time frame of the dispersion of the evapo-
rated natural gas, as well as the flammable con-
centration of the mixture of natural gas and air.
Additionally, in case of fire, one can calculate the
quantity of thermal radiation to the surrounding
environment, consequently allowing the presenta-
tion of this in a spatial and time sense [13, 14]. The
scenarios will be conducted using the created 3D
model of an LNG Terminal for which the evacua-
tion model will be made. The Scenario 1 simulates
the evaporation of natural gas from the LNG pool

on a water surface with a size of 160000 m”
(400x400m). The dimensions of the presented
model are 3000 m per x axis, 3000 m per y axis
and 300 m per z axis. The atmospheric wind has a
speed of 2 m/s and disperses the gas cloud in the
direction of the wind. The temperature of the sea
water is set to 20 °C. The simulation of the disper-
sion is calculated with the use of the FDS program
[15]. Additional obstacles are considered (vessel,
buildings, storage tanks...) which might have an
influence on the spreading gas.

Figures 2 and 3 show examples of the length
of the dispersion with concentration of methane in
the air between 5% and 15% depending on the
time of the leaked LNG from the moored tanker.

Through the calculated data from the analy-
ses, we identify the cell, time and magnitude of the
danger for the people at the terminal. All of these
data should be incorporated into the database. The
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objective of the database is to understand the influ-
ences of the accident, and for creating the rules and
procedures under which the evacuation model will
be managed with the use of fuzzy logic. For a bet-
ter evacuation model, it is necessary to perform as
much as possible analyses with different input pa-
rameters for the speed and the direction of the
wind, temperature data, location of the leakage, the
type of the area/surface where the LNG is leaking
and the like. Some scenarios can be excluded,
since they do not pose a threat to the terminal.
With this approach we achieve a simplification and
reduce the time and efforts required for completing
our database. Due to this, according to the Scenario
1, the directions of the wind North (N) (Table 1.1),
Northeast (NE) (Table 1.2) and Northwest (NW)
(Table 1.3) only will be included.

Fig. 2. Dispersion of the LNG vapour after 60 seconds

Frems 5

oo [ \

Fig. 3. Dispersion of LNG vapour after 636 seconds
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Table 1.1

Time data per accident, length of dispersion,
risk and safe cells and exits

Table 1.3

Time data per accident, length of dispersion,
risk and safe cells and exits

Scenario 1, D(pool) = 400 m, off-loading LNG tanker
Wind direction N, V=2 m/s

Scenario 1, D(pool) = 400 m, off-loading LNG tanker
Wind direction NW, V=2 m/s

Time Dispersion Risk cells  Safe cells and exits Time  Dispersion Risk cells Safe cells and exits
Q)] (m) Q)] (m)
100 600 12 310/ exits 1,2,3 100 610 12 310/ exits 1,2,3
170 880 12 3210/ exits 1,23 170 890 12 310/ exits 1,23
200 1000 1234  5-10/exits 1,2,3 200 1005 12,34 510/ exits 1,2,3
230 1150 1234  5-10/exits 1,2,3 230 1140 12,34 510/ exits 1,2,3
320 1450 12,3456 7-10/exits 1,2,3 320 1430 12,3456  7-10/exits 1,2,3
370 1600 123456 7—10/exits 1.2.3 370 1590 12345  67—10/exits 123
430 1740 12,3,4.5,6,7,8 9— 10/ exits 2,3 430 1750 12,3,4,56,7  8,9,10/ exits 2,3
500 2020 12345678 9-10/exits 2.3 500 2020 12345678  9.10/ exits 2.3
540 2100 1-10 / 540 2090  1,2,3,4,5,6,7,8,9 10/ exit 3
) ) I j ) I I j
1070 2070 1-10 / 1070 2800 1-10 /
1130 >3000 1-10 / 1130 >3000 1-10 /
Table 12 Evacuation model managed / controlled

Time data per accident, length of dispersion,
risk and safe cells and exits

Scenario 1, D(pool) = 400 m, off-loading LNG tanker
Wind direction NE, V=2 m/s

Time  Dispersion

Risk cells Safe cells and exits
Q) (m)
100 610 1.2 3-10/exits 1,2,3
170 890 12 3210/ exits 1.2.3
200 1005 12,3.4 5-10/exits 1,2,3
230 1140 12,3.4 5-10/exits 1,2,3
320 1430 12,3456  7—10/exits 1,2,3
370 1590 12346  57-10/exits 12,3
430 1750 12,3,4,56,8  7,9,10/ exits 1,2,3
500 2010 123456810 7.9/ exits 1,2
540 2090  12,3,4,5,6,7,8,10 9/ exit 2
1070 2800 1-10 /
1130 >3000 1-10 /I

via fuzzy logic

Evacuations happen frequently. People are
evacuated from their homes, businesses, ships, and
more, in response to actual or predicted threats of
hazards such as hurricanes, floods, tsunamis, vol-
canic eruption, and release of hazardous or nuclear
materials, fires and explosions [16]. Evacuation is
a way of increasing the distance between the popu-
lation and a hazard, and is the counter measure to
toxic chemical releases with which there is the
most experience. The term evacuation also de-
scribes the withdrawal of persons from a specific
area because of a real or anticipated threat or haz-
ard.

In the last decade the warning process and re-
sponse, organizational response, behaviour in
evacuations, evacuation planning and management
has been more in focus than had been the case in
the past. The stress has been on the quality of in-
formation, the timing of message delivery and
compliance with warnings. The new warning tech-
nologies include cell phones, the internet, Global
Positioning System (GPS) devices, etc. Each indi-
vidual in the LNG terminal, after being alerted to
an accident through with alarm systems, is in a
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dilemma regarding the best evacuation route to
choose. The slightest probability of risk given any
chosen route implies potential fatality. The larger
the scale of an accident is, the greater the probabil-
ity of an individual making an error in choosing a
route. Having said this, there is a need for the de-
velopment of an evacuation model which is to be
managed using fuzzy logic and is meant to relocate
individuals via safe routes as well as via safe areas
which are not endangered by the accident. The on-
time evacuation of people is of essential signifi-
cance for the decrease of risk; i.e. minimizing the
human consequences of an accident event. The
data from a database produced through the carried
out QRA, provides a clear picture of which cells of
the terminal at which time after the recognition of
the accident will be at a particular risk. In addition,
by using those data, precise dimensioning of the
fuzzy sets is being performed. It also provides im-
ages of the optimal evacuation routes at given
times after the accident. Of great importance is the
early detection of the accident. The devices for
detecting gas or heat indicate the location where
the LNG leakage accident happened [17]. This is
the starting point for the creation of one dynamic
evacuation model. As we have mentioned, all lo-
cations have been pre-evaluated in terms of poten-
tial leakage as well as the maximum quantities of
leaked LNG. The location of the detected accident
and direction of the wind, the speed of the wind,
the atmospheric temperature and the temperature
and the type of the surface where the accident
takes place are the input parameters which indicate
the selection of the scenario (Figure 4) by which
the dynamic evacuation routes for the individuals
are created. For each cell of the terminal in com-
pliance with the selected scenario, via the QRA,
the program will provide insight into the time such
a cell will be affected. Also, the safe-havens or
shelters which are foreseen in case of an accident
are also emphasized. In the end we determine
which parts of the travel route at what time are safe
for use during a dynamic evacuation. For a suc-
cessful execution of the evacuation, a GPS device
with an installed map, streets and routes and shel-
ters of the LNG terminal which people can use is
required. The device provides the accurate location
of the individual at the time of the occurrence of
the accident. With this, the individual represents
the starting point A used to create his/her safety
evacuation route. The evacuation route directs the
individual to the end point B, which is at a location
that will not be affected by the accident, and is ob-
tained from the carried out analyses [7]. The
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evacuation management device, for a specifically
determined short time interval, depending on the
location of the individual identified via the GPS
device, refreshes the analysis for creating a safe
evacuation route, which in case of change in the
initially shown route will alert the evacuee to any
change, projecting the newly created evacuation
route.

Gas and heat Wind

detectors

Alarm and

timing detectors

Selection of
scenario

Scenario M

—)-[Fuzzy logic contral system ]47

\afe time for cells

v

[ Computer analyses for shortest safe rout

;
Individual pozition and Individual evacuation safe rout
(GPS device)

Fig. 4. Selection of Scenario

Fuzzy logic modelling approach for
control/management of the evacuation model

The fuzzy logic tool provides a technique
which allows us to deal with the imprecision and
uncertainty of the information [18]. The modelling
of the large spills of LNG is a complex process
which realistically is very difficult to execute. The
largest part of the data which portray the large
scale accidents are generated through sophisticated
computer programs. The noticeable variance of the
results generated from different computer pro-
grams but with the same input parameters, leads us
to a situation of having certain doubts in terms of
the obtained data. One of the advantages of fuzzy
logic is dealing with the problems when the data
are imprecise and uncertain.
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The basic elements of any given fuzzy logic
system [3, 19, 20] are: rules, fuzzifier, inference
engine, and defuzzifier (Figure 5). The main task
of the fuzzifier is converting fuzzy variables into
crisp number and mapping them into fuzzy sets.
The task of inference engine is mapping of input
fuzzy sets into fuzzy output sets by using knowl-
edge base rules. This procedure is followed by IF-
THEN rules, established on the basis of human
knowledge or mathematical calculation. The main
task of the defuzzifier is opposite of fuzzifier and
reaches to a precise and deffuzified output for any
variable.

During the design of the fuzzy logic systems,
one defines the input and output variables, identi-
fies the membership functions and creates the da-
tabase of fuzzy variables. There is a distinction
between linguistic and numeric data — i.e., infor-
mation. The linguistic data usually express a cer-
tain experience through words, while the numeric
data in reference to a specific phenomenon are
generated on the basis of measurements, experi-
ments and statistical analyses. In our case, the
QRA provide us with both linguistic and numeric
data, on the basis of which the input and output
variables are created, including the set of fuzzy
rules. The basic task of fuzzy logic for manage-
ment of the evacuation model is to make the proper
selection of a route for evacuation for each indi-
vidual in the terminal, which eliminates the possi-
bility of an error during the selection of an evacua-
tion route when such is created by an individual.

. Inputvalues

Y
[ Fuzzification ]

Y

<Fuzz'gr rule base>(—>[ Fuzzy inference engine ]

Y
[ Defuzzification ]

Y

A Outputvalues

Fig. 5. Basic elements of the fuzzy logic system

Evacuation model control system

The fuzzy logic controlled evacuation model (Fig.
6) uses wind speed and wind direction detectors,
gas and heat detectors, automatic and manual alarm
systems, and the positions of the terminal workers from
different locations of the terminal area with the goal to
collect all necessary information for input variables
used by the fuzzy logic controller. The controlling is
closely related to the previously accumulated experi-
ence from QRA, and is copied during the setting of the
fuzzy logic controller.

wind speed detectors

U
E | database
wind diraction detectars y “:::;* | A
11;& —y
1 Hew =

|
I GPS dvices
|| fuzycontol systemtfor Evacuation model network

gas and heat detectors

I
W
Il

autornatic and manual alam sistzm

Fig. 6. General structure of the fuzzy control system
for an evacuation model

Input and output membership functions

There are four membership functions for the
evacuation model for each of the input and output
fuzzy variable. The table below (Table 2) shows
the Input fuzzy variables — the speed of the wind
within the area of the terminal (wind speed) as well
as the time elapsed after the detection of the acci-
dent (time after disaster) as well as Output fuzzy
variable — the remaining time to reach a point of
unacceptable risk in cell X of the terminal (safe
time). For purposes of facilitated use of the system
fuzzy variables, the relevant abbreviated forms for
the variables shall be used hereinafter.

The graphic display of the membership func-
tions of the language variables is shown in Figure
7. The y-axis shows the grade of membership for
each fuzzy variable. The x-axis shows the input
fuzzy variables (wind speed, time after disaster)
and the output fuzzy variable (safe time). The set
up and identification of these membership func-
tions have been determined according to the QRA
and a fulfilled database.
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Table 2

Fuzzy variables and Fuzzy sets
(Scenario 1: LNG pool diameter 400 m,

wind speed 2 m/s)

Linguistic variables  Fuzzy set Description range
Wind speed very slow (vs) 0-1.3
(m/s) slow (s) 03-3.4

fast (f) 28-6.2
very fast (vf) 53-9>
Time after disaster  very short (vs) 0-55
s) short (s) 35-105
medium (m) 80175
long (1) 140 — 250>
Safe time very short (vs) 0-95
©) short (s) 55135
medium (m) 105 -205
long (1) 265 - 280>

Fuzzy rule base and defuzzification

The rules of the FUZZY LOGIC controller
are based on 'IF-THEN' conditionality. In this case
wind speed and time after disaster are the factors
that affect the consequence expressed as safe time.
We have two variables with Fuzzy Input with four
membership functions. According to this the total
number of rules applied to the output fuzzy vari-
able safe time is sixteen. The number of rules can
also be lesser in some cases, where it is believed
that some rules are not necessary or will not
change anything in certain situations.

For each cell a separate matrix for fuzzy rules
is being created in reference to each scenario
which is part of the evacuation model. This is done
with the objective that for each individual located
in X cell, the fuzzy control system shall use the
adequate matrix for the X cell which is intended
for the scenario of the accident. As an example,
Table 3 shows the matrix for fuzzy rules for
evacuation Scenario | in an event when the indi-
vidual is located in cell number 4.

FUZZY LOGIC controller is using the max-
min composition (Mamandi). In the process of de-
fuzzification, the centre of gravity of the received
fuzzy set shows the output numerical value. As an
example from the following chart (Fig.7) we can
see the max-min composition of the 16 rules in the
case where the input variables are: wind speed
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2m/s, time after disaster 160 seconds. These val-
ues have a grade of membership of 1. The output
numerical value for safe time after the defuzzifi-
cation for this case is 55 seconds.
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Fig. 7. Graphical presentation of the membership functions
to the fuzzy logic controller

Table 3

Matrix for fuzzy rule base for evacuation model

Safe time

Time after disaster
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Fig.7: Graphical presentation of the outcome
of fuzzy logic controller

Evacuation route

In order for the evacuation model to success-
fully manage the obtained input and output data, it
is necessary to produce a software solution which
as a final product provides information to the GPS
device of the individual in graphic and sound form
via presentation of the evacuation route leading to
an area which will not be affected by the influ-
ences of the accident. The designed program re-
ceives information from the fuzzy logic controller
for each cell separately, when the cell will be af-
fected by the accident, and in compliance with this,
the program designs potential routes for each indi-
vidual leading him or her to the final safe destina-
tion. The shortest route is the first option that ap-
pears on the GPS device of the individual for
which the route was created. Under the selected
Scenario 1, the individual is located in cell 4. QRA
for the starting input data shows that cells 3 and 4
will be influenced by the accident approximately

200 seconds after the accident alert, cells 5 and 6
in approximately 320 seconds, cells 7 and 8 in ap-
proximately 380 seconds and cells 9 and 10 in ap-
proximately 480 seconds. The evacuation route,
starting from cell 4, has an option to lead the indi-
vidual to one of the three main exits of the terminal
located in cells 7, 9 and 10 but also provides addi-
tional guidance. The created possible routes pri-
marily indicate the shortest and safest route.
Within the whole process of decision-making, an
important factor is also the speed of movement of
the individual which depends on whether the indi-
vidual uses a vehicle or is on foot. In situations
when time does not allow the individual to be
evacuated outside the terminal, the program guides
the individual to the nearest terminal safe-haven or
shelter.

3. CONCLUSION

LNG leakage accidents are potentially very
hazardous. Rapid reaction and evacuation of peo-
ple is of primary significance. The new ideas for
the creation of evacuation models may contribute
to the creation of a good evacuation model with a
high rate of success in the execution of any
evacuation. Through the presented evacuation
model, we have portrayed the management of an
evacuation model using fuzzy logic for a specific
scenario. The potential error during the selection of
an evacuation route has been brought down to a
minimum in comparison with the selection of an
evacuation route by an individual who does not
have all the information regarding the external in-
fluences on the accident. The advantage of the
evacuation model managed via fuzzy logic on the
basis of the created database through the carried
out QRA is that it eliminates the possibility of an
error during the selection of an evacuation route
when such is created by an individual with less
knowledge of influential temporal factors. Addi-
tionally, the program creates a separate safety
evacuation route in real time for each individual
located inside the terminal on the basis of his/her
location after the accident alert. The estimated de-
crease in risk of course influences the location of
new LNG terminals, which must be in compliance
with certain safety rules. In any case, this is only a
starting point in the development of an evacuation
model managed through fuzzy logic. We should
also review the possibility for expansion of the use
of the model for the needs of the general popula-
tion, located outside the LNG terminal.
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NOMENCLATURE
CFD Computational Fluid Dynamics
D Pool diameter (m)
FDS Fire Dynamics Simulator
Fig Figure
GPS Global Positioning System

Hazard Identification
HAZOP Hazard and Operability analysis
LNG Liquid Natural Gas

LOPA Layer of Protection Analysis
m metre

mm millimetre

m’ square metre

m/s metre per second

N North (cardinal direction)

NE Northeast (cardinal direction)
NwW Northwest (cardinal direction)

QRA Quantitative Risk Assessment
S second
number of cell

X,y Cartesian coordinates

3D three-dimensional space

°C degree Celsius
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A bstract: The evacuation of people located in different safety zones of an LNG terminal is a complex prob-
lem considering that the accidents involving LNG are very hazardous and post the biggest threat to the safety of the
people located near the LNG leakage. The safety risk criteria define the parameters which one LNG terminal should
meet in terms of safety. Those criteria also contain an evacuation as an evasive action with the objective to mitigate
the influence of the LNG accident on the people at risk. Till date, not a lot of attention has been paid to tech-
nologically advanced evacuations intended for LNG terminals. Creating the technologically advanced evacuation in-
fluences directly on the decrease of the probability of fatalities Py;, thus influencing the calculation of the individual
risk as well as the societal risk which results in the positioning of the F-N curve in the acceptable part of the ALARP
zone. With this paper, we aim to present the difference between the safety analyses in cases when conservative data
for Py; is being used while calculating the risk, and in cases when real data for Py; is been used.

Key words: evacuation model; LNG terminal; risk analysis; probability of fatality

BJIMJAHUME HA TEXHOJIOIIKHN HAITIPEJJHU EBAKYAIIMOHU MO/JIEJIX BP3 BE3BE/JTHOCHUTE

AHAJIN3U HA HE3T'OJIU BO TEPMHUHAJI 3A TEYEH TIPUPOJIEH T'AC

A mcTpaxk T EBakyanujara Ha JyfeTo KOM ce HaoraaT BO pa3iM4YHU 0€30€IHOCHH 30HH O]l TEPMUHAJIOT 3a
teuen npuponen rac (TIII') e kommiekcen npobiaem umajku npeaBua aeka Hesroaute co TIIIN ce MHOry omacHu U
HajroJieMa OMacHOCT IPeTCTaByBaaT 3a JIy[eTo KOM ce Haoraat Ommcky mo ucrekyBamero Ha TIII. Be3bennocHurte
KpUTEepHyMH TH JeuHHpaaT mapameTpuTe Kou efneH TepmuHan 3a TIII Tpeba ma ru mcmomHm ox Oe30emHOCEH
acrekT. BakBuTe KpUTepryMH COApKaT M €BaKyaldja Kako eBa3MBHA aKIfja co el yOmaxyBame Ha BIMjaHHETO O
nesrogara co TIII" Bp3 myrero mon pusuk. Cé 10 eHeC HEAOBOJIHO BHUMAHKE Oellle OCBETCHO Ha TEXHOJIONIKH Ha-
NIpeHY eBaKyaluy HaMeHeTH 3a TepmuHaiute 3a TIII. KpenpameTo Ha TEXHOJIOIIKY HANPEHA eBaKyalja JUPEKT-
HO BJIMjae Bp3 HaMaJIyBambe HA BEpOjaTHOCTA 32 CMPTHHU CIIydau, pe3yITHPajKy co MO3MIHOHUpame Ha kpuBaTa O-H
BO npudatHuoT gen on 3oHata ALARP. Co oBoj Tpyn cakame Jia ja mpHUKaxeMe pa3iiukara nomery 6e30eHOCHUTE
AHAJIM3U BO CUTYyalllja KOra MMaMe KOH3EpPBATHBEH NPHCTAIl KOH ONpeeyBambe Ha BEPOjaTHOCTA 3a CMPTHOCT HPH
HPECMETYBAbETO Ha PU3HMKOT, U BO CIIy4aj KOra ce KOPHCTH PEalHO OIpE/eNyBame Ha BEpOjaTHOCTA O[] CMPTHH
CITyYaH.

Kuayunu 36opoBu: eBakyanuoHeH Mozaen; tepmunan 3a TII; 6e30eqHOCHN aHAaNH3K; BEPOjaTHOCT O] CMPTHH CITy4an

1. INTRODUCTION

With the ever increasing need of energy in the
world, the use of LNG is also increasing. The po-
tential LNG accident with a terminal is potentially
very hazardous event. The on time evacuation of
people is such situations, despite the complexity of
such operation, is of crucial importance and sig-

nificance. Due to this, the safety analyses include
the evacuation as a factor for mitigation of the con-
sequences from the accident. Vanem [1] have
made analyses of accidents with LNG tankers
where the risk models include evacuation and suc-
cess levels of the evacuation. Tanabe and Miyake
[2] have focused their research on the influences
on the risk reduction concept on the basis of design
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criteria for emergency systems for LNG plants.
The need for development of structural measures
for disaster risk reduction, which also includes the
evacuation, indicates that special attention should
be paid to this type of evasive actions which was
not the case so far in terms of the LNG terminals.
The multi-year progress of the hazard warning sys-
tems is described by Sorensen [3] indicating the
lack of researches of evacuations to safe harbors as
protective action. The creation of safety evacuation
route which is active at the moment of the accident
and the fast dissemination to the people for evacua-
tion is essential for eliminating the consequences.
In addition, the EU through Horizon 2020 is sup-
porting an extensive number of research projects
among which the Mobility for growth which in-
cludes the subject matter of Towards the energy
efficient and emission free vessel, in which the
LNG plays a major role. It is noticeable that the
use of LNG is increasing, which results in the need
of developing safety policies during the use of the
LNG.

Through the following considerations, we
want to present and give significance to the ad-
vanced evacuation models, during their incorpora-
tion into the safety analyses.

2. EVACUATION

The conservative approach during the appli-
cation of the risk analyses in case of an accident
involving LNG leakage and dispersion of the gas,
provides a certain assumption that the conse-
quences on the people nearby the accident may be
different, i.e. smaller that previously presumed.
This is not just due to the uncertainties in model-
ling incident outcomes or modelling limitations
that may lead to conservative assumptions and re-
sults, but also due to certain factors such as topo-
graphy, physical obstruction, but especially die to
the evasive actions taken by people.

Some of the possible evasive actions are eva-
cuation, escape, sheltering, heroic medical treat-
ment. Evacuation is a way of increasing the dis-
tance between the population and a hazard, and is
the counter measure to toxic chemical releases.
The term evacuation also describes the extraction
of persons from a specific area because of a real or
anticipated threat or hazard.

In the last decade the warning process and re-
sponse, organizational response, behaviour in
evacuations, evacuation planning and management
has been more in focus than had been the case in

the past. The stress has been on the quality of in-
formation, the timing of message delivery and the
compliance with warnings.

While analyzing the evasive actions, when an
LNG accident is in question, a conclusion was
reached that the evacuations managed by advanced
technology at the same time influence the escape
as an evasive action. Due to this, the terms evacua-
tion and escape in this case may be merged and
titled as escape with technologically advanced
evacuation.

Due to the issue with the inability to select,
i.e. identify an escape direction to safe harbor, the
probability of escape, during a sudden release of
LNG from a LNG vessel, is very low. Prugh,
(1985) [4] shows the effectiveness of the evacua-
tion obtained as a function of the warning time,
area to be evacuated, and the density of population.
This chart may be used to identify the efficiency of
the evacuation for various large scale releases, in-
cluding LNG releases, where sheltering at the lo-
cation is less desirable. Escape with technologi-
cally advanced evacuation was developed during
our previous research. The same uses QRA (quan-
titative risk analysis) to create a database and to
obtain experiences for the specific LNG terminal
and its environment, with the objective to set the
logic used by the managing computer device which
uses fuzzy logic in the process of determination (in
real time) of the fastest and safest evacuation route
for an individual. This model of advanced evacua-
tion which falls under the previously indicated es-
cape with technologically advanced evacuation,
plays a certain part in the successfulness of the
evacuation, expressed through the decrease of the
percentage of individuals which have not been
evacuated, i.e. increase of the percentage of suc-
cessful escapes. This directly reflects on Pg; (Prob-
ability of fatality) resulting in its decrease.

3. PROBABILITY OF FATALITY

With the objective to simplify the process of
calculation of the individual and social risk, the
value referring to the Probability of fatality, is set
at 0 or 1. In reality, the Probability of fatality, be-
ing graphically presented, is in a form of a curve.
For comparison, it is shown in the Figure 1.

If we are to exclude the conservative ap-
proach of determination of the Probability of fatal-
ity, the same varies depending on the remoteness
of the accident and its influence, with a value rang-
ing between 0 and 1.
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Fig. 1. Probability of fatality

Probability of fatality in a situation where we
have technologically advanced evacuation model,
is in direct correlation with the difference between
the time needed for the individual to reach the
safety zone and the time needed for the impact of
the accident to reach the final foreseen limit or
point. The greater the difference is, the greater the
probability for the individual to reach the safety
zone, without being impacted by the accident.
Adequately, the value of the Probability of fatality
is decreasing.

Figure 2 shows the location of the accident
with the LNG leakage, the standardized location of
work of the employees in the terminal as well as a
safe area in which the impact of the accident is
brought to a zero.

Fig. 2. Accident, employees and safe area location

Point A represents the location of the acci-
dent. Probability of fatality in the zone of Point A
has a value of 1. Points B and C represent accu-
rately determined locations of the employees in the
LNG terminal, where the value for the Probability
of fatality for these two points would ranges be-
tween 0 and 1 (under a conservative approach of
determination of the Probability of fatality, the
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zone in which are located points B and C would
have a value of 1). Point E represents the target or
the objective to be reached and the same is located
in an area where the impact of the accident equals
0. The individuals located in Point B are at a dis-
tance of 550 meters from the accident, while from
Point E the individuals are at a distance of 1200
meters. The individuals located in Point C are at a
distance of 1300 meters from the accident, i.e. 450
meters from Point E. After the accident occurs and
the alarm goes off, the employees in the terminal
as well as the automatic safety systems perform all
emergency safety measures and the Escape begins
with technologically advanced evacuation. The
individual located at Point B is to cover 1200 me-
ters in order to reach the safety area in Point E. The
usual traveling speed of an individual is 4 meters/s.
Having in mind the previous, in approximately 300
seconds the individual will reach Point E. On the
other hand, the impact of the accident is nearing
the Point B. In compliance with the previously
executed QRA, it was concluded that in approxi-
mately 200 seconds Point B will be affected. The
individual traveling from Point B will reach the
safe zone in a total of 300 seconds, while the im-
pact of the accident will reach the final point of
around 1600 meters in a total of 500 seconds. Con-
sidering this, the calculation shows that the indi-
vidual has a safe time of around 200 seconds. The
greater this safe time is, the smaller the value for
Probability of fatality. For comparison, the indi-
viduals from Point C will reach Point E in ap-
proximately 120 seconds. Compared with the time
for the accident impact to reach 1600 meters which
is 500 seconds, the calculation indicates 380 sec-
onds of safe time. Also, the Probability of fatality
will have smaller value in reference to the indi-
viduals located at Point B. This dependency of the
Probability of fatality on the safe time as an exam-
ple is shown in Figure 3.

This manner of determining the Probability of
fatality enables identification of a more realistic
value of the Probability of fatality, in reference to
the conservative principle, having the values 0 or
1.

The use of technologically advanced evacua-
tion model represents a guarantee that these time
calculations and differences are applicable in real /
actual cases. This will influence the previously sta-
ted time difference, i.e. the decrease of the Prob-
ability of fatality. Consequently, all of this will
also influence the Individual Risk but also the So-
cietal Risk by causing the F-N curve to have a
more acceptable positioning in the ALARP zone.
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Fig. 3. Dependency of the Probability of fatality
on the safe time

All of this enables the technologically ad-
vanced evacuation model to be widely accepted as
an Evasive action, i.e. to be used with the objective
of mitigation of the consequences from the acci-
dents.

4. RISK CALCULATIONS

The objective of conducting the QRA is to
identify the potential impact of the LNG leakage
accident on the workers in the terminal as well as
on the population near the terminal. Risk calcula-
tions include calculations of Individual Risk, So-
cietal Risk, and Risk Indices.

Individual risk

Individual risk is the frequency at which an
individual may be expected to sustain a given level
of harm from exposure to specified hazards. The
calculation of IR at a location near a LNG plant, or
inside the LNG plant assumes that the contribution
of all incident outcome cases are additive. The to-
tal IR at each point is equal to the sum of the indi-
vidual risks at that point, of all incident outcome
cases associated with the plant [4] (CPQRA, 4.4
risk calculation).

R, = i[Rw,i
i=1

where is: IR, . = f,-P,;; f; —frequency of inci-
dent outcome case i; P, — probability of fatality

for case 1.

Societal risk

Societal risk is the relationship between the
frequency and the number of people suffering from
a specified level of harm in a given population
from the exposure to specified hazards. A common
form of Societal risk is an F-N curve (frequency —
number), and it is a plot of cumulative frequency
versus number of fatalities [4] (CPQRA, 4.4 risk
calculation).

Ni = pr,y 'Pf,i
X,y

where N; — number of fatalities resulting from in-
cident outcome); Px,y — number of people at the

locationx,y; P; — probability of fatality;

F, = ZE for all incidents outcome case i for

which N; > N; F, — frequency of all incident out-
come cases affecting V or more people; F; — fre-
quency of incident outcome case i .

5. EXAMPLE RISK CALCULATION PROBLEM

We shall review the model of LNG termi-
nal, in a situation of accident on a moored
LNG tanker with leakage of LNG over the wa-
ter. The LNG leakage accident is considered to
be a consequence of intentional breach.

The area around the accident according to
SANDIA [5], may be divided in three impact
zones: Zone 1 is a distance up to 500m from the
accident in which the Probability of fatality for all
present individuals is 1. Zone 2 is a distance rang-
ing from 500 to 1600 from the accident. In this
case we will review two options for interpretation
of the Probability of fatality (Case I — 1 or 0; Case
II — values between 0 and 1). Zone 3 is a distance
greater than 1600 m from the center of the acci-
dent, where the Probability of fatality will be set
with a value of 0.

The risk calculation will be applied to a very
simple example, with the goal to make the calcula-
tions easily comparable, and we will present a cal-
culation of IR and SR under the simplest scenario
in which the evacuation is not incorporated into the
calculations. We will also present a calculation of
the IR and SR with incorporated advanced evacua-
tion with real/actual approach of determination of
Pyi.
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Case I — The evacuation is not included
in the calculations

The following simple problem illustrates the
risk calculation techniques, using highly simplified
frequency and consequence data. It should be em-
phasized that the risk assessment is been conducted
for a LNG terminal at a time of an accident on an
LNG carrier during a process of offloading. We
shall use highly simplified results for frequency,
probability, and consequence and effect estimation.

This example calculation applies the follow-
ing conditions:
— All hazards originate at a single point;

— The atmospheric stability class and wind
speed are always the same. Half of the time wind
blows from the south and half of the time from the
north;

— The people are located inside the LNG ter-
minal. Their locations will be presented later in the
example;

— The probability of fatality from a hazardous
incident at a particular location is: for Case I (ei-
ther 0 or 1).

The incident outcome from the accident of the
LNG carrier is release of the LNG onto the water.
We are using the event tree logic model to deter-
mine additional possible outcomes (Fig. 4). For
this example, only two outcomes are assumed to
occur. If the formed vapour cloud from the re-
leased LNG ignites, there is a Pool fire. If the
formed vapour cloud does not ignite, the result is a
vapour cloud downwind dispersion from the re-
lease point.

Ignition
IA Pool fire
| LNG flammable
vapour cloud
1B1 Vapour cloud
IB No Ignition disperzion to north

1B2 Vapour cloud
disperzion to south

Fig. 4. Event tree for the incident

Very simple impact zone (Fig. 6) estimates
for the identified incident outcome cases will be
defined:
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— Incident outcome case IA (pool fire) — the
pool fire is centred at the centre point of the LNG
carrier. All persons within 500 metres of the pool
fire centre are killed (probability of fatality = 1).
All persons beyond this distance are unaffected
(probability of fatality = 0).

— Incident outcome cases IB1 and IB2 (LNG
vapour cloud dispersion) — all persons in pie
shaped (90 degrees) segment of radius of 1600 me-
tres downwind are killed (probability of fatality =
1). All persons outside this area are unaffected
(probability of fatality = 0).

Frequency analysis

For this example, it is assumed that the fre-
quency for the incident is 3-10° events per year
and the ignition probability is around 33%. Previ-
ously, we have mentioned that 50% of the time the
wind blows towards north, while 50% of the time
the wind blows towards the south. The following
figure (Figure 5) shows the Frequency estimates
for the example incident.

loniton

WP fu=ttn”

Prob.=033

I LNG flammable
vapour coud

f - 3 % 10-5 VapOUr cloud
BL  disperziontonorh [ i
Prob =05 Bl -

1B No lgtion

Vapaurcloud
B2 disperzionto south
Prob. =05

Prob. =087

—
=
1
S
==

Fig. 5. Frequency estimates for the example incident

Individual risk estimation

The example that we are processing is set in a
way to provide simple calculations. Hence, in the
zones where P;; = 1, IR, ,; equals the frequency of
that incident outcome case. Outside the impact
zone, IR.,; is zero. Figure 6 shows the impact
zones from the incident. The total individual risk
of fatality at each geographical area is determined
by adding the IR from all incident outcome case
impact zones that impact that area (Table 1).
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Table 1

Individual risk of fatality at each
geographical area

Incident
Area | outcome case | fi(peryear) | Pi | IRi (per year)
A 1%¥10°° 1|10
A IB1 1107 1] [1*107
Y IR =11%10°
IA 1¥10° 1 1¥10°
B IB2 1¥10” 1| [1¥107
Y IR =11*10°
31 M 1| [1*10°
: Y. IR =1#107
1B2 M 1| [1*107
’ YR =1*107
IA 1*¥10° 1] [1*10°
E Y IR =1%10°
IA 1¥10° 1] [1*10°
F YR =1*10°
1B1]
18]

S
-

Fig. 6. Impact zones from the incident

Figure 7 shows the number and location of
people in the area surrounding the LNG terminal.

The maximum IR is the highest value of IR at
any geographical area.

X,

Fig. 7. Number and location of people in the impact zones

Societal risk estimation

The first step while generating the F-H curve
is to calculate the number of fatalities as a result of
every incident outcome case (Tab. 2).

Table 2
Estimated number of fatalities
Incident outcome | Frequency per | Estimaten number
case year of fatalities
A 28
IB1 1*¥107° 50
B2 1#107° 12

Table 3 summarizes the cumulative frequency
results. Those data are plotted to obtain the societal
risk F-N curve (Fig. 8).

Table 3
Cumulative frequency results
Estimaten number | Incident outcome | Total frequency

of fatalities case per year
12+ IA, 1B, IB2 2.1%10°
28+ 1A, IB1 1.1*107°
50+ B1
>50+ none 0
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Fig. 8. F-N curve

Case Il — Advanced evacuation with actual access
of determination of P, .

In Case Il we use the same sample problem as
in Case | and apply the same conditions, with a
note that for the probability of fatality from a haz-
ardous incident at a particular location we will use
data for Case II (between 0 and 1).

We are using the same Event tree logic model
to determine additional possible outcomes (Figure
4).

Very simple impact zone (Figure 6) estimates

for the identified incident outcome cases will be
defined:

e Incident outcome case IA (pool fire) — the pool
fire is centred at the centre point of the LNG
carrier. All persons within 500 metres of the
pool fire centre are killed (probability of fatal-
ity = 1). All persons beyond this distance are
unaffected (probability of fatality = 0).

e Incident outcome cases IB1 and IB2 (LNG
vapour cloud dispersion) — all persons in pies
shaped (90 degrees) segment of radius 1600
metres downwind are killed (probability of fa-
tality = between 0 and 1 ). All persons outside
this area are unaffected (probability of fatality
=0).

The frequency analysis remains the same
(Fig. 5).

Individual risk estimation

The total individual risk of fatality at each
geographical area is determined by adding the IR
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from all incident outcome case impact zones that
impact that area (Table 4). Figure 9 shows the
number and location of people in the area sur-
rounding the LNG terminal.

S
-

Fig. 9. Number and location of people in the impact zones

Table 4

Individual risk of fatality at each
geographical area

Incident
Area | outcome case | i (peryear) | Pri | IRi (per year)
IA 1¥10°° 1| [1*10°
A IB1 1¥107° 057 | [5.7%10°°
Y IR =610
IA 1*¥10°° 1 1¥10°°
B IB2 1*¥107 06 | [6*10°°
YR =7*10°
IB1 1%10°] | 057 | [5.7*10°
Cc
YR =5.7%10°°
B2 1*¥10° 06 | [6*¥107°
D
Y IR =6*10
A 1*¥10°° 1 1¥10°°
E
Y IR =1%10"°
IA 1*¥10°° 1 1¥10°°
F
Y IR =1*10°

The maximum IR is the highest value of IR at
any geographical area.
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The final value of the Probability of fatality
for IB1 is obtained as mid value of the Probability
of fatality for all locations from IB1 where people
are located. The individual Probability of fatality
for the people in IB1 and IB2 are determined in
Figure 3.

Societal risk estimation

While generating the F-H curve, we calculate
the number of fatalities as a result of every incident
outcome case (Table 5).

Table 5

Estimated number of fatalities

Incident outcome | Frequency per | Estimaten number
case year of fatalities
IB1 1*#10°° 37
IB2 1%10° 8

Table 6 summarizes the cumulative frequency
results. Those data are plotted to obtain the societal
risk F-N curve (Figure 10).

Table 6

Cumulative frequency results

Estimaten number | Incident outcome | Total frequency
of fatalities case per year
8+ IA, IB1, B2 2.1%107
28+ IA, IB1 1.1*10°°
37+ IB1 1¥10~°
>37+ none 0

The objective of the development and the use
of the technologically advanced evacuation model
is the dislocation of the people from hazardous
areas to safe harbors. The successful dislocation is
expressed through presentation of the realistic or
actual value of the Probability of fatality (between
0 and 1). The influence on the F-N curve can be
seen in Figure 11 (F-N curves for Case I and Case
IT), where the F-N curve for Case II has more ac-
ceptable positioning in the F-N area than in Case I.

T

1%10°| [~

l l l l l
10 20 30 40 50 N

Fig. 10. F-N curve
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T 3

l l l l
10 20 30 40 5 N

Fig. 11. F-N curves for Case I and Case II

6. CONCLUSION

The development of the technologically ad-
vanced evacuation model aimed for people in and
outside the LNG terminals, which could be used in
situations of LNG leakage accidents, provides the
possibility to eliminate the potential errors during
the selection of the evacuation routes by an indi-
vidual or a group of people. In addition, the crea-
tion of the evacuation route which is considered
the shortest and the safest one, at the same time
influences the decrease of the Probability of fatal-
ity, which additionally influences the decrease of
IR and SR. The difference during the use of the
Probability of fatality with a conservative approach

Mech. Eng. Sci. J., 32 (1), 81-89 (2014)
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during the determination of the value (0 or 1) and
on the other hand the conservative but sufficiently
realistic selection of the value for the Probability of
fatality (between 0 and 1) is quite evident and we
are presenting the same through a simple example.
Quality developed and accurately defined techno-
logically advanced evacuation model represents a
guarantee for elimination of the underestimation of
the value of Probability of fatality, as well as a
guarantee that this approach of execution of the
risk analyses will provide conservative but at the
same time more realistic values.
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EMISSION OF CARBON DIOXIDE FROM DIESEL ENGINES
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A bstract: This paper presents a research work done on the arising of the air pollutants, which are a result of
the combustion of fuel in diesel engines. In addition, there is a data given the increase of the consumption of diesel
fuel within several consecutive years. Also there is a graphical representation of the increase of the imported used
vehicles in the country, after the reduction of the customs price and excise, and then two scenarios for air pollution
from these vehicles are given. In the first scenario, CO, emissions are calculated under the current allocation of
imported new and used vehicles, while in the second scenario the CO, emissions from the imported vehicles are cal-
culated, but this time 2009 was taken as the basis of the ratio of imported new and imported used vehicles, when
importation of vehicles was done by the old prices of customs and excise.

Key words: diesel engine; pollution; emission; exhaust; environment; import;.transport

3ATAJYBAILE O JU3EJI-MOTOPHU CO BHATPEIIHO COI'OPYBAIBE
CO OCBPT HA 3ATAJJYBAIBLETO BO PEITYBJIMKA MAKEJJOHUJA

AmncrtpakT: BooBoj Tpyx e HalpaBeHO HCTpaXkyBame HAa EMUCHUHUTE BO OKOJIHHUOT BO3AYX KOU CE Pe3yJTaT
Ha IIPOLIECOT Ha COropyBarme Ha FOPUBOTO Kaj Au3en-MoTopute. [1okpaj Toa, 1a/leHH ce IOJaTOLH 3a 3r0JIEeMyBabEeTo
Ha IOTPOIIYBayKaTa Ha JU3EI-TOPHBO BO HEKOJIKY IOCJIEOBATENHH roquHu. McTo Taka e naneH rpaduyuku mpukas
Ha 3roJIeMyBambeTO Ha OPOjOT Ha YBE3€HHM HOJIOBHHU BO3MiIa BO PeryOirka MakenoHHja 10 HaMalyBambeTo Ha LapH-
HaTa M aKlu3ara, a [0T0a Ce HAIpaBEeHH JBE CLEHApHja 3a 3ara/lyBameTo Ha BO3IYXOT Of OBME BO3Mia. Bo mpBoTO
creHapHo ce npecmeranu emucuute Ha CO, Ipy MOMEHTaIHATa pacnpe/eba Ha yBEe3eHH HOBH U YBE3CHHU IIOJIOBHH
BO3WJIA, JIOICKa [aK BO BTOPOTO CLICHApHO ce nmpecMeTann emucunte Ha CO, 0/ yBe3eHUTE BO3MIIA, HO OBOjIIAT KaKo
0a3za Ha OJHOCOT HAa YBE3€HH HOBH U YBE3CHU IIOJOBHHU BO3MIa € 3eMeHa 2009 roxmna, Kora yBO30T Ha BO3WIIA Ce
BpIIIEIIIE 10 CTapHUTe [ICHN Ha [apHHa U aKI13a ¥ TPSHAOT Ha YBE3E€HH II0JIOBHH BO3WIIa Oellle 3HAYUTEITHO TIOMaJl.

K.ﬂy‘ll—[ﬂ 360pOBI/I: JAU3EJI-MOTOD, 3aragyBambe; EMUCUHN,; U3yBHU IaCOBU; )KUBOTHA CPEJIMHA, YBO3; IIPEBO3

1. INTRODUCTION

Diesel vehicles are considered as vehicles
that, compared to vehicles with spark-ignition en-
gine, consume less fuel to carry out the cycle, and
thus less polluting. However, pollution from diesel
engines is greater on local level, and this is a result
from the emission of smoke and particulate matter
into the atmosphere.

In Republic of Macedonia, about 30% of reg-
istered passenger vehicles are with diesel engines,

and the trend continues to rise, especially in the
years after the price of customs and excise on im-
ported vehicles fell. After the decline of the prices
on imported vehicles in 2010, a trend of buying
used vehicles imported from Europe or USA in the
Republic of Macedonia started with intense. How-
ever, despite the dramatic increase in the number
of imported used vehicles, an analysis of the envi-
ronmental impact in the country has not been yet
prepared and this situation has left room for very
different expert views on this issue.
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On one side, by importing used vehicles from
European countries or the United States will help
many people to replace their old vehicles, which
are considered for great polluters of the environ-
ment, with newer, thus satisfying the social aspect
of residents the Republic of Macedonia. In addi-
tion, this will significantly raise the average age of
the vehicle fleet in the country and will influence
the increase of traffic safety and the improvement
of environmental quality. On the other hand, many
families can now afford to purchase another vehi-
cle and as a result there will be an increases the
number of air pollutants in the country.

2. POLLUTION FROM DIESEL ENGINE
VEHICLES

The exhaust gases from diesel engines are a
mixture of gases, vapours, liquid aerosols and sub-
stances composed of particles. They contain prod-
ucts of combustion, which include nitrogen oxides
(NO, NO,, or NOy), carbon monoxide (CO), hy-
drocarbons (HC) and particulate matter (PM) re-
presenting solid content in the exhaust gases,
which first appears in the form of soot (combusti-
ble material, usually carbon) and ash (non-combus-
tible matter, mostly remnants of lubricating oil),
water, sulphur oxides and polycyclic aromatic hy-
drocarbons. The carbon monoxide is a compound
of carbon and oxygen produced by the combustion
process in the engine [1, 2].

The carbon monoxide is created when the
combustion process led to partial oxidation of the
carbon particles, i.e. during the process there was
not enough oxygen to create carbon dioxide (CO,).
It is a colourless gas, odourless and tasteless,
which is poisonous to humans and animals if ex-
posed to greater amounts. The amount of carbon
monoxide emitted into the atmosphere from the
diesel engines is very small, because they use less
fuel to execute the process.

The hydrocarbons (HC) are an organic com-
pound of carbon and hydrogen, that it is backward
particles of fuel and lubricating oil, which are not
combusted. The level of hydrocarbon particles
emitted from the diesel engines is very small, es-
pecially if compared with the level of hydrocarbon
particles emitted from Otto engines. The amount of
hydrocarbons in the exhaust gases of diesel en-
gines is a result of several things: excessive or in-

sufficient mixing of fuel and air, deposits on the
walls of the cylinders, fuel leaks, etc.

The nitrogen oxides (NOy) are created as a re-
sult of the reaction between nitrogen and oxygen at
high temperature. The formation of nitrogen oxides
emissions from diesel engines occurs in poor parts
of the flame, during the period of controlled com-
bustion. Because of the short duration of combus-
tion cycle in diesel engines, the complete combus-
tion of nitrogen monoxide (NO) to nitrogen diox-
ide (NO,) takes place in the atmosphere. NO, can
be found in air pollution in major urban centres,
and is a highly reactive gas. High concentrations of
this pollutant have sharp odour, whereas low con-
centrations have a similar smell of hydrogen. NO,
is a major participant in the formation of smog [3].

The particulate matter (PM) is the biggest
problem with diesel engines because of the many
possible adverse effects on human health. They
contain carbon particles-soot. Unlike Otto-engines,
where the electric spark ignites the mixture of air
and fuel, the ignition in diesel engines starts spon-
taneously due to high pressure in cylinder. The
mixture of air and fuel in a diesel engine is not
mixed so thoroughly as in Otto engines, and there-
fore "pockets" of fuel are created, and when com-
busted they emit soot [4].

The diesel engines are characterized by a high
presence of smoke in the exhaust, black and white.
The white smoke usually occurs during cold op-
eration and it is mainly composed of carbon and
water vapor. On the other hand, the black smoke
occurs at higher engine loads, when bigger amount
of fuel is used. It allows the formation of particles
of smoke, which essentially are combusted in the
cylinder, but a small fraction (about 1%), are dis-
charged into the atmosphere.

The amount and composition of the exhaust
gases from the diesel engines depends on:

— The quality of diesel fuel used, such as
chemical composition, tendency for evaporation,
viscosity, ignition propensity etc. Usually when
using fuels with a higher cetane number in diesel
engines, there is a greater amount of smoke. This is
due to the lower stability of these fuels. Therefore,
it is necessary to adjust the characteristics of the
fuel to the requirements of the engine;

— The type of engine, e.g. standard, turbo or
injector;

— The condition of the engine or the accuracy
of the system for fuel supply, condition of the cool-
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ing system etc. can significantly affect the flow of
combustion and toxicity of the exhaust gases;
—The injection has a great impact on the
process of combustion, and thus the effectiveness
and efficiency of the engine and exhaust gas com-
position. Reducing the angle of injection pump for
fuel leads to a significant reduction in emissions of
NO,, but also increase emissions of CH, CO and
smoke, as well as increased fuel consumption;

— The composition of the mixture influence
the composition and quantity of exhaust gases in
diesel engines very much. If the mixture is rich
than the number of zones with pronounced lack of
oxygen is increased, and it results with larger
amounts of CO and HC in the exhaust, and larger
quantities of smoke;

— Higher air temperature gives higher tem-
perature during the combustion. This affects the
combustion temperature of the mixture, and the
chemical reactions that contribute to faster oxida-
tion of certain elements.

3. DIESEL ENGINE VEHICLES POLLUTION
REDUCTION

In order to significantly reduce the amount of
exhaust gases that are emitted into the atmosphere
as a result of combustion in diesel engines, there
are different technologies used. Because of the
specificity of the cycle process development in
diesel engines, or combustion in an environment
with more air, emissions of CO and HC are small.

On the other hand, the challenge remains to
reduce the amount of NOy, particulate matter and
smoke, by making significant efforts in developing
new and modern technology.

Some of the technologies used are:

Particulate filters

As the name implies, particulate filters for fil-
tering solid particles from exhaust gases of diesel
engines are used. They are made of ceramic ele-
ments built in the shape of the hive for honey,
mostly from silicon carbide.

Over time these filters are filled from the ac-
cumulated particles, ash (a by-emergence from the
use of oil for lubricating the engine) and exhaust
gases cannot freely pass through the filter. With
that comes an increase of the pressure before the
filter and if pass certain limits may cause difficulty
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driving the vehicle or damage to the engine. For
these reasons, it is necessary that the filters are
cleaned regularly and this is done by combustion
or oxidation.

In the case of modern diesel engines, cutting
edge technology is used, and the creation of parti-
cles is reduced enough to meet the stringent re-
strictions on emissions of particulate matter.

Catalysts

The catalyst is active component of the cata-
lytic converter. It consists of a substrate (support-
ing body) coated with precious metal catalyst. The
catalytic converter substrates are usually metal or
ceramic block, with thousands of tiny channels that
pass through it. The channels are coated with mate-
rial support, which increases their surface, thereby
increasing the activity of the catalytic materials.
The auxiliary material is coated with a very thin
coating of finely dispersed, very small particles of
precious metal, such as platinum or combinations
with it.The functioning of the catalyst depends on
the ratio of air - fuel mixture in the combustion. In
conditions of poor mixture, i.e. poor exhaust gas,
the catalyst functions as oxidizing catalyst and
oxidizes the CO and the HC. However, in terms of
working with a rich mixture, the catalyst primarily
reduces nitrogen oxides, and then CO and HC
(two-stage catalyst). Diesel engines operate with a
poor mixture and because of that, the diesel cata-
lyst usually operates as oxidizing catalyst. It re-
duces emissions of CO and HC for more than 90%

[].

Catalyst for adsorbing the NO,

NOy adsorbing catalyst reduces the NO, from
the poor flow of gas through chemical adsorption
in the catalyst and subsequent disposal, in condi-
tions of working with stoichiometric or rich mix-
ture. The adsorption process releases CO,, which
then again is re-adsorbed in the process. The ad-
sorbing catalyst has a limited capacity, but it can
be regenerated by transferring the flow of exhaust
gas resulting from the combustion of a rich mixture
into the engine.

System for selective catalytic reduction

The system for selective catalytic reduction
works by chemical reduction of NO and NO,, turn-
ing them into N, and water H,O, using as reducing
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agent the urea solution, which is added to the ex-
haust gas. Any source of ammonia can be used, but
the most common source is an aqueous solution of
urea.

Recycling of exhaust gases — EGR

Recycling of exhaust gases is a technique for
reducing the amount of NO,. The ERG works in a
way of returning a given amount of exhaust gases
back into the cylinders for combustion. In the case
of diesel engines, the recycled exhaust gas replaces
a certain amount of oxygen. Because NOy is pro-
duced when a mixture of nitrogen and oxygen is
subjected to high temperature, lower temperature
in combustion chamber caused by EGR, reduces
the amount of NO, in the exhaust, but at the ex-
pense of some reduction of the engine perform-
ance.

4. AIR POLLUTION FROM THE TRANSPORT
SECTOR IN REPUBLIC OF MACEDONIA

The majority of motor fuels sold in the Re-
public of Macedonia are used in the transport sec-
tor, in light passenger vehicles. In the period from
2002 to 2006 in the country, more than 97% of
energy consumption in the transport sector was
made by passenger traffic.

The passenger traffic, that comprises passen-
ger vehicles (about 88%), trucks, motorcycles, ac-
counts for 92% of total generation of polluting
substances emission, all of which come from the
transport sector in the country, and the other mo-
bile sources, that include rail, road and interna-
tional air traffic, contributes with 8% of total emis-
sions [5].

The problems of air pollution are more pro-
nounced in urban areas. The state of traffic systems
in our cities is unique because it largely does not
meet fundamental principles, which are closely
related to environmental modalities in modern cit-
ies. In fact, such traffic systems affect the mobility
of traffic connection of separate parts of the city,
and with the reduction of the speed of motor vehi-
cles through the city streets the motor consumes
more fuel, and there are larger amounts of pollut-
ing substances emitted (Fig. 1).

On the Figure 1, given below, the distribution
of total emissions of pollutants from the transport
sector in the Republic of Macedonia in the period

from 2001 to 2009 is shown. In the total annual
emissions from all sectors nationwide, for the pe-
riod 2001 to 2009 year, the largest share of the
transport sector emission belongs in NO, emission
(32-87%).
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Fig. 1. Distribution of total emissions of pollutants
from the.transport sector

5. AIR POLLUTION FROM DIESEL ENGINES
IN REPUBLIC OF MACEDONIA

According to the number of vehicles in the
country, the number of spark-ignition engines is
dominating, although there is a clear trend of in-
creasing number of diesel engine vehicles and the
number of vehicles that use a combination of gaso-
line and LPG. In 2006, about 72% of the vehicles
used gasoline, 24% used diesel fuel and about 4%
used a combination of gasoline and LPG (Fig. 2).

80% + — — — — —
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Fig. 2. Distribution of passenger vehicles,
according to the fuel type

Over the years, the trend of using diesel vehi-
cles in the Republic of Macedonia is increasing.
On the Table 1 the distribution of passenger vehi-
cles, by the fuel type in 2012, is shown.

Table 2 shows the number of registered pas-
senger vehicles that use diesel fuel, depending on
the type of vehicle, for the period from 2009 to
2012, and the trend of growth of the usage of die-
sel vehicles.
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Table 1
Distribution of passenger vehicles, according
to the fuel type in 2012

Number of vehicles %
Gasoline 199329 66,05
Diesel 92700 30,72
Mixture 190 0,065
Gasoline-gas 9501 3,15
Electrical power 41 0,015
Total 301761 100

Table 2

Number of registered diesel fuel passenger
vehicles

2009 2010 2011 2012

Motorcycles 281 201 633 325
Passenger cars 54200 71713 85248 92700
Buses 1973 2232 2212 2327

Freight vehicles 18 693 19744 19415 17 804

Work vehicles 436 461 478 446
Towing vehicles 3454 3714 3 883 3561
Tractors 584 516 847 946
Total 79621 98581 112716 118109

Figure 3 below shows the consumption of
diesel fuel in passenger vehicles, during the period
from 2005 to 2010, in the Republic of Macedonia.
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Fig. 3. Consumption of diesel fuel in passenger vehicles
during the period from 2005 to 2010
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6. EUROPEAN EMISSION STANDARDS

Before a vehicle can be approved for sale in
the European Union, it must meet certain emission
standards specified in the EU Directives. Currently
there is a set of standards (limits) for the following
polluting substances:

— nitrogen oxides (NO,),

— total hydrocarbons (THC),

— hydrocarbons that contain methane (NMHC),
— carbon monoxide (CO) and

— particle matter (PM).

Limiting the quantity of polluting substances
in the exhaust gases from the engine are different
for a given type of vehicle, including cars, trucks,
tractors and similar machinery, excavators. For
each type of vehicle, different standard is applied.
In addition, there is a difference between the re-
strictions for engines with compression ignition
(diesel) and engines with spark ignition (spark-ig-
nition engines).

Compliance requirements and the actual
amounts of polluting substances in the exhaust
gases are determined by a standardized test cycle
with engine running. The vehicles with bigger
emission than the approved cannot be sold in the
European Union.

Euro 1 and Euro 2

Euro 1 standard is defined within the Direc-
tive 91/441/EES, for passenger cars only, but then
the Directive 93/59/EES was adopted, which be-
side passenger cars also included the light trucks.
Euro 2 standard is defined in the Directive
94/12/ES and 96/69/ES. Euro 2 DI standard was
valid until 30.09.2009.

FEuro 3 and Euro 4

Emission standards Euro 3 and Euro 4 are de-
fined in the Directive 98/69/ES, and then enhanc-
ing it with Directive 2002/80/ES. In this Directive,
in Euro 3 standard, special restrictions on the
amount of nitrogen oxides in the exhaust gases
were included, in addition to restrictions on the
amount of HC + NO,.

In order to achieve the requirements of the
standards Euro 3 and Euro 4 in Europe commonly
used ways were installing the oxidizing catalysts in
diesel for reducing CO and HC.
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FEuro 5 and Euro 6

For diesel engines, there are two sets of con-
straints that must be implemented: Euro 5a and
Euro 5b, while the Otto engines have only one -
Euro 5. The implementation of Euro 5 and Euro Sa
standards started in September 2009 and Euro 5b
entered force in 2011.

The standard Euro 5b, for the first time, in-
cludes a limit on the amount of particle number
(PN). Euro 5 is improved compared to Euro 4 with
more focus on the emission of particulate matter
from diesel engines. Euro 5 requires installing the
particle matter filters, diesel vehicles, and restricts
that the emissions of particulate matter can be at
most 5 mg/km.

In September 2014 the implementation of the
standard Euro 6 will begin. Research of the Euro-
pean Commission showed that by reducing emis-
sions of nitrogen oxides, as required by Euro 6, the
health conditions would improve for more than
60-90% in comparison to the Euro 5 standard. In
addition, Euro 6 gives the same limit on the num-
ber of particles in the exhaust as diesel and Otto
engines.

In order to fulfil the Euro 5 and Euro 6 stan-
dards in terms of emissions of particulate matter,
all passenger cars with diesel engine must be con-
structed with filter for solid particles (Tab. 3).

Republic of Macedonia, as a country not yet a
member of the European Union, it is not obliged to
comply with the European regulations. On the
other hand, as a candidate for membership in the
European Union, Republic of Macedonia has
started intensive alignment and harmonization of
national legislation with the legislation of the
European Union. This section also included har-
monization of laws, by-laws and regulations of the
transport sector, and subsequently the introduction
of the European emission standards for new and
used vehicles.

With the purpose of meeting the limitations of
the given amounts of emissions, the Directives do
not require the need to use certain specific technol-
ogy for reducing emissions, but the establishment
and adoption of standards takes into account cur-
rent technology that exists on the market.

Major technologies required to meet each
stage of Euro emission limits, like improvement of
the combustion air induction, riceing injection
pressure and variable geometry turbocharger for air
induction tailoring, showed in Table 3.

Table 3

Major technologies required to meet each stage
of Euro emission limits [6]

Technologies

Rotary fuel pump

IDI combustion

Low pressure: 700—800 bar

ERG low pressure mechanic operation

Euro 2

DI combustion

Injection pressure: 1300 bar
Cooled ERG

DOC for PM reduction

Euro 3 technology, plus:

¢ A/F management and combustion
improvements
Electronic control of fuel injection
Injection pressure: 1600 bar
Engine tuning and mapping
4 valves per cylinder
Electronically controlled EGR

Euro 3

Euro 4

Euro 4 technology, plus:
e Improvement in the combustion air induction
¢ Injection pressure: 1900 bar
Euro 5 . Turr}ble and swirl
e Variable geometry turbocharger
e DOC+DPF
e Variable valve timing
o LNT may be required in some engines

Euro 4 technology, plus:
o Injection pressure: 2100 bar
Euro 6 e Variable geometry turbocharger for air
induction tailoring
e DOC+DPF+LNT

7. IMPORT OF USED VEHICLES FROM M1
CATEGORY IN REPUBLIC OF MACEDONIA

The adoption of the Law on Amending the
Law on Customs Tariff in 2010, the Republic of
Macedonia lowered the excise and customs on im-
ported new and used vehicles. Besides the change
in the law, a new Rulebook for.single approval of a
vehicle was adopted. According to the Rulebook,
all imported vehicles must meet the technical re-
quirements defined in it, which vary depending on
the category they belong.

The Rulebook for single approval of vehicles
provided a limitation of emissions depending on
the category of vehicle in relation to his body
shape. This paper is for vehicles in category M1,
including: limo, moving vehicles, coupe, converti-
ble, armorer vehicles, etc. or according to the Di-
rective 95/48/ES, these are vehicles with length —
12 m, width — 2,5 m, and height — 4 m [6, 7, §].
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In terms of limiting emissions from the ex-
haust of wvehicles belonging to category M1,
whether diesel engine or Otto engine, under the
Rulebook, during the period from March to Sep-
tember 2010, import of Euro 1 vehicles was al-
lowed. Once that period expired, so in the next six
years, until August 2016, the import will be al-
lowed for vehicles with Euro 2 standard and above.
The adoption of these amendments, the Republic
of Macedonia has started intensive importation of
used vehicles and the number of new imported ve-
hicles fell.

Figures 4 and 5 show the change in the total
number of imported new and used passenger vehi-
cles in the period from 2009 to 2013, and the cu-
mulative change in the number of imported ve-
hicles, where the dramatic increase in the import of
used vehicles 1 shown, as well as the significant
reduce of the imported new vehicles.
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Fig. 4. Number of imported passenger vehicles
in the period 20092013
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Fig. 5. Cumulative number of imported passenger vehicles
in the period 20092013

8. SCENARIOS FOR CO, EMISSIONS
FROM THE IMPORTED DIESEL VEHICLES

In this part of the paper, two scenarios in terms

of CO, emissions from imported diesel passenger
vehicles in the country were considered (Tab. 4):
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— In the first scenario the calculation of CO,
emissions was carried out under the current alloca-
tion of imported new and used imported vehicles.

— In the second scenario the CO, emissions
calculation from imported vehicles was executed
again, but this time, the year of 2009 was taken as
a base of the ratio of imported new and used im-
ported vehicles, when the importation of vehicles
was carried out with the old prices of customs and
excise and the trend of imported used vehicle was
significantly lower. In 2009 the ratio was about
80% imported new vehicles and 20% imported
used vehicles.

In order to perform these calculations, the fol-
lowing assumptions were made:

— According to Table 1, the percentage of reg-
istered diesel passenger vehicles was 30% in 2012,
For these calculations, the same percentage was
taken.

— The CO, emissions from new cars are 120
gco,/km, and from used cars they are 160 gco,/km.

— A car with a diesel engine annually passes
an average of 20.000 km.

The calculations were made for the period
from 2010 to 2013, when the import of used vehi-
cles is greatest.

Figure 6 shows results from the calculations
for both of the Scenarios.
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Fig. 6. CO, emissions according to the scenarios

It is evident that when the bigger share of the
imported vehicles would have been new vehicles,
than the air pollution from them would have been
significantly lower. As the number of imported
used vehicles grows, respectively the amount of
CO, emissions rises. This is noticeable especially
in 2010, when the import od used vehicles was in-
tensive, so it is expected that in this year there will
be the biggest difference in the CO, emission.
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Table 4

CO, emissions scenarios for the imported diesel vehicles

2010

Sc.1 Sc. 2 Sc. 1

2012 2013
Sc.2 Sc. 1 Sc.2 Sc. 1 Sc.2

CO, emissions (kton) 54.51 44.99 37.09

30.81 30.29 25.01 30.73 25.22

Note:

— Scenario 1: CO, emissions calculation under the current allocation of imported new and used imported vehicles.

— Scenario 2: CO, emissions calculation, where the year of 2009 was taken as a basis of the ratio of imported new and used imported
vehicles, when the ratio was about 80% imported new vehicles and 20% imported used vehicles.

— The percentage of registered diesel passenger vehicles was 30% in 2012. For these calculations, the same percentage was taken.

— The CO, emissions from new cars are 120 g CO,/km, and from used cars, they are 160 g CO,/km.

— A car with a diesel engine annually passes an average of 20.000 km.

9. CONCLUSION

From the graphs and tables it can be seen that
in 2010 there was a dramatic increase in the num-
ber of imported used vehicles as a result of meas-
ures to lower the prices of customs and excise on
imported vehicles. But also, it be noted that analo-
gous to the proliferation of imported used vehicles
comes to declining number of new imported vehi-
cles.

With the increase of the number of imported
used vehicles it can be assumed that there is an
increased air pollution, especially if you assume
that if there was a no reduction in customs, then
instead of import of used vehicles there would be
import of new vehicles, and in that way the pollu-
tion would be less. It can be seen in the calcula-
tions of both scenarios.

From Figure 2 it may be noted that in the
country, every year, the number of vehicles with
diesel engines rises, and according to these data it
can be assumed that the ratio of vehicles with die-
sel engines — Otto engines is similar today. Al-
though diesel engines use less fuel than Otto en-
gines, and thus emit les amounts of pollutants in
the atmosphere, the increase in the number of ve-
hicles increases the air pollution.

It is worrying that after 2010 the total number
of registered passenger vehicles in the country has
significantly increased, and this is due to the in-
creased number of imported used vehicles and the
fact that right now almost every family can afford
more vehicles.

After four years of implementation of these
measures, it is necessary to prepare a detailed
study of the impact on the environment of im-
ported used vehicles over this period, but also,
now, when there is real data about the interest
about the purchase of these vehicles, it is necessary
to make a possibles scenarios for the upcoming
years.
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A bstract: This paper is addressing the gap between the current skills, the required and the future expected
skills of both the business leaders and the other employees in companies owned and managed by women entrepre-
neurs. The research covers the Western Balkans, Turkey and Moldova, providing overview of the reasons for orga-
nizing training, taking into consideration the problematic areas that need to be addressed, the potential benefits as
well as the most important topics for development of the personal. The results also present the demographic specifics
of the women entrepreneurial enterprises around the region and their human capital development activities and future
intentions. The research methodology has been verified by a regional working group, whose members have been re-
sponsible for the implementation of the survey.
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INOTPEBA O] OBYKA HA )KEHUTE NPETIIPUEMAYY BO 3EMJUTE O/l 3AITA/IEH BAJIKAH,
TYPIIUJA U MOJIJABHJA

AmncrtpaxT OBoj Tpya ce Gokycupa Ha ja30T MOMery MOCEAyBaHUTE, CCTAIIHUTE W WAHUTE BEIITHHU U
KOMIICTCHIINM Ha MEHAIMEHTOT M Ha JPyTHTe BpaOOTEHH BO KOMIIQHHUHTE IIOCEAYBAaHH M YIPaBYyBaHHU OJ >KCHH
npernpuemaun. McrpaxysameTo ru ondaka 3emjure of 3ananen bamkan, Typuuja u Mongasuja n 1aBa ocBpT Ha
NPUYMHUTE 332 OpraHu3upame 00yKa, cO MoceOeH aKIeHT Ha MpoOJeMaTHYHHUTE O0JIACTH, MOXKHUTE NPHUIO0OHMBKHY,
KaKo M HajBakHUTE cepu 3a pa3Boj Ha BpaboTeHnTE. PesynraTuTe ru NokaxyBaar u geMorpadckure crenuduky Ha
HpeTHpHjaTHjaTa Ha JKCHUTE IPETIPHEMadd BO PETHOHOT BO KOj € CIPOBEJICHO HCTPaXKyBamkeTO, HUBHUTE CETalllHH,
HO ¥ IUIAHMPAHUTE aKTHBHOCTH 32 Pa3BOj HAa YOBEYKHOT KanuTal. McTpaxyBaukaTa METONOJIOrHja € BepuduKyBaHa
0]l CTpaHa Ha perroHajIHa pabOTHA IpyIa YUK WICHOBH Oea OArOBOPHH 3a CIIPOBE/lyBabe Ha aHKETaTa.

Kuyunu 360poBu: )KEHCKO MPETIPHEMHHIITBO; aHAJIN3a Ha ToTpedaTa o 00yKa; ja3 BO BSIITHHU U KOMIIETCHIIHN

1. INTRODUCTION

The development of the SME (Small and Me-
dium size Enterprises) sector is the backbone of
every economy. In the EU, this sector represents
more than 99% of all enterprises in the economy
[1]. The European Commission recognises that
entrepreneurship and small businesses are a key

source of jobs, business dynamism and innovation
and promoting entrepreneurship is a clear objective
for achieving the Lisbon goals (to make the EU
"the most competitive and dynamic knowledge-
based economy in the world capable of sustainable
economic growth). Europe is not fully exploiting
its entrepreneurial potential, and lags behind the
United States in both business start-ups and self-
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employment. Women entrepreneurship is also im-
portant to the EU for both gender equality and
economic growth. ’In terms of policy recommen-
dations, stakeholders underline the importance of
better data on which to base policies, as well as the
reinforcement of support structures for female en-
trepreneurs such as the provision of information
and training, business networks, business support
services, and facilitating access to both human and
financial capital for women” [2]. The Global En-
trepreneurship Monitor has shown that an average
entrepreneur is double more likely to be male than
female [3], which indicates that it is necessary to
address the women entrepreneurs as a specific tar-
get group in order to provide custom made support
for starting and growing of their businesses.

According to the study undertaken by the
European Commission in 2008 on women innova-
tors and entrepreneurs [4], there were identified:
three types of women's obstacles to innovative en-
trepreneurship:

1. Contextual obstacles: educational choices,
traditional views and stereotypes about women,
science and innovation;

2. Economic obstacles: innovation sector re-
quiring substantial investment and women being
seen less credible financially than men;

3. Soft obstacles: lack of access to technical
scientific and general business networks, lack of
business training, role models and entrepreneurship
skills.

Based on this, the group soft obstacles play an
important role in lacking the women to foster and
expand businesses. Due to this, according to the
EU Small Business Act for Europe 10, the skills
mismatch is going to stay very high in the EU
agenda, which was confirmed with the EU 2020
Strategy documents. By renewed emphasis by cur-
rent European Commission policies for a more en-
trepreneurial Europe and for women entrepreneur-
ship as a priority pillar within the SBA (Small
Business Act), ensuring policy alignment, monito-
ring systems and support frameworks for women's
entrepreneurship requires a concerted commitment
by all pre-accession countries to bring forward and
ensure improvements in women's employment and
participation in the economy.

Training is a fundamental element in fostering
the competitiveness of women entrepreneurs and
an instrument that support companies growth and
development. The system analyses of the training
needs are essential in order to design the training in
such manner that can be tailored specifically to

existing enterprises’ needs. This eliminates provi-
sion of training which is overabundant and in-
creases provision of training which is lacking -
which results in greater system efficiency.

2. RESEARCH METHODOLOGY

In order to conduct effective research, the im-
plementing team has designed the following re-
search methodology:

Phase I: Establishment of a regional working
group

Working group composed on 9 participants
from relevant institutions from the researched
countries was established. The working group’s
main objectives were verification of the methodol-
ogy, adaptation of the questionnaire and conduct-
ing the survey.

Phase Il: Analysis of TNA good practice
methodologies

The implementation team have analyzed the
good practice methodologies for national and re-
gional training needs analysis methodologies. The
scope of the analysis has also included women en-
trepreneurship specific aspects, as well as regional
aspects and good practices.

Phase lll: Development of the methodology
and the survey questionnaire

Based on the analysis, the implementation
team have developed the TNA methodology and
questionnaire. The finalization of these documents
was verified with the working group including
country specific aspects, as well as business sector
interest into the methodology.

Phase 1V: Data collection process

The survey was conducted through online
data collection system, translated into all of the
countries’ languages. Each working group member
in cooperation with women business support or-
ganizations in their respective country promoted
and supervised the implementation of the survey
process. After the finalization of this process, 1856
successfully filled in questionnaires from 9 coun-
tries were uploaded on the on-line data base.

Phase V: Preparation of country report

Each working group member has prepared
country specific report. The reports presented the
background information for women entrepreneur-
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ship in the respective country, including new de-
velopments and national policies, the results of the
project, as well as overview of the lessons learned
and the recommendations for future similar actions

Phase VI: Preparation of a regional report
with recommendations for future actions

The implementation team have analysed the
data, reviewing relevant literature and prepared the
final report and recommendations for future ac-
tions.

3. DATA COLLECTION AND SAMPLE
INFORMATION

According to the methodology, the survey
was conducted online through a virtual Microsoft
database. In total 1856 acceptable questionnaires
were filled in the data base, with the following dis-
tribution per country: Albania 201 questionnaires,
Bosnia and Herzegovina 136, Croatia 282, Kosovo
202, Macedonia 209, Moldova 206, Montenegro
182, Serbia 203, Turkey 235 questionnaires. In
total, the objective, collecting at least 1800 ques-
tionnaires was accomplished. Montenegro and
Bosnia and Herzegovina are the only participants
that did not manage to achieve country’s minimum
of 200.

Considering the sectorial involvement in the
survey, it can be concluded that 16% of all partici-
pants are coming from the Wholesale and retail
trade, repair of motor vehicles and motorcycles,
followed by Professional, scientific, technical and
support service activities (15%) and Manufacturing
sector (11%). Companies from Mining and quar-
rying, Electricity, gas, steam and air conditioning
supply and Water supply; sewerage, waste man-
agement and remediation activities were least pre-
sent, with representation of only 2% for the three
sectors together. There was not such sector that did
not have representation in the survey.

The largest group of companies in the Alba-
nian survey comes from the medium sized manu-
facturing companies and in Bosnia and Herzego-
vina from small sized manufacturing companies.
Turkey is the only country where the biggest group
is in among the medium sized companies, in the
particular case also in manufacturing. Croatia,
Kosovo, Macedonia, Moldova, Montenegro and
Serbia have the largest group among micro-enter-
prises mainly operating in the sector of wholesale
and trade.
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Most of the enquired owners possess univer-
sity undergraduate diploma, apart from Kosovo
and Albania. In the case of Albania more than 60%
of the entrepreneurs have either Master or PhD
diploma. Apart this, in Kosovo, more than 50% of
the entrepreneurs have finished high school. Kos-
ovo also have highest portion of women entrepre-
neurs with only primary education, followed by
Montenegro and Turkey (Fig. 1).
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Fig. 1. Educational background of the enterprises’ owners

If this data are compared to the data received
by the age of the owners, it can be concluded that
in Kosovo, many young women do not continue
with higher education, rather they start a business.
The same pattern applies to Albania as well, since
most of the entrepreneurs in Albania are aging 40
and above that confirms that after finalizing the
higher education they decided to open their own
business.

By saying this, it can be only suggested for
consideration that in the case of Albania, the idea
for initiating a business come from information
and data gathered and processed during the studies
at the Universities focusing more in innovation,
research, fact driven approach, compared to Kos-
ovo where most of the business are either trade
oriented or required basic and technical skills to
run a business in the area of manufacturing.

Almost two out of three companies have
stated that they currently have good business per-
formance (mark 4 on the scale out of 5), and only
one in every 140 companies have stated that they
are in a process of phasing out and closing their
activities.

Considering this data, it can be confirmed that
SMEs managed by women are performing very
well in this time of global economic crisis and
those should be taken and promoted as best exam-
ples. On the other hand, it can be also considered
that companies that were in the phases “Barely
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surviving” or “Phasing out” and the reason have
refused to participate in this project. Due to this
assumption only more active and more successful
companies did take part in the survey, which might
not represent the real situation on the ground (Fig.
2).
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Fig. 2. Current business performance per country (%)

Most of the respondents have stated that their
current business performance is evaluated as good.
Entrepreneurs from Macedonia, Montenegro, Kos-
ovo and Albania, do not have companies that are in
”Phasing out” stage. On the other hand, Moldova
and Montenegro have reported only small portion
of companies (equal to none) that are in “excellent
stage” of performance.

Many articles and reports [5] in the past have
stated that women are still considered as unex-
plored working potential, due to their intensive
household responsibilities. Still, this research states
the opposite. In the women managed enterprises
work more female employees (52%), compared to
(48%) men employees. This might indicate that
women prefer employing women.

On the other hand the most of the employees
working for women entrepreneurs following under
the age group of 30-39 years, followed by the age
group of 16-29 years. Only few employees come
from the age group above 60 years.

The overview of the regional survey shows
that almost half of the employees enrolled in the
survey have finished secondary education, 1/3 has
obtained undergraduate diploma, 1/14 master or
PhD, and 1/7 possess only primary school diploma.
Only 1% of employees has no schooling or have
unfinished primary education

The educational structure of the enrolled em-
ployees per country is corresponding with the
overall regional overview, with moderate devia-
tions, such as the higher number of masters and
PhD holders in Albania, much higher than average
low number of primary school employees in Tur-

key, and much lower in Moldova and Montenegro.
These deviations have occurred, partially as a re-
sult of the educational structure in the respective
country, but also from the country’s sample type,
size and sector of operation. For example, most of
the employees with finished only primary educa-
tion, are working in companies with 100 — 250
employees, and in case of Turkey they have been
represented with 9%, which is 6 times more than in
the Moldova’s and in Montenegro’s sample there
are not even included. As larger the total number
of employees in the company is, the greater the
percentage of lower educated employees may be
expected.

The entrepreneurs have stressed that an in-
crease of competition, the need of improvement of
quality, the attitudes and working behaviour of the
employees and the access to finance and capital are
one of the most important areas with the strongest
impact on the enterprise functioning. On the other
hand, they have stated that the change of top man-
agement, adaptation to environmental factors, the
increase of industrial accidents and the technologi-
cal changes do not influence the business perform-
ance at all compared to other factors/areas (Fig. 3).
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Fig. 3. Business impact areas
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4. KEY FINDINGS
a) Structural setting

The way how trainings organized differs from
one country to another. Companies from Albania,
Moldova and Montenegro, prefer training to be
organized internally by company own experts. On
the other hand, Macedonian companies prefer out-
sourced services, while Turkey, Serbia and Kosovo
use the combination of both. Completely out-
sourced trainings have been organized less fre-
quently, especially in Serbia (Fig. 4).
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Fig. 4. Organziation of training (%)

The business culture and the company struc-
ture are the main factors that influence the com-
pany’s perception towards HRD. Still, when it
comes to the responsibilities for HRD and the
training in the company, the results across the en-
terprises in these countries follow similar pattern.
In other words, the most responsible subject in
more than half of companies (57%) is the director.
The largest deviation is noticed in Kosovo, where
around half of the companies do not have a per-
son/department that is responsible for this issue. In
Turkey, this responsibility is equally distributed
between director, owner and the HR man-
ager/Department (Fig. 5).
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Fig. 5. Responsibility for the HRD and training (%)

The responsibility for HRD and training can
be also considered by the size of the company. So,
even based on this, the director is still the main
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responsible subject in more than half of the com-
panies with 1 — 99 employees. However, for com-
panies that employee more than 100 employees,
there is special HR Department or person who has
the responsibility to plan the human resource de-
velopment with the company. This confirms the
fact that in the smaller companies there is no need
of employing a HR person or creating a separate
department. Also, in small portion of around 20%,
no matter of the size of the company the owner is
responsible for HRD and training related issues.
Interesting finding shown by the survey is that in
15-20% of the companies, main responsible for
HRD is the owner, without influence by the com-
pany’s size (Fig. 6).
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Fig. 6. Responsibility for HRD and training by the size
of the companies (%)

Training can lead to business performance
improvement at any aspect. Still, the most impor-
tant reasons why training is organized is because it
can contribute to increasing the quality of products
and services, preparation of new employees to the
tasks they need to perform and it can improve the
image of the enterprise. This shows that the train-
ings and education for increasing of the skills and
knowledge of owners and employees usually have
wider range of goals and expected outcomes for
the company (Fig. 7).
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Fig. 7. Reasons for organizing training
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Overall on a regional level, 85% of respon-
dent enterprises have stated that they do not allo-
cate training budget. This shows that the awareness
for HRD is still not institutionalized and imple-
mented in the strategic focuses of the women man-
aged SMEs. When it comes to company budget
allocation for training per country the situation dif-
fers from one country to another. Only 2% of com-
panies from Kosovo have stated that they have re-
served annual budget for training. Other countries
that also have small portion of companies (less
than 10%) that have budget allocation for training
are Montenegro and Moldova. On the other hand,
more than 30% of the companies from Albania
(32%) and Turkey (31%) that participated in this
survey have reported that have annual reserved
budget for training. Additional factor influencing
the allocation of budget is the size of the company
meaning larger the company - higher allocation of
annual budget for HRD (Fig. 8)
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Fig. 8. Companies’ reserving budget for training
per country (%)

More than half of the companies (58%) have
stated that their investments in HRD are the same
in the last three years, 28% of them have con-
firmed that their budget has increased, while 14%
have budget cuts when it comes to training. The
analysis covers the period after the first years of
the world financial crisis, comparing the years of
stabilization and return of growth of the global
economy (Fig. 9).
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Fig. 9. Trend of investments for HRD in the last three years

The main source of funding for the HRD is
provided by the enterprises themselves (69%), fol-
lowed by employees own resources (18%). The
international organizations and their projects par-
ticipate with 9%, along with the public funds with
only 4% as alternative sources of funding for HRD
and training. Although this information shows that
more than 2/3 of the companies, as a main source
of funding for trainings are relying on their own
budget, still it is not enough to confirm that they
consider this as an investment that can bring in
future more efficiency and effectiveness to the
company’s performance, having in mind that only
15% are planning this investment ahead. The lack
of not having the proper structure and organization
for tracking the HRD in the company makes the
situation for managers/owners very difficult since
they do not have the right information for the vol-
ume and focus of the trainings that their employees
attend by their own.

When it comes to the region specifics, the
situation in Kosovo is quite different from the
other countries, where more than 60% of the com-
panies have stated that their employees are the
main sources of financing for HRD activities. Part
of this deviation has occurred due to the different
structure of the Kosovo’s sample, where 95% of
the respondents are in the group of 1-9 employees,
compared with the average of 70%. On the other
hand, 20% of the companies in Macedonia, Alba-
nia and Kosovo rely on international organisations
and projects for training (Fig. 10).
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Fig. 10. Sources of funding for HRD per country (%)

As active partner in the business development
process, and additionally as promoters of different
training initiatives, chambers of commerce are se-
lected as the most commonly used training pro-
vider. Apart from those, other groups of preferred
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training providers are the private companies as
well as the individual experts. The least important
providers are defined the secondary schools and
the vocational education and training centres to-
gether with universities (Fig. 11).
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Fig. 11. Preferred training providers

The research has shown that expected benefits
of the training and the trainer’s quality / eligibility
as main factors for selection of HRD programme.
As secondary factors, the price and the information
on training have been selected. The least important
factors are identifies the provision of certificates,
location of the training and the proper timing (Fig.
12).
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Fig. 12. Selection factors for HRD
b) Training topics

The research has shown that the most impor-
tant training topics for the owners and managers
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are - product and service development, manage-
ment issues, marketing and sales, strategic plan-
ning and organization, as well as market trends.
Although, all of the proposed topics have been
rated with relatively high importance, also less im-
portant topics have been presented: internationali-
zation, innovation and intellectual property rights,
and efficient use of energy.

On the other hand, other employees have
stated that product and service development, mar-
keting and sales and market trends, are most im-
portant topics for HRD. Less important topics were
defined the following - internationalization, finan-
cial management and accounting, management, as
well as trainings regarding incentives and new leg-
islation.

The comparison between the two categories
of employees (owners and managers as one group
and other employees as other) shows that apart
from the trainings for human resource, for all other
trainings there is a difference in the importance of
the topics for the managerial and non-managerial
staff. The largest deviation of more the 0.1 index
points is considered at the following trainings —
management and information and computer tech-
nology (Fig. 13)
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Fig. 13. Importance of training topics for owners,
managers and other employees

. Owners and managers have rated all pro-
posed topics as very important, especially cus-
tomer oriented services (93%), leadership and mo-
tivation (90%) and presentation skills (87%), ex-
cept mathematical-numerical skills, which was
rated with relatively low importance, identified by
40% of the respondents as not or less important.

On the other hand, the employees have se-
lected the customer oriented services as the most
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important for business development. But according
the EU legislation and directives and mathemati-
cal-numerical skills, finance, accounting and con-
trolling, as well as organization and management,
have been rated as the least important topics.

The surveyed companies’ representatives,
owners and managers have presented much higher
importance of all training topics for their own de-
velopment and the development of other managers,
compared to the overall significant for the HRD of
the other employees. Regarding the difference of
the relative importance inside the two groups, the
respondents have put customers oriented services,
presentation skills, conflict and problem solving, as
well as communication on mother tongue, as the
most important for the other employees. For the
owners and managers, the customer oriented ser-
vices, leading and motivating and presentation
skills have been identified as most important top-
ics.

Mathematical and numerical skills have been
identified as not important by both groups (Fig.
14).
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Fig. 14. Required training for development of owners,
managers and other employees

5. CONCLUSIONS

Based on the results collected, the following
conclusions can be drawn:
e There is a need to further raise the awareness
regarding the benefits of using the training
services.

e There is a lack of information regarding
training offers.

e Women entrepreneurs are optimistic and
have positive attitudes about their business
performance.

e There is a need to draft a specific tailor-made
policy measures with reference to women en-
trepreneurs.

e Availability of financial services should be
more widely disseminated.

e Companies are relatively satisfied by the
training providers and quality of their ser-
vices.

e Training services are still expensive and they
are considered as a cost to the companies, not
as an investment in HRD.

e Public training support is still very limited.

e Companies are the main source of funding
for HRD.

e Media are the main source of information
when it comes to training offers as well as
availability of financial services.

e Companies plan to increase their dedicated
budget for training in the future.

e Companies prefer to organize the training af-
ter work hours or during weekends.

The main focus in the future should be given
to two parallel sets of activities.

The first one, should be oriented on continues
raising the awareness about the long-term benefits
that training can produce for a company. The ini-
tial activity in this respect is to adapt the mind-set
of the entrepreneurs that cost for the training is an
investment and asset for the company and its em-
ployees, rather than liability the uses financial and
human resources without earning corporate gains.
Once this is approach is accepted, then it is easy to
start think and to plan the other activities related to
continuous increasing the knowledge and skills of
the management and employees in order to get for
efficient and more competitive company.

The second set of activities is related to as-
suring the quality of the training and receiving the
appropriate skills and competence development in
order to bridge the gap that currently exists in the
company. In this respect, the most important issue
is to know to identify what you need (in terms of
training), selecting the right provider to deliver the
training as well as to be able to benchmark the
company performance before and after the training
is being delivered.
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6. RECOMMENDATIONS

1. Adoption of concrete measures and ac-
tivities with concrete focus of specific target
groups.

Adoption of general SME policy measures are
important for each economy since they provide the
roadmap towards which each country should be
heading. Still, in all countries, apart from those
general measures additional sets of activities
should be developed having in mind the specifics
of the different target groups, such as women or
young entrepreneurs, unemployed starting up a
business due to the need of existence, ex-convicts
trying to adjust into the system, etc.

2. Identification of best practices from this
research and their promotion in order to raise
the awareness and to stimulate the implement-
tation of effective SME training programmes.
Implementation.

Public promotion and dissemination of the re-
sults should be conducted in each country in order
to raise the awareness among women and other
entrepreneurs in human capital. Those examples
should be used as a model lesson learnt of how the
business performance can be improved, SME de-
velopment as well as how the company success can
be achieved while investing in the human re-
sources.

3. Establishment of national WE SME Fo-
rum in each country that could focus on several
key issues in the area of training and HRD in
the SME sector.

This Forum could be tripartite including the
women entrepreneurs on one side, training provid-
ers and business support organisations on the other
side, and Government institutions, SME Agencies
and policy makers on the remaining side. This will
ease the process of bridging the gap between the
training supply and demand.

4. Regular organisation of the ‘train the
trainers’ sessions (by the supply side) that will
secure the quality of the trainers, will help them
better to understand the SME and will be able
to design the specific tailor made products de-
pending on the market/region/sector characte-
ristics.
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A number of counsellors coming from the
private sector that have more many years of ex-
perience in a given area, nowadays are actively
engaged by the SMEs. The counsellors’ experience
can be used in order to ease the implementation of
the concept ‘train the trainers’ based on the chal-
lenges and opportunities they had to face over their
working experience. By delivering training to a
number of trainers, that later on will transfer this
knowledge to the SME sector, can create more
competitive and cheaper training offers and can
assure the quality of the training.

5. To ease the access to information re-
garding public and Government programmes
that provides specific WE SME support. To
create a centrally managed national WESME
web based portal where all this information can
be easily approached.

To create a national web portal for WE SME
where all relevant information will be published
and regularly will be updated on a daily basis. This
portal will contain information regarding the leg-
islation, finances, intellectual property rights, pro-
vision of grants, as well as all active WE SME pol-
icy support measures and activities.

6. Implementation of different types of
needs assessment to SME managed by women
entrepreneurs, apart from TNA.

Based on the current TNA, to develop a
methodology and questionnaire and to implement a
survey where are needs of the SME managed by
women entrepreneurs will be considered, such as
finance or legal related needs assessment, where
specific needs regarding these subjects will be con-
sidered. Based on the data gathered, concrete pol-
icy measures could be developed.

7. Implementation of specific TNA by
NACE sectors, or targeting specific group of
enterprises (i.e. export oriented).

Based on this analysis and other experiences,
it can be stated that the training needs are not the
same among different sectors or group of compa-
nies. Using the sector specific TNA will ensure
more qualitative results, meaning in-depth analysis
could be prepared for concrete group of companies
with similar economic activities, and based on this
also specific policy measures can be adopted. This



108 B. R. Jovanovski, I. Nikoloski, R. Polenakovik, T. Velkovski, E. Nikoloska

will increase the quality of the training offers,
since more specific and concrete needs will be
identified for smaller and homogenous group of
companies.
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A bstract: The classification of routing and scheduling problems depends on certain characteristics of the
service delivery system, such as size of the delivery fleet, where the fleet is housed, capacities of the vehicles, and
routing and scheduling objectives. In the simplest case, we begin with a set of nodes to be visited by a single vehicle.
The nodes may be visited in any order, there are no precedence relationships, the travel costs between two nodes are
the same regardless of the direction traveled, and there are no delivery-time restrictions. In addition, vehicle capacity
is not considered. The output for the single-vehicle problem is a route or a tour where each node is visited only once
and the route begins and ends at the depot node. The tour is formed with the goal of minimizing the total tour cost.
This simplest case is referred to as a traveling salesman problem (TSP). An extension of the traveling salesman
problem, referred to as the multiple traveling salesman problems (MTSP), occurs when a fleet of vehicles must be
routed from a single depot. The goal is to generate a set of routes, one for each vehicle in the fleet. The characteristics
of this problem are that a node may be assigned to only one vehicle, but a vehicle will have more than one node as-
signed to it. There are no restrictions on the size of the load or number of passengers a vehicle may carry. The solu-
tion to this problem will give the order in which each vehicle is to visit its assigned nodes. As in the single-vehicle
case, the objective is to develop the set of minimum-cost routes, where “cost” may be represented by a dollar amount,
distance, or travel time. If we now restrict the capacity of the multiple vehicles and couple with it the possibility of
having varying demands at each node, the problem is classified as a vehicle routing problem (VRP). In this paper
will be presenteds the TSP procedure for delivery and routing of new product L-carnitine from Koding — Skopje
which life development is in the introduction or development phase.

Key words: TSP; L-carnitine; routing; service

PYTHUPAIBE U PACIIOPE] HA BO3UJIO - TPOBJIEM HA TPTOBCKHU TATHUK

A mctpaxk 1 Kiacuduxanujara Ha npobieMurte Ha pyTHpame H PAcIopell CO CHUIYPHOCT 3aBHCH Of
KapaKTepPUCTHKUTE OfI CEPBUCOT HAa CHCTEMOT 3a MCIIOpaKa, Op3MHaTa Ha UCIIOpaKaTa, MECTOTO Kajie ce UCIopavyBa,
HOCHBOCTA Ha BO3WJIOTO M LICJIUTE HA PYTHUPAETO U PACIOpelyBambeTo. Bo HajeTHOCTaBHUOT Cily4aj ce 3all0OYHyBa
CO MpeKa Ha ja3Jid BO KOHM C€ JBM)KU IOSJMHEYHO BO3MIIO. Jas3IUTe MOXKAT Jia Ce IOCEeTyBaaT 10 KOj OWIo pex, He
TIOCTOX HHKAaKOB MPHUOPHUTET BO pealijara, Bp3 MaTHUTE TPOLIOIH ITOMEly /IBa ja3ia He BIMjae MPABEIOT Ha BO3CHE
U HE T0CTOjaT PECTPHKIMHM 3a BPEMETO Ha HcHopaka. McTo Taka, HOCHBOCTa Ha BO3MJIOTO HE CE 3e€Ma IMpPEIBU.
Typara ce popmupa co Len 1a ce MUHEUMH3Hpa BKYIIHHOT TPOIIOK Ha Typara. HajeHOCTABHHOT Cllydaj € O3HAa4eH
Kako npo6iem Ha Tproeeku natHuk (TSP). TpommpyBameTo Ha HPOOIEMOT Ha TPrOBCKH IATHHK € O3HAYCHO KaKO
HoBeKeKkparTeH 1pobieM Ha TproBeku natHuk (MTSP), koj ce mojaByBa kora Op3uMHaTa Ha BO3WJIOTO Mopa 1a Oune
pyTupaHa on noeiauHeueH ckinan. Llenta e ma ce reHepupa Mpexxa Ha pyTH, €lHa 3a cekoe Bo3wio. He mocrojar
OrpaHHMYyBama BO FOJICMHHATa HAa TOBApOT MM OpPOjOT HA MATHULM 32 BO3WJIOTO Ja MOXeE Jia HOCH. PeleHnero Ha
0BOj mpo0JIeM Ke ro Jajae pefoT o KOj CeKoe BO3MJIO MM MOCETyBa MPEABUICHUTE ja3au. Bo ciyyajoT Ha moequHeYHO
BO3UJIO, LIEJITA € Jla CC Pa3BHE MpPEXa O] PyTH CO MUHUMAIIHU TPOLIOLH, KaJie IITO TPOIIOKOT MOXE Jja Ce MPETCTaBH
BO M3HOC Ha JI0OJIapH, PaCTOjaHUE HJIM BPEME Ha [aTyBambe. AKO ce HaMald HOCHBOCTA Ha MYJITHIUTHLIMPAHUTE BO3MIIA
1 ce 00eanHaT cO MOKHOCTA 3a BapHjalija Ha IOTpeOHTe 3a CeKoj ja3o, MpobiieMoT ce Kracu(puIupa Kako mpoodieM
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Ha pyTupame Ha Bo3mwio (VRP). Bo oBoj Tpyx ke ce mpuxaxe nponenypara TSP 3a ncrnopaka u pyTupame Ha HOB
npon3Boj — L-kapautnn ox Koxunr — Ckorje, koj ce Haora Bo ¢azaTa Ha pa3Boj Ha )KUBOTHUOT IIUKIIYC.

Kuyunn 360poBu: TSP; L-kapHuTHH; pyTupame; cepBuc

1. INTRODUCTION

The scheduling of customer service and the
routing of service vehicles are at the heart of many
service operations. For some services, such as
school buses, public health nursing, and many in-
stallation or repair businesses, service delivery is
critical to the performance of the service. For other
services, such as mass transit, taxis, trucking firms,
and the Postal Service, timely delivery is the ser-
vice. In either case, the routing and scheduling of
service vehicles has a major impact on the quality
of the service provided, C. Haksever et al. [1].

This introduction has showed some routing
and scheduling terminology, classifies different
types of routing and scheduling problems, and pre-
sents various solution methodologies. Although
every effort has been made to present the topic of
vehicle routing and scheduling as simply and as
straightforward as possible, it should be noted that
this is a technical subject and one of the more
mathematical topics in this text.

A private, nonprofit meal delivery program
for the elderly called Meals-for-ME has been oper-
ating in the state of Maine since the mid-1970s.
The program offers home delivery of hot meals,
Monday through Friday, to “home-bound” indi-
viduals who are over 60 years of age. For those
individuals who are eligible (and able), the pro-
gram also supports a “congregate” program that
provides daily transportation to group-meal sites.
On a typical day within a single county, hundreds
of individuals receive this service. In addition, in-
dividuals may be referred for short-term service
because of a temporary illness or recuperation.
Thus, on any given day, the demand for the service
can be highly unpredictable. Scheduling of volun-
teer delivery personnel and vehicles as well as con-
struction of routes is done on a weekly to monthly
basis by regional site managers. It is the task of
these individuals to coordinate the preparation of
meals and to determine the sequence in which cus-
tomers are to be visited. In addition, site managers
must arrange for rides to the “group meals” for
participating individuals.

Although these tasks may seem straightfor-
ward, there are many practical problems in routing
and scheduling meal delivery. First, the delivery
vehicles (and pickup vehicles) are driven by vol-

unteers, many of whom are students who are not
available during some high-demand periods. Thus,
the variability in available personnel requires that
delivery routes be changed frequently. Second,
because the program delivers hot meals, a typical
route must be less than 90 minutes. Generally, 20
to 25 meals are delivered on a route, depending on
the proximity of customers. Third, all meals must
be delivered within a limited time period, between
11:30 A.M. and 1:00 P.M. daily. Similar difficul-
ties exist for personnel who pick up individuals
served by the congregate program. Given the exis-
tence of these very real problems, the solution no
longer seems as simple. It is obvious that solution
approaches and techniques are needed that allow
the decision maker to consider a multitude of vari-
ables and adapt to changes quickly and efficiently,
O. C. Ferrell et al. [3] u Paul Fifield [4],

2. OBJECTIVES AND CHARACTERISTICS
OF ROUTING AND SCHEDULING PROBLEMS

The objective of most routing and scheduling
problems is to minimize the total cost of providing
the service. This includes vehicle capital costs,
mileage, and personnel costs. But other objectives
also may come into play, particularly in the public
sector. For example, in school bus routing and
scheduling, a typical objective is to minimize the
total number of student-minutes on the bus. This
criterion is highly correlated with safety and with
parents’ approval of the school system. For diala-
ride services for the handicapped or elderly, an im-
portant objective is to minimize the inconvenience
for all customers. For emergency services, such as
ambulance, police, and fire, minimizing response
time to an incident is of primary importance. Thus,
in the case of both public and private services, an
appropriate objective function should consider
more than the dollar cost of delivering a service.
The “subjective” costs associated with failing to
provide adequate service to the customer must be
considered as well.

Routing and scheduling problems are often
presented as graphical networks. The use of net-
works to describe these problems has the advan-
tage of allowing the decision maker to visualize the
problem under consideration. The anyone figure

Mech. Eng. Sci. J., 32 (1), 109-117 (2014)
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consists of some circles called nodes. For example,
four of the five nodes (nodes 2 through 5) repre-
sent pickup and/or delivery points, and a fifth
(node 1) represents a depot node, from which the
vehicle’s trip originates and ends. The depot node
is the “home base” for the vehicle or pro-
vider.Connecting these nodes are line segments
referred to as arcs. Arcs describe the time, cost, or
distance required to travel from one node to an-
other. Given an average speed of travel or a distri-
bution of travel times, distance can be easily con-
verted to time. However, this conversion ignores
physical barriers, such as mountains, lack of ac-
cess, or traffic congestion. If minimizing time is
the primary goal in a routing and scheduling prob-
lem, then historical data on travel times are prefer-
able to calculations based on distances. Arcs may
be directed or undirected.

Undirected arcs are represented by simple
line segments.

Directed arcs are indicated by arrows. These
arrows represent the direction of travel in the case
of routing problems (e.g., one-way streets) or
precedence relationships in the case of scheduling
problems (where one pickup or delivery task must
precede another).

The route for the vehicle also called a tour.

The tour is a solution to a simple routing
problem where the objective is to find the route
that minimizes cost or any other criterion that may
be appropriate (such as distance or travel time).
The minimum-cost solution, however, is subject to
the tour being feasible.

Feasibility depends on the type of problem,
but, in general, implies that:

1) a tour must include all nodes,

2) a node must be visited only once,

3) a tour must begin and end at a depot.

The output of all routing and scheduling sys-
tems is essentially the same. That is, for each vehi-
cle or provider, a route and/or a schedule is pro-
vided. Generally, the route specifies the sequence
in which the nodes (or arcs) are to be visited, and a
schedule identifies when each node is to be vis-
ited.

3. THE TRAVELING SALESMAN PROBLEM

The traveling salesman problem (TSP) is one
of the most studied problems in management sci-
ence. Optimal approaches to solving traveling
salesman problems are based on mathematical pro-
gramming. But in reality, most TSP problems are

Maw. undie. nayu. ciiuc., 32 (1), 109-117 (2014)

not solved optimally. When the problem is so large
that an optimal solution is impossible to obtain, or
when approximate solutions are good enough, heu-
ristics are applied. Two commonly used heuristics
for the traveling salesman problem are the nearest
neighbor procedure and the Clark and Wright
savings heuristic.

a) The Nearest neighbor procedure

The nearest neighbor procedure (NNP) builds
a tour based only on the cost or distance of travel-
ing from the last-visited node to the closest node in
the network. As such, the heuristic is simple, but it
has the disadvantage of being rather shortsighted,
as we shall see in an example. The heuristic does,
however, generate an “approximately” optimal so-
lution from a distance matrix. The procedure is
outlined as follows:

1. Start with a node at the beginning of the
tour (the depot node).

2. Find the node closest to the last node added
to the tour.

3. Go back to step 2 until all nodes have been
added.

4. Connect the first and the last nodes to form
a complete tour.

b) Clark and Wright savings heuristic

The Clark and Wright savings heuristic
(C&W) is one of the most well-known techniques
for solving traveling salesman problems. The heu-
ristic begins by selecting a node as the depot node
and labeling it node 1. We then assume, for the
moment, that there are » — 1 vehicles available,
where 7 is the number of nodes. In other words, if
we have six nodes in the network, then there are
five vehicles available. Each vehicle travels from
the depot directly to a node and returns to the de-
pot. But this is not a feasible solution because the
objective of a traveling salesman problem is to find
a tour in which all nodes are visited by one vehicle,
rather than by two vehicles. To reduce the number
of vehicles needed, we now need to combine the
n—1 tours originally specified.

The key to the C&W heuristic is the compu-
tation of savings. Savings is a measure of how
much the trip length or cost can be reduced by
“hooking up” a pair of nodes and creating the tour
1 - 2 — 3 — 1, which can then be assigned to a
single vehicle.For a network with n nodes, we
compute the savings for every possible pair of



112 D. Krstev, R. Polenakovik, M. Golomeova

nodes, rank the savings gains from largest to
smallest, and construct a tour by linking pairs of
nodes until a complete route is obtained.

A statement of the C&W savings heuristic is
as follows:

1. Select any node as the depot node (node 1).

2. Compute the savings, Sij for linking nodes i
and j:

S;=ciucy+c; for I and jnodes2,3,K,n

(1)

where: ¢; — the cost of traveling from node i to
node j.

3. Rank the savings from largest to smallest.

4. Starting at the top of the list, form larger
subtoursby linking appropriate nodes i and ;.

Stop when a complete tour is formed.

4. MULTIPLE TRAVELING SALESMAN
PROBLEM AND VEHICLE ROUTING
PROBLEM

The MTSP is a generalization of the traveling
salesman problem where there are multiple vehi-
cles and a single depot. In this problem, instead of
determining a route for a single vehicle, we wish to
construct tours for all M vehicles. The characteris-
tics of the tours are that they begin and end at the
depot node. Solution procedures begin by “copy-
ing” the depot node M times. The problem is thus
reduced to M single-vehicle TSPs, and it can be
solved using either the nearest neighbor or Clark
and Wright heuristics. The classic VRP (Vehicle
Routing Problem) expands the multiple traveling
salesman problems to include different service re-
quirements at each node and different capacities
for vehicles in the fleet. The objective of these
problems is to minimize total cost or 7SP Solver
and Generator. By means of the applicative soft-
ware it’s possible to optimize TSP procedure, pro-
viding the appropriate procedure for optimal trans-
port decision of the energetic new product L-car-
nitine in the region of the eastern part of the Re-
public of Macedonia. The Figure 1 has showed dis-
tances between cities where product are distributed
from the Koding-Skopje enterprise, distance across
all routes. Examples of services that show the
characteristics of vehicle routing problems include
different Services deliveries, public transportation
“pickups” for the handicapped, and the newspaper
delivery problem etc.

5. TRANSPORT

For transport and distribution of new product
L-carnitine is used method of Traveling Salesman
Problem (TSP) for routing on eastern and western
parts of Macedonia. With comparison and analysis
of the mentioned method or technique we’ll provide
conclusion for most adequate or most optimal rout-
ing for distribution and transport of the products.

Travelling sales procedure (TSP).The opti-
mal solutions of the travelling sales procedure are
based on the mathematical programming. How-
ever, in the reality, all optimal solution in the 7SP
the problems aren’t solved optimally. For the big
or complex problems, one or more exact solutions
is impossible to reach, but there are techniques and
principles for adequate programming. Two techni-
ques generally are used for the 7SP existing prob-
lems: Nearest neighbor procedure and Clark and
Wright savings heuristic. (Frederick E. Webster
[5], C. Haksever et al. [1]).

Nearest neighbor procedure. The procedure
creates a tour according to the distance by driving
from the last visited node to the nearest neighbor
node in the network. In this case, the technique is
very simple, but there is unpunctuality. In the Ta-
ble 1 are showed distances between the cities
where is done distribution of the new domestic
energetic product L-carnitine and on the graphic
views are shown nodes, or cities for the distribute-
on of the energetic product L-carnitine, D. Krstev
[2].

In the regional distribution network in the
eastern part of the Republic of Macedonia are fol-
lowing distributors and sub: (2) Kumanovo, (3)
Kriva Palanka, (4) Veles, (5) Stip, (6) Deléevo and
(7) Strumica.

Considering solutions for vehicle routing
from the above figures it’s possible to create com-
plete tour 1-2—4—5—7—6—3—1 with length
with 535 km. As this method do not approach opti-
mal tour value, we’ll repeat screening the network
trying to find better tour, for example 1—4—6—
7—5—3—2—1. The total distance from this tour
will be 461 km, instead the previous distance from
535 km, or the difference from 48 km.

TSP Solver and Generator. By means of the
applicative software it’s possible to optimize TSP
procedure, providing the appropriate procedure for
optimal transport decision of the energetic new
product L-carnitine in the region of the Eastern
part of the Republic of Macedonia. The Figure 1
has showed distances between cities where product
are distributed from the Koding-Skopje enterprise..
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Table 1
Table with the shortest distances between cities (distances in km)
<
=
% i‘: o S ° 5
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&g E £ 2 &= 2 2 2 =T E 2 7 & 3
n N 4 > N a ) ~ m o N O] = N
(1) Skopje /39 99 50 91 168 154 131 176 174 159 67 44 112
(2) Kumanovo 39 / 60 55 66 145 131 135 171 214 162 107 82 152
(3) Kriva Palanka 99 60 / 116 90 151 156 190 236 273 225 166 141 211
(4) Veles 50 55 116 / 40 109 113 79 120 180 111 110 85 156
5) gtip 91 66 52 40 / 83 66 119 150 215 151 157 128 181
(6) Delcevo 168 145 151 109 83 / 85 188 228 294 219 230 205 252
(7) Strumica 154 131 156 113 66 85 / 134 175 237 166 221 191 226
(8) Prilep 131 135 190 79 119 188 134 / 47 106 32 108 132 62
(9) Bitola 176 171 236 120 150 228 175 47 / 66 52 124 146 78
(10) Ohrid 174 214 273 180 215 294 237 106 66 / 138 107 132 61
(11) Krusevo 159 162 225 111 151 219 166 32 52 138 / 140 164 62
(12) Gostivar 67 107 166 110 157 230 221 108 124 107 140 / 24 46
(13) Tetovo 44 82 141 85 128 205 191 132 146 132 164 24 / 70
(14) Kicevo 112 152 211 156 181 252 266 62 78 61 62 46 70 /
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Fig. 1. Regional distribution network in eastern part of the Republic of Macedonia using the TSP
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Step #4

33 - 180 59 @8

The price is 456 units.

WARNING!!!

This result is a record, but it
Iterations need to be continued
an optimal one.

Fig. 3. Solution using solver

The results of the software decision of the £+ tspistocnamakedonija - TSP Solver and Generator o=
. File Settings Hel
TSP Solver and Generator are shown on the Fig- = H.QL__] = % &
ures 2 and 3. [ s | soton | :
The obtained result applying TSP Solver and I =
Generator has confirmed the optimal solution, TR Y= P P o
. . . . . Cityl --- 39 99 50 91 168 154
confirming the possible optimum solving, creating Cty2 38— 60 55 66 145 131
the route 1 -4—6—7—5—3—2—1 with 461 km. CHy3| 99 | 60 | — |116] 52 151156
City4 50 55 116 -—- 40 109 113
In the regional distribution network by parts City5 91|66 |52 | 40 | — |83 | 66
. . . . City6 168 145 151 109 83 --- 85
or destinations in the western part of the Republic Gity7 | 154|131 156|113 | 68 | 85
of Macedonia are presented by following distribu-
tors and subdistributors in the following towns: (8)
Prllep, (9) Bitola, (10) Ohrid, (11) Krusevo, (12)
Gostivar, (13) Tetovo and (14) Kicevo.
Fig. 2. TSP Solver and Generator
Variant #1 Task
Task:
--- 131176 174 158 67 44 112
131 --- 47 186 32 188 132 62 63 8 -oi 4 5 e en
176 47 --- 66 52 124 146 78 4T85 B e TT aen eemann Rm\\
174 186 66 --- 138 187 132 61 Bl 8 15 91 cov aeeocenon- /
159 32 52 138 --- 148 164 62 e s
67 108 124 187 148 --- 24 46 meneee e s s e
44 132 146 132 164 24 --- 78 B 16 27 B 16 - exon-
112 62 78 61 B2 46 79 --- Selected route with (4;3) part
. . Step #5
Variant #1 Solution L . .
Step #1 33 e e 50 0 oo e en-
--- BT 127115115 23 @ 68 00 . s
79 --- 18 59 @ 76 100 38 . el
199 8 --- 4 5 77 93 31 61 8 o1 - i
93 45 B --- 77 46 TL @ e
187 & 15 91 --- 188 132 38 S
23 84 95 68 116 --- @ 22 0 16 -« B 16 oo onoo-
8 188117 93 148 8 --- 46 Selected route with (5;2) part.
46 16 27 9 16 © 24 ---
Step #6
Selected route with (1;7) part. L X R
1 alternate candidate for branching: (7;1). BT 5 ... -
Step #2 3 ees e B eesen e
79 --- 180 59 8 76 --- 38 B
189 8 --- 4 5 77 --- 31 B
93 45 B --- T7 46 --- B . o 16
187 © 15 91 --- 188 --- 38 .
1 62 73 46 94 --n --- 8 Selected route with (3;5) part.
--- 108117 93 148 8 --- 46 Step #7
46 16 27 8 16 @ --- --- cenare wescas s es e
Selected route with (7;6) part B --- - 26 - -
Step #3 - - -
33 --- 18 59 B --- --- L] see aes aae \539
B3 B --- 4 5 - -e- 31 .
47 45 B --- 7T - --- 8 B een e 0 - -
6l @& 15 91 --- --- --- EL] Selected route with (2;1) part.
--- 62 73 46 94 --- - ] 1 alternate candidate for branching: (8;4). ferss ol (2;1)
Resulting path:
#1627 @ 16 - --- --- City 1 -» City 7 - City 6 -> City 8 -» City 4 -> City
Selected route with (6;B) part 3 ->City 5 -» City 2 -> City 1

may not be optimal.
to check whether this result is optimal or get
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Fig. 4. Regional distribution network of westernpart of the Republic of Macedonia with TSP
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Considering the obtained solutions for vehicle
routing from the Figure 4 it’s evidently to create
complete tour 1-13—12—14—10—-9—-8—11—
1 which length is 479 km. But, knowing that this
method don’t approach optimal value of the tour,
for the second time we’ll repeat the network trying
to find better tour, for example 1—-»13—12—14—
10—-9—11—8—1. The total distance of this tour
will be 456 km, instead the previous distance of
479 km, or the difference of 23 km.

TSP Solver and Generator. By means of the
applicative software it’s possible to optimize TSP
procedure, providing the appropriate procedure for
optimal transport decision of the energetic new
product L-carnitine in the region of the western
part of the Republic of Macedonia. The Figure 4
has showed distances between cities where product
are distrubuted from the Koding-Skopje enterprise.

The results of the software decision of the
TSP Solver and Generator are shown on the Fig-
ures 5 and 6.

[o E

TEP Solver and

- i
File Seltings  Help
Ol =X B

| 7esk | Sokation

1 2 3 4 5 (] 7 ]
131 176 174 15% 67 44 112
W6 32 108 132 62
66 52 124 146 78
118 107 132 61

Caty 1
Cityd 131 --- 47
City3 176 47 ---
Ciry4 174 106 66
Ciey5 159 32 52 138 140 164 62
Ciyt 6F 108 129 107 190 --- 24 46
City7 44 132 146 132 164 24 - 70
Cyd 112 62 78 61 62 46 70 -

o ancom | [ o sohe |

| Cost of travel from city to city |

Fig. 5. TSP Solver and Generator
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176 47 --- 66 52 124 146 78 R
174 186 66 --- 138 187 132 61 B 16 27 B 16 --- -ca- oo
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112 62 78 Gl 62 46 78 --- -
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Variant #1 Solution 63 B8 --- --- 5 ae-ain s
Step #1 Semmms ses e o -
--- 87 127115115 23 @ &8 61 8 --- 91 -- -
79 --- 18 59 8 76 188 38 - _
93 @ --- 4 5 77 93 31 -
93 45 @8 --- 77 46 71 @ B 16 --- B 16 --- --- oo o
187 & 15 91 --- 188132 38 Selected route with (5;2) part
73 84 95 68 116 --- B 22 P ( ‘-igﬁ** [\ ti;gl )
§ 188117 03 148 @ --- 46 Step #6 \\ \__
46 16 27 8 16 B 24 --- - —
) 33 oo s 59 - - /
Selected route with (1;7) part. B8 e .. B el P
1 alternate candidate for bramching: (7;1). L B \
R TE (4;3)
Step #2 - \ a7 ( 418 i
79 --- 18 59 8 76 --- 38 R
%% 8 --- 4 5 F7 --- 31 R B 16 c-- oo -e- o
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187 @ 15 91 --- 188 --- 38 G (5;2)
1 62 73 46 94 - oo ] Step #7 \ 479 23 |
--- 188117 93 148 8 --- 46 R iy
46 16 27 8 16 8 --- --- B - - 26 -- - /_,/-
Selected route with (7;6) part. U I - 3
Step #3 . - |® (3;5) )
530 455
33 o~ 18 50 @ --- --- 38 . I ) \x_/
63 8 --- 4 5 -—- - E) B e ee 8 - R .
47 45 8 oo 77 -ee e 8 selected route with (2;1) part. /_<\
6L 8 15 9L --o oo -oe 38 1 alternate candidate for branching: (8;4). a3}
--- 62 T3 46 94 - --- 8 3

@ 16 27 @ 16
Selected route with (6;B) part.

Step #4

33 --- 18 59 8

Resulting path:

City 1 -= City 7 -> City 6 -»
3 -» City § -= City 2 -= City 1
The price is 456 units.
WARNING! !!

This result is a record, but it

Iterations need to be continued
an optimal cne.

Fig. 6. Solution using solver.

City 8 -> City 4 -> City

may not be optimal.
to check whether this result is optimal or get
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The obtained results by applying the 7.SP
Solver and Generator confirm the optimal deci-
sion, obtaining the possible route 1—13—12—
14—10—9—11—-8—1 with 456 km.

6. CONCLUSIONS

For transport and distribution of new product
L-carnitine, Nicholas Dege [6], is used method of
Traveling Salesman Problem (TSP) for routing on
castern and western parts of Macedonia. With
comparison and analysis of the mentioned method
or technique it’s possible conclusion for most ade-
quate or most optimal routing for distribution and
transport of the product. The obtained result apply-
ing TSP Solver and Generator has confirmed the
optimal solution, confirming the possible optimum
solving, creating the route 1 -4—6—7—5—3—>2
—1 with 461 km. The obtained results by applying
the TSP Solver and Generator confirm the optimal

Maw. undie. nayu. ciiuc., 32 (1), 109-117 (2014)

decision, obtaining the possible route 1—13—12
—14—10—9—1—8—1 with 456 km.
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