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DEVELOPMENT OF SYSTEM FOR DISPLACEMENT MEASUREMENT
OF A CANTILEVER BEAM WITH STRAIN GAUGE SENSOR

Dejan Siskovski, Zlatko Petreski, Goce Tasevski
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Karpos 11 bb, P.O. box 464, 1001 Skopje, Republic of Macedonia
siskovskidental@yahoo.com

A bstract: In this paper, strain gauge based experimental system for displacement measurement of a canti-
lever beam was developed. The system comprises strain gauge sensors, signal conditioning module and data acquisi-
tion unit. Two strain gauges installed at the beam surface are connected in Wheatstone half-bridge configuration.
Signal conditioning process is described in details along with the procedure for signal processing. Eventually, ex-
perimental investigations were conducted to verify the analytical gained results and certain conclusions were drawn.

Key words: cantilever beam; strain gauge; Wheatstone bridge; signal conditioning

PA3BOJ HACUCTEM 3A MEPEILE HA IOMECTYBAIbA HA KOH30JIHA I'PEJIA
CO MEPHA JIEHTA KAKO CEH30P

A ncrtpaxkT: Bo 0Boj Tpyn, pa3BHeH € eKCIIEPIMEHTAJICH CHCTEM 3a MEperhe Ha IOMECTyBamba Ha KOH30JIHA
rpena Bp3 OCHOBA HA MepHa JeHTa. CHCTEMOT Ce COCTOH OJ MEPHU JICHTH KaKO CEH30PH, MOJYJI 32 KOHUI[HOHUPAhEe
Ha CUTHAJMTE U eIMHUINA 32 aKBU3UIIMja Ha rojaTrouure. JIBe MEpHHU JICHTH KO C€ MHCTAIMPAHU Ha MOBPIINHATA Ha
rpenara ce moBp3aHu Bo KoHpurypanuja Ha ButctoHoB nosy-mocrt. IIporiecoT Ha KOHIUIMOHUPAkhe HAa CUTHANIOT €
ONMIIAH BO MAETaJNH, 3aelHO CO IpOIEAypaTa 3a IpoLecHpame Ha curHaaute. Ha kpajor, W3BpLIEHH ce
eKCIIepUMEHTAlTH! HCIUTYBama 3a Ja I'M BepU(QUIMPAaT aHAIUTHUYKH JOOMEHHTE PE3yNTaTH M M3BJICUYECHHU Ce

OPEACHHU 3aKITyYOLH.

Kﬂy‘l]—[ﬂ 360pOBI/I: KOH30JIHa Irp€aa; MEpHa JICHTA, ButcToHoB MOCT; KOHIUIITUOHHUPAK€ Ha CUTHAIN

INTRODUCTION

Measurement of mechanical structure pa-
rameters iS very important issue in engineering
research since they are exposed to different loads.
If loads exceed their residue limits may cause in-
admissible deformation or permanent damage to
the structure that might endanger safety exploita-
tion. Therefore, it is necessary to periodically
measure and test the parameters, such as stress and
strain of the responsible parts from the mechanical
structures.

A wide variety of techniques exists for
measuring strain or deformation [1,2] but the most

frequent method is with a strain gauge which con-
verts force, pressure, tension, weight etc., into a
change in electrical resistance [3].

The advantages of using strain gauges are the
small size and very low mass, excellent linearity
over wide range of strains, low and predictable
thermal effects, high stability with time, lack of
moving parts and very small hysteresis [4]. Al-
though the strain gauge is inexpensive and rela-
tively easy to use, care must be exercised to ensure
it is properly bonded to specimen, aligned in the
direction of measurement, less sensitivity to tem-
perature, and more importantly the lead wire resis-
tance, the excitation source and the accuracy of
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other components used in the signal conditioning
circuit [5].

Resistance changes in strain gauge are very
small and they need to be measured with a suitable
electrical circuit. Because of its outstanding
sensitivity, the Wheatstone bridge circuit [6] is the
most frequently used circuit designed to convert
small changes in resistance to changes in voltage.

This paper presents the designing steps of a
system for displacement measurement of a cantile-
ver beam at any point, pressed by an acting force at
their end point. In that context, section 2 describes
the developed system and all necessary phases for
its implementation, supported by theoretical back-
ground. Experimental verification of the system is
made in section 3, while in the final section 4 cer-
tain conclusions are brought regarding the realized
system.

MEASUREMENT SYSTEM ARCHITECTURE

The conceptual design of the system architec-
ture for displacements measurement of a cantilever
beam is presented in Figure 1, given by block dia-
gram.

, ,
| - ;
Strain gauges Wheatstone | | Signal Signal filtering| | i
gaug bridge —%’ amplification [ iera tiering : ADC pr(swé%l;:ilng
Az —AR AR AV | | K-AV i 7
'
'
: strain i | . . i Displacement
Mechanical strain into an | Signal conditioning } Speud
electrical signal ! | .
Acceleration

Fig. 1. Block diagram of the measurement system.

Whole structure from the proposed system
can be divided into 3 main segments. The first
segment consists of a cantilever beam on which
two active strain gauges as sensors are installed
combined with a Wheatstone half-bridge. This sec-
tion enables mechanical strain conversion into a
proportional electrical signal. The next step that is
carried out in part two refers to the signal condi-
tioning matter because the signals produced by the
half-bridge are not immediately suitable for data
acquisition. This stage is necessary in order to be
able to move towards further signals processing,
that is done in the third section.

Conversion of mechanical strain
into an electrical signal

Figure 2 shows long and thin cantilever beam
of uniform rectangular cross section, exposed un-

der an acting force F attached at a distance 1 from
the fixed point.

‘/ M(x)

< X >

-]

Fig. 2. Cantilever beam exposed under an acting force F

The magnitude of the bending moment at a
given point along the cantilever beam can be ex-
pressed by the well known equation [7]:

M, =F(l-x). (1)

Distribution of the normal stresses in a given
section depends only upon the value of the bending
moment M in that section and the geometry of the
section (moment of inertia). Therefore, the sizes of
the normal stresses along the beam, at the most
distant segments from the elastic curve, where
y = h/2, shall be derived as follows:

_6-F (l - x)
bR

In the area of elasticity of the materials,
Hooke’s law is valid, thus by its substitution in
equation (2), the strain of the cantilever beam at
any distance x can be determined as:

_6-F (l - x)
O g

Starting from the basic differential equation
of the elastic curve [7], taking into consideration
equation (1) and after double integration, the dis-
placements of the cantilever beam for any distance
x, resulting from the applied force F attached at
their end point are obtained by the equation:
F-x (31 - x)

6-E-1

2)

O

3)

Yoy =~ (4)

From equation 3 it could be conclude that ma-
jor stresses and strains appear at the anchored point

of the cantilever beam. Next equation 5 derives
from the equations 3 and 4.

)

Mech. Eng. Sci. J., 33 (2), 115-120 (2015)
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It determines the displacements for any loca-
tion x of the cantilever beam, depending on the
measured strain at a location x,,.

The conversion of mechanical strain into an
electrical signal is performed by using strain gauge
sensors. Because of their increased sensitivity in
the vicinity of the fixed point, strain gauges were
placed at distance x,, = 30 mm from that point, as
shown in Figure 3.

- ya »
-t 4 >

Fig. 3. Installation of the strain gauges

The strain can be tensile or compressive, as
distinguished by a positive or negative change in
the nominal resistance of the gauge. When used in
a Wheatstone bridge configuration, this property of
the strain gauge is exploited to convert the change
in resistance of the strain gauge to a voltage that
corresponds to the strain applied [6].

Wheatstone half bridge shown in Figure 4 is
composed of two 100 Q resistors and two active
strain gauges of 6/120LY 11 type from HBM.

Fig. 4. Half-bridge with three wires

In this configuration the strain gauges are
connected with three wires. Two of them are used
to carry the excited voltage up to the strain gauges
while measurements are performed through the
third wire which is popularly called "sense".

Taking into account the effects of the resis-
tance of the wires and the resistance change that
occurs in the strain gauges under stress, the rela-
tionship between the measured voltage V,, and the
strain ¢, in the case where R, = R, = R,, can be ex-
pressed as:

Mauw. unorc.nayu. ciuc., 33 (2), 115-120 (2015)

IR /L ©6)

Because the length of the wires used in the
experiment are very short, resistance R,;. is very
small, thus the term (1 + R,,;../R,) from equation 6
can be neglected. Therefore, the dependence be-
tween beam displacements and the measured volt-
age V,, from the bridge is obtained when equation
6 is added in the equation 5, given by:

yooo2x (3[ - x)
=--n__ 7 , 7
y(V) I/in 3h ' GF (I - xm ) ( )

where: 4 and / are height and length of the beam
and Gr is the gauge factor.

Signal Conditioning

The expected maximum displacements of the
cantilever beam are between the ranges of
+15 mm. According to equation (7), the measured
voltage from the bridge V,, will be between the
ranges of +0.55 mV. As data acquisition equip-
ment NIRi09636 is used, containing of 16-bit ADC
converter with range of =10 V. For these reasons,
the signal must be amplified more than a thousand
times. This way resolution increases and the sig-
nal/noise ratio improves. Figure 5 shows the entire
process of signal conditioning in the time domain,
displayed on an oscilloscope.

Figure 5a, shows the real signal from the
bridge when the beam freely oscillates with its first
natural frequency of 9 Hz. It may be noted that the
noises that appear in the signal are multiple greater
than the signal of interest and they are in range
between 10 mV. First step to remove these noises
is the differential amplifier, which is suitable for
amplification of very small signals in the range of
millivolts. Figure 6 shows the amplification of a
signal that is contaminated with noise, through a
differential amplifier.

Due to the “inverting” input characteristic, the
induced voltage that appears in the wires will be
annulled after the amplification. Figure 5b shows
the amplified signal by the differential amplifier by
47 times so improvement of the signal/noise ration
can be noticed. For further amplification of the
signal two “inverting” amplifiers are used with
amplification factors of 47 and 5. As the last step
in the signal conditioning process is the application
of low-pass filter. Figure 5c shows the filtered sig-
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nal with a total amplification by factor K = 11045
times. The values for the resistor and capacitor
from the low-pass filter are taken as R = 900 Q and
C =10 pF hence the cut-off frequency of the filter
has been chosen almost twice the value of the first
natural frequency of the beam i.e. 17.7 Hz.

[RUN_| 100.0ms/)

M2BES20 . OnV/

a)
£ @  0.000]
b4
v
[HEBES20 . O/ b)
BISEE 1.00U/ C)
Fig. 5. Signal conditioning
R2
R1
i a Vout
Vin R1
o4 !\/\Vf\ A-e— ] +

<]

GND —

Fig. 6. Differential amplifier

At this frequency the amplitude of the output
signal relative to the amplitude of the input signal
will be reduced for —3 db, while the phase delay
will be —45°. The transfer function of the low-pass
filter will be:

Vout 1

V. 0.009-5+1

m

®)

Figure 7 shows the Bode diagram of the
transfer function of the filter.

HedeDugram

Syl et
e ety 10T
e MR

it ot ce (<

e,
e e
Tty BT
L

Frame cceal

e

Fuauy i)

Fig. 7. Bode diagram of the low-pass filter

Signal Processing

Once completed the process of signal condi-
tioning, data acquisition and converting of the sig-
nal into physical quantity are the next necessary
steps. Knowing that the V,,, voltage measured by
the data acquisition equipment is equal to
Vou = K-V, by replacing this expression in equa-
tion (7) the dependence between the maximum
displacement of the beam and voltage V,,, is ob-
tained. From there, a new coefficient Cp derives by
which the measured voltage is converted into
physical size-displacement. This coefficient can be
calculated for any location x of the cantilever
beam, so in case when measuring the displacement
of the end point of the beam (x = 1), Cp can be de-
termined as:

Mech. Eng. Sci. J., 33 (2), 115-120 (2015)
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4.7
3.V, -K-h-G,(I-x,)

C,= =2,441mm/V. (9)

According to this, the relation of maximum
displacement of the beam as a function of voltage
V,.: can be written as:

y_ =2,441-V, mm. (10)

out

Starting from the equation 4, taking into ac-
count also the expression 10, another coefficient
Cr can be determined as:

3E]
CF=O,0024411—3=0,113N/V. 11

From here, the relation between the force and
the output voltage V,,, can be set as:

F=0113-V_N. (12)

out

EXPERIMENTAL VERIFICATION

Verification of coefficients Cp and Cr is car-
ried out by experimental measurement with 6 test
masses of 5, 10, 15, 20, 25 and 30 g which are
placed at the end point of the beam. The whole
experimental setup of the developed system for
measuring the displacements of a cantilever beam
is given by Figure 8.

Fig. 8. Experimental setup of the system
1) Cantilever beam, 2) Strain gauge,
3) Signal conditioning module, 4) data acquisition unit

During the measurement, the cantilever beam
is set in a horizontal position and the masses are
converted as acting forces. Figure 9 shows a dia-

Mauw. unoic.Hayu. ciiuc., 33 (2), 115-120 (2015)

gram where output voltage V,,, is measured in rela-
tion to the displacements of the beam, while Figure
10 present dependence between voltage V,,, and
the acting forces. From the diagrams it may be
noted linear relationship among voltage, force and
displacements.

|
wn

# Data

w

——— Lingar

| y= 0.4528x - 0.0065

= [
in LK} Lrl

Hal Voltage [V]

[

=
n

Displacement [mm]
2 - 2

1] 1 7

NomecTyearke | mm)

Fig. 9 Relations between voltage and displacements
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T [ ] /
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g 2l | | / .
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14 1 !

g i{/ 1

0 005 0.1 015 0z 0.25 0.3 B35
¢ Force [N]

L ¥ =9.631x + 0.0165

Fig. 10. Relations between voltage and forces

Using the method of least squares, lineariza-
tion is performed in terms of displacement and
force and after certain mathematical operations the
following expressions are obtained:

Viax =2.2-V,, mm. (13)

out

F=0.103-V_ N. (14)

out

Table 1 shows the coefficients Cp and Cr ob-
tained by analytical and experimental way.
Table 1

Analytical and experimental values
of the coefficients Cp and Cr

Coefficient ~ Analytical values Experimental values
Cp 2,441 mm/V 2,2 mm/V
Cr 0,113 N/V 0,103 N/V
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CONCLUSIONS used as feedback in a closed loop control system

for vibration measurement.

A strain gauge based system for displace-
ments measurement of a cantilever beam was de-
veloped in this paper. The design procedure re-
quires knowledge of mechanical engineering area,
electrical engineering in terms of conversion and
signals conditioning as well as data acquisition
equipment capabilities. The applicability of the
developed system can be perceived by inserting the
equation 12 in equation 10 where it can directly be
determined the displacements value of the cantile-
ver beam depending on the applied forces.

Certain experimental tests were carried out on
the cantilever beam in order to verify the obtained
analytical results of the proposed system. The re-
sults given in Table 1 indicate sufficiently close
values for the coefficients Cr and Cp hence with
this developed system, deformations of the cantile-
ver beam can be measured quite accurately. Differ-
ences in analytical and experimental results owed
to certain imperfections in the constituent compo-
nents of the measurement system.

By differentiating the signals obtained from
the displacements, velocity and acceleration of the
cantilever beam can be determined. Hence, with
certain modifications and adjustments in the de-
signed measurement system, these signals can be

REFERENCES

[1] Motra, H. B., Hildebrand, J., Dimmig-Osburg, A.: As-
sessment of Strain Measurement Techniques to Charac-
terise Mechanical Properties of Structural Steel, Engi-
neering Science and Technology, 17, pp. 260-269 (2014).

[2] Kim, H.. Kim, Y., Do, J., Park, J., Yu, Y.: Development of
FBG Sensor for Structure Deformation Measurement, /n-
ternational Journal of Security and its Application, 6, 2,
pp. 251-256 (2012).

[3] Manojlovi¢, J., Jankovi¢, P.: Bridge Measuring Circuits in
the Strain Gauge Sensor Configuration, Facta Universita-
tis Series: Mechanical Engineering, 11, 1, pp. 75-84
(2013).

[4] Purcaru, D., Gordan, C., Purcaru, 1., Niculescu, M.: Intel-
ligent Measurement System with Strain Gauge Sensor for
Engineering Education, Proceedings of the 5th WSEAS/
IASME International Conference on Educational Tech-
nologies, pp. 75-80, 2009.

[5] Vasuki, B., Umapathy, M., Senthilkumarr, A. R.: Uncer-
tainty Analysis of Strain Gage Circuits:Interval Method
and Interval Algorithm, International Journal on Smart
Sensing and Intelligent Systems, 2, 3, pp. 477-489 (2009).

[6] Desai, J.: Using a strain-gauge transducer in a Wheat-
stone bridge configuration, National Semiconductor
Corp. . 2007.

[7] Beer, F. P., Johnston, E. R., Dewolf, J. T., Mazurek, D. F.:
Mechanics of Materials, McGraw-Hill, 2012.

Mech. Eng. Sci. J., 33 (2), 115-120 (2015)



Number of article: 480
CODEN: MINSC5
Received: September 5, 2015
Accepted: October 30, 2015

Mechanical Engineering — Scientific Journal, Vol. 33, No. 2, pp. 121-125 (2015)

In print: ISSN 1857-5293
On line: ISSN 1857-9191
UDC: m621.314.25-71 : [613.644 : 53.087

Original scientific paper

HIGH-VOLTAGE TRANSFORMER NOISE MEASUREMENTS

Atanas Nastevl, Zlatko Petreski’

'AD MEPSO, Maksim Gorki No.4 1000 Skopje, Republic of Macedonia
2ns. Cyril and Methodius" University in Skopje, Faculty of Mechanical Engineering,
Karpos 11 bb, P.O. box 464, 1001 Skopje, Republic of Macedonia
atanas.n@hotmail.com

A bstract: This paper presents the results from the noise measurements of a high voltage 300 MVA trans-
former. The results from the substation noise measurements are compared with the results from the measurements
made at the FAT and the impact noise of the cooling system in the overall noise of the transformer is demonstrated as
well. There is also an analysis of the impact of noise on employees in the substation on daily and weekly basis. The
main sources of noise in the transformer are the magnetic core, the connectors, the tap-changer and the transformer
cooling system.

Key words: trsnsformer; transformer noise; transformer cooling; system noise measurement

MEPEILE HA BYYABATA HA BUCOKOHAIIOHCKH TPAH®OPMATOP

AmnmcrTpacx T Bo oBOj Tpyn ce mpercTaBeHM pe3yiTaTHTE O Mepeme Ha OydaBaTa HAa BHCOKOHAIIOHCKH
TpaHncopmaTop co MokHocT o1 300 MVA,. BoenHo, ¢ HampaBeHa criope10a Ha pe3yITaTHTE O]1 MepCeHeaTa Ha HUBO
Ha OydaBa Bo Tpadocranuna, co pesynrature o (PAT) npu pabpuUKHOT mpueM, U MPUKaKaHO € BIMjaHHETO Ha
OyuaBara 0] CUCTEMOT 34 JIa[IeH¢ BO BKYITHOTO HUBO Ha Oy4aBa Ha TpaHc(opmaToport. [Ipuroa HanpaBeHa e aHann3a
Ha BIMjaHHeTO Ha OyyaBaTta Bp3 BpaGoTeHHTE BO Tpa)oCTaHHIATa HA JTHEBHO M HEICIHO HMBO. ['JIaBHM M3BOpU Ha
Oy4aBa Kaj TpaHC(OPMATOPOT c€ KIEMHUTE, MarHeTHOTO jaJpo, CHCTEMOT 3a JlaJekhe¢ Ha TPaHCPOPMATOPOT H
CHCTEMOT 32 peryJaluja Ha HaloHOT.

Kayunu 360poBu: TpcHcopmarop; OydaBa Ha TpaHC(OpPMATOp; CUCTEM 3a JIA/ICHE Ha TPAaHCHOPMATOPOT; MEPEHe

Ha OydaBa

INTRODUCTION

According to the Regulations on safety and
health at work for employees exposed at risk of
noise, there are noise levels, which shouldn’t be
exceeded at the work place, or if the noise can not
be prevented, proper safety equipment should be
ensured to reduce the noise levels. The methods
and apparatus should be adapted to the prevailing
conditions, particularly taking into account the
characteristics of the noise to be measured, the du-
ration of exposure, ambient factors and the
characteristics of the measuring apparatus. The
high voltage transformers which will be discussed
in this paper are used in substations of the energy

distribution and transmission grid, production
plants and large industrial facilities. This paper
presents the measurement and analysis of the noise
level of the three-phase transformer with power of
300 MVA connected to a 400 kV grid with
transformation to low voltage of 110 kV. A factory
acceptance test for the subject transformer has
been performed in Zagreb by Siemens.

TRANSFORMER NOISE SOURCES

The noise level is very important operational
feature of the transformer which is measured by
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final test at the factory acceptance. The method of
sound pressure or measuring the sound intensity is
used as prescribed by the standards IEC 60.076-10
(2001) and IEEE Std C57.12.90 (2006). The
measured values must meet the permitted noise
level according to NEMA-National Electrical
Manufacturers Association Standards TR1 (1998),
or some special requirements in accordance with
the regulations of the National grid. The average
noise level of a 300 MVA transformer is about 82
dB, while in Figure 1, the permited noise level is
given according to the power of the transformer.

TRANSFORMER NOISE LEVEL (dBA)

T ) — L1 1]

Lol 1 | T T | 1

0o 400 2 4 G810 20 40 G0DE0T00 200 400600 1000

TRANSFORMER RATING (MVA)

Fig. 1. Average transformer noise level

The sources of noise are divided into main
and secondary. The main sources of transformer
noise are: magnetic core, clams, tap changer, and
cooling system for the transformer.

Outside noise sources also contribute to the
overall noise. In practice those are some other
transformers or the equipment which is located
nearby and is usually 1.5-2 dB. Additional ambi-
ent noise occurs if the transformer is near a fre-
quent highway and when the noise frequency is
500 Hz, it can reach up to 6 dB. Other factors or
secondary sources of noise that contribute to the
total noise level would be the current and voltage
harmonics and residual magnetization. A characte-
ristic of these sources is that they are more power-
ful, i.e. they contribute to greater noise during
operation of the transformer outside.

TAP-CHANGER

The tap-changer (RS) can directly increase
the noise, especially if there is a reduction of the

high voltage side of the transformer. This causes
the tap-changer of the nominal position (7) to
increase, and thus increase the noise level. The
correlation between the relative position RS and
the voltage is presented in Table 1.

Table 1

Features of the transformer and other parameters
during the process of measuring

Type ARZD 300000 —420/2
Winding VN-HV NN-LV
RS

1 420000 112326
Rated voltage V 7 400000 115000
17 370000 121571
Type of cooling ODAF
Rated power MVA 300
STN-STW 10500

Data load on the transformer during the measurement:

Voltage (kV) 111
Current of side (A) 371
Active power (MW) 65
Reactive power (VAr) 32

Dimensions of trafnsformatorot (m)

Length 9,71
Width 3.28
Height 3,44

Wind speed 14 km/h
Time 9:20 hour
Hara 17. 06. 2015

TRANSFORMER COOLING SYSTEM

The Cooling system ODAF (Oil directed air
forced cooling), which is an advanced version of
OFAPF, is used in the transformer shown in Figure
2, where the measurements were taken. In accor-
dance with the standards, the following scheme for
marking the type of cooling system is accepted: In
character 1, fluid for contact with the windings and
the core (O — oil, L — liquid, and A — air), 2 — way
of contact of the fluid with the windings and the
core (N — natural, D — direct, F — forced), 3 — cool-
ing system which is in contact with the outside en-
vironment (A — air, G — gas and W — water) 4 —

Mech. Eng. Sci. J., 33 (2), 121-125 (2015)
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way od contact of the fluid with the outside envi-
ronment (N — natural, D — direct, F — forced).

Fig. 2. Transformer cooling system

RESULTS FROM THE NOISE
MEASUREMENT

For the purposes of this paper, outside measu-
rements of the transformer were taken and
compared with the results measured in a laboratory
— factory acceptance test (FAT). In accordance
with the procedure for measuring transformer noise
of the standard IEC 60076-10 [2], during the
measurement the following principles were taken
into account: The minimum number of measure-
ment points is 6, while 8 (Figure 3) and 37 in
factory testing are used for the paper. They are
performed on two height levels (1/3 and 2/3 of the
height of the transformer), as the height of the
transformer exceeds 2.5 m. Otherwise, if the height
of the transformer does not exceed 2.5 m, the
measurements are taken at half the height of the
transformer. Namely, in external transformer ope-

Table 2

rating conditions, the measurements are performed
in two modes, i.e., with engaged 2/8 fans (mode 1)
and 8/8 for the cooling system (Mode 2). The
measurements were taken at the substation Skopje
1 — Butel with the instrument Bruel & Kjaer Type
2250.

~@
=1
(%]

a)
Fig. 3. Measuring points schedule for measuring
the transformer noise

From the substation measurement results
(Table 2) the maximum intensity of 83, 9 dB noise
is obtained with all fans engaged in the cooling
system of the transformer. The biggest difference
of 10.8 dB between the two modes of operation
appears in the measuring point 3. That is the result
of the operating modes of the transformer, when
the first mode of operation fan near the point 3 is
not engaged (Figure 4). The Table 2 also shows the
values of measurements made at the factory accep-
tance in the same measuring points as the measure-
ment in the substation. The measurement of FAT
are taken with the engaged 8/8 fans, idle and at
100% rated voltage and at 1/3 of the height of the
transformer. The results obtained from the FAT
measurements with the measurements taken in the
substation demonstrate no significant difference
between them, and they are shown in Figure 5.

Results of the transformer noise measurement

Mode 1 2 of 8 engaged fans

Measuring points 1 2 3 4 5 6 7 8
1/3 of the height — dB A 79,8 73,4 71,4| 64,4 67,7| 66,1 65,7 70,3
2/3 of the height- dB A 78,3 73,7 70,9| 65,1] 63,8| 67,4] 66,7 68,8
Mode 2 8 of 8 engaged fans

1/3 of the height- dB A 81,8 81,7 80,8 71,6 68,1 69,3| 65,2| 69,6
2/3 of the height- dB A 79,91 83,9 81,7| 68,3] 68,4| 70,1| 65,4 70,6
FAT 8 of 8 engaged fans

1/3 of the height- dB A 79,8 81| 79,4 70,3] 70,3| 68,6/ 70,1 70
2/3 of the height- dB A 81,8 81,8 79,6] 70,4| 70,1| 69,1| 68,1| 70,3

Mauwi. unsic.nayu. ciuc., 33 (2), 121-125 (2015)
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Fig. 4 Results of measurements in the substation in both modes of operation
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Fig. 5. Comparison between the results of FAT and the substation measurements
DAILY AND WEEKLY LEVEL OF NOISE To determine the daily noise level, it is necessary
EXPOSURE to know the exposure time of the employee for a
period of 8 hours. The workload of an employee
Two types of daily and weekly levels of ex- who has an assignment to periodically inspect the
posure have been measured for this paper, i.e. the transformer or some other type of assignment near
medium and maximum daily and weekly exposure. the transformer, lasts up to 2 hours, twice a week.

Mech. Eng. Sci. J., 33 (2), 121-125 (2015)
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For the remaining of the time, the same employee
is exposed to office noise, which in accordance
with the standards, must not exceed 40dB. If we
take the highest value of 83.9 dB, generated by the
transformer, according to equation 1, we see the
maximum daily level of employee exposure Lep, d
of 76 dB. For calculating the weekly exposure
level, we used equation 2 and received the maxi-
mum weekly level of employee exposure Lep, w of
72 dB. While in the calculation of weekly expo-
sure, when an employee does not perform tests on
the transformer, it demonstrated a daily exposure
level of 40 dB. To determine the average daily and
weekly exposure levels, as an input parameter we
used the average noise value LpAO, which was
obtained according to formula 1.3 and is LpAQ =
75 dB. According to the calculations we have ob-
tained, the average daily exposure of an employee
is 69 dB and the weekly exposure is 65 dB.

1 L L
10gd=Lep,d=10-log§(zl,1010 +t2-101°) (1

where:

Lep, d — is daily exposure level dB
t — Time of exposure (h)
L —noise level in dB

Lep,d, Lep,d, Lep,dsy Lep,d, Lep,ds ]

Lep,wzlo.log[lo 10410 1 410 0 0 0 410 1©
5

2

1 N
L= lOlg(—ZIOO’LP’“ j
NS

where:

Lep,w — Weekly noise exposure dB
N — Number of measurement points

L, —Measurement in a certain point

Mauwi. unsic.nayu. ciuc., 33 (2), 121-125 (2015)

According to the standard ISO 1999: 1990,
point 3.6, the daily noise level must not exceed the
value of 85 dB, and the weekly noise level must
not exceed 87 dB.

CONCLUSION

From the conducted research, measurement
and analysis, we can conclude that many factors
influence the noise level. However, the impact of
the cooling system is greater, i.e., when comparing
the results in both modes of operation, a difference
of maximum 10.8 dB can be noticed. From the
measurements we have obtained maximum noise
level of 83.9 dB, while from the calculation of
maximum daily exposure of 76 dB and weekly
exposure of 72 dB, we can conclude that the daily
level of noise, generated by the transformer and the
other equipment nearby, is within the permitted
limits, in accordance with the Regulations.
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A bstract: The general trend of constant increase of vehicle’s number and the environmental degradation
has led many researchers and academics to model the air pollution deriving from transportation.Using the Tier 3
model developed by the European Environment Agency, this paper outlines the tail — pipe emissions from the two
public urban transportation companies in Skopje, Macedonia. Namely, both the publicly owned company - JSP and
the privately owned company — Makeskpres Prevoz were analysed and the results are shown hereinafter. In the end,
this paper outlines the difference between higher and lower EURO emission standards in terms of pollution quantity
deriving from urban bus transport.

Key words: public transportation; pollution; Tier 3

3ATAAYBAILE HA BO31YXOT O/l JABHUOT INTPEBO3: CJIYYAJ CKOIIJE

A 1ncrTpaxkT TpeHIOT Ha OCTOjaH MOPACT Ha OPOjOT Ha BO3WJIA U 3aragyBamkeTO Ha XMBOTHATA CpEAHMHA
NpeJu3BUKyBa IEPMAHCHTCH HHTEPEC HAa MHCTPAaXKyBauuTe 3a MOJCIIUPAmEe Ha 3araJyBambero Ha BO3LYXOT KOE
norekHyBa ox TpancnopTtor. Co ynorpe6a Ha TIER 3 mHmBoro Ha CORINAIR Mmenmomonormjara, pa3BuUEeHa Of
EBpornckara areHnuja 3a )KMBOTHAa CpPeANHA, OBOj TPYA I'M pa3paboTyBa M3LyBHHTEC €MHCHHU OJ jaBHHOT aBTOOYCKH
TpaHcnopt Bo Ckomje, Makenonuja,priyuyBajku ru JCII u Makekcnpe3 IIpeBo3. Bo 0BOj Tpya ce HMCTakHATH
6eneduruTe o ynopeda Ha moBucoku Eypo HOpMH 3a U3IyBHATA EMHCH]ja O/ jABHHOT aBTOOYCKH IIPEBO3.

Kunyuynn 360poBu: jaBeH mpeBo3; 3aragyBame; TIER 3

INTRODUCTION periods, possibly affecting more than 60% of the
. population [1]. The hourly, daily and yearly con-
In today’s highly connected and transport — centrations of particulate matter are almost always
dependent societies, a huge focus is put on the en- above the critical value, as it is presented in Figure
vironmental impact that transport means have. Pre- 1 [2]. The flat line at the bottom of the graph repre-
serving the environment not only benefits current sents the limit value while the other lines repre-
generations, but ensures a safe habitat for future sents the measured values of PM10 concentrations
generations as well. In line with this, Skopje, the in 5 measuring stations spread across different
capital of Macedonia, along with many other parts of Skopje, from 27.10.2015 to 26.11.2015.
highly populated cities in Macedonia, is facing a As urban transport stands for one of the main
serious air pollution problem. Being the largest city contributors in the urban air pollution, it has been
by territory and inhabitants, Skopje is struggling in the focus of many academics and scholars, espe-
with the high concentration of pollutants such as cially the particulate matter (PM) emissions, since
nitrous oxides, carbon dioxide, but especially with many evidences confirm the negative effect on

theabove — average concentration of particulate human and environmental health it has [3].
matter emissions (PM2.5 and PM10) in the winter
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Fig. 1. Measured values of PM10 at 5 measurement points from 27.10.2015 to 26.11.2015

In the attempt to quantify and analyse
Skopje’s urban public transport air pollution, a
study has been undertaken to calculate the hot par-
ticulate matter (PM) emissions from the public
transport service on Skopje’s territory. For that
purpose, the 2013 European Environmental
Agency’s (EEA) “exhaust emissions from road
transport” guidebook [4] was used, and the results
are presented in this paper hereinafter.

OVERVIEW OF SKOPJE’S URBAN
TRANSPORTATION COMPANIES

There are two urban bus transportation com-
panies in Skopje, one of which is publicly while
the other one is privately owned. The information
needed for successful execution of the Tier 3 emis-
sion model about the publicly owned transportation
company (JSP Skopje) was gathered through the
Access to information of public character and by
using JSP Skopje’s official website [5]. Since the
last changes in the vehicles’ technologies, was
made in 2013, the following Table 1 depicts the
gathered information that characterizes JSP
Skopje’s transportation fleet.

The daily average distance driven by the
buses and minibuses is 132.63 kilometres while the
total daily distance covered by the 401 vehicles is
53184.8 kilometres. 96.26% JSP Skopje’s vehicles
use diesel while the remaining 3.74% use com-
pressed natural gas (CNG). On the territory of Ma-
cedonian’s capital, the publicly owned transporta-
tion company has 39 city bus lines, with a total

length of 568.7 kilometres and with 2742 daily
departures.

Table 1

Number of JSP Skopje’s buses and minibuses
divided by the fuel and the EURQO emission

standard
EURO emission Number Fuel
standard of vehicles
Pre-EURO 13 Diesel
19 Diesel
EURO 1
Buses 15 CNG
EURO 2 29 Diesel
EURO 5 298 Diesel
EURO 3 11 Diesel
Minibuses
EURO 5 16 Diesel
Total number of vehicles 401

On the other hand, the privately owned trans-
portation company Makekspres prevoz has 100
city buses that use diesel fuel complying with the
EURO 2 emission standard [6]. The daily average
distance covered by these buses is 171.94 kilo-
metres per bus, while the total daily distance
driven is 17194.2 kilometres. On Skopje’s terri-
tory, the privately owned transportation company

Mech. Eng. Sci. J., 33 (2), 127-132 (2015)
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has 7 bus city lines with total length of 74.3 kilo-
metres, with a total of 1604 daily departures.

The number of bus lines, bus lines length and
the number of daily departures of Makekspres
prevoz is given in Table 2.

Table 2

Number of bus lines, bus lines length and number
of daily departures — Makekspres prevoz

Bus line Number of daily Distance Daily distance

number departures covered (km) covered (km)
9 250 7.8 1950
12 264 11.8 31152
18 28 10 280
19 260 12 3120
20 270 7 1890
22 270 132 3564
23 262 12.5 3275
- -~ s 171942 ................

Beside the vehicles’ characteristics which in-
clude the average load (taken to be 50%), EURO
emission standard and the slope of the road that the
vehicles are driving on (taken to be 0), the last
needed information for completing the model are
the speed profiles. For that purpose, several main
streets and boulevards were recorded and analysed,
focusing the driving patterns of the buses and
minibuses.The observed transportation vehicles’
speed profiles characterized by the average speed
on a given distance segment driven is given in Ta-
ble 3.

Table 3
Speed profiles of the urban transportation
companies
Avera d 15 30 45
erage spee km/h  km/h km/h
Distance segments 3 2 1
JSP Skopje 663 442 221

Makekspres prevoz 85.9 57.3 28.7

Mauw. unoc.nayu. ciiuc., 33 (2), 127-132 (2015)

The Tier 3 model developed by the European
Environment Agency represents the most compre-
hensive, highly advanced transportation emission
estimation model developed according to the
COPERT transportation emission software [7].
Contrary to the Tier 1 and Tier 2, the Tier 3 emis-
sion model takes into account several influencing
variables and factors that have a direct correlation
with the amount of tailpipe emission.

QUANTIFYING THE EMISSION FROM
PUBLIC TRANSPORTATION USING TIER 3

One of the main purposes of this paper is to
quantify the tailpipe emission from the urban
transportation sector in order to better understand,
manage and develop future policies to ensure ur-
ban air quality and promote clean habitat for all
Skopje’s citizens. Having said this, the paper ex-
amines emission of four different air pollutants:
carbon monoxide (CO), hydrocarbons (HC) that
also include the non-methane wvolatile organic
compound (NMVOC), nitrous oxides (NOx) and
particular matter emission (PM) ranging from
PMy; to PM;, (0.1-10pum). All of the correspond-
ing emissions are based on complex functions in
which the speed is the main contributor, as shown
in Table 4 for every different vehicle category and
EURO emission standard. The main difference
between Tier 3 and Tier 1-2 is the fact that the
emission per kilometre in Tier 3 is a variable tak-
ing into account the vehicles’ speed, while Tier 1
and 2 use constantemission factors (emission per
kilometre).

When it comes to the emission from buses
that use CNG as a fuel, emissions from this type of
fuel per kilometre are constant, having the follow-
ing values:

-CO = 84 g/km
—NOx = 16.5 g/km
-HC = 7 g/km
-PM = 0.02 g/lkm.

The values of the terms [a], [b], [c], [d], and
[e], found in the emission functions are given in
Appendix 1 of this paper, while the term [x] repre-
sents the average vehicle speed. The next two fig-
ures (Figure 2 and Figure 3) represent the differ-
ence in hydrocarbons (HC) and particular matter
(PM) emissions between buses complying with
EURO 2 and EURO 5 emission standards.
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Table 4

Emission functions for corresponding vehicle category

Vehicle category EURO Emission Standard ~ Polluting substance

R? Emission function

Minibus Euro I1I Cco 0.9786  (a+(b/(1+exp((((-1)*c)H(d*In(x)))+(e*x)))))
Minibus Euro ITI HC 0.9923  (a-(b*exp(((-1)*c)*(xd))))
Minibus Euro I1I NOx 0.9935  ((a*(x"b))+(c*(x"d)))
Minibus Euro I1I PM 0.9805  (1/(((c*(x"2))+(b*x))+a))
Minibus Euro V Cco 0.9831  ((a*(x"b))+(c*(xd)))
Minibus Euro V HC 0.9662  (1/(((c*(x2))+(b*x))+a))
Minibus Euro V NOx 0.9945  (a+(b/(1+exp((((-1)*c)H(d*In(x)))+(e*x)))))
Minibus Euro V PM 0.93  (((@*(x"3))Hb*(x 2))+(c*x))+d)
Bus Pre-EURO Cco 0.985  ((a*(b"x))*(x"c))
Bus Pre-EURO HC 0.992  (at+(b/(1+exp((((-1)*c)H(d*In(x)))+(e*x)))))
Bus Pre-EURO NOx 0.9489  ((a*(b"x))*(x"c))
Bus Pre-EURO PM 0.9919  ((a*(b"x))*(x"c))
Bus Euro I Cco 0.9595  exp((a+(b/x))+(c*In(x)))
Bus Euro I HC 0.9926  (a+(b/(1+exp((((-1)*c)H(d*In(x)))+(e*x)))))
Bus Euro I NOx 0.9524  exp((a+(b/x))+(c*In(x)))
Bus Euro I PM 0.9704  (a-(b*exp(((-1)*c)*(xd))))
Bus Euro IT co 0.9638  (a+(b/(1+exp((((-1)*c)H(d*In(x)))+(e*x)))))
Bus Euro II HC 0.9913  (a+(b/(1+exp((((-1)*c)H(d*In(x)))+(e*x)))))
Bus Euro IT NOx 0.9703  (a+(b/(1+exp((((-1)*c)H(d*In(x)))+He*x)))))
Bus Euro IT PM 0.9056  ((a*(b*x))*(x"c))
Bus Euro V Cco 0.9803  ((a*(b*x))*(x"c))
Bus Euro V HC 0.9555  (1/(((c*(x2))+(b*x))+a))
Bus Euro V NOx 0.9927  (((@*(x"3))H(b*(x*2))+(c*x))+d)
Bus Euro V PM 0.9388  (((2*(x"3))H(b*(x*2))+(c*x))+d)
1 0,1
- EURO 2 » - EURO 5 »
?;* 0,6 P i 0,06 PV
g 04 2 0,04
S 02 5 0,02
) 1 11 21 31 41 51 0
1 11 21 31 41 51
Speed (km/h) Speed (km/h)

Fig. 2. HC and PM emission from EURO 2

Fig. 3. HC and PM emission from EURO 5
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OBTAINED RESULTS

The following Table 5 summarizes the yearly
pollution from the two urban transportation com-
panies in Skopje, expressed in kilograms and ton-
nes.

As it can be seen from the Table 5, even
though JSP Skopje has more than four times of the
number of buses that Makekspres prevoz has, the
emission from the publicly owned company does
not have the expected ratio of increased emissions.
This is due to the fact that JSP Skopje has buses
equipped with newer engine technologies that
comply with higher EURO emission standards,
while the privately owned company operates buses
that comply with the EURO 2 emission standard.

Table 5
Total yearly emissions from JSP Skopje
and Makekspres prevoz
Polluting substance (kg) t)
CcO 56497.14 56.49714
NOx 158315.3 158.3153
JSP Skopje
HC 4486.891 4.486891
PM 2121.768 2.121768
CcO 15350 15.35
Makekspres NOx 71888.54  71.88854
prevoz HC 3679.399  3.679399

PM 1310.345 1.310345

Even though the emissions of carbon dioxide
and nitrous oxides are higher from JSP buses, the

difference in the hydrocarbons and particulate mat-
ter between the two companies is negligible — the
difference between the two components deriving
from the two transportation companies is not so
high, as it can be seen on the next Figure 4.

150
100
50 I
0
0 N

Fig. 4. Emissions from JSP and Makekspres prevoz
on a yearly basis

NG

|
Makekspres prevoz
X HC PM
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APPENDIX 1

Variables’ values used in the emission functions

Group EURO emission standard Polluting substance b c d e
Minibus Euro 111 CcO 0.899459 7.183872 0.763839 0.266598 0.074516
Minibus Euro 111 HC 326.9623 -1.77098 40.11213 -0.57716 0
Minibus Euro 111 NOx -1.11707 0.062562 1.045782 0
Minibus Euro IIT PM 1.039816 0.283529 -0.00207 0 0
Minibus Euro V CO 22.06167 -0.74272 653.3497 -3.06231 0
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Group EURO emission standard Polluting substance a b c d e
Minibus Euro V HC 1.531019 43.33872 -0.08747 0.278846 0.048564
Minibus Euro V NOx 8.910442 1.75025 -0.01376 0 0
Minibus Euro V PM -3.1E-07 5.67E-05 -0.00351 0.091263 0

Bus Pre-EURO CO 88.8909 1.004227 -0.90032 0 0
Bus Pre-EURO HC 98.22963 1.004036 -0.58595 0 0
Bus Pre-EURO NOx 0.606168 55.46745 -0.62208 0.71474 0.031641
Bus Pre-EURO PM 17.18303 1.005766 -1.01061 0 0
Bus Euro I CO 2.331993 4.438456 -0.49678 0 0
Bus Euro I HC 3.33372 3.408691 -0.35825 0 0
Bus Euro I NOx 0.296803 13.45681 -0.50689 0.592877 0.03545
Bus Euro I PM 0.208818 -1.27059 0.129244 0.824252 0
Bus Euro I CO 0.891023 5.135665 5.531722 2.067282 -0.00269
Bus Euro I HC 3.909356 177.7604 -0.40546 0.856693 0.000712
Bus Euro II NOx 0.221885 5.374086 0.205943 0.604381 0.042126
Bus Euro II PM 2.154895 1.010949 -0.82731 0 0
Bus Euro V (6[0) 32.14341 0.999161 -0.756 0 0
Bus Euro V HC -4.7E-05 0.010398 -0.76477 20.94568 0
Bus Euro V NOx 6.875489 1.206806 -0.00772 0 0
Bus Euro V PM -4.8E-07 8.81E-05 -0.00546 0.138985 0
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A bstract: Managing with hard structure communal waste these days is more and more important not just
for the countries but as well as for the companies too, from the aspect of possibility for extra (additional) profit and
by its efficient work process through minimizing (reducing) their cost. Besides the protection of the environment,
also as one of the motives for implementing this adequate system for the hard structure communal waste is the reali-
zation of the aspirations of the Republic of Macedonia for joining the European Union according to the standards of
the European Union referring to managing of different types of waste. The future of successful organizations and
countries that have aspirations to join the European Union lays in the proper and correct approach in managing the
hard structure communal waste.

Key words: thermal treatment; solid waste management; incineration; pyrolysis; composting; recycling; zero waste;
clean production

MEHAIIMEHT HA CUCTEMMTE 3A IIBPCT KOMYHAJIEH OTITA/l BO YPBAHU CPEJIUHUA

A1 cTpak T: MEHalIMEHTOT CO LBPCT KOMyHaJIEH OTIAJ € OJ] C€ MOrojeMO 3HaUeHEe He CaMo 3a P KaBHTE,
TYKY U 3a OpeTIpHujaTHjaTa o acleKT Ha MOXKHOCTA 3a JONOJIHUTENICH NPO(UT U 110 eUKacHO paboTerme Ha caMUTe
HpeTnpujaTija, NpeKy MHHUMH3Upame Ha Tporonure. IIokpaj 3aliTHTa Ha XKHMBOTHATA CPEIMHA, KAKO €IEH Of
MOTHBHTE 3a BOBEIyBame HAa €(EeKTHBEH M e(HKACeH MEHAlIMEHT 3a YIpaByBamE CO OTMHAJ, OTHOCHO COOJBETECH
TpeTMaH Ha IBPCTHOT KOMyHAJIEH OTIaJ] € U OCTBAapyBamEeTO Ha acnuparunuTe Ha PermyOnmka MakenoHuja 3a Biie3 BO
EBponickara YHHja, mTO € BO TECHA 3aBUCHOCT CO 3alasyBame Ha peryjartuBarta U crangapaure Ha EY, kom ce
OJJHECYBaaT Ha MEHAIMEHTOT CO Pa3IMYHHTE BUAOBU OTHaj]. MmHMHAaTa Ha yCIEIIHWTE OpraHU3alllH, I'PajoOBH U
3eMji aclUpaHTH 3a Biie3 BO EBporckara YHHja JIe)KH BO NMPaBHJIHHOT NPHUCTAIl Ha YIpaByBambe M TPEeTMaH Ha
LBPCTHOT OTHAJ.

Kiy4yHu 300poBH: TepMUYKH TPETMaH; MEHAIIMEHT CO IBPCT KOMYHAJIEH OTIaJl; HHCHHEPAIHja; THPOJIN3a;
KOMIIOCTUPAE; PELUKINPAkE; OTCTpaHyBambe Ha oTiaay 4ucTo Npou3BoJACTBO

SOLID WASTE MANAGEMENT
Solid waste management system

Waste is any substance or object that belongs
to the categories of waste in the list of wastes that
the generator or the owner throw away, intends to
throw away or is required to throw away. Solid
waste management system includes determination

of current situation of creation, collection, trans-
portation, reuse, minimization and recycling of
municipal solid waste, thermal treatment of mu-
nicipal solid waste characterization of municipal
solid waste and removal (disposal).

Treatment, recovery and recycling of the
solid waste — Waste composting and anaerobic
digestion are not in practice in Macedonia. Activi-
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ties for recovery and recycling of municipal waste
are very limited, with no organized approach and
without licenses for waste handling. Practically
there is no initiative at the local level to organize
selection and recycling of usable municipal solid
waste. Small private companies are mostly dealing
with usage of useful fractions of municipal solid
waste. Reprocessing of many kinds of materials
with a potential for recycling is financially unsus-
tainable under present conditions. The market of
paper and cardboard is divided into two parts: one
part (about 20%) is organized by the paper factory
with application of "collection points", and the
other part is collected by the informal sector. The
paper factory does not use all collected fractions of
paper and cardboard, due to the market restrictions.

Incinerating facilities — Within the sanitary
landfill Drisla, that serve the area of the City
Skopje, it’s been installed two-chamber incinerator
for medical waste and it’s been in function since
2000. The capacity of the installation is 0.2 t/h,
working temperature is 800/1000 degrees and in-
stallation is not equipped with a system to clean
the liquid gas. Estimation is that approximately
35% of the total amount of hazardous waste from
healthcare institutions in Macedonia is burning.

Recycling — Reprocessing of waste it’s been
done on a different kind of products, such as paper,
hard plastic and foils, which are included and the
wastes of the end-users. Activities for waste solv-
ing are struggling to complement the reprocessing
capacity in the country, despite some of the prod-
ucts which the market prices can cover the trans-
portation costs are exported.

Problems and obstacles in the system for
solid waste management. A review and analysis
of the key problems related to the existing waste
management situation in Macedonia show that the
main problems and obstacles are focused almost on
all areas related to the development of the waste
management system and its role in the society:

— Policy and legislative framework,

— Institutional/organisational arrangements,

— Human resources/capacity,

— Financing/cost recovery and investments,

— Stakeholder awareness and communication,
— Data availability/reporting,

— Waste avoidance and reduction,

— Waste recovery and recycling,

— Waste segregation, storage, collection and
transport,

— Waste treatment/processing,

— Final disposal of waste and remediation of
environmental burdens,

— Impact on public health and living/natural
environment with the potential impact on
the Macedonian economy.

The analysis of these problem areas shows
that the present waste management situation in
Macedonia can be characterised as sub-standard
regarding human and financial resources, insuffi-
cient and inefficient regarding monitoring, as well
as hampered by political and social lacks (like exe-
cution of enforcement, stakeholders consultations,
public awareness) resulting in various dysfunc-
tional systems in society and in many related nega-
tive effects on the environment and public health.

Basic principles for development of Mace-
donian solid waste management system — The
basic principles for development of the Macedo-
nian solid waste management system, it represent
the main priorities as starting points to implement
the measures of the National waste management
plan:

The principle of solving waste problems at
their source means the direct or shared res-
ponsibility of the waste holder/generator for waste
throughout its entire lifetime, to control and collect
individualy waste streams, to register their quanti-
ties and characteristics and to provide such treat-
ment and disposal operations that are according to
regulations, acceptable from the environmental and
from the economic aspect. Additional responsibil-
ity is given to the manufacturers-waste generators,
which are only able to prevent the generation of
the production waste, to recover the process energy
from waste streams, to organise recovery/utilisa-
tion of end-of-life products and to minimise the
quantities and hazardous potential of waste to be
disposed of.

The system should also provide separate col-
lection of waste according to their hazardous char-
acteristics, according to their point-source or dis-
persed-source generation and, according to inten-
tion of further management, which shall be accept-
able from the environmental and economic aspect.
Special priority attention shall be paid to the sepa-
ration of hazardous and nonhazardous waste
streams at source and to the separate final disposal
of those streams.
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A collection network with the intention to
utilise valuable constituents of end-of-life products
that is based on the “producer’s responsibility”
principle, shall be organised by the manufacturers,
importers, distributors and retailers of products and
by the specialised service enterprises.

As the waste may represent secondary raw
material, sustainable waste management means an
optimal utilisation of potential resource of waste as
a substitute for non-renewable natural resources
taking into account economic, environmental and
social aspects.

The network of the collection, storage and
pre-treatment facilities for special waste streams
shall be planned on the basis of results of feasibil-
ity studies where available markets for recyclable
material and end-of-life products or for some of
their fractions shall be taken into account, option-
ally within the country or in some of the
neighbouring countries. It is necessary to build
new infrastructure for waste management collec-
tion, treatment and final disposal of solid waste at
the regional level which will cover more than
200,000 inhabitants.

The capacities for collection, storage and pre-
treatment for specific waste streams and used
products must be planned based on the results that
will be obtained from the feasibility studies, where
there are markets for materials that can be recycled
and for used products.

The territory of the Republic of Macedonia
represents a national value and the basis for econ-
omic and social development of the country, it re-
quires rational and environmentally safe use of
land intended for agriculture, manufacturing activi-
ties and for settlements, as well as rational use and
protection of water resources, soil as well as natu-
ral and cultural heritage.

Landfill represents the most undesirable op-
tion in the waste management hierarchy but it is
the unavoidable disposal option for the unusable
part of generated waste or for waste residues after
various recovery, recycling and treatment proc-
esses. Residual waste may disposed of in landfills
only as stabilised, non-reactive material or it shall
be pre-treated prior to landfill in order to stabilise
the waste, to minimise the deposition volume and
to reduce the mobility of harmful and hazardous
substances as well as their emissions by emissions
to air and by leaching water out of the landfill fa-
cilities.

Remediation of contaminated sites — “hot-
spots”, i.e. industrial contaminated areas and non-
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compliant municipal and industrial landfills, may
significantly contribute to the reduction of negative
impacts on human health, agricultural land, biodi-
versity and natural environment and not finally, on
the quality of the food products on the Macedonian
and other markets. The priority of closing and/or
remediation of such environmental burdens depend
on detected risks and/or on direct impacts on the
water and soil environment and on the nearby
placed settlements.

THE ROLE OF THE WASTE MANAGEMENT
STRATEGY IN THE REPUBLIC
OF MACEDONIA

The Waste Management Strategy reflects the
national policy in waste management and repre-
sents the basis for preparation and implementation
of an integrated and cost-effective waste manage-
ment system. With this strategic document, the
Republic of Macedonia defines the fundamental
directions in waste management for the coming
twelve year period, on the basis of recognition of
serious impacts to the living and natural environ-
ment caused by improper waste management at
present and in the past, and it determines the fun-
damental directions of the gradual waste manage-
ment system set-up based on the hierarchy of the
main principles of waste management and on the
main principles of sustainable use of natural re-
sources.

The Waste Management Strategy is a docu-
ment on the aims and development of measures,
with the primary intention of overcoming the un-
acceptable environmental situation with regard to
impacts of improper waste management on the air,
water, soil and natural environment as well as pub-
lic health, with the follow-up intention to reach
complete control over generated waste streams, to
reduce the waste quantities and hazardous poten-
tial, to achieve the optimal material/energy recov-
ery and final disposal of waste by means of the
optimal and contemporary system of new infra-
structure facilities and with the final intention to
introduce cleaner production technologies and sus-
tainable management of natural resources and
waste, as well as to reduce emissions of green-
house gases arising from waste. Waste is not only a
generator of impacts to the environment, but may
also be recovered and reused. All recovery phases
of waste fractions usable for the production of new
goods or energy represent the preservation of non-
renewable natural resources However, secondary
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raw material recovered from waste streams and
Waste Management Strategy of the Republic of
Macedonia intended for material recycling and
energy production need to find their market.

Simultaneously, waste management repre-
sents in all process phases of collection, material
and energy recovery a potential of new employ-
ment in service and production activities. All
members of a society shall take corresponding re-
sponsibility of waste because they appear as hold-
ers and producers of waste in three contradictory
roles — taking care of the quality of the environ-
ment, health and quality of life particularly for the
coming generations on both a global and local
level, generating waste and polluting the environ-
ment in daily activities and consuming of goods
and services. This is the reason a special status is
given to waste issues and the success and effi-
ciency of the implementation of the waste man-
agement strategy depends, beside the necessary
capital investments and space related limitations,
above all on the correct balance of legal, institu-
tional, organisational, sociological and in particular
economical/financial instruments.

MEASURES AND ACTIVITIES THAT
SHOULD BE TAKEN AT THE LEVEL
OF THE CITY SKOPJE

A) Information and education

Waste prevention is essentially based on the
level of information and education the population
about the value of waste and dangers coming from
himself and his direct connection with the deple-
tion of natural resources.

An activity that arises is education and pre-
vention of waste in schools by making a brochu-
re/picture book and organise training for teachers
and students. Providing training for education on
prevention in administration institutions of the City
and the municipalities within the City and provid-
ing training for the NGOs.

B) Donating actions

Donating actions of clothes and stuff, with
small volume organized by the City of Skopje in
cooperation with municipalities and non-govern-
mental organizations of the City of Skopje.

Donor actions in schools, about textbooks,
reading books and notebooks.

C) Expanding the service of the public enterprise
Communal Hygiene SKOPJE in rural parts
of the the municipalities within the City of Skopje

Implement procedures for including the rural
parts, providing vehicles, elaboration of a scheme
etc.

Can be considered three alternatives as fol-
lows:

1. Communal Hygiene SKOPJE to include
with its service these places.

2. Municipalities within the City of Skopje to
establish its own public enterprise "collecting and
transporting” of mixed municipal waste.

3. Service to be organized as a public — pri-
vate partnership with a private operator

D) Establishing ownership of containers for waste
disposal of legal and physical entities that prepare
food (catering facilities — restaurants, hotels etc.)

Surveying the caterers for the size of the con-
tainer which is needed, providing containers,
elaboration of a scheme for collecting containers,
informing the caterers for the scheme of collection
and start the scheme.

This measure would relieve common con-
tainers and care for the hygiene, functioning and
maintenance of containers would divert from the
service provider to the user. This measure will sig-
nificantly contribute at improving the condition of
the public hygiene in the city.

E) Home composting

Making a brochure for home composting, de-
livering the brochure about composting with the
receipt for waste in the urban area, and through the
municipalities/local communities in rural areas to
all households that have a yard larger than 50
square meters, making composters and organazing
a trainings for composting.

F) Selective collection of cardboard — sticker

Cardboard — sticker i.e. boxes in which prod-
ucts are delivered to commercial and catering fa-
cilities significantly contribute to the inefficiency
of the system for collection and transportation of
mixed municipal waste in urban part of the town,
i.e. this type of waste is the main cause of insuffi-
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cient use of the volume of containers and vehicles
on one side and scattered waste around the con-
tainers on the other side.

G) Establishment of stock market of used items

Experience of countries who have achieved
good results in waste prevention actions, thats reg-
ister objects which for a generator are potential
waste with which he should handle and make
costs, to be used by entities that are using these
items.

This effective measure can be implemented
by setting a tool for direct intercommunication of
bidders and claimants of used items.

RECOMMENDATIONS FOR FURTHER
IMPROVEMENT

According to the fact that the solid waste
management system in urban areas is almost at its
lowest level from the aspect of the hierarchy of
waste treatment, we will mention the following
recommendations for further improvement of the
current situation:

— Political will and understanding. It is man-
datory to have political agreement on the
importance of functional and sustainable
management of municipal solid waste;

— Intercommunication between the City, mu-
nicipalities, NGOs and all other public and
private institutions;

— Using the experiences from other countries
and cities in Europe and the world;

— Making analysis and starting a pilot project
for an individual home composting and cen-
tralized composting in schools, larger public
green areas from several households and
companies with own green areas;

— Reconstruction and modernization of the
fleet in Communal Hygiene Skopje, install-
ing GPS systems for tracking the vehicles,
on the use of the tank-cistern, the degree of
compaction and reduce the fuel consump-
tion;

— Performing technical improvements of the
sanitary landfill Drisla;

— Manage of the illegal dumps: monitoring,
cleanup and remediation;
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— Organization and strengthening of the ca-
pacities of the structures which will be in-
cluded in the implementation of the solid
waste management system,

— For a successful project it is important to
have a good team and team leader with ca-
pacity to lead the operation ahead;

— Change the method of payment for waste
collection. By changing the method of pay-
ment it is necessary to establish a stimulat-
ing measures for those who provide primary
selection, and punishable measures for
those who will not select the waste.

— Opening more centers for collection and re-
cycling of waste;

— Performing education on prevention of
waste in schools and public institutions;

— Ownership of the containers for waste dis-
posal of the legal and physical entities (like
the model in New York).

First and basic is to provide and implement an
effective and efficient system for collection and
safely treatment of the municipal solid waste, to
solve the first step, and it is the waste management,
then to move towards increasing the ambitions, are
to achieve high levels of recycling, incineration,
reuse, etc. Path to success is a step by step.

CONCLUSION

These days one of the most important things
in the world is the protection of the environment.
In modern conditions of living the cycle of mate-
rial moving in the nature is disturbed, and because
of that she is no longer in a position to decompose
the waste that the human is generating enormously
everyday.

For this purpose is developed a special scien-
tific — engineering discipline — SWM (solid waste
management). Primary aim of this discipline is to
create as little as possible waste and, secondly, the
waste to be extracted and used as much as possible.
By returning of the solid waste in the production
process of materials is achieved savings of energy
and raw materials and it is equally important for
the pollution reduce of the environment.

The systems for solid waste management in
the urban areas, is a hard work job that needs to be
continuously improved in order to fulfill the ex-
pected results. If the aspires are the systems of
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solid waste management in urban areas be as effi-
cient and effective of course it should include and
the structures for communication with the public
(audience):

— Publishing of general information of waste
problems;

— Establishing a system for communication
with the generators of waste in the manu-
facturing sector;

— Creating a system for public relations.
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A bstract: This paper presents a research of the part of the major physical and chemical characteristics of
motor oils in several stages. Three types of motor oils are investigated: fully synthetic motor oil, partly synthetic mo-
tor oil and mineral motor oil. In addition there is a tabular, graphical representation and comparing the tested parame-
ters of unused oils and oils during their exploitation in the IC engine. Also there is analysis of the need for motor oil
replacement in accordance with vehicle manufacturer recommendation in correlation with the deterioration of certain
characteristics and the replacement period prediction without negative consequences for the IC engine and its func-
tionality.

Key words: motor oils; characteristics; researching; exploitation; deterioration; replacement

ITPOMEHATA HA KAPAKTEPUCTUKHUTE HA MOTOPHUTE MACJIA BO TEKOT

HA EKCIVIOATAIIMJATA, KAKO HHIUKATOP HA HE'OBATA ®YHKIIMOHAJIHOCT
(EKCIIEPUMEHTAJIHA CTYAUJA)

AncrtpakT: Bo 0B0j Tpys HampaBeHO € UCTpaXkyBame Ha Jiell 0] OUTHUTE (PM3UUKO-XEMUCKH KapaKTEePHC-
THUKHM Ha MOTOPHHTE Macia BO HEeKONKy (asu. McrpakyBanu ce 3 BUaa MOTOPHHU Maciia: [EJIOCHO CHHTETHYKO MOTOP-
HO MacJjlo, JASIYMHO CHHTETHYKO MOTOPHO MAacll0 ¥ MHHEPAIHO MOTOPHO Macio. [lanen e TabenapeH u rpaduuxu
NpHKa3, Kako M cropenbda Ha HCIUTYBAaHHTE MapaMeTpH Ha HEyHmoTpeOyBaHHTE Macia M MaciaTa BO TEKOT Ha
HUBHATa EKCILTOATAIMja BO MOTOPOT. McTo Taka, HapaBeHa € M aHan3a 3a moTpedara ol HUBHATa 3aMEHa COTJIACHO
MIPENOpaKUTe O] MPOU3BOJUTENIOT HA BO3HMIOTO BO COZAEJCTBO CO MCTPOLIEHOCTA HA NMOCAWHHUTE KapaKTEPUCTHKH,

Kako U Ipe€ABrayBama 3a [IEpruogoT Ha 3aMCHa 0e3 rnocjaeauny 1Mo MOTOpoOT U HETOBAaTa (1)yHKHI/I0aHHHOCT

KiryuHu 3060poBH: MOTOPHH Macia; KapaKTePUCTUKH; HCTPaXKyBabe; KCIIOATAIN]a; MCTPOLICHOCT; 3aMeHa

INTRODUCTION

The working conditions of tribomechanihal
elements are very complex and mostly determined
by the characteristics of the oils. The complexity of
the conditions is determined by the temperature of
the elements in contact, the oil temperature, the
external load, respectively specific pressure in the
contact area, the dynamic character of the contact
and the transmission of power etc. [1, 3].

During the use of tribomehanichal elements,
the properties of all elements could be changed.
Hard elements suffer physical changes, but oil-
physical and chemical changes. The rate of degra-
dation processes and the changes of all elements of
the system, depends on the overall conditions un-
der which works tribomechanihal system. Because,
wear and friction (both main tribological proc-
esses), of all of tribomechanihal elements (and oil)
are taking place under the same circumstances,
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there can be established a functional connection
between them and working conditions. It is actu-
ally a factor that is based on diagnostic of oil con-
dition, and through it and the diagnostic of condi-
tion of parts of the mechanical system.

The wear of hard elements of the system is a
slow process and therefore difficult to monitoring,
and very often difficult to stop and disassembled
the whole system and measure the wear. The chec-
king the change of physical and chemical charac-
teristics of the oil is much easier and simpler way.
It is only necessary to find a correlation between
the changes of the individual elements. This can be
achieved by observing (experimentation) in a typi-
cal system. It is necessary to have a laboratory
equipped and professionally trained personnel. The
laboratory analysis must be exactly made, and its
results will not be valid if the sample of oil is not
taken in accordance with the standards and in clean
bottle. Because of this it must strictly follow the
rules for sampling:

— the sample mast be taken nearly before the
filter, sump or pump,

— not to take a sample from the "dead" lines
or valves,

— before taking a sample, its necessary to es-
tablish circulation and operating temperature,

— to take into clean and dry containers and
properly marked, and

— the place of sampling must be cleaned be-
fore taking the sample.

Chemical composition and properties of bae
oil, chemical composition and properties of addi-
tives are modificated during the exploitation of
engine oil, and that means that the chemical com-
position of the oil in general is modificated, as a
result of contamination and degradation. The most
significant contaminants in engine oil are: degra-
dation products in base oil, degradation products in
additives, the metal particles which arising from
the material, hard particles in the oil from entering
the environment, water and products of fuel com-
bustion. Contamination of oil products from its
own degradation, unburned fuel products due to
incompletely burnt fuel and contaminants from
different backgrounds are occur during the exploi-
tation the oil in engine.The type, performance and
lineage of contaminants indicate the nature and
extent of changes. For example: husky particles of
metal point indicate of wear, grain particles of dif-
ferent sizes indicate of material fatigue. Analysis

of the chemical composition of metal particles in-
dicates of tribomechanical system elements wear.
There are many opportunities so that it could be
contaminated and degrade. Contamination and
degradation of the oil during its exploitation cannot
be prevented, but can slow down, which is impor-
tant for the oil and mechanical system. The speed
and the level of degradation of the oil is propor-
tional of the speed and degree of contamination.
Therefore, it is important to prevent the rapid con-
tamination of the oil before and during of its ex-
ploitation. Spectrum of contaminants of the oil is
very wide. Each contaminant influence destructive
of the oil, diminishing physical-chemical and
working characteristic, and as a final consequence-
reduced the oil's and mechanical system's life. On
the oil path, starting with his production until to
end users, there are a range of possibilities for con-
tamination and degradation, sometimes to the point
of uselessness. Possible contaminants include:
gasoline, diesel fuel, other oils, water, dust and
other environmental contaminants. Because, fuels
and oils are transported by road and tank wagons,
sometimes previous transported fluid is not com-
pletely unloaded, so that residue contaminates the
next transport. Very often, remains of the water
after washing the vehicle which is very destructive
impacts the oil.

Preventive measures are: professional and
regular cleanliness of vehicles before loading and
binding control oil quality before unloading (appe-
arance, color, odor, density, water content, flash
point, viscosity). When the oil is pouring into the
buyer's storage tanks may cause to oil contamina-
tion, if the equipment is contamination. During
storage, if tank filter for day-night "breathing" is
damaged, through it can penetrate dust, sand or
similar abrasive materials. Therefore, the filter
must often be controlled and if it is necessary to
replace him. In the storage tanks space there is
moisture. By changing the temperature, moisture
condenses, flows down the walls and collected at
the bottom of storage tank. In contact with oil,
condensed water can be easily and quickly degrade
the oil and make it unusable even before its appli-
cation. Preventive measure is to fixing temperature
of the oil to about 40 °C by installation of heaters
and moisture cannot condense. However, the water
level in storage tank should be monitored regularly
and if necessary to drain.

Exploitation investigations are getting the
best performance for applications properties of
motor oils.
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MATHERIALS AND METHODS
Testing of the vehicle

Monitoring lubricant performance in applica-
tion is the main task of a servicing laboratory. It
consist of determining the physico-chemical prop-
erties of the lubricant samples supplied from the
application spots, based on which it is possible to
evaluate the given lubricant's condition, and hence
also to provide the user with a recommendation on
how to furtherly handle the lubricant.[5]

The tests were done on 4 vehicles (Tab. 1).
All vehicles have catalytic converter, except one
vehicle with a diesel engine and they use fuels
without sulphur. One vehicle is tested during ap-
plication without pour more of 0il.On the other
vehicle, after taking the sample for testing, pour
more an oil just as much a extracted quantities of
oil. On the rest of the vehicles, after taking samples
for physical and chemical analysis overall residual
oil in the crankcase is replaced by fully unused
engine oil.

Table 1
Testing vehicle
Vehicle Mngine  Oil kw  Type of vehicle Number of testing Passed km Duration (months)
Honda civic 1.8 gasoline  synthetic 106  passenger 3 18000 12
Citroensaxo 1.5d  diesel semi sythetic 42 passenger 3 11000 12
Iveco Eco Daily diesel mineral 126 commercial 3 30000 8
Motor oil testing vehicles passed between 3300 and 30000 km in

This article presents the results of exploitation
analysis of the synthetics, semisynthetic and min-
eral lubricants. Table 1 provides the basic proper-
ties of unused synthetic and semi synthetic motor
oil, and meet the following specifications:

API SN/CF ACEA A3/B4-10 MB-229.5 GM
LL-B-025 VW 502.00/505.00 Porsche A-40

API SL/CF ACEA A3/B3 MB-229.1 VW
500.00/505.00

API CI-4/SL MB-228.3 VOLVO VDS-3
MAN M3275

In total it was 9 testing, and the data of testing
are shown in Tables 2 and 3. During the test, the

different periods from 8 to 12 months. In all tests
was represented city driving and driving out of the
city, apropos prevailed mixed type of driving.
Were used as a fuel two types of fuels: Unleaded
petrol 95 octanes and Diesel.

Physical and chemical properties of the oils

During the tests were taken samples of used
oils from vehicles in the amount of 150 ¢cm’. Sub-
ject of studies in used oils were the same parame-
ters that were listed in unused oil (Tables 2, 3 and
4) in order to make a comparison.

Table 2
Testing results of unused synthetic motor oil and during his exploitation
Property Units Grade specification SW-40 SN/CF
Unused after 7000 km after 14000 km after 18000 km
Kinematic viscosity at 40 °C mm?*/s 77.85 65.34 62.27 60.24
Kinematic viscosity at 100 °C mm?/s 13.46 12 11 11
Viscosity index - 177 183 188 189
COC Flash point °C 204 195 180 178
Pour point °C 40 -35 -32 -32
Density at 15 °C g/ml 0.8549 0.8576 0.8625 0.8667
TBN mg KOH/g 12.2 10.1 7.2 5.2
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Table 3
Testing results of unused semi synthetic motor oil and during his exploitation
Property Units Grade specification 10W-40SL/CF
Unused after 3300 km after 8000 km after 11000 km
Kinematic viscosity at 40 °C mm?/s 101 99.61 95.73 92.38
Kinematic viscosity at 100 °C mm?/s 14.9 14.66 14.23 13.82
Viscosity index - 154 153 153 150
COC Flash point °C 231 220 218 200
Pour point °C —40 -30 -30 -30
Density at 15 °C g/ml 0.8671 0.8731 0.8756 0.8729
TBN Mg KOH/g 9.25 8.5 8 6.5
Table 4
Testing results of unused mineral motor oil and during his exploitation
Property Units Grade specification 15W-40 CI-4/SL
Unused after 21000 km  after 23000 km  after 30000km
Kinematic viscosity at 40 °C mm?/s 121,20 106,5 105 102
Kinematic viscosity at 100 °C mm?/s 15,37 14,31 14 13,17
Viscosity index - 132 138 133 135
COC Flash point °C 231 225 222 217
Pour point °C 21 21 -15 -14
Density at 15 °C g/ml 0,8848 0,8892 0,8903 0,8996
TBN mg KOH/g 10,6 10,6 10,1 74

Testing results of the oils characteristics
during exploitation

Synthetic motor oil — As a synthetic mo-
tor oil in this testing it was used a motor oil with
API SN/CF ACEA A3/B4-10 MB-229.5 GM LL-
B-025 VW 502.00/505.00 Porsche A-40 specifica-
tions in Honda civic 1.8. Have been made 4 testing
during 12 months-3 testing during exploitation and
1 on unused oil before we fill it in the en-
gine.Motor oils was sampling after passed 7 000,
14 000 and 18 000 km. With last sampling, motor
oil was completely replaced.There were analysed 4
characteristics and the resultsare present on Figure
1. During the test driving it was used combined test
system — driving in and out urban environment.

Semi synthetic motor oil — As a semi syn-
thetic motor oil in this testing it was used a motor
oil with API SL/CF ACEA A3/B3 MB-229.1 VW
500.00/505.00 specifications in Citroen saxo 1.5 d.
Have been made 4 testing during 12 months-3 test-

ing during exploitation and 1 on unused oil before
we fill it in the engine.Motor oils was sampling
after passed 3300, 8000and 11000 km. With last
sampling, motor oil was completely replaced.There
were analysed 4 characteristics and the results are
present on Figure 2. During the test driving it was
used combined test system — driving in and out
urban environment.

Mineral motor oil — As a mineral motor
oil in this testing it was used a motor oil with API
CI-4/SL MB-228.3 VOLVO VDS-3 MAN M3275
specifications in Iveco Eco Daily. Have been made
4 testing during 8 months-3 testing during exploi-
tation and 1 on unused oil before we fill it in the
engine.Motor oils was sampling after passed
21 000, 23 000and 30 000 km. With last sampling,
motor oil was completely replaced. There were ana-
lysed 4 characteristics and the results are present
on Figure 3. During the test driving it was used
combined test system — driving in and out urban
environment.
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RESULTS AND DUSCUSION

Interpretation of oil analyzes in exploitation is
a complex activity because the analysis of individ-
ual parameters are interconnected. With the ex-
ploitation investigations one can get the best view
in oil properties [2, 4].

From the images it is visible the reduction of
viscosity in all three tested oils. Reducing the value
of the viscosity of the oil, leading to a reduction in
its pressure and therefore can not provide sufficient
flow to all parts of engine, and particularly to bear-
ings that are most distant from the oil pump. In
addition, the thickness and consistency of oil film
becomes smaller than required and can not provide
a cavitation lubrication. The oil film weakens and
brokenes lead to increased noise and to spending
on metal surfaces. Because of the reduced viscosity
less seal between the piston rings and cylinder oc-
curs, resulting in a slow start and lower compres-
sion. All this things contributes to a limited reduc-
tion of viscosity of max. 25% of the initial value or
the viscosity of the oil before being placed in the
engine (dotted line in the diagram of the picture).

With vertical dot-dash lines marked in the
charts boundary suggested by the vehicle manufac-

turer are defined then much mileage is necessary to
replace the engine oilcompletely. From diagrams it
is notable that although the viscosity is reduced far
from the critical value.But not only reducting of
the viscosity should be a reason for changing the
oil.

The flash point is the lowest temperature to
which to heat the oil in a situation in which the
released vapors will ignite instantly if offered an
open flame without permanently burning. It is ex-
pressed in the OS and is considered a measure of
volatility and significant for transport and storage
due to the threat of fires. The permissible drop in
the flash point is 25% of its initial value or mini-
mum OS 150. By flash point is determined in the
presence of fuel oil. The presence of fuel oil can be
associated with poor performance in injectors.The
flash point is reduced if the oil has a certain
amount of fuel, due to partial wear of piston-cylin-
der assembly, as inconvenient or set system fuel
injection.

The Figure 1 shows diagrams of the flash
point in the exploration of synthetic motor oil,
which is noticeable continuous decrease after
spending 13 000 kilometers, after which comes to
its stabilization.
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Figure 2 shows the continuous reduction of
the flash point in semi-sintetic motor oil after spen-
ding 8 000 km that comes after its stabilization.

In the flash point for mineral oil minimal re-
duction throughout the tested period (Figure 3).

Given that the graph indicates that the flash
point is still far from critical values (25% of the
initial value) and bearing in mind the recommenda-
tions of the vehicle manufacturer for the replace-
ment of oil, they are in good condition exploita-
tion. In any case, the fuel oil may reflect poorly on
the motor for long periods, primarily due to the
worsened performance of the oil or its deteriorated
lubricating properties — which could reflect on the
engine and its work.

Overheads pool number (Total Base Number
— TBN) is defined as a measure of alkalinity origin
of all matter in the oil that demonstrates basic re-
action. It is expressed in mgKOH/g sample of the
oil. It is equivalent to the amount of acid required
to neutralize all basic substances in a sample of
one gram of oil [8].

High temperatures in the engine lead to the
formation of deposits and deposits of vital parts,
especially in the video area. As a consequence of
this may come diminishing mobility, ie conglom-
eration of piston rings. Deposits continue moving
into coke that abrasive act on the desktop of the
cylinders and as a consequence we have the ap-
pearance of polished surface. For detergent addi-
tives are carriers of the base reserve by reducing
their spending total pool number (TBN).

Fastest spending detergent additives, and thus
sharply reduce the value of TBN occurs often in
frequently moving and stopping or driving a short
distance (urban cycle), thus failing to achieve the
operating temperature of the engine. In these con-
ditions of cold engine it comes to creating large
amounts of deposits, resins and smoke that lower
TBN, and lead to rapid clogging of the oil filter.
Disperzantnite additives tasked then wrapped fin-
est particles (contaminants) to hold dispersed and
thereby prevent their conglomeration and sedimen-
tation.

From Figure 3d it can be noted that the inter-
section of the test curve and the rights to the mini-
mum allowable value for TBN, shows us the mile-
age (16 500 km) to which the oil has not had to be
replaced. With further use of engine oil TBN value
falls below the value of 50% compared to the ini-
tial value, which in technical terms means that it is
no longer able to neutralize harmful acids-to the
extent they are not dangerous to metal surfaces
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engine. The oil had to be replaced after spending
16 500 km. In any case identified 16 500 km repre-
sent more mileage compared to the recom-
mendations of the vehicle manufacturer, which is a
good economy and an additional benefit for the
environment. The remaining value of TBN oils and
their momentary replacement is far from their
critical value, which means that they could remain
in the engine further use.

CONCLUSION

There is an optimal time when the motor en-
gine oil should be replaced, and it depends on
many factors: the state of the engine, engine oil
quality, the driving, the climatic conditions etc. If
oil is not replaced at the right time, there is a risk
of corrosive action of individual acidic components
on vital engine parts and diminishing lubricity of
engine oil appears, and as a consequence there is
an intensive spending on metal surfaces [6]. On the
other hand, premature replacement is not economi-
cal, and further pollute the environment. The best
solution is determining the period of replacement
of oil based on the condition of the oil and the
condition of the engine [7].

The general conclusion is that, thanks to the
examinations of specified types of motor oils,
which were examined in this paper the general rec-
ommendation is that oilshould not be replaced so
early as it isrecommended by the manufacturer,
because the analysis showed that they are in good
condition and could beexploited after recommen-
ded mileage.For the large bus flat or large car flat
it is better to check the oil from time to time and to
find the real millage for replacement in order to
save money and to save the environment.
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A bstract: The basis for initiating this research was based on the latest achievements in the development of
energy technologies, such as: efficiency, energy saving and ecology. In this research, the findings from some previ-
ous research in this area had been used, especially for cogeneration plants with natural gas as an energy source for
combined production of electricity and thermal energy. A selection of the drive motor in the plant cogeneration was
done, depending on the defined needed heat for the city of Bitola. According the curve of the hourly temperature of
the outside air for the city of Bitola and the heat consumption, analysis of the thermal cogeneration plants was made
in terms of: combined steam-gas cycle to produce heat for heating in the range between (80-200) MWt and a cycle
with steam turbine with regulated subtraction.

Key words: cogeneration; electricity and heat efficiency; saving energy; natural gas

N350P U AHAJIN3A HA KOMBUHUPAHA KOT'EHEPATUBHA ITOCTPOJKA HA ITPUPOJIEH I'AC

3A TOIVNIMOUKAIIUJA HA TPAZIOT BUTOJIA

AnctpaxT OcHOBaTa 32 OTIIOYHYBamkE HA OBA HCTPaXXyBame ce Oasupalie Ha HajHOBUTE TOCTHTHYBamba BO
Pa3BOjOT Ha EHEPreTCKUTE TEXHOJOTUH, KAaKo IITO ce. e(UKacHOCTa, 3allTelaTa Ha eHepryja u ekoiorujata. Bo oa
HCTpaXXyBambe HCKOPHCTCHH C€ CO3HAaHMjaTa Of IOCETallHUTE HCTpakyBama BO OBaa o01acT, ocobeHo 3a
KOTCHEPAaTUBHHUTE IIOCTPOJKU CO IPUPOJEH rac Kako HM3BOp Ha CHepruja 3a KOMOWHHMpPAHO IIPOM3BOJCTBO Ha
SJISKTPUYHA W TOIUIMHCKA eHepruja. M3BpmieH e n300p Ha MOTOHCKHOT MOTOpP BO IIOCTPOjKa 32 KOMOWHHpPAHO
HPOM3BOJICTBO BO 3aBUCHOCT 0J1 Je(hMHUpaHaTa oTpeOHa TOIUIMHCKA eHepruja 3a rpanoT burona. CornacHo kpuara
Ha CpellHaTa 4acOBHA TeMIIepaTypa Ha HaJBOPELIHUOT BO3AYyX 3a Ipaj burona M TOIIMHCKHOT KOH3YM, HallpaBeHa €
aHaJIM3a Ha TEPMOCHEPreTCKH KOT€HEPaTHMBHH MOCTPOjKH Ha: KOMOMHHMpPaH Hapo-TaceH LMKIYC 3a N0OMBame Ha
TOILIMHA 3a Tpeewe Bo omncer Mery (80-200) MWt i muxityc co mapHa TypOHHA CO PETYIHPAHO O/I3EMAbE.

Kuyunu 300poBu: xoreHepaluja; eleKTpUIHa CHEPrija i TOIUIMHA; e(pUKACHOCT; 3allTe/la Ha SHeprija;
HPHUPOJICH r'ac

INTRODUCTION

The development of the energy technologies,
can be reduced to meet the requirements of effi-
ciency, economy, saving the energy resources,
ecology and flexibility.

Today, the problems of environmental nature
in the use of the most exploited energy resource,
the coal, are enormous and becoming more serious

due to the stricter environmental norms. For this
reason, efforts are made to reduce the emission of
carbon compounds CO and CO,, nitrogen oxides,
sulfate compounds NOx and SO,.

Another problem that arises and becomes par-
ticularly serious is the limited quantities of coall
which is the major energy resource in Macedonia
used in electricity production.
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Analyzing the application of the energetic re-
sources in Europe and in the whole world in gen-
eral, as well as the benefit from them, it is con-
firmed that the use of the natural gas as a fuel in
the construction of new thermal power plants with
a combined production of energy or cogeneration
plants for combined production of natural gas
grows more and more.

In accordance with the benefits of the cogene-
ration plants in the world today, more and more
organizations are dealing with the promotion and
implementation of co-generation. Accordingly, in
2001 in Brussels, the European organization for the
promotion of co-generation (The European asso-
ciation for the Promotion of Cogeneration or part
EDUCOGEN) was established [9], [10].

In this regard the development and the im-
plementation of cogeneration plants is different in
different countries and depends on the economic
and the industrial development, the available fuel,
the climate conditions, etc.

In the countries with colder climates, cogene-
ration is most often used for heating or satisfying
the needs of heat for heating and hot water for the
population.

The Fig. 1 shows the application of cogenera-
tion in certain countries in Europe [1].
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Fig. 1. Participation of co-generation in the total electricity
production in Europe

The average amount of electricity produced
from cogeneration plants is about 15% and there is
a trend of steady growth. The very percent in some
countries can be seen on Fig. 1 [1], [8].

The development and the implementation of
cogeneration plants is different in different coun-

tries, and depends on the economic and industrial
development, available fuel etc. From the diagram
can be seen that Macedonia has the lowest rate of
participation of the cogeneration in the process of
electricity production. The results of the survey in
terms of energy and environmental effects of the
implementation of cogeneration for the combined
production of electricity and thermal energy to
natural gas confirm the need for greater and more
intensive use of this type of plant and the introduc-
tion of natural gas in a big way in the energy sector
in the Republic Macedonia.

DEFINING THE CRITERIA FOR SELECTING
COGENERATION PLANT

In order to select and fully exploitate the co-
generation plants during the year, the following
conditions must be taken into account: the need for
heat, the power factor load or the working hours
during the year, profile setup of the electricity and
the thermal energy [2], [3].

The heat consumption for heating of a settle-
ment are defined on the basis of external minimum
design temperature for the respective place. Based
on data processing of the meteorological measure-
ments of the outdoor air between 19962010 years
the city of Bitola, in Table 1, the numerical values
of the relative length of the duration of temperature
intervals during the heating season and heat capac-
ity are presented [4].

This means that the average load during the
heating season is 23.4% and the average heat load
during the heating period is 46800 kW. According
to the table the number of hours the plant would
reach is 4320"™. The diagram of the coefficient of
the thermal load is shown in Figure 2.
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Fig. 2. Diagram of the thermal load coefficient depending
on external temperatures
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Table 1

Relative length of duration of the temperature ranges in the heating season, and heat capacity

Item number Temperature interval Relativna length of duration Relativna length of duration Thermal load  Thermal power

°C day Hour % kW

1 <(-18) 0.2 5 100 200000
2 (-18) to (-15) 0.7 17 100 -90.72 200000 — 181449
3 (-15) to (-10) 2.7 65 90.72 -75.92 181449 — 151843
4 (-10) to (-5) 6.9 166 75.92 -56.3 151843 — 112647
5 (=5) to (0) 259 622 56.3 -36.4 112647 — 72749
6 (0) 10 (+5) 55.6 1334 36.4-259 72749 - 51711
7 (+5) 10 (+10) 62.1 1490 259-233 5171146521
8 (+10) 10 (+12) 209 502 233-18.6 46521 37216
9 > (+12) 4.5 108 18.6 -0 37216 -0

Total / Average 180 4320 23.4 46800

The analysis of the assessment of the poten-
tial and the real heat consumption (in Bitola and it
is surrounding) show that it is 110/200 MWt [4]. It
would be considered as a variable size in the range
of 80 to 200 MWt. That will be the basis for defin-
ing the optimal conditions for technically possible
and economically feasible solution for cogenera-
tion plant that will be used for combined produc-
tion of electricity and heat.

COMBINED PRODUCTION OF ENERGY
WITH NATURAL GAS

For determining the most favorable solution,
it is necessary to perform a preliminary analysis of

cogeneration plants for electricity and heat produc-
tion.

The preliminar analysis and simulation of a
combined process in different regimes (in the
range of 80 to 200 MW?t) of heat, is carried out
according to the technical solution combined co-
generation plant of natural gas as the picture 3™
(51, [7].

In order to select the most suitable solution,
what is initially needed is the determination of the
change in the output power and the necessary heat
for heating with steam turbine for combined pro-
duction, for different modes of heat production in
accordance with the change in outside temperature.
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Fig. 3. Principled scheme of combined cogeneration plant
1) a compressor; 2) Gas turbine; 3) Combustion chamber; 4-6) Generators; 5) Condensation steam turbine; 7) Steam Generator;
8) condenzer; 9) Cooling tower; 10) District heating exchanger; 11) chimney; 12) Feed water tank; 13) condensates pumps;
14) feed water pumps; 15) air; 16) fuel; 17) output gases; 18) Dstrict heating water
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The change of the power of the steam turbine
at different modes is represented in the diagram in
Figure 4.
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Fig. 4. Diagram of the change of the power turbine
of the outside temperature

With the change and the growth of the exter-
nal temperature, the necessary heat for heating is
being changed as well. What is that change in dif-
ferent modes can be seen from the diagrams pre-
sented in Figure 5.
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Fig. 5. Diagram of the change of the heat for heating
from the outside temperature

From the diagrams in Figure 4 and 5 it is
clear that at very low temperatures (—18°C and
lower project), the heat consumption is at maxi-
mum level, which results in a decline in the pro-
duction of electricity. However, the coefficient of
utilization of the plant for that mode is the highest.
But as the outdoor temperature grows, the need for
heat for heating in the heating system is reduced at
the expense of the production of electricity is in-
creasing, but the use of energy in the plant is de-
creasing. So for temperatures above 12°C, when

there is no need for heat for heating, the coefficient
of utilization of the block is low and the same as
the condensing mode.

There are more modes between these two
conditions, according the external design tempera-
ture and the amount required for heating. Further
research will aim at finding an optimal solution of
plant cogeneration of electricity and heat.

ANALYSIS METHOD OF COMBINED
PRODUCTION FACILITY AND TECHNICAL
PERFORMANCES

Preliminary to choose a technically feasible
and optimal energy efficient solution for plant pro-
duction of electricity and heat, we use the method
of comparative analysis of the proposed technical
solutions.

For this purpose the technical performance
such as energy efficiency and energy savings are
being analysed, with three possible technical solu-
tions for the production of electricity and heat [13],
[14].

Separate production of electricity and heat in
a thermal power plant and the boiler heating sys-
tem.

Cogeneration steam turbine with regulated
seizure of steam for the heating system.

Cogeneration plant with a combined cycle
with gas turbine and condensation steam turbine
with regulated steam subtraction.

Energy efficiency

The energy efficiency is one of the most im-
portant technical performances and it is calculated
by the following equation [10]:

Pea + cha

NN=Negt Ty =
ea tha an

where is:

P, — Net power output of the system used
annually

Q;, — Useful heat output of the cogeneration
system annually,

Qg — Used heat from the fuel cogeneration
system annually.

The diagram in Figure 6 also shows the size
of the overall efficiency of the three considered
systems that produce electricity and heat for heat-
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ing depending on the required heat for heating, at
the combined cogeneration gas (CCP), cogenera-
tion steam turbine (CST) and a separate production
(SP) of the two types of energy, during the heating
season.
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cogeneration steam furbine

Fig. 6. Diagram of dependence of efficiency of cogeneration
and separate production

The diagram clearly shows that the highest ef-
ficiency is achieved when the CCP of the natural
gas for all heats in the analyzed range is 80 —
200 MWt).

This means that the performance of the CCP
is an objective function that will significantly af-
fect the process of choosing the CCP natural gas,
with optimal production of heat for heating. The
factor of energy saving FESR.

In order to find the most suitable solution for
cogeneration plant operation, it is necessary to
calculate and analyze the factor of fuel saving at
combined cogeneration of natural gas. This factor
is calculated by the following equation [10]:

Qs = Qqe

gs

FESR=

where is:
Qgs — The total energy of the fuel at separate

production electricity and thermal energys;
Qsc— The total energy of the fuel when pro-

ducing electrical and heat energy at cogenerative
plant.

In order to have a real understanding of the
benefits of energy savings of fuel, it is necessary to
compare the process of separate production of
electricity and the thermal energy (SP - CCGP) at
various heat loads. How does the factor of saving
fuel reacts during the heating season and at the
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same time depending on the outside temperature
,can be seen in the diagram in Figure 7.
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Fig. 7. Diagram of fuel saving cogeneration

From the diagram in Figure 7 it can be clearly
seen that the greatest fuel savings can be achieved
in combined cogeneration natural gas in heat en-
ergy production of 80 to 100 MWth.

Also the saving is on the highest level when
CCP at very low temperatures when the coefficient
of thermal load is at its hughest level.

The work of the CCP at very low tempera-
tures clearly illustrates the advantage in terms of
energy savings of fuel compared to a separate pro-
duction where the necessary heat for heating is
produced in boilers.

The dependence of the percentual saving of
fuel, cogeneration of electricity and heat in CCP of
natural gas compared with separate production of
electricity and heat depending on the generated
thermal energy is represented in the diagram of
Figure 8.
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Fig. 8. Diagram of the dependence of fuel savings
of heat consumption
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From the analysis done so far , we come to
the conclusion that the energy savings from fuel at
CCP natural gas is higher compared to the SP and
it is placed from 9 to 12% in CCP with different
capacity [11], [12].

CONCLUSION

Based on the surveys of external conditions
for for the city of Bitola (1996-2010) and the
estimated heat consumption of 110/200 MWt, dif-
ferent calculations and technical analysis of the
various cogeneration are being performed. In doing
so, the following conclusions are brought:

e The average coefficient of thermal load for
the city of Bitola from 23.4% in the ana-
lyzed period is defined.

e An analysis of all the possible criteria for
determining the type of combined heat and
power cogeneration plant to natural gas it
is performed. Thus all analyzes, calculat-
ions and simulations are made for a wide
range of thermal loads 80 to 200 MWt.

e The results received in the numerical ana-
lysis show higher overall efficiency of the
CCP of the natural gas and 0.928 which is
for 89% higher in terms of the efficiency at
separate production, or 7.9% compared to
steam turbine cogeneration.

e The analysis of the results in the CCP that
meet the predefined conditions (maximi-
zation of total efficiency and maximization
the factor for saving fuel), for the type of
plant a CCP is chosen at maximum heat
for heating of 80 MWt.The work of the

plant is a function of a coefficient of
heating.
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A bstract: The full implementation of the process of automation in an aerobic continuous system for treat-
ment of technologic waste waters from meat industry, is based on real time monitoring, analysis and control of niche
of complex chemical, physical and biological parameters. The principal goal is to provide continuous, unobstructed
and effective operation of the station for waste water treatment. With the use of automation in the process of waste
water treatment it’s expected to achieve higher efficiency and productivity of the technology, as well as decrease in
the use of human resources.

Key words: automation; waste water treatmentl aerobic continuous system; meat industry

ABTOMATHU3AIINJA HA AEPOBEH KOHTUHYUPAH CUCTEM 3A IIPEYNCTYBAIBE
HA TEXHOJIOIIKH OTHHAAHHU BOJAU O/l MECHA UHAYCTPHJA

A mcTpacx 1: lenocHata uMmieMeHTaIja Ha TMPOLECOT Ha aBTOMATH3alMja BO aepoOeH KOHTHHYHUpaH
CHCTEM 3a IIPEYHCTYBah¢ Ha TEXHOJOLIKM OTMAJHU BOIM OJf MECHAaTa MHAYCTpHja ¢ OasupaHa HA MOMEHTAJHO
clle/ierhe, aHaIN3a U yIpaByBambe HAa HA3a KOMIUIEKCHU XEeMUCKH, (GU3NYKU U OMOJIONIKY IapaMeTpH. [ maBHarta men e
Jla ce OBO3MOXKH KOHTHHYHPAHO, HEIPEUeHO M e(hUKacHO padoTeme Ha CTAHMIaTa 3a IPEUYNCTyBambe Ha OTIAJHU
Boau. Co ymorpebara Ha aBTOMaTH3alMja BO IPOLECOT HA MPEUYUCTYBAambE Ha OTHAJHH BOAHM, CE OYEKyBa Ja ce
HOCTUTHE TIorojieMa e()UKacHOCT M MPOJYKTHBHOCT Ha TEXHOJIOTHjaTa 3a MPEYHCTYBame, KaKo W HaMallyBambe BO

ynorpebaTa Ha YOBEUKH PECyPCH.

Kityunu 300poBH: aBTOMaTH3alMja; IPEYUCTYBAbE HAa OTHAAHH BOJH; a6pOOEH KOHTHHYHPAH CHCTEM;

MECHa HHIYCTpHja

INTRODUCTION

Meat processing industry produces products
and semifinished products from animal processing.
This is accomplished through a niche of techno-
logic and commercial operations, standardized and
compliant with food safety regulations. From these
technologic processes large amounts of by-prod-
ucts are created in a form of solid and liquid waste
from organic origin, which must be treated in order
to be harmless and acceptable for the ecologic en-
vironment.

Waste waters from meat industry are divided
into two groups: faecal and technologic.

Treatment and recycling of faecal waters is
best achieved in cogeneration plants through cap-
turing and storing of methane. Onsite reuse of the
fuel cuts energy expenses for water heating in the
industrial complex. Estimated capacity of methane
from different fractions of waste from the meat
processing industry is displayed in Table 1 [1]:

Treatment of technologic waste waters ob-
tained from sanitation of work surfaces, equipment
and floors are processed in waste water treatment
facilities. The composition and characteristics of
the technologic waste waters from meat industry
varies depending on the part of the plant or tech-
nological process from where it originates.
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Table 1

Estimated capacity of methane gathered
from different fractions of the waste
from meat processing industry

Substract Capacity of Methane
mg CHy/kg dry organic matter
Stomach content 300
Water for stomach flushing 280
Faeces 650
Remains from capturing fats 710
Floating solids 700
Household waste 330

The usual composition and characteristics of
the technologic waste from meat industry is dis-
played in Table 2 of [2]:

Table 2

Composition and characteristics
of waste from meat processing industry

Parameters Value
Moisture, (%) 69,45

Total solids, (%) 30,55

Volatile solids (% of total solids) 87,95
Nonvolatile solids (% of total solids) 12,05

Organic Carbon, (%) 23,32

Total N, (%) 2,71

P, (mg/g) 4,19

K, (mg/g) 9,9

COD, (mg/L) 1.000 — 6.000 (max 20.000)

BOD:s, (mg/L) 1.000 —4.000 (max 10.000)
Temperature, (°C) 20-35

Technologic waste waters seldom have a con-
stant composition, because they depend on the [3]:

e Part and type of the production process;
e Quality of the meat;
e Type of the product;

e Speed of sanitation of the floors and the
type of equipment;

e Speed of mixing of the waters;

e Amount and temperature of water used for
sanitation etc.

Treatment of technologic waste waters from
meat industry can be achieved by using any of the
following three technologies [4]:

e Acrobic — in presence of oxygen;

e Anoxic — in absence of oxygen, in presence
of nitrates or nitrites;

e Anaerobic — in absence of oxygen, nitrates
and nitrites.

The specifics of the technologic waste waters
is suitable for aerobic biological treatment, because
of its organic pollution and constituent well de-
gradable matter. Aerobic continuous system is er-
gonomically acceptable for use of larger meat
processing industries, it is economical in construc-
tion and exploitation, low maintenance costs as
well as low energy demand.

AUTOMATION OF AEROBIC CONTINUOUS
SYSTEM FOR TREATMENT OF WASTE
WATERS IN MEAT INDUSTRY

With the extensive development of digitaliza-
tion, implementation of automation in technologic
processes in all industrial sectors becomes essen-
tial.

Automation in the process of treatment of
waste waters from meat industry can’t be designed
in exactly defined cycles ahead, because of
changes in the structure of the influent and changes
in its flow; hence real time following of a niche of
parameters is a necessary requirement, in order to
have fresh data on the condition and characteristics
of the influent. Analysis of the gathered data is
processed in an expedite manner, followed by
quick actions and control, because of the continu-
ous flow of the influent, and the commitment to
preserve uninterrupted efficiency of the facility.

The parameters gathered and cycles of control
depend on the process of the treatment, as follows:

e The cycle of the control of the collecting
shaft and the first sedimentation tank de-
pends on the level of the influent in the tank,
as well as the sedimentation of solid parti-
cles on the bottom and the amount of float-
ing fat. Depending on the operations of the
unit for separation of solid particles, the in-
fluent can be passed to the next operation.

o The cycle of the separation of the solid par-
ticles from the influent depends on the type
of equipment used for this action, and is
usually specified by the manufacturer of the
equipment. The number and capacity of the
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equipment should satisfy the entry parame-
ters of the flow at the entry in the collecting
shaft.

e Right after separation of the solids, in the
DAF tank soluble and insoluble fat are
measured and the adequate amount of HCI
is added to break down the fat and to
achieve successful flocculation. Floating fat
is gathered with a scraper into another tank,
and when a certain level is reached a pump
would be activated to transport the broken
down fat. Depending on the concentration of
the soluble fat, and the residue from the fil-
tration process, the amount of air brought
into the DAF tank is controlled. When cer-
tain level of sediment particles on the bot-
tom of the tank is reached, another pump is
activated to transport the solids.

e In the neutralization tank pH levels are
monitored, and the dosage of NaOH, which
aligns the pH levels of the influent to neu-
tral.

o After the alignment of the pH Ilevels,
amount of influent that can be received by
the equalization tank is brought in. The
equalization tank is strictly connected to the
control of the influent flow in the down-
stream processes.

¢ In the anoxic tank concentrations of N and P
are measured, as well as the concentration of
the bacteria present that govern the reduc-
tion.

e In the biologic reactor the following pa-
rameters are monitored: BODs, COD, car-
bon organic matter in the influent, oxidation
of ammonia, removing of N and P, de-
pending on the requirements of the quality
of the effluent.

e The excess sludge from the biologic reactor
is transported to the sedimentation tanks.
When lower values for the bacteria in the
anoxic tank are obtained, a part of the
sludge is transported in the anoxic tank, an-
other part is transported to the tanks for dry-
ing, and a small part is kept as a reserve for
the anoxic tank.

e The effluent from the drying tanks and the
sedimentation tank is finally neutralized
with a treatment with NaOCIl, which can be
done in a harmonized manner depending on
the recipient of the effluent.

In order to assure adequate monitoring, analy-
sis, operation and control of this information it is
required to design and construct an intelligent sys-

Mauw. unorc.nayu. ciiuc., 33 (2), 153-155 (2015)

tem with instant sampling and laboratory analysis
of the condition of the influent. To achieve this,
probes are placed into all processes of the influent
treatment which measure: chemical compounds,
organic matter, flow, pH, temperature, density,
levels of the influent in the separate processes etc.
Data received by the probes is analysed by pro-
grammed software, and accordingly takes autono-
mous operations and control. The size and the
speed of the intelligent system is designed to be
sufficient and efficient, depending on the amount
of information processed and stored at any time of
the operation of the facility [5].

In order to achieve continuous and uninter-
rupted operation of the waste water treatment fa-
cility, implementation of control procedures for
remote control, or control through IoT, serve as a
back up variant to the autonomous regime when
maintenance is required.

CONCLUSIONS

Automation of the processes for: gathering
data, analysing and control; enhances the effi-
ciency and productivity of a waste water treatment
facility in the meat industry.

By creating autonomous gathering of real
time data and instant analysis of the condition and
the characteristics of the influent, as well as control
of operations, the use of human resources is sig-
nificantly reduced.

Backup mechanisms for remote control, or
control through IoT, are placed in order to achieve
uninterrupted operation of the waste water treat-
ment facility during maintenance.
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A bstract: The main problem of transesterification reaction is that the reactants (oil and alcohol) are not
readily miscible. This leads to a longer reaction time and higher product costs. Introducing a mixing solvent agent
(co-solvent) generates an oil-dominant one-phase system in which the mass transfer is improved, the reaction is faster
and higher extant of reaction. In this study, ultrasound-assisted base catalyzed transesterification of used cooking oil
in a batch conditions and in the presence of co-solvent (n-hexane and biodiesel) was analyzed. The experiments have
been carried out with a molar ratio of oil to methanol 1:6, 0.7 wt.% of KOH to oil, 1:1 volume ratio of co-solvent to
methanol and temperature 65°C. The reaction time was varied as 15, 30 and 60 minutes. Also, the reaction of trans-
esterification was conducted without using of co-solvent. Fourier Transform Infrared Spectroscopy (FTIR) analysis
was used to determine methyl esters content in a biodiesel.

Key words: biodiesel; ultrasound; co-solvent; used cooking oil; transesterification

E®EKT HA KO-PACTBOPYBAU 3A TOBUBAIBE HA BUO/U3EJ

A mncTpakT: OCHOBHHOT IIpo0JieM Ha peaknujata Ha TpaHcecTepHduKanuja € eKa peakTaHTHTe (MaciIo U
aJIKOXOJI) He ce Memaar jiecHo. OBa BOJIM KOH JOJITO BpeMe Ha peakifja U IOBUCOKA LIeHa Ha YMHEHE Ha IPOU3BO-
JoT. BoBeqyBameTo Ha pacTBOpYyBay 3a Mellambe (KO-pacTBOPyBau) reHepupa eJHo(pa3eH MacieHo JOMUHAHTEH CH-
CTeM BO KOj € M0oI00peH MPEeHOCOT Ha Maca, pakijaTa e modp3a a J0CeroT Ha peakuuja e noroieM. Bo oBoj Tpyz,
aHAJIM3UpaHa € YJITpa3By4HaTa 0a3HO KaTallM3upaHa TpaHcecTepuduKaluja Ha ynoTpedyBaHO Macio 3a TOTBEHE BO
Iap>KHU YCJIOBH M BO MPUCYCTBO HAa KO-pacTBOpyBau (H-xekcaH u Ouonmsen). ExcnepuMentuTe Oea M3BEIEHH CO
MOJICKH OJJHOC Ha Maciio co Metanon 1:6, 0.7 mac.% #Ha KOH cnpema macio, 1:1 BOIlyMEHCKH OZHOC Ha KO-PacTBO-
pyBad co MetaHon u Temrepatypa 65°C. Bpemero Ha peakiuja Geme MeHyBaHo Kako 15, 30 u 60 mun. Hcro Taka,
peakmujaTa Ha TpaHcecTepudukanuja Gemnre n3BeneHa 6e3 ynorpeda Ha KO-pacTBOpyBad. 3a OIpeeTyBamke Ha COLp-
JKHMHATa Ha METUJI eCcTpU Bo Onoausen Oeure ynorpebena @ypuep Tpancdopmupana Mudpanpsena CrekTpockoncka
(FTIR) ananmza.

Kny4unu 360poBu: 6noausern; ynITpa3Byk; KO-pacTBOpyBad; yIOTpeOyBaHO MaclIo 3a TOTBEHE; TpaHcecTepuduKanuja

INTRODUCTION oil. This is why an extent amount of methanol is
added to the reaction mixture, in order to shift the

The reaction of transesterification (Figure 1) equilibrium to product side [1].

is a known process to produce fatty acids methyl
esters (FAME) from vegetable and animal based

. . . . . H.C — O0OCH:-R, H.C OH
oil. The reaction generally is carried out in a batch |'|' “‘ : 2 o | ; | .
C—— OOCH:-R, + 3 CH:-0 _—h C—} + 3 Ry-COO-CHs

type processor at 60°C temperature and 1 at pres- d— ooctr — .

sure. However, since the reaction of fatty acids
with methanol is reversible, the reaction comes to
equilibrium before a complete conversion of the

(Triglycende) (Methanoly (Glycerol) (Methyl esters)

Fig. 1. Reaction of transesterification
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This reaction proceeds via three consequtive
reversibile reactions where mono- and diglycerides
are intermediates and their presence in the final
product (biodiesel) is considerable. The reaction
produces two liquid phases: alkyl esters and crude
glycerol fraction (the heavier liquid). Among the
alcohols that have been used to produce biodiesel,
methanol is the one of most used. It is polar and
shortest chain alcohol and is a relatively inexpen-
sive [2]. Transesterification reaction can be cata-
lyzed by both homogeneous (alkali and acid) and
heterogeneous catalysts. The most used alkali cata-
lysts are NaOH and KOH. Alkali-catalyzed trans-
esterification of vegetable oils proceeds faster than
acid-catalyzed reaction. The problem associated
with the homogeneous catalyst are the high con-
sumption of energy, form unwanted soap byprod-
uct by reaction of the free fatty acids (FFA) and
expensive separation of the homogeneous catalyst
from the reaction mixture [3].

The reaction of transesterification is associ-
ated with another problem which is that the reac-
tants (oils and alcohols) are not readily miscible
because of their chemical structures. The mass
transfer between two phases becomes a significant
factor that affects the reaction rate. Oil disperses in
the methanol medium, so the rate of collision of
the glyceride and the methoxide (the mixture of
methanol and the alkaline catalyst — KOH or
NaOH) molecules become slower. This lowers the
rate of collision of the molecules and also the rate
of reaction causing longer reaction times, higher
operating expenses, higher capital investments and
consequently higher product costs [4]. This reac-
tion system is a two phase, where mass transfer
limitations due to immiscibility of the reactants
determines, the overall reaction rate at the begin-
ning of the reaction. This problem can be over-
come by using vigorous mechanical agitation, en-
hanced reaction temperature and using co-solvents.
The breakage of alcoholic reactant into a fine drops
emulsion in the vegetable oil by intensive mixing
increases interfacial area and mass transfer rate [5].
The enhanced reaction temperature increases both,
miscibility of the reactants and the reaction rate
constants [6].

Boocock et al [7] have been proposed a model
which included a cyclic solvent introduced into the
reaction mixture which makes both the oil and
methanol miscible. Therefore, this homogeneous
single phase reaction medium leads to a very fast
reaction when compared to conventional time of
reaction. Complete reaction is possible in only cou-

ple of minutes. After the reaction is finished, the
added co-solvent must be removed from the final
reaction mixture. But, excessive addition of co-
solvent into the reaction mixture could reduce both
rate of reaction and methyl esters yield as a result
of the dilution effect on the reagents [8].

In this study, ultrasound-assisted base cata-
lyzed transesterification of used cooking oil and
methanol in a batch conditions and in the presence
of co-solvent (n-hexane and biodiesel) was ana-
lyzed. The reaction was performed in a laboratory
reactor in the presence of KOH as a catalyst and
isothermally at 65°C. The other reaction conditions
were: molar ratio of oil to methanol 1:6, catalyst
concentration 0.7%wt. to oil and 1:1 volume ratio
of co-solvent to methanol. The reaction time was
varied as 15, 30 and 60 minutes. In addition, the
reaction was performed in the absence of co-
solvent.

EXPERIMENTAL WORK

A. Materials

Used cooking oil and methanol as a reagent,
potassium hydroxide as a solid catalyst and two
types of co-solvents (n-hexane and biodiesel) were
used in these experiments. Methanol (99,5% p.a.
quality) and KOH — pellets (85% p.a. quality) were
purchased from "Alkaloid" — Skopje, R. Mace-
donia. The used n-hexane (98% p.a. quality) was
product of "Carlo Erba — Divisione Chimica Mi-
lano", Italy. The used biodiesel (96.79% methyl
esters content) as a co-solvent was obtained in pre-
vious laboratory experiments. The neutralized used
cooking oil (Kolid Company, R. Macedonia) was
with yellow color and specific odor and it was the
following characteristics:

e Molecular mass (890 g/mol)

e Density at 18°C (0.920 g/cm”)

e Kinematic viscosity at 40°C (19.4091 mm?/s)
e pH (6.75)

e Acid value (0.167 mgKOH/g)

Fig. 2. Used cooking oil (neutralized)

Mech. Eng. Sci. J., 33 (2) 157-162 (2015)
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B. Equipment

The equipment in which the reaction was per-
formed consisted of laboratory glass reactor (250
ml) equipped with a water-cooled reflux condenser
immersed in an ultrasonic cleaning bath (ULTRA-
SONIC CLEANER DCI150H; dimensions: 30 x 16
x 14cm) operating at constant irradiation frequency
of 40 kHz frequency. The bath was filled with dis-
tilled water and heating at 65°C. The equipment for
experiments is shown in Figure 3.

Fig. 3. Laboratory equipment for ultrasound-assisted biodiesel
production

C. Experimental procedure

The oil and methanol were used as a reagent
in the reaction of transesterification to study the
effect of co-solvent presence on the reaction time.
The one-step reaction was performed isothermally
at 65°C in batch conditions using ultrasound at a
constant irradiation frequency of 40 kHz. The mo-
lar ratio between oil and methanol was 1:6 and the
catalyst concentration was 0.7%wt. of the weight
of used cooking oil, previously optimized. The
amount of co-solvent used in the experiments was
in volumetric ratio 1:1 with the required amount of
methanol. The reaction time was varied as 15, 30
and 60 minutes. In comparison, reaction of trans-
esterification was conducted at the same conditions
without using of co-solvent.

Initially, neutralized used cooking oil (100
ml) and required amount of co-solvent were placed
into the reactor, round bottom glass flask, equipped
with a water-cooled reflux condenser. Then the
reactor was immersed into the heated ultrasound
water bath at 65°C. While the oil and the co-
solvent were mixed, the required amounts of potas-

Mauw. unoic.Hayu. ciiuc., 33 (2) 157-162 (2015)

sium hydroxide and methanol were fed into an-
other glass vessel. The vessel was placed into the
ultrasonic bath until all the catalyst was solved.
Next, the prepared alcohol/catalyst solution was
quickly added into the reactor and reaction time
was started. After the reaction time was finished
the products mixture was placed into a separating
funnel in which two separate layers were formed,
upper esters layer and lower glycerol layer (Figure
4).

Fig. 4. Methyl esters (upper) layer and glycerol (lower)
layer in the separating funnel

After phase separation, the crude biodiesel
was methanol and n-hexane (co-solvent) regener-
ated into rotavapor, shown in Figure 5. Methanol
and n-hexane regenerated biodiesel was dry
washed and analyzing, Figure 6. During using of
biodiesel as a co-solvent only methanol was regen-
erated.

Fig. 5. Methanol and n-hexane regeneration
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Fig. 6. Final purified biodiesel

D. Analysis of the final biodiesel

The methyl esters content in the final bio-
diesel was determined by Fourier Transform Infra-
red analysis using FTIR — HATR Perkin Elmer 100
type spectrophotometer with suitable software
Perkin Elmer Spectrum Express. Figure 7 shows
typical FTIR spectrum of biodiesel obtained from
used cooking oil and methanol by ultrasound-
assisted transesterification in the presence of co-
solvent (n-hexane).

Absorbance
o
=

N

|

|
=
! .

3500 3000 2500 2000 1500 1000 500

Wavenumbers [1/cm]

Fig. 7. Typical FTIR spectrum of biodiesel obtained
by ultrasound-assisted transesterification of used cooking oil
and methanol in the presence of n-hexane as a co-solvent

RESULTS AND DISCUSSION

Analyzing and processing the obtained FTIR
spectra the methyl esters content in the samples
was calculated. The results are shown in Table 1.

Table 1
Exp. Co-solvent Reaction time  Methys esters content
No (min) (%)
0 - 60 94.90
1  n-hexane 15 97.38
2 n-hexane 30 96.99
3 n-hexane 60 97.07
4 biodiesel 15 97.11
5  biodiesel 30 96.97
6  biodiesel 60 96.61

Molar ratio = 1:6 mol/mol; Catal. conc.= 0.7 %wt. to oil

A plot of the reaction time versus the
conversion efficiency (methyl esters content) in the
presence of co-solvent for these reaction conditions
is illustrated in figure 8.

100 == n- hexane
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Fig. 8 Effect of reaction time on methyl esters content
in the presence of cosolvents (n-hexane and biodiesel).
Reaction conditions: molar ratio oil/methanol 1:6, catalyst
concentration 0.7%wt, temperature 65°C, volume ratio
|co-solvent /methanol 1:1

The graph shows that the highest methyl es-
ters content in the final biodiesel was obtained
when the reaction time was the shortest (up to 15
minutes) and it was 97.38% and 97.11% for n-
hexane and biodiesel as a co-solvent, respectively.
Increasing the reaction time from 15 minutes up to
60 minutes leads to reduced methyl esters yields of
0.3 to 0.5%. This indicates that the transesterifica-
tion reaction in the presence of co-solvent was al-
ready complete within 15 minutes and the further
extension of the reaction is nothing else but the
loss of energy, time and methyl esters yield.
Longer reaction time favors the feedback reaction
that leads to reduction of the conversion of trygli-
cerides into a methyl esters. Comparing to final
methyl esters yields, n-hexane proved to be a little
more efficient than biodiesel as a co-solvent. On
the other hand, it was necessary the n-hexane to be
regenerated from the crude biodiesel that was not
the case with the biodiesel as a co-solvent. The

Mech. Eng. Sci. J., 33 (2) 157-162 (2015)



Effect of co-solvent on biodiesel production 161

biodiesel, which initially was added as a co-solvent
into a reaction mixture, later will be used as a fuel
together with the newly formed methyl esters as a
reaction product. In these experiments, the separa-
tion of esters and glycerol phase in the separating
funnel was carried out more quickly when n-
hexane was used as a co-solvent. After methanol
regeneration, the crude biodiesel obtained from
experiments from the numbers No.l and No.4
(there the reaction time was the shortest and the
yield was the highest) was the most transparent.

Figure 9 shows a plot of the reaction time
versus the methyl esters content in the presence
and in the absence of co-solvents.

B n-hexane

W biodieszl

B without cosclvent

Methyl esters content (%)

Reaction lime (min)

Fig. 9 .Effect of reaction time on methyl esters content in
presence and in absence of co-solvents. Reaction conditions:
molar ratio oil/methanol 1:6, catalyst concentration 0.7%wt,

temperature 65°C, volume ratio co-solvent /methanol 1:1

The obtained results showed that the use of
co-solvents in ultrasound-assisted transesterifica-
tion process dramatically shortens the required re-
action time, from 60 to 15 minutes. Unless a
shorter time, the obtained methyl esters yields were
higher by 1.7 to 2.5% compared with experiment
carried out without using co-solvent (94.90%).
This study confirmed positive effect of co-solvents
(n-hexane and biodiesel) on the KOH — catalyzed
methanolysis of used cooking oil, which was at-
tributed not only to the better miscibility of the
reactants but also to the better mass transfer as the
result of the self-enhancement of the interfacial
area. In the reaction without use of co-solvents the
mass transfer resistance is limited in the first few
minutes and the rate of chemical reaction is very
low. The results show that biodiesel obtained in the
presence of n-hexane and biodiesel as co-solvents
in laboratory conditions achieved European quality
standard (EN 14214) which refers to the minimum
methyl esters content in biodiesel (96.5%). Single-
stage transesterification without use of co-solvent

Mauw. unorc.nayu. ciiuc., 33 (2) 157-162 (2015)

do not achieved the required standard for safe use
of biodiesel and probably it should be carried out
as a two-step process.

Many researchers have investigated the trans-
esterification of various oils in the presence of co-
solvents, establishing various operating conditions
for those oils. Boocock et al. [7] recommended the
use of tetrahydrofuran as the best co-solvent and
approximately 1.25 vol/vol of methanol being re-
quired for miscibility at the oil/methanol ratio of
1:6 and a temperature of 23°C. According to Guan
et al [9], dimethyl ether as an environmentally
friendly solvent could replace tetrahydrofuran as a
co-solvent for the transesterification process. Dabo
et al [10] used tetrahydrofuran as a co-solvent for
the transesterification of Jatropha curcas seed oil
with methanol in the presence of NaOH as a cata-
lyst. They obtained an optimum yield of 98% at
these reaction conditions: 1:4 oil-to-methanol mo-
lar ratio, 1:1 cosolvent-to-methanol volume ratio,
0.5%wt. to oil catalyst concentration, reaction time
of 10 minutes, temperature of 40°C and 200 rpm
stirring speed. Guan et al. [8] used several co-
solvents (tetrahydrofuran, dimethyl ether, diethyl
ether and methyl tertiary butyl ether) for the trans-
esterification of sunflower oil and methanol at
room temperature of 25°C. They found that di-
methyl ether was the best one. At molar ratio 1:6,
they found that the oil was almost complete con-
verted into methyl esters after 20 minutes reaction
while only approximately 78% conversion was
reached in the absence of co-solvent. Park et al.
[11] have suggested the use of methyl esters (bio-
diesel) as a co-solvent. In their experiments they
used soybean oil and methanol as a reagents and
KOH as a catalyst. The reaction conditions were:
molar ratio 1:6, catalyst concentration 0.8%wt. to
oil, agitation speed 300 rpm, 20 minutes reaction
time and temperature of 60°C. The amount of
methyl esters as a co-solvent introduced initially
was 0, 5 and 10%wt. to oil. Thanh et al. [12] used
acetone as a co-solvent for the transesterification
of vegetable oils (waste cooking oil, canola, catfish
and Jatropha curcas oil) with methanol in the
presence of KOH as a catalyst. The optimal condi-
tions were: molar ratio 1:4.5, catalyst concentration
1.0%wt, 25%wt. acetone and 25°C reaction tem-
perature. The conversion of vegetable oils to
methyl esters exceeded 98% after 30 minutes. Pena
et al. [13] studied the effect of three alkaline cata-
lyst (CH;0ONa, NaOH and KOH) and hexane as a
co-solvent on the methanolysis of castor oil. They
concluded that CH;ONa leads to considerably
higher methyl esters content than the other cata-
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lysts and using co-solvent methyl esters content
increases up to 96.5%. Encinar et al. [14] tasted
various co-solvents (diethyl ether, dibutyl ether,
tert-butyl methyl ether, diisopropyl ether, tetrahy-
drofuran and acetone) for the transesterification of
rapeseed oil and methanol in the presence of KOH
as a catalyst. The best results were obtained at a
molar ratio oil to methanol of 1:9, catalyst concen-
tration 0.7%wt to oil, a molar ratio co-solvent to
methanol 1:1, an agitation rate of 700 rpm and a
temperature of 30°C. Among the tasted co-
solvents, dimethyl ether and tert-butyl methyl ether
showed best results.

CONCLUSIONS

In the present study, ultrasound-assisted base-
catalyzed transesterification of used cooking oil
and methanol in the presence of co-solvents (n-
hexane and biodiesel) was investigated. For com-
parison, reaction of transesterification was con-
ducted without using of co-solvent. The following
conclusions were drawn from this research work:

» Ultrasound-assisted transesterification in
the presence of co-solvent for the production of
biodiesel was found to be fast and very promising
method. Introducing a solvent makes the reactants,
oil and methanol, to be miscible. This homogene-
ous single phase reaction medium leads to a very
fast reaction compared to conventional reaction
times. For the short time, reaction was transformed
from mass transfer limited to kinetic controlled
reaction.

» Biodiesel obtained in processes that were
used ultrasound and co-solvents reaches high lev-
els of methyl esters in a very short time (to 15
minutes) that meets European quality standard EN
14214 for content of methyl esters.

» Using n-hexane as a co-solvent in the
process of methanolysis slightly higher methyl es-
ters yields were obtained compared with biodiesel
as a co-solvent. After the reaction is finished n-
hexane needs to be regenerated from the mixture
which further increases the production cost. That is
not the case when biodiesel is used as a co-solvent.

» Shorter reaction times using co-solvents
makes the process energy saving and increases the
production capacity.
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A bstract: Biodiesel usually is obtained by two step reaction of transesterification using energy extensive
process due to the low solubility of methanol into the oil. Ultrasound assisted biodiesel production is a relatively new
promising method which can overcome this problem. In this study, the ultrasound assisted base catalyzed reaction of
biodiesel production from used cooking oil in a batch conditions was analyzed. The effects of the most relevant vari-
ables, amount of catalyst, reaction time and the molar ratio oil/alcohol, were analyzed. Transesterification of the used
cooking oil has been carried out in one step with a molar ratio of oil to methanol 1:4.5, 1:6, 1:9 and 1:12; percent of
catalyst 0.5, 0.7 and 1.0% wt of KOH to oil and 65°C temperature. The reaction time was varied as 20, 40, 60 and 90
min. The methyl esters content in the biodiesel was determined by FT-IR (Fourier Transform Infrared Spectroscopy)
analyst.

Key words: biodiesel; used cooking oil; ultrasound, transesterification

OIITUMM3AIIMJA HA TOBUBAIBLE BUOJAMN3EJI CO YJITPA3ZBYYHA PEAKIINJA

A mcTpaxk T buogmsenor obmyHo ce moOMBa co ABOCTENCHA peakifja HA TpaHcecTepuduKanmja co
KOpHUCTEH:¢ Ha rojleMa KOIMYMHA Ha CHepruja Kako pe3yiTaT Ha MajaTa pacTBOPIMBOCT Ha METAHOJIOT BO MAcioTO.
JlobuBamero Ha OHMOAM3EN CO YNTPa3BYyK € PEATUBHO HOBA BETyBadka METOZa KOja MOXeE Ja IO HaiAMHUHE OBOj
npobineM. Bo 0Boj Tpyx, aHaIM3MpaHO € KAaTaJMTHYKOTO NOOWBame Ha OMOIM3eN O YHOTpeOyBaHO Maciio 3a
TOTBEHE CO YJITPa3BYK BO MIAPXKHH YCIOBH. AHAIN3UPAHU ce e()eKTUTE Ha HajBIHMjAaTEITHUTE BapujadiIy, KOINIUHA HA
KaTalnu3aTop, BpeMe Ha peakuuja ¥ MOJICKH OJHOC Macio/ankoxon. TpancectepubukaiujaTta Ha ynorpedyBaHOTO
Macjio 3a FOTBEHE € U3BEAyBaHA BO €ICH CTENEH CO MOJICKM OJHOCH Ha Macio u MeraHon 1:4.5, 1:6, 1:9 u 1:12;
npouent Ha Karanuzarop 0.5, 0.7 u 1.0% mac. cmerano va KOH crpema macio u 65°C temneparypa. Bpemero na
peakuyja e MeHyBaHo Kako 20, 40, 60 u 90 mun. CoapxuHaTa Ha MeTHI ecTpu Oemie onpeneneHa co FT-IR (Dypuep
Tpancdopmupana MuadppanpseHa CeKTpOCKOIIHja) aHAIN3ATOP.

Knyunu 36opoBu: 6noausern; ynorpeOyBaHO Maciio 3a FOTBEbE; YITPa3ByK; TpaHcecTepuduKanuja

INTRODUCTION without major modifications [1, 2]. Biodiesel fuel
is defined as the alkyl esters of long chain fatty
acids, which fulfills certain standards. Biodiesel
usually is obtained by the reaction of transesterifi-
cation or alcoholysis of natural triglycerides (TG)
such as vegetable oils, animal fats, waste fats and
greases, waste cooking oils (WCO) with short-

Biodiesel is less toxic, biodegradable, sulfur
free, reduces carcinogenic air toxins (particulate
matter, unburned hydrocarbons, carbon monoxides
and sulfates) by 75-90% compared to fossil diesel.
It can be used in any compression ignition engine
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chain alcohols, usually methanol or ethanol. In a
typical biodiesel reactor, oil or fat (triglyceride) is
converted to fatty acid methyl esters (FAME) and a
co-product glycerol (GL) via a catalyzed chemical
reaction (transesterification). It is widely accepted
that the conversion of oil to FAME in the reactor
proceeds via three consecutive reversibile reactions
[3]. These reactions are as folows:

Triglyceride + Methanol <
& Diglyceride + FAME (1)

Diglyceride + Methanol <
< Monoglyceride + FAME 2)

Monoglyceride + Methanol < Glycerol + FAME
3)

The overall reaction is:

Oil + 3Methanol <> Glycerol + 3SFAME (4)

The reactant intermediates, diglycerides (DG)
and monoglycerides (MQG), appear in small con-
centrations during the reaction and are consider-
able contaminants in the final product, biodiesel.
The products of the transesterification reaction,
FAME and glycerol, are immiscible and separate
out forming two layers. To complete the reaction,
3:1 molar ratio of alcohol to oil is stoichiometri-
cally needed. In practice, the molar ratio of alcohol
to triglycerides needs to be higher to drive the
equilibrium to a maximum ester yield. In the reac-
tion of transesterification the most used are alka-
line catalysts which include KOH, NaOH, potas-
sium and sodium methoxide [4]. The most impor-
tant variables that influence on the extant and reac-
tion rate are the type and concentration of catalyst,
the reaction temperature, the molar ratio of alcohol
to oil, the reaction time, the agitation intensity and
purity of reactants, which mean that the water and
free fatty acids content negatively affect to the fi-
nal yield of methyl esters [5].

The triglyceride and alcohol phases are not
miscible and form two liquid layers upon their ini-
tial introduction into the reactor [6]. The less-dense
phase has the catalyst dissolved in the alcohol,
whereas the other contains the oil or fat. The reac-
tion between these species can occur only in the
interfacial region between the liquids, as alkaline
catalysts are essentially insoluble in the oil phase.
Vigorous mixing is required to increase the area of

contact between the two phases [4]. The reaction
of methanolysis is heterogeneous during the whole
course, so combination of different chemical and
physical processes will affect its kinetics. In the
studies of methanolysis reaction kinetics, three re-
gimes are well-recognized: an initial mass transfer
controlled regime (slow) followed by a chemically
controlled regime (fast), and a final regime close to
equilibrium (slow) [3, 7, 8].

The contact between the two phases is usually
improved by intensive mechanical agitation, espe-
cially at the industrial level, but some researchers
have tried to overcome this problem by applying
ultrasound irradiation. Influence of ultrasound on
transesterification reaction is of purely physical
nature. Formation of fine emulsion between oil and
alcohol due to micro turbulence generated by cavi-
tation bubbles generates enormous interfacial area,
which accelerates the reaction [9]. Ultrasound is
the process of propagation of the compression
waves with frequencies above the range of human
hearing. Ultrasound frequency ranges from 20 kHz
to 10 MHz [10]. In the biodiesel production proc-
ess, ultrasound at low frequency (20 — 100 kHz) is
mostly applied. In the ultrasound-assisted metha-
nolysis, the formation, growth and implosive co-
lapse of micro bubbles (known as ultrasonic cavi-
tation) induced acoustically in the bulk of the lig-
uid phase increase the mass transfer between the
phases by supplying both heating and mixing.
Cavitation causes a localized increase in tempera-
ture at the phase boundary and provides the me-
chanical energy for mixing and the required activa-
tion energy for initiating the methanolysis reaction.
The colapse of the cavitation bubbles disrupts the
phase boundary and causes emulsification by ultra-
sonic jets that impinge one liquid to another. These
effects speed up the methanolysis reaction rate and
shorten its duration, while high final yields of bio-
diesel are usually achieved [11, 12].

In this study, used cooking oil and methanol
were used as a feedstock for ultrasound-assisted
biodiesel production process. The transesterifica-
tion reaction was catalyzed with solid base cata-
lyst, KOH. The process was carried out in a batch
conditions and isothermally at 65°C. Ultrasound
with constant irradiation frequency of 40 kHz was
applied. The aim of this work is to optimize the
most relevant variables that affecting the trans-
esterification process (amount of catalyst, reaction
time and molar ratio between oil and alcohol).
Waste biomass (cellulose, hemycellulose and lig-
nin) is a renewable energy source that can be con-
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verted to solid, liquid and gas fuels via process of
pyrolysis. The process is performed at high tem-
perature (400-600°C) and in the absence of oxy-
gen. The bio-oil is a potential fuel that can partially
replace the others conventional petroleum fuels.
Bio-oil as a fuel can overcome problems with ex-
pensive petroleum fuels and solve the environ-
mental problems. Also, it can be used as chemical
synthesis source. Bio-char has several applications,
such as domestic solid fuel, activated carbon, addi-
tive, fertilizer etc. Obtained bio-gas can also be
used as a fuel.

EXPERIMENTAL WORK
A) Materials

Used cooking oil, methanol and solid catalyst
KOH were used in these experiments. Methanol
(99,5% p.a. quality) and KOH - pellets (85% p.a.
quality) were purchased from "Alkaloid" - Skopje,
R. Macedonia. The oil (Kolid Company, R. Mace-
donia) was transparent with yellow color and spe-
cific odor. The properties of used cooking oil (neu-
tralized) are shown in table 1.

Table 1

Propeties of used cooking oil

Property Value
Molecular mass (g/mol) 890
Density at 18°C (g/cm”®) 0,920
Kinematic viscosity at 40°C mm?/s) 19,4091
pH 6,75
Acid value (mg KOH/g) 0,167

B) Equipment

The reaction of transesterification was per-
formed in a laboratory reactor (250 mL) equipped
with a reflux condenser which was immersed in an
ultrasonic ~ cleaning  bath  (ULTRASONIC
CLEANER DCI150H; dimensions: 30 x 16 x 14
cm) operating at constant irradiation frequency of
40 kHz. The bath was filled with distilled water.
The temperature of the bath was maintained con-
stant by a thermostat at 65°C. The laboratory
equipment is shown in Figure 1.
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Fig. 1. Laboratory equipment for ultrasound assisted biodiesel
production

C) Experimental procedure

Methanol and used cooking oil were used as a
raw material to study the effect of low frequency
ultrasound on biodiesel production at constant
temperature (65°C) using molar ratio of oil to
methanol ranging from 1:4.5, 1:6, 1:9 and 1:12,
and the quantity of alkali catalyst from 0.5%, 0.7%
and 1.0% (wt/wt) of the weight of used cooking
oil. The reaction time in the experiments was var-
ied as 20, 40, 60 and 90 minutes. Used cooking oil
(100 ml) was placed into the reactor (dry round
bottom three-necked glass flask) equipped with a
water-cooled reflux condenser. Then the reactor
was immersed into the ultrasound water bath at
65°C. Potassium hydroxide and methanol were fed
into another three-neck glass vessel. The vessel
was placed into the ultrasonic bath until all the
catalyst was solved. Next, the prepared alco-
hol/catalyst solution was quickly added to the flask
with oil heated at 65°C and reaction was timed.
When the reaction was finished, the reactor mix-
ture was allowed to settle in separating funnel to
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get two separate layers of biodiesel and glycerol
(Figure 2).

Next, separated crude biodiesel was methanol
regenerated into rotavapor (heated into a water
bath at 70 - 80°C under vacuum conditions for 30
minutes), and dry washed using cellulose and
magnesium silicate adsorbents.

D. Analysis of the final biodiesel

The obtained final biodiesel from all experi-
ments was analyzed by Fourier Transform Infrared
Spectroscopy (spectrophotometer type FTIR -
HATR Perkin Elmer 100) using suitable software
PerkinElmer Spectrum Express. Figure 3 shows
typical FTIR spectrum of biodiesel obtained from
used cooking oil and methanol by ultrasound-
assisted transesterification.

Fig. 2. Glycerol and esters phase separation
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Fig. 3. FTIR spectrum of obtained biodiesel

RESULTS AND DISCUSSION

During the reaction of transesterification the
effects of molar ratio oil to methanol, catalyst con-
centration and reaction time have been analyzed, as
well as equilibrium conversion. Two step (2x30
min) transeterification with mechanical stirring

was also conducted. Processing the obtained spec-
tra, the methyl esters content in the final biodiesel
was estimated. The results are shown in Table 2.

These obtained results were the basis for op-
timization of the most relevant variables that af-
fecting ultrasound-assisted batch transesterification
process.
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Table 2

Methyl esters content and reaction conditions

Exp.No. Molar ratio Catalyst concentration Reaction time Methyl esters
(oil/methanol) (%owt. of oil) (min) content (%)
0 1:6 0.7 2x30 96.79
1 1:6 1.0 60 95.75
2 1:6 0.7 60 94.90
3 1:6 0.5 60 94.49
4 1:4.5 0.7 60 92.48
5 1:9 0.7 60 94.07
6 1:12 0.7 60 91.88
7 1:9 0.7 20 91.42
8 1:9 0.7 40 95.37
9 1:9 0.7 90 93.91

*conventional mechanical mixing

A) Effect of catalyst concentration

The concentration of the catalyst is an impor-
tant parameter on the rate of reaction and equilib-
rium conversion of methyl esters. In these experi-
ments three catalyst loadings of 0.5%, 0.7% and
1.0% (wt/wt) of the weight of used cooking oil are
used. The other reaction conditions molar ratio oil
to alcohol 1:6, reaction time of 60 minutes and re-
action temperature of 65°C were kept constant. A
plot of the catalyst concentration versus the con-
version efficiency (methyl esters content) for these
reaction conditions is illustrated in figure 4.
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Fig. 4. Effect of amount of catalyst on methyl esters content.
Reaction conditions: molar ratio 1:6, reaction time 60 minutes
and reation temperature 65°C

It can observe that increasing the amount the
catalyst from 0.5% to 1.0% wt. leads to higher
methyl esters content. On the other hand, larger
quantity of catalyst formed soaps and create diffi-
culties in the biodiesel washing process. Both
phases, methyl esters and glycerol, after a few
hours of separation, were most transparent when
the amount of catalyst was 0.7% wt of oil. At a
0.5% wt of oil catalyst concentration, there was a
visible presence of non reacted fatty acids. For
these reasons, the catalyst concentration of 0.7%
wt. was adopted to be optimal for this process.

Noureddini et al. [6] reported that higher cata-
lyst concentration increase the solubility of methyl
esters in the glycerol phase of the final product. As
a result, a significant amount of methyl esters re-
mains in the glycerol phase after the phase separa-
tion. There are a number reports about optimal
catalyst concentration in the ultrasound-assisted
transesterification processes. Hingu et al. [13] have
studied the effect of ultrasound at low frequency
(20 kHz) on methanolysis of used cooking oil in
the presence of KOH as a catalyst and reaction
tempertature of 45°C. They obtained best result at
1%wt. catalyst amount. Babajide et al. [14] re-
ported a highest yield of methyl esters in biodiesel
production process from used cooking oil and
methanol when the amount of KOH as a catalyst
was 0.75%wt. to oil and reaction temperature of
30C. The applied ultrasound in the process was at
24 kHz frequency. Pal et al. [15] have studied
methanolysis of non edible vegetable oil in the
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presence of KOH as a catalyst, ultrasound at 28.5
kHz frequency and reaction temperature of 50 -
60°C. They reported about optimal catalyst con-
centration of 0.75%wt. Santos et al. [16] used soy-
bean oil and methanol for transesterification proc-
ess in the presence of NaOH as a catalyst. The re-
action was performed at ambient temperature and
atmospheric pressure and applied ultrasound was at
40 kHz irradiation frequency. Optimal catalyst
concentration of 0.2%wt, was reported. Wu et al.
[17] have studied transesterification of camelina
sativa seed oil and methanol in the presence of
KOH as a catalyst and 55°C temperature. They
used ultrasonic bath (40 kHz) for the process. They
reported about 1.25%wt. optimal catalyst concen-
tration.

B) Effect of molar ratio

Although the stoichiometric molar ratio be-
tween the tryglyceride and methanol for trans-
esterification is 1:3, in practice, the higher molar
ratio needs to push the equilibrium right to higher
equilibrium ester content. The excess of methanol
is minimized backward reaction. The experiments
were conducted with molar ratios of 1:4.5, 1:6, 1:9
and 1:12 while the other reaction conditions were
kept constant: catalyst concentration of 0.7%wt. to
oil, temperature of 65°C and reaction time of 60
minutes. A plot of the molar ratio oil to methanol
versus the methyl esters content for these reaction
conditions is illustrated in Figure 5.
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Fig. 5 Effect of molar ratio on methyl esters content. Reaction
conditions: catalyst concentration 0.7%wt., reaction time 60
minutes and reaction temperature 65°C

This figure shows that highest methyl esters
content in the biodiesel was obtained when the mo-
lar ratio oil to alcohol is between 1:6 and 1:9
(94.90% and 94.07% respectively). This indicates
that the optimum molar ratio between oil and alco-
hol for this process is 1:6. At molar ratio 1:4.5 the
quantity of methanol is not enough to obtain higher
methyl esters content (92.48%). On the other hand,
excess amount of used methanol (molar ratio 1:12)
gives minimal yield (91.88%) due to the lower rate
of reaction. Except the low concentration of methyl
ester, the use of large quantities of methanol makes
problems with the separation of glycerol fraction
because the methanol is polar alcohol and acts as
an emulsifier.

In the case of ultrasound-assisted base trans-
esterification in batch conditions, optimal molar
ratios between 1:6 and 1:9 are the most mentioned
in the literature. Hingu et al. [13], Babajide et al.
[14] and Pal et al. [15] have founded that the high-
est methyl esters yield was obtained at molar ratio
1:6. Santos et al. [16] reported in their study that
optimal molar ratio was 1:9. Wu et al. [17] in their
experiments have founded that optimal molar ratio
was 1:8.

C) Effect of reaction time

The reaction time is also too important vari-
able for triglyceride conversion in to methyl esters
and to obtain maximum yields. The reaction time
depends on a lot of the process temperature. To
determine the optimum reaction time for this proc-
ess, the experiments were conducted at four differ-
ent times: 20, 40, 60 and 90 minutes. The other
reaction conditions were kept constant: molar ratio
between oil and methanol 1:9, catalyst concentra-
tion 0.7%wt. to oil and reaction temperature of
65°C. A plot of the reaction time versus the methyl
esters content in biodiesel for these reaction condi-
tions is illustrated in figure 6. The figure shows
that the highest methyl esters content in the final
biodiesel (95.37%) was obtained at 40 minutes
reaction time. Increasing the reaction time from 40
to 60 minutes leads to decrease in methyl esters
content for 1.30% (from max. 95.37% to 94.07%).
The further increase in reaction time from 60 to 90
minutes leads to slight decrease in the methyl es-
ters yield (from 94.07% to 93.91%). In this case,
the optimal reaction time was 40 minutes. When
the reaction time was under optimal 40 minutes,
reduced yield of methyl esters were as a results of
incomplete conversion of triglycerides into methyl
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esters. Otherwise, when the reaction time was over
optimal 40 minutes, lower methyl esters yield was
obtained as a result of feedback reaction in which
the methyl esters react with glycerol and formed
triglycerides.
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Fig. 6 Effect of reaction time on methyl esters content.
Reaction conditions: catalyst concentration 0.7%wt., molar
ratio 1:9 and temperature 65°C

In the case of ultrasound-assisted transesteri-
fication in batch conditions, some researches [13 -
17] reported about optimal reaction time between
30 and 50 minutes. For example, Babajide et al.
[14] and Santos et al. [16] in their experiments
have found that optimal reaction time was 30 min-
utes. Hingu et al. [13] and Pal et al. [15] reported
about 40 minutes optimal reaction time. In the ex-
periments made by Wu et al. [17] the optimal reac-
tion time was 50 minutes.

CONCLUSIONS

In the present study, the transesterification re-
action of used cooking oil and methanol in the
presence of solid base catalyst (KOH) and batch
conditions using ultrasonication was investigated
and optimized. Based on the obtained results these
conclusions can be made:

¢ The use of ultrasound at low frequency in
biodiesel production process is a good alternative
of mechanical mixing of the two phases, oil and
alcohol.

¢ It is a little difference between methyl es-
ters content obtained with one step ultrasound as-
sistance and two step process using mechanical
mixing.

Mauw. unorc.nayu. ciuc., 33 (2), 163-170 (2015)

¢ One step transesterification process signifi-
cantly reduces total processing time, increasing the
capacity plant and lower power consumption.

¢ The optimum conditions for this process
were molar ratio of oil to methanol 1:6 using
0.7%wt. KOH as a catalyst and 40 minutes reac-
tion time.

¢ To obtain higher equilibrium methyl esters
content than classical two-step process using me-
chanical mixing (>96.79%), the ultrasound-assisted
process must be conducted as a two-step process.

REFERENCES

[1] Antolin G., Tinaut F.V., Briceno Y., Castano V., Perez C.,
Ramirez A.l, Optimization of biodiesel production by
sonflower oil transesterification. Bioresource Technology
2002; 83, pp. 111 - 114.

[2] Lang X., Dalai A.K., Bakhshi N.N., Preparation and
characterization of bio-diesels from various bio-oils. Bio-
resource Technology 2001; 80, pp. 53 - 62.

[3] Noureddini H., Zhu D., Kinetics of transesterification re-
action of soybean oil. JAOCS 1997, 74, pp. 1457 - 1463.

[4] Colucci J.A., Borrero E.E., Alape F., Biodiesel from an
alkaline transesterification reaction of soybean oil using
ultrasonic mixing. JAOCS 2005, Vol. 82, no. 7.

[5] Stamenkovi¢ O.S., Todorovi¢ Z.B., Lazi¢ M.L., Veljkovi¢
V.B., Skala D.U., Kinetics of sunflower oil methanolysis at
low temperature. Bioresource Technology 2009, 99, pp.
1131 - 1140.

[6] Noureddini H., Harkey D., Medikonduru V., 4 continuous
process for the conversion of vegetable oils into methyl es-
ters of fatty acids. JAOCS 1998, Vol. 75, no. 12.

[7] Stamenkovi¢ O.S., Todorovi¢ Z.B., Lazi¢ M.L., Veljkovi¢
V.B., Skala D.U., The effect of agitation intensity on al-
kali-cataqlyzed methanolysis of sunflower oil. bioresource
Technology 2007, 98, pp. 2688 - 2699.

[8] Vicente G., Martinez M., Aracil J., Esteban A., Kinetics of
sunflower oil methanolysis, Industrial & Engineering
Chemistry Research 2005, 44, pp. 5447 - 5454.

[9] Kalva A., Sivasankar T., Moholkar V.S., Physical mecha-
nism of ultrasound-assisted synthesis of biodiesel. Indus-
trial & Engineering Chemistry Research 2009, Vol. 48,
No. 1, pp. 534 - 544.

[10] Vyas A.P., Verma J.L., Subrahmanyam N., Effects of
molar ratio, alkali catalyst concentration and temperature
on transesterification of Jatropha oil with methanol under
ultrasonic irradiation. Advances in Chemical Engineering
and Science 2011, 1, pp. 45 - 50.

[11]Ji J., Wang J., Li Y., Yu Y., Xu Z., Preparation of bio-
diesel with the help of ultrasonic and hydrodynamic cavi-
tation.Ultrasonics 2006, 44, pp. 411 - 414.



170 B. Trajanoska, E. Filipovska, O. Marina

[12] Avramovic J.M., Stamenkovic O.S., Todorovic Z.B.,
Lazic M.L., Veljkovic V.B., The optimization of the ultra-
sound-assisted base-catalyzed sunflower oil methanolysis
by a full factorial design. Fuel Processing Technology
2010, 91, pp. 1551 - 1557.

[13] Hingu S.M., Gogate P.R., Rathod V.K., Synthesis of bio-
diesel from waste cooking oil using sonochemical reac-
tors, Ultrasonics Sonochemistry (2010) Volume 17, Issue
S, pp. 827 - 832.

[14] Babajide O., Petrik L., Amigun B., Ameer F., Low - cost
feedstock conversion to biodiesel via ultrasound technol-
ogy, Energies 2009, 3, pp. 1691 - 1703.

[15] Pal A., Kachhwaha S.S., Biodiesel production of non-
edible oils through Uutrasound energy, International Con-
ference On Current Trends In Technology, NUiCONE -
2011.

[16] Santos F.F.P., Rodrigues S., Fernandes F.A.N., Optimiza-
tion of biodiesel from soybean oil by ultrasound meha-
nolysis, Fuel Processing Technology (2009), 90, pp. 312 -
316.

[17] Wu X., Leung Y.C., Dennis., Orthogonal array design for
biodiesel production optimization - using ultrasonic - as-
sisted transesterification of Camelina Sativa L. Crantz oil,
World Renewable Energy Congress 2011 - Sweden. 8 -
13 May 2011, Linkdping, Sweden.

Mech. Eng. Sci. J., 33 (2), 163-170 (2015)



Number of article: 488
CODEN: MINSC5

Received: August 11, 2015
Accepted: September 15, 2015

Mechanical Engineering — Scientific Journal, Vol. 33, No.2, pp. 171-179 (2015)

In print: ISSN 1857-5293
On line: ISSN 1857-9191
UDC: 621.311.21-7:519.873

Original scientific paper

TECHNICAL DIAGNOSTICS, MODERN TECHNOLOGY FOR PREVENTIVE
SYSTEM MAINTENANCE

Van¢o Donev', Goce Stefkovski’

'Faculty of Mechanical Engineering, "Ss. Cyril and Methodius" University in Skopje,
Karpos 11 bb, P.O. box 464, 1001 Skopje, Republic of Macedonia
*JSC Macedonian Powel Plants - Branch HPS "Treska"
vancho.donev@mf.edu.mk

A bstract: The paper entitled "Management of maintenance with emphasis on technical diagnostics in func-
tion of reducing the costs of exploitation" is a result of long experience and research in the field of maintenance of
hydro power plant. During the maintainance process there are some difficulties and shortcomings in technical diag-
nostics of complex systems that are part of the hydro power plant. Lately there has been a great interest for optimiza-
tion of systems, hence the need for a study of this issue in order to increase the reliability of hydro energy system
while using less resources.

Key words: management of maintenance; technical diagnostics; costs of exploitation; maintenance of hydro power plant;

optimization of systems; reliability of hydro energy

TEXHUYKA TUJATHOCTUKA, COBPEMEHA TEXHOJIOTHJA
HA NIPEBEHTUBHOTO OJAPKYBAIE HA CUCTEMUTE

AmncTpaxkT Tpynor nox HaciaoB “MeHaIMEHT Ha OAPIKYBambe CO MOCEOCH OCBPT HA TEXHHYKA UjarHOCTHU-
Ka BO (pyHKIMja Ha HaMaJlyBalmbe Ha TPOLIOLMTE BO CKCIUIOATAlMja “ € pe3yJTaT Ha IOBEKErOJMIIHO MCKYCTBO M
HCTpaXxyBarbe BO o0acTa Ha OJpKyBambe BO XuapoesiekTpaHa. [Ipu oapKyBambeTo Ha XUAPOEIeKTPaHaTa ce MojaBy-
BaaT TELUIKOTHH M HEJOCTATOLM PH TEXHWYKATa JIMjarHOCTHKA Ha CJI0KEHH CUCTEMH KOH CE€ COCTaBCH JIe] Ha XUPO-
enekTpanara. Bo mociejHO BpeMe BO CBETCKH PaMKH CE€ jaByBa Ce HOroJieMa 3aHHTEPECHPAHOCT 3a ONTUMHU3ALM]ja Ha
CHCTEMHTE, 1A OTTyKa MPOU3JIEryBa U HoTpedara 3a nmpoydyBame Ha oBaa MpobiieMaTHka co 1Iell 1a Ce 3roJIEMH J10-
BEPIIMBOCTA Ha XHPOCICKTPaHATa BO CHEPreTCKUOT CHCTEM BO YCIIOBH Ha KOPHCTCH-E IOMAJIKY CPEICTBA

Kiy4yHu 300poBH: MCHAIMEHT Ha OJPKyBamkbe; TEXHIHUKA AMjarHOCTHKA; TPOIIOIUTE BO EKCILIOATAIN]A; OLPKYBAbE

BO XUPOETEKTPaHa; ONTHMHU3AIHja Ha CHCTEMHTE; JOBEPINBOCTA HA XHPOCIEKTPaHaTa

INTRODUCTION

Diagnostics is a complex engineering activity
that relies on disciplines such as designing, testing
and many others, and that should respond in cases
of specific system failures. Diagnosing specific
systems requires an appropriate equipment, a list of
specific measurements, as well as a selection of
parameters. Regarding this, possible solutions have
been proposed based on theoretical researches. The
reliability analysis suggests parameter correlations
for the optimization of the technical diagnostics
procedure that will lead to decisions regarding sys-
tem reliability.

The reliability analysis should use technical
diagnostics as an auxiliary tool because it provides
empirical data that can be used to determine the
extreme operational values of specific systems in
the power plant. Diagnostics helps determine sys-
tem reliability with less costs for production. Diag-
nostics is used to roughly determine the opera-
tional conditions of the hydropower plant.

The technical diagnostics process means se-
lecting the best parameters in determining the reli-
ability of the system components.

Technical diagnostics, as a modern preventive
maintenance technology, gains importance as a
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new and very useful method. This method entails
procedures qualitatively related with the analysis
of the reliability, mobility and technology impacts
on the changes of specific system component pa-
rameters.

The research process for selection of a uni-
versal model connects the frequency of the exami-
nation of the operational parameters and the com-
ponent delays in the hydropower plant. A parame-
ters analysis can be used to develop a model to
determine the optimal operational period of the
components. The purpose of the model is to check
the condition of the components, followed by a
preventive maintenance procedure in order to
avoid potential part failures and delays.

The analysis and development of an efficient
technical diagnostics procedure model includes the
introduction of the most important parameters and
methods for failure and delay prediction and pre-
vention. All preventive maintenance activities de-
pend on the risk and the optimization of the system
component maintenance process.

TECHNICAL DIAGNOSTICS IN HPP KOZJAK

When developing the model for HPP Kozjak,
we considered the noted observed failure of the
components of HPP Kozjak and analyzed their op-
timal parameters. The analysis comprised possible
failures due to increased mechanical oscillations,
increased operating temperature, the bearings fa-
tigue etc.

The hydropower plant system components
underwent a special technical diagnostics proce-
dure focusing on specific parts of the system oper-
ating under the optimal parameters. This procedure
included reliability in the event of increased me-
chanical oscillations, temperature, fatigue of cer-
tain bearings etc. The analysis provided an insight
into the operational condition of the components,
i.e. the period during which such components
would operate. Recently, we need to perform tech-
nical diagnostics using more and more criteria.
This is a complex process and it is difficult to find
the solution. The technical diagnostics comprises
several phases, as follows:

— Definition of the objectives, with the appli-
cation of the components and the systems

— Definition of the method of operations and
the impact of the system on the operations and the
failure intensity

— Utilization of existing and new methods

— Adoption of final solutions and adoption of
final decisions

— If a final solution is not adopted, then new
parameters need to be defined and selected

The systems operation during a specific time
(t) is monitored in order to maintain the quality and
the availability of the hydropower plant compo-
nents, as well as their exploitation, as the most im-
portant factor in determining the reliability.

— Availability or delay data for specific peri-
ods can be used to determine the reliability of the
analyzed systems components. The making of the
decision depends on how the parameters are se-
lected in the optimization procedure. There are
three approaches:

— The first approach involves using several
component reliability functions which contain spe-
cific reliability criteria. In this case, there is a prob-
lem with detecting the failure, as well as with de-
fining the optimal solution.

— The second approach involves a two stage
optimization approach. The first stage resolves the
reasons for the failure using the component reli-
ability criterion. The second stage involves the se-
lection of the criteria and the parameters and the
adoption of the optimal solution.

The third approach is an optimization proce-
dure, where the optimization involves a change.
The problem with the decision making occurs at
every change. The problem with the technical di-
agnostics optimization procedure occurs at differ-
ent levels of the reliability determination depend-
ing on the application of appropriate parameters.
The technical diagnostics depends on the parame-
ters.

The determination of the actual state of the
hydropower plant components is accompanied by a
certain risk, as a result of the potential for unfore-
seen situations and the consequences from such
situations. Therefore the following need to be de-
termined

— Where does the risk come from

— How to assess the risk

— How to make an appropriate decision based
on the risk.

One of the most complex tasks in the system
utilization process is the determination of their op-
erational state. The default state of each component
of the power plant determines the operational state
or functional reliability of the hydropower plant
parts. The functional dependence of the model and
the operational time interval until the failure repre-
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sent a specific functional reliability of the system
in an optimal functioning mode with the best reli-
ability, i.e. optimal functioning with acceptable
risk. A planned maintenance concept can be de-
vised based on a universal functional reliability
model.

The modern strategy of preventive mainte-
nance of the power plan integral elements is based
on the assessment of their actual state, which de-
rives from continuous monitoring and analyzing of
the optimization parameters. The testing program,
implemented over a certain period of time, can
provide data of the functional capability with a
certain period of time.

The hydropower plant systems technical di-
agnostics optimization has the following core ob-
jectives

— Complete reduction of the shaft vibrations
and damages to the leading bearings of the hydro-
power plant

— Ensuring optimal diagnostic operational pa-
rameters

— Maximal integration of the operation of the
hydropower plant in the energy system

— Optimal use of the aggregates

In addition to the above issues the model also
fulfills some additional requirements that can arise
during operations, as follows

— Generation in accordance with a temporary
technical diagnostics optimization strategy

— Changes to the constraints

— Changes to the requirements of a specific
state at any given time

REASONS FOR FAILURE OF THE
HYDROPOWER PLANT

Investigating the reasons for failure is one of
the most important diagnostic tasks. It aims at in-
dicating the locations and the reasons for failures
of hydropower plant system components. The re-
placement of the integral components and the re-
pair of installation errors represent a basis for find-
ing the reasons for component failures. Inves-
tigating failures is the responsibility of the devel-
opment department during operation and mainte-
nance of the hydropower plant system components.
The coordinated work of these departments
throughout the lifecycle of the plant is a necessary
prerequisite for extending the lifecycle of the hy-
dropower plant system components.

All the states of proper functionality or failure
of the plant components impact the availability of
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the components to the hydropower plant. When
diagnosing the state of the hydropower plant com-
ponents, the responsible officers frequently check
the functionality, the operational capacity of the
components and investigate the failures of the
components.

Controlling component functionality or po-
tential failure leads to delays in the work of the
hydropower plant. The number of components to
be tested depends on the state of the components
and the degree of hydropower plant system frag-
mentation. This level of detail represents a deep
diagnostics. Such diagnostics is implemented for
hydropower plants and their integral components,
in case of a breakdown or if the failure location
cannot be immediately identified.

We can say that deep diagnostics usually
serves to localize the failure within the framework
of planned testing or in the case of a breakdown, as
well as to determine the size and scope of the pre-
ventive maintenance within the framework of
planned maintenance.

The hydropower plant system components are
in an untested state, or the so called appearance of
failure. The identification of which failure can oc-
cur required a diagnostics control. When control-
ling the state of the components, controllers should
check the quality of the hydropower plant compo-
nents in order to determine that they function prop-
erly or to determine when a defect could occur, as
well as the place and the reason for the component
failure.

Hydropower plant system component failures
due to increased level of mechanical vibrations,
temperatures, fatigue of the bearings can be identi-
fied during controls and data collection, i.e. when
controlling the signal values measured and the pre-
selected measurement locations. The hydropower
plant system failure analysis comprises the appli-
cation of the method and an analysis of the reasons
for the failures that may have occurred due to in-
creased level of mechanical oscillations, opera-
tional temperature and fatigue of the analyzed sys-
tem components.

When investigating the failures of the com-
ponents that disrupt the proper functioning of the
hydropower plant, the diagnostics and the installa-
tion method of the systems in different conditions
can be different. Depending on the results from the
value measurements, decision will be made to un-
dertake preventive maintenance procedures for the
components. The control is based on the parame-
ters of state of the components of the hydropower
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plant systems. The work of the components is
monitored at all times. The analysis of the optimi-
zation parameters leads to delays in the operation
of the hydropower plant system components, as
follows:

— at the top generator bearing (N4),

— at the bottom generator bearing (N6)

— at the turbine bearing (N7)

When selecting the optimization parameters,
the influence of the mechanical oscillations and the
bearing fatigue reduces, and this, in turn, impacts
the quality of the surface of the “crescent” element
without changing the optimization parameters.

The parameter that reduces the impact of the
operational temperature involves daily control of
the viscosity of the oil and recycling (filtration and
additives) every 6000 working hours of the hydro-
power plant.

The observed delays do not include all the
listed delays, but only those observed at the com-
ponents N4, N6, N7, because that is where the
measuring locations are located and those compo-
nents receive the greatest load when the hydro-
power plant is working (F Diagnostics is a com-
plex engineering activity that relies on disciplines
such as designing, testing and many others, and
that should respond in cases of specific system
failures. Diagnosing specific systems requires an
appropriate equipment, a list of specific measure-
ments, as well as a selection of parameters. Re-
garding this, possible solutions have been proposed
based on theoretical researches. The reliability
analysis suggests parameter correlations for the
optimization of the technical diagnostics procedure
that will lead to decisions regarding system reli-
ability.

The reliability analysis should use technical
diagnostics as an auxiliary tool because it provides
empirical data that can be used to determine the
extreme operational values of specific systems in
the power plant. Diagnostics helps determine sys-
tem reliability with less costs for production. Diag-
nostics is used to roughly determine the opera-
tional conditions of the hydropower plant.

The technical diagnostics process means se-
lecting the best parameters in determining the reli-
ability of the system components.

Technical diagnostics, as a modern preventive
maintenance technology, gains importance as a
new and very useful method. This method entails
procedures qualitatively related with the analysis
of the reliability, mobility and technology impacts
on the changes of specific system component pa-
rameters.

The research process for selection of a uni-
versal model connects the frequency of the exami-
nation of the operational parameters and the com-
ponent delays in the hydropower plant. A parame-
ters analysis can be used to develop a model to
determine the optimal operational period of the
components. The purpose of the model is to check
the condition of the components, followed by a
preventive maintenance procedure in order to
avoid potential part failures and delays.

The analysis and development of an efficient
technical diagnostics procedure model includes the
introduction of the most important parameters and
methods for failure and delay prediction and pre-
vention. All preventive maintenance activities de-
pend on the risk and the optimization of the system
component maintenance process.

TECHNICAL DIAGNOSTICS IN HPP KOZJAK

When developing the model for HPP Kozjak,
we considered the noted observed failure of the
components of HPP Kozjak and analyzed their op-
timal parameters. The analysis comprised possible
failures due to increased mechanical oscillations,
increased operating temperature, the bearings fa-
tigue etc.

The hydropower plant system components
underwent a special technical diagnostics proce-
dure focusing on specific parts of the system oper-
ating under the optimal parameters. This procedure
included reliability in the event of increased me-
chanical oscillations, temperature, fatigue of cer-
tain bearings etc. The analysis provided an insight
into the operational condition of the components,
i.e. the period during which such components
would operate. Recently, we need to perform tech-
nical diagnostics using more and more criteria.
This is a complex process and it is difficult to find
the solution. The technical diagnostics comprises
several phases, as follows:

— Definition of the objectives, with the appli-
cation of the components and the systems

— Definition of the method of operations and
the impact of the system on the operations and the
failure intensity

— Utilization of existing and new methods

— Adoption of final solutions and adoption of
final decisions

— If a final solution is not adopted, then new
parameters need to be defined and selected

The systems operation during a specific time
(t) is monitored in order to maintain the quality and
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the availability of the hydropower plant compo-
nents, as well as their exploitation, as the most im-
portant factor in determining the reliability.

— Availability or delay data for specific peri-
ods can be used to determine the reliability of the
analyzed systems components. The making of the
decision depends on how the parameters are se-
lected in the optimization procedure. There are
three approaches:

— The first approach involves using several
component reliability functions which contain spe-
cific reliability criteria. In this case, there is a prob-
lem with detecting the failure, as well as with de-
fining the optimal solution.

— The second approach involves a two stage
optimization approach. The first stage resolves the
reasons for the failure using the component reli-
ability criterion. The second stage involves the se-
lection of the criteria and the parameters and the
adoption of the optimal solution.

The third approach is an optimization proce-
dure, where the optimization involves a change.
The problem with the decision making occurs at
every change. The problem with the technical di-
agnostics optimization procedure occurs at differ-
ent levels of the reliability determination depend-
ing on the application of appropriate parameters.
The technical diagnostics depends on the parame-
ters.

The determination of the actual state of the
hydropower plant components is accompanied by a
certain risk, as a result of the potential for unfore-
seen situations and the consequences from such
situations. Therefore the following need to be de-
termined

— Where does the risk come from

— How to assess the risk

— How to make an appropriate decision based
on the risk.

One of the most complex tasks in the system
utilization process is the determination of their op-
erational state. The default state of each component
of the power plant determines the operational state
or functional reliability of the hydropower plant
parts. The functional dependence of the model and
the operational time interval until the failure repre-
sent a specific functional reliability of the system
in an optimal functioning mode with the best reli-
ability, i.e. optimal functioning with acceptable
risk.A planned maintenance concept can be de-
vised based on a universal functional reliability
model.

The modern strategy of preventive mainte-
nance of the power plan integral elements is based
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on the assessment of their actual state, which de-
rives from continuous monitoring and analyzing of
the optimization parameters. The testing program,
implemented over a certain period of time, can
provide data of the functional capability with a
certain period of time.

The hydropower plant systems technical di-
agnostics optimization has the following core ob-
jectives

— Complete reduction of the shaft vibrations
and damages to the leading bearings of the hydro-
power plant

— Ensuring optimal diagnostic operational pa-
rameters

— Maximal integration of the operation of the
hydropower plant in the energy system

— Optimal use of the aggregates

In addition to the above issues the model also
fulfills some additional requirements that can arise
during operations, as follows

— Generation in accordance with a temporary
technical diagnostics optimization strategy

— Changes to the constraints

— Changes to the requirements of a specific
state at any given time

REASONS FOR FAILURE
OF THE HYDROPOWER PLANT

Investigating the reasons for failure is one of
the most important diagnostic tasks. It aims at in-
dicating the locations and the reasons for failures
of hydropower plant system components. The re-
placement of the integral components and the re-
pair of installation errors represent a basis for find-
ing the reasons for component failures. Inves-
tigating failures is the responsibility of the devel-
opment department during operation and mainte-
nance of the hydropower plant system components.
The coordinated work of these departments
throughout the lifecycle of the plant is a necessary
prerequisite for extending the lifecycle of the hy-
dropower plant system components.

All the states of proper functionality or failure
of the plant components impact the availability of
the components to the hydropower plant. When
diagnosing the state of the hydropower plant com-
ponents, the responsible officers frequently check
the functionality, the operational capacity of the
components and investigate the failures of the
components.

Controlling component functionality or po-
tential failure leads to delays in the work of the
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hydropower plant. The number of components to
be tested depends on the state of the components
and the degree of hydropower plant system frag-
mentation. This level of detail represents a deep
diagnostics. Such diagnostics is implemented for
hydropower plants and their integral components,
in case of a breakdown or if the failure location
cannot be immediately identified.

We can say that deep diagnostics usually
serves to localize the failure within the framework
of planned testing or in the case of a breakdown, as
well as to determine the size and scope of the pre-
ventive maintenance within the framework of
planned maintenance.

The hydropower plant system components are
in an untested state, or the so called appearance of
failure. The identification of which failure can oc-
cur required a diagnostics control. When control-
ling the state of the components, controllers should
check the quality of the hydropower plant compo-
nents in order to determine that they function prop-
erly or to determine when a defect could occur, as
well as the place and the reason for the component
failure.

Hydropower plant system component failures
due to increased level of mechanical vibrations,
temperatures, fatigue of the bearings can be identi-
fied during controls and data collection, i.e. when
controlling the signal values measured and the pre-
selected measurement locations. The hydropower
plant system failure analysis comprises the appli-
cation of the method and an analysis of the reasons
for the failures that may have occurred due to in-
creased level of mechanical oscillations, opera-
tional temperature and fatigue of the analyzed sys-
tem components.

When investigating the failures of the com-
ponents that disrupt the proper functioning of the
hydropower plant, the diagnostics and the installa-
tion method of the systems in different conditions
can be different. Depending on the results from the
value measurements, decision will be made to un-
dertake preventive maintenance procedures for the
components. The control is based on the parame-
ters of state of the components of the hydropower
plant systems. The work of the components is
monitored at all times. The analysis of the optimi-
zation parameters leads to delays in the operation
of the hydropower plant system components, as
follows:

— at the top generator bearing (N4),

— at the bottom generator bearing (N6)

— at the turbine bearing (N7)

When selecting the optimization parameters,
the influence of the mechanical oscillations and the
bearing fatigue reduces, and this, in turn, impacts
the quality of the surface of the “crescent” element
without changing the optimization parameters.

The parameter that reduces the impact of the
operational temperature involves daily control of
the viscosity of the oil and recycling (filtration and
additives) every 6000 working hours of the hydro-
power plant.

The observed delays do not include all the
listed delays, but only those observed at the com-
ponents N4, N6, N7, because that is where the
measuring locations are located and those compo-
nents receive the greatest load when the hydro-
power plant is working (Figure 1).

Figure 1 provides examples of delays on the
individual components of HPP Kozjak due to me-
chanical oscillations, operating temperature and
bearing fatigue. They can be used as a basis to pre-
dict the procedures for the application of the hy-
dropower plant system component state parame-
ters.

The results of the number of delays at the
weak points, which have occurred during exploita-
tion, can also be used in the functional reliability
analysis of the work of the analyzed system com-
ponents, as well as to determine their reliability
characteristics.

From the point of view of functionality and
constructive characteristics, the analyzed hydro-
power plant systems belong to the category of
technically complex machine technology systems
from a technology operations point of view, as
well as for the application of the component state
monitoring parameters. Constructively, the techni-
cal systems are constructed using high technology
components (good surface processing, endurance,
stability)

The delay analysis is presented using a re-
ductive technique which lists all the adverse con-
sequences that occur during the mechanical oscil-
lations and the increased operating temperature,
which, in turn, occur during the operation of the
analyzed hydropower system components. The
analysis should address the cause of the systems
delay, as well as the way in which this cause leads
to the component delay.

Once we know the values of all the relevant
parameters, then we can calculate the period of
hydropower plant system and component utiliza-
tion. Only one piece of information about the ex-
pected values for the remaining utilization time
period is not practical because of the possibility for
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unforeseen failures that can influence these data. In
any case, we need to predict that no failures will
occur during a specific time period

In practice, one analysis of the value of the
remaining use time of the components with a given
reliability is not sufficient. Several values for the
remaining use time, with different reliabilities (for
example 80% - 90%) need to be provided. The

component and system user can then make a better
decision about the future work of the power plant.
The explanation of the possibility to predict
the remaining use time of the components shows
the complications that can arise when predicting
the remaining component duration. Practical appli-
cations require the use of simple methods, suitable
for minimum information about operational ir-

regularities, and easy to implement (Figure 1).

( Failure of the hydropower plant components W
due to increased mechanical vibrations, temperature
and fatigue of the bearings J

On excitement (N1)

— Aggregate excitement fail-

A 4

ure
— Network generation excitement

At bell (N2)

— Bell failure due to membrane
deformation — the protection of
the support bearing against tem-
perature penetration

A 4

At the support bearing (N3)

— Failure of the support bearing
due to fatigue of the segments
and increased gap. This causes
incomplete lubrication, with im-
pure oil

\ 4

At top leading bearing

— Failure of the top leading bearing
due to fatigue of the crescent,
which increases the gap and dis-
rupts the equilibrium. This
causes incomplete lubrication,
with impure oil

y

At the rotor

.| — Failure of the rotor due to elec-
tromagnetic forces and failure
due to shaft eccentricity

At the bottom leading bearing

— Failure of the bottom leading bearing due to
worn crescents, which leads to increased |¢

gaps. Failure due to incomplete lubrication —
due to mechanical impurities of the oil, due
to change in viscosity, due to poor bearing
sealing.

At the turbine bearing

— Failure of the turbine bearing due to worn
crescents, which leads to increased gaps.

Failure due to incomplete lubrication — due [«
to mechanical impurities of the oil, due to
change in viscosity, due to poor bearing
sealing.

At the gasket

-Failure due to an inappropriate material of the

A

gasket, failure due to cracks because of in-
creased mechanical vibrations

On the operating circuit

— The main reasons that cause operating cir-

A

cuit failure include failure due to paddles
breaking, due to cavitation, due to shaft ir-
regularities

At the conducting apparatus

A

— Failure due to turbulence, whirlpools and
water impacts

At the regulator

A

— Regulator failure related to number of rota-
tions of the operating circuit

Fig. 1. System component tree
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PREDICTING THE SITUATION
AND HYDROPOWER PLAN
DIAGNOSTIC ERRORS

The forecasts of the remaining duration of the
component have to be simple and easily accessible,
for example in table form. One relevant forecasting
issue relates to the obtaining of data on system
damages. Therefore one of the most important pre-
dictions is the prediction of the future wear and

/ Task setup

\ 2
Facility analysis,
prognosis

A 4

Collection of previous
information

1
Reliability

Analysis of previous

model information

A\ 4

Selection of the method
and development of the
prediction alaorithm

|

Prediction model

\4
\ Prediction planning

tear of the components. In this case, the most im-
portant form includes system diagnostics assess-
ment and measurements.

In practice, the system duration prediction re-
quires and accurate diagnostic procedure and
knowledge of the level of damages, in addition to
the application of a sufficiently precise method.
The use of the components and the systems in the
hydropower plant entails finding certain diagnos-
tics measures for component duration (Figure 2).

Interpretation of the prediction
and use in diagnostics \

A

Evaluation of the accuracy
and efficiency

f

Direct prediction 3
Prediction

!

Development of a prediction
model based on the current state

!

Registration /
of the diagnostics data

A

Diagnostics procedures

2
Diagnostics

Measuring instruments
and measurement providers

T

Predicting hydropower plant system states

Fig. 2. Analysis of the process of predicting and planning regarding the technical state of the hydropower plant components

CONCLUSION

Optimal considerations require good knowl-
edge of the statistical methods in various events
and good ability for application and selection of

the parameters of the components relevant for the
optimization analysis. In addition, some parameter
values may be adjusted depending on the obtained
optimal values during the operational period of the
hydropower plant.
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The task of predicting the functional state of
the components, in general, comprises the follow-
ing:

— The results from the diagnostics of the
components should be used to assess the ability of
the component to work during the remaining func-
tional period.

Determination is performed by means of a
universal model within a specific period of time
(t). The statistical classification depends on the
working condition of the components and the pa-
rameters that provide a certain solution. The analy-
sis of the parameter determination processes en-
ables the elements of the power plant to work op-
timally.
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A bstract: The main goal of this paper is to present the benefits from application of virtual technology in
development of modern machine tools. The use of virtual technology in the industry becomes increasingly important
regardless if it refers to small, medium or large companies which activity could be a development, design, construc-
tion or production. Faster development of innovative machine tools, shorter processing times, improved surface qual-
ity of workpieces and higher machine productivity are demands from machine tool builders and end-users. Ap-
proaches used to meet these requirements are virtual design, virtual prototypes and virtual optimization. This paper
deals with dynamic modeling and optimization of machine tool structure using virtual software environment. The
structural analysis of machine tools using Finite Element models and their experimental techniques are presented.
The structure analysis and optimization of machine tool elements are discussed by using several examples. At the end
of this paper the summary of the benefits and disadvantages of using virtual technology in design of machine tools is
given.

Key words: virtual design; virtual prototype; virtual optimization; machine tool structure; Finite element analysis;
simulation

BUPTYEJIHO OIITUMHUPAIE HA CTPYKTYPA HA AJTIATHA MAIIIMHA
BO ®A3ATA HA MOJIEJIMPAILE

Amnmcrtpax T Ienra Ha OBOj TPyJ € Ja ce NMPUKAXKAT NPUAOOMBKHTE OJ NPHUMEHATa HA BUPTYEIHATa
TEXHOJIOTH]ja BO Pa3BOjOT Ha MOAEPHHU aJaTHH MamnHU. [IeHec ce MoBeke ce 3rojieMyBa WHTEPECOT 3a ymoTrpeda Ha
BHpTYyeJIHATa TEXHOJIOTHja BO HHAYCTpHjaTa Oe3 pa3iuka Janu ce paboTH 3a My, CPEHU WU TOJIeMU KOMIIaHUH,
yMja TJIaBHA JIGJHOCT MOXKE Ja Oupie pa3Boj, MPOEKTHpame MM MPOU3BOJICTBO. bp3 pa3Boj Ha MHOBAaTHUBHU ajlaTHU
MallMHH, TOKYCH BPEMHIba Ha NMPOM3BOJCTBO, MOJOOPEHH IOBPIIMHCKH KapaKTePHUCTHKK HA PabOTHHUTE Mapuuma U
HorosieMa IpOAYKTHBHOCT Ha MAIMHUTE, ce Oapamara KOM C€ IOCTaByBaaT OJl CTpaHa Ha IPOU3BEIyBAauUTe Ha
aJIaTHU MAIllMHM, KaKO U Ol KpajHUTe KOPUCHHILM. [IpucTanure KoM ce KOPUCTAT 3a Ja Ce IIOCTUIrHAT OBHe Oapama U
LIeJIU € BUPTYEIHOTO MOJENUPahe, BUPTYEIHUTE IIPOTOTHIIOBH M BUPTYEIHOTO ONTUMHUpame. Bo 0Boj Tpyx ke Oune
NPUKXKaHO AWHAMHUYKO MOJCIHPAEe M ONTUMHpAaCe Ha CTPYKTypa 3a ajaTHa MalllMHAa KOPUCTEjKU co(pTBepcka
BHUPTYEJIHA OKOJIMHA. [IpHKakaH! ce CTPYKTYPHU aHAJIU3HM 3a ajlaTHA MAlldHA CO KOPHCTEHhE HA METOAOT Ha KOHEYHH
eneMeHTH. CTpPYyKTypHHTE aHAIM3M W ONTHMHPARETO Ha ajaTHAaTa MallMHA CE AaHAIM3HUPAaHH IPEKy HEKOJIKY
npumepu. Ha xpajor Ha 0BOj Tpyx CyMHpaHH ce NPHIOOMUBKHTE W HEIOCTAaTOLUTE Of IIpUMEHaTa Ha BHPTyelHaTa
TEXHOJIOTHja BO IPOSKTUPAETO Ha ANaTHUTE MAIIMHHU.

Kiy4yHu 360poBH: BUPTYEITHO MOAENUPAhEe; BUPTYESIHH IPOTOTUIIOBH; BUPTYEITHO ONTHMHUPAE;
MaIlIMHCKA CTPYKTYpa; METOJ Ha KOHEUHU €JIEMEHTHU; CUMYIHPAE

INTRODUCTION of new more advanced products. These new more

) . advanced products are more complex. This is defi-

Intensive requirements and changes on the nitely the case with the machine tools. High per-
modern global market require faster development formance fast machine tools are desired in order to
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reduce the machining time and to maintain or to
improve machining accuracy [1]. Since the prod-
ucts complexity increases and the product life cy-
cle times are reduced, the realisation and testing of
physical prototypes become major bottlenecks for
the successful and economically advantageous
production of modern machine tools [2].

Machine tool builders and end-users demand
faster development of innovative machine tools,
shorter processing times, improved surface quality
of workpieces and higher machine productivity.
Time-to-market is decisive. In some industries, six
months in order to appear on the market, could be
too late and decisive in losing the race for market
leadership. The machine tool builders can no
longer afford time and cost-intensive manufactur-
ing and testing of physical prototypes to detect
weak spots and optimize the design. One of the
keys of success for machine manufacturers lies in
the extremely cost-effective virtual technology. In
the last decade, machine tool builders started to use
advanced software simulation packages which can
accurately predict the dynamic behaviour of their
prototype design variants without physically build-
ing any part, hence saving time. The design proc-
esses of modern machine tools use “virtual proto-
typing” technology in order to reduce the cost and
time of hardware testing and iterative im-
provements of the physical prototype. The “virtual
prototype of a machine tool is a computer simula-
tion model of the physical product that can be pre-
sented, analysed and tested like a real machine”
[3].

Traditional product development has been
based on the iterative design process, large time
consumption and expensive physical prototypes.
Improvements of the capabilities and performances
of the product were based and depended on trial
and error method and experience from past product
design, which leads to expensive and time con-
suming development process. Figure 1 shows a
flow chart of traditional product development
where all experiments are done on physical sys-
tems. The iterative process of modifying and im-
proving physical prototypes and products is very
expensive.

If prototyping and testing are done virtually,
the resource consumption can be decreased. Figure
2 shows a flow chart of a product development
process that uses virtual prototyping. In this case
the resource-consuming actions are moved outside
the iterative process.
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Y
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] L
Purchase parts
Resources and build physical Modify
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! . i
A No
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R design

Fig. 1. Traditional product development process [5]
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Fig. 2. Product development using virtual optimisation

(5]

The iterative design process can be made with
very low costs for the each iteration. This means
that a large number of different designs can be
evaluated automatically and therefore optimal de-
sign can be found.

The meaning of optimisation is to find the
“best design”. To do this, it is necessary to define
what is “best design”. First of all the objective
should be defined. A quantitative measure of the
performance, and some design variables that affect
on the objective, should also be defined. The need
for design variables restricts optimization as a tool

Mech. Eng. Sci. J., 33 (2), 181-187 (2015)



Virtual optimization of machine tool structure in design phase 183

in product development for an already established
concept. It is not possible to perform optimisation
studies before an overall description of the devel-
oped product exists. The early stages in conceptual
design can use the simulation as a tool in the de-
sign work, hence reducing the need for physical
prototypes. This is so-called simulation-driven de-
sign [4].

When you have to solve optimisation prob-
lem, it is also necessary to clarify what constraints
the design variables. A large number of optimisa-
tion algorithms can be applied to solve the optimi-
zation problem. All of them are with different ad-
vantages and disadvantages, depending on the
problems which have to be solved.

All tools which support products develop-
ment and optimization represent assistance, but not
replacement of engineering. The decision making
process still needs to be done by humans. Research
results given in reference [5] indicate that com-
puter aided optimization mixed with classical en-
gineering is the most efficient way to design prod-
ucts.

In the virtual prototype approach, engineers
are able realistically to simulate the kinematic,
static and dynamic behaviour of the whole ma-
chine tool system, including the cutting operations.
Thus it is possible quickly to analyse multiple de-
sign variants until an optimized prototype which
satisfies the machining requirements in the best
possible manner is achieved.
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Fig. 3. Comparison of the traditional design process
and the design process with virtual prototypes [3]
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The virtual design engineering is enabled by
the use of high performance computer technology
and software engineering tools. Iterative changing
of the virtual model of the machine tool during the
design process and exercising with different design
variants until the required performances are
achieved significantly reduce the whole product
development time and costs [3]. The advantages
and the potentials of time savings by virtual proto-
types are illustrated in Figure 3.

FINITE ELEMENT ANALYSIS
OF MACHINE TOOLS

The importance of the Finite Element Method
(FEM) for virtual analyses of machine tool struc-
ture constantly increasing over the last two dec-
ades. This method having the advantage of inter-
face capabilities with the most CAD packages, To-
day the Finite Element Method (FEM) is the most
common simulation approach among machine tool
manufactures and research institutes. The Finite-
Element-Analysis (FEA) is an established tool for
evaluation of the structural behavior under static,
dynamic and thermal loads. FEA provides an op-
timal machine design with respect to minimum
structure mass and highest machining precision. It
is applicable for 3D CAD models for single com-
ponents, such as columns or spindle housings, as
well as for assemblies for complete machine tools.

For structural problems the types of analysis
can be divided into three groups: linear and non-
linear static analysis, the dynamic analysis and the
thermal analysis [6].

A static analysis calculates the effects of
steady load conditions on a structure, while ignor-
ing inertia and damping effects caused by time-
varying loads. A static analysis can, however, in-
clude steady inertia loads (such as gravity), and
time-varying loads that can be approximated as
static equivalent loads. Static analysis is used to
determine the displacements, stresses, strains, and
forces in structures or components caused by loads
that do not induce significant inertia and damping
effects. Steady load and response conditions are
assumed in static analysis; i.e., the loads and the
structure response are assumed to vary slowly in
respect to the time.

On the other case, the dynamic analysis al-
lows the examination of the structure with respect
to time-varying effects. For machine tools the most
important aspect is the analysis of normal mode
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dynamics in order to determine the vibration char-
acteristics (natural frequencies and mode shapes)
of a structure or a machine component in the fre-
quency domain, as well as analysis of time domain
response of the machine.

Apart from the mechanical aspects, the influ-
ence of heat sources on the machine structure is
another relevant topic that can be examined by us-
ing the thermal Finite- Element-Analysis. In a
thermal simulation three primary modes of heat
transfer can be considered: conduction, convection
and radiation.

A designer has to deal with all main issues of
the behavior of a machine tool, with standard
modules available in most commercial FEM soft-
ware. For the effective use of simulations during
the design process, Finite-Element programs are
often integrated into CAD-systems or provide
standard interfaces, such as IGES, STEP or Para-
solid in order to transfer existing geometry models.

OPTIMIZATION OF A MACHINE TOOL
STRUCTURE

The structure of a machine tool has two main
functions: to hold the components and peripheral
devices built in the machine and to withstand the
forces which are produced by the process and from
the machine motions [7]. The development of
modern high speed machine tools requires light-
weight design in combination with sufficient stiff-
ness of the structural components.

The use of virtual technology in development
and optimisation of a machine tool structure for the
mould and die industry is elaborated in the fol-
lowing text. The machine is gantry type and the
starting concept is shown in Figure 4.

Fig. 4. Concept for high-speed gantry machine

This design locates the most of the machine
mass in non-moving parts, which enables better
stiffness and damping, allowing the moving axes
supported by this structure to have minimum mass.
On the other hand in closed-loop (gantry) structure,
forces generated by the process and inertial forces
are conducted to the ground trough two way bridge
frame. That kind of structure enables a higher
stiffness and accuracy at the tool center point
(TCP) and symmetrical behavior from the influ-
ence of the thermal and mechanical loads.

The movable working table (X axis) is inte-
grated in the machine bed, which is a solid base of
the machine structure. So the most crucial part of
the machine structure is the bridge frame, which is
mounted on the bed, together with the movable
outer slide for the Y axis and the vertical slide for
the Z axis.

After the 3D modeling of the structural com-
ponents in CAD system, the FEM analysis begins.
The development of the machine structure and the
optimization analysis is done on the standalone
parts and on the assemblies. For the purposes of
this paper, only the most important analysis for
evolution models and the final version of the ma-
chine structure are presented.

The decision-making process in the optimiza-
tion and the elimination of some model variants, is
not done only from the analysis results, but also
from the rising level of knowledge for the behavior
of the analyzed structure. The use of the FEM
analysis for obtaining the natural frequencies and
mode shapes and the static analysis for the struc-
ture stiffness are very useful for the engineers in
order to realize the machines structures behavior
and making future decisions in the optimizing
process.

As the lower position of the vertical slide for
the Z axis and the middle position of the Y axis
slide are the most critical, the values for the natural
frequencies and the mode shapes for two evolu-
tionary solutions are shown on the Figures 5, 6 and
7. The frequent analysis is performed on the as-
sembly of the Y axis slide and the vertical slide for
the Z axis.

In order to determine the displacements and
stiffness at the tool center point (TCP), a static lin-
ear analysis is performed. A spatial resultant force
of 1750 N (force of 1000N along each axis) that
represents the reaction forces from the machining
process is applied to the TCP. Considering that it is
a linear analysis, the resulting stiffness is deter-
mined from the force/displacement ratio C=F/4.
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Fig. 5. First natural frequency and mode shape,
model 1(right) 109.05 Hz, model 2(left) 113.72 Hz

Fig. 6. Second natural frequency and mode shape,
model 1(right) 136.44 Hz, model 2(left) 135.35 Hz

Fig. 7. Third natural frequency and mode shape,
model 1(right) 182.95 Hz, model 2(left) 160.48 Hz
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Fig. 8. Resulting displacements after applying of force

For the critical lower position of the vertical
slide the stiffness for both models are:

— Model solution 1 (right): C = 1750/15.22 =
115 N/pm (deformation 6 = 0.01522 mm);

— Model solution 2 (left): C = 1750/17.03 =
103 N/um (deformation & = 0.01703 mm);
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The overview of the analysis results and the
knowledge obtained during the analysis give the
basic directions for the optimization of the struc-
ture. The goal is to achieve bigger values for the
natural frequencies and static stiffness with
simultaneously reducing the amount of utilized
material by using the casting technology. The up-
per part of the vertical slide on both models causes
big deformation, so it is necessary to be removed.
On the other hand the outer ribs on the model 2 are
not appropriate when the casting technology is
used. The final model for this assembly incorpo-
rates solutions in order to remove the above men-
tioned lacks. Hence, the upper part of the slide is
removed, and few holes are applied on the vertical
slide. Some of the holes are for technological pur-
poses and some are for material reducing in order
to increase the natural frequencies. But making this
actions we must be sure that the stiffness is not
decreased. Figure 9 shows the frequent analysis
(natural frequencies and mode shapes) for the op-
timized version of the assembly.

3)
Fig. 9. Mode shapes of the final design solution
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The values for the natural frequencies are:
first natural frequency 130.39 Hz, second natural
frequency 148.79 Hz and third natural frequency
219.75 Hz. Comparison of the results show that the
final solution have better values for the natural fre-
quencies. But the static analysis will give the com-
plete conclusion about the final solution of the as-
sembly.
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Fig. 10. Static analysis of the final solution

For the critical lower position of the vertical slide
the stiffness is C=1750/14.3=122.4 N/um (deformation
0 =0.01430 mm). The static analysis also confirms that
the final solution has better characteristics in terms of
static and dynamic behavior.

Another vital part of the machine structure is the
bridge frame. For faster development and optimization
in the design phase of the machine structure, the bridge
is analyzed as standalone part. This saves time and en-
ables at an early design stage realizing the lacks and
avoiding development of bad constructive solutions.
One of the models for the bridge, optimized in the early
design phase is shown in Figure 11. The results for the
natural frequencies are: first natural frequency 62.43
Hz, second natural frequency 71.26 Hz and third natural
frequency 116.86 Hz.

Fig. 11. Mode shapes for the bridge model

The following changes are made in the opti-
mization process:

— Increased height of the base expansion of
the bridge

— Increased thickness of the base ribs
— Increased height of the base ribs

The results for the natural frequencies after
the changes are: first natural frequency 66.45 Hz,
second natural frequency 74.22 Hz and third natu-
ral frequency 125.3 Hz.

It can be noticed that regardless of the model
changes, the mode shapes are almost identical. The
only difference is in the values for the natural fre-
quencies. Considering these rules for changing the
values for the natural frequencies some of the pa-
rameters in the modeling process are iteratively
altered. These parameters are wall thickness,
height and thickness of the ribs, base dimensions
etc. To avoid the negative influence of vibration,
center of mass of the bridge should be as low as
possible. This is achieved with decreasing the wall
thickness and ribs height in the upper region of the
bridge and also with adding some technological
holes. On the other hand the bridge base parts are
increased for obtaining better stiffness and lower-
ing the mass center. It is important to mention that
with decreasing the wall thickness from 27 to 22
mm the natural frequency decrease minimally 1+2
Hz, but it is accompanied with large material mass
savings.

Natural frequencies and mode shapes of the
optimized bridge model (Figure 12) after applying
the above mentioned directions for optimization
are: first natural frequency 74.12 Hz, second natu-
ral frequency 85.02 Hz and third natural frequency
135 Hz.

Fig. 12. Mode shapes of the optimized bridge model
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These results show significant improvement
obtained by virtual optimization which is done in
the early stage of the design and development of
the machine tool structure.

CONCLUSION

Virtual experiments are often more resource
efficient than physical experiments, in terms of
money, time and natural resources. Some condi-
tions might not be measurable on a physical sys-
tem, at least not with non-destructive methods.
Virtual models are controllable and experiments
performed on them are repeatable, something that
cannot be guaranteed with physical models. Virtual
experiments can be carried out in the time frame
that suits the best to the observation method, some-
thing that cannot be done with physical experi-
ments, where all testing needs to take place in real
time. Virtual experiments do not break any moral
rules as might be the case with questionable ex-
periments on humans or on vulnerable natural sys-
tems. Some disadvantages shall also be mentioned.
All virtual experiments need validated and verified
models of the system. The performance of a simu-
lation model is limited by the computer capacity
available, something that is very clear when simu-
lations need to be done in real-time.

An important factor of every simulation is
the obtained knowledge during building the virtual
models. This often is not fully recognised. Very
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often the finished model is seen only as outcome of
modelling. When a virtual model is built, the de-
signer learns a lot about the physical characteristics
of the studied system, as well as how it can be op-
timised, simplified and described as clearly as pos-
sible.

REFERENCES

[1] Bianchi, G., Paolucci, F., Van den Braembussche, P., Van
Brussel, H., and Jovane, F.: Towards Virtual Engineering
in Machine Tool Design, CIRP Annals — Manufacturing
Technology, 45 (1), pp. 381-384 (1996).

[2] Jedrzejewski, J., Kwasny, W.: Remarks on state-of-the-art
Virtual Manufacturing. XII Workshop on Supervising
and Diagnostic of Machining Systems, In: Virtual Manu-
Sfacturing,Wroclaw University of Technology, 2001.

[3] Altintas Y., Brecher, C., Weck, M., and Witt, S.: "Virtual
Machine Tool," CIRP Annals — Manufacturing Technol-
0gy, 54 (2), pp. 651-674 (2005).

[4] Lin W. & Fu J.: Modeling and application of virtual ma-
chine tool, In: Proceeings of the 16th International Con-
ference on Artificial Reality and Telexistence — Work-
shops (ICAT’06), Hangzhou, 29 November — 1 Decem-
ber, 2006, pp. 16-19.

[5] Fredin J.: Modelling, Simulation and Optimisation of a
Machine Tool, Licentiate Dissertation Series No 2009:09,
Blekinge Institute of Technology, 2009.

[6] Cook, R., Malkus, D., Plesha, M.: Concepts and Applica-
tions of Finite Element Analysis, 3. Edition, John Wiley,
Madison, 1988.

[7] L. N. Lopez de Lacalle, A. Lamikiz: Machine Tools for
High Performance Machining, Springer, 2009.



Number of article: 490 Mechanical Engineering — Scientific Journal, Vol. 33, No.2, pp. 189-199 (2015)

CODEN: MINSCS5 In print: ISSN 18575293
Received: July 13, 2015 On line: ISSN 1857-9191
Accepted: September 15, 2015 UDC: 622.87:687.44]:7.05

Original scientific paper
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A bstract: This paper presents the design process of a modern helmet for miners that would be ideal for all
workers who risk their lives every day in underground and surface mines to supply us the materials we need for our
everyday life. The dangers that the miners face throughout their work time are chronologically explained, as well as
the necessary preventive measures and the security measures needed for the achieved. Compared to the classic min-
ing helmet only an impact protection and a lamp holding bracket is provided, the design of the helmet presented in
this paper is based on the method of integrating the needs of the miner. Through the available technology today pretty
much everything is possible, so it is truly sad because significant improvements have been made in the mining branch
while the protection of the miners is still at a bare minimum. The exterior of the helmet is simple, with curved lines
and is used to its maximum in order to integrate all the proper functions without ruining the esthetics. The interior of
the helmet is designed to withstand an impact without allowing injury to happen. Besides the integrated functions
such as the air filters and the option for attaching oxygen tanks, the helmet is still comfortable and it does not present
a burden to be worn throughout the work.

Key words: miner helmet; futuristic design; protection at work; safety design

KOHIEIT JU3AJH HA MOJEPEH PYJAPCKHU HIJIEM
CO UHTEI'PUPAILE HA TIOTPEGUTE 3A 3AIITUTA

Amncrtpack T Bo Tpyaor e mpercraBeH Anu3ajH Ha MOJEPEH PYAApCKH LLIeM, KOj Ou Oui uaeaneH 3a cuTe
pabOTHHIM KOU CEKOjAHEBHO IO PHU3MKYBAaaT XXMBOTOT BO IOA3CMHUTE M INOBPLIMHCKUTE DYAHHLH CO Led ja
006e30e1aT CypOBHHH KOH HHU IO OJIECHYBAaT CEeKOjIHeBHeTo. Hu3 XpOHONONIKH peocie]] ce ONMIIAHH ONaCHOCTUTE
Ha KOU PyJapUTe CE U3I0XKEHU CO TeKOT Ha pabOTHOTO BpeMe, Kako H IPEBCHTHBHUTE MEPKU M 3allTHTA O HCTHTE.
3a pasnuka Of KJIaCHYHHTE IIIEMOBH KOM OCBEH 3a 3aIUTHTA OJ yJapH M Jpikad 3a Jamba HeMaaT Jpyra HaMeHa,
yHoTpeOeH e METO/ Ha HHTErpHpamke Ha II0TpebuTte Ha efieH pynaap. CeTo Toa ce pa3bupa e JOCTAIIHO CO JcHEeNIHaTa
TEXHOJIOTHja U € CTBAPHO JKATHO OMIEjKH M MOKPaj OTPOMHHMOT HAIPEIOK BO PYyJapcTBOTO, MEPKUTE 3a 3allTUTA Ce
OCTaHAaTH HAa MMHMMAJIHO HUBO. HajBOpeIIHOCTa Ha IUIEMOT € €AHOCTaBHA, CO 3a00JICHH JIMHHU U € MaKCHMAIIHO
HCKOPUCTEHA 3a HHTErPHpame Ha CHTe IOTpeOHM (yHKuuM 6e3 MmpUTOa Ja Ce HAPYIIM ECTETCKUOT H3LIe].
BrarpenHocTa Ha HUIEMOT € AM3ajHUpPAHA Ja MOXKE Ja MPeTpHH yaap Oes3 Ja HaHece HMOBpena Ha pyaapot. Ilokpaj
HHTErPUpaHuTe (YHKIUN KaKO WITO ce (GUITPUTE 32 BO3JYX, MOXKHOCT 3a HPHKIYHOK HAa KHCJIOPOJ, LIIEMOT HMa
JIOBOJIHA YIOOHOCT M HE MPETCTaByBa TEHIKOTHja ]a C€ HOCH BO TEKOT Ha paboTarta.

Kutyunu 360poBu: pyaapcky nuieM; GpyTypuCTHYKH U3ajH; 3alITUTa IIPU paboTa; MPOSKTUPAE 32 CHIYPHOCT.

DANGERS IN MINING and they differ according to the fact is the miner
working in a underground or in a surface mine, the
Miners are constantly exposed to dangers dur- region in which the miner operates as well as the

ing their everyday work. The dangers are various available technology (machines and tools) used in
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the process. Unfortunately, besides the significant
improvement in the available technology, human
health and security has remained on a basic level.
For their protection miners are still using basic
helmets, sometimes with build-in masks, and not a
thing more for their further protection has been
accepted.

Dangerous air particles

The most abundant compound in the Earth’s
core is the free crystal silica which presents the
most often air dust with which miners are in con-
tact. The most probable form of the silica is quartz
and it can be found as cristobalite and tridymite.
The contents of silica in different types of ores
vary, but even that is not a real indicator of the
level of free silica that can be present in the air. It
is not unusual to have presence of 30% of free sil-
ica dioxide in the ore and 10% in the air, or vice
versa. Sand can contain up to 100% silica dioxide
and granite can contain up to 40%.

After a longer exposure of a human organism
to silica, silicosis might occur, which is a typical
pneumoconiosis which is developed in years and
without trace. Exposure to silica is often connected
with increased risk of tuberculosis, lung cancer as
well as some auto immune illnesses like sclero-
dermas, systematic lupus erythematosus and rheu-
matic arthritis.

Dust from coal presents a significant danger
in the underground and surface mines. The compo-
sition of the dust varies depending on the type of
coal that is excavated. The dust is created during
explosions, drilling, cutting and transportation of
the coal. The dust from coal can result in pneumo-
coniosis and it contributes to development of
chronic illnesses like bronchitis and lung emphy-
sema [1].

DANGEROUS GASES AND FUMES

Most common toxic gasses that are present in
the mines are methane and sulfurous dioxide (Ta-
ble 1). The presence of these gasses results in defi-
cit of oxygen. Methane is highly flammable. Most
explosions in coal mines are result of ignited meth-
ane and are followed by even stronger explosions
of the coal dust. Throughout the history of coal
mining, fires and explosions have been the main
cause for death of thousands of miners.

Table 1.
Most common toxic gases and their impact
on health
Gs Used name almpact on health

Methane (CH;)  Explosive gas Suffocation

Carbon monoxide White suffocate  Chemical suffocation
(CO)

Hydrogen sulfate Lazy suffocate  Nose irritation, eyes and
(H,S) throat; obstruction of the
respiratory system

Lack of oxygen Black suffocate ~ Anoxia

Explosion of Consistent Irritation of the
product suffocate respiratory system
Exhaust from Exhaust gas Irritation of the respi-
engines ratory system; lung
cancer
Phyzical dangers

Noise is very much present in mining. It is
created by the operation of the powerful machines,
air-conditioning systems, explosions and transpor-
tation of ore. Exposure to noise in underground
mines is significantly higher compared to surface
mines. Noise can be reduced by using conventional
means for noise control of the mining machines
and with use of hearing protection equipment [1].

Ionizing radiation is dangerous in mining as
well as in other industries. A free radon might be
released from the ore by detonation or it might en-
ter a mine through underground streams. A radon
and decomposing products emit non-ionizing ra-
diation, some of them having enough energy to
cause cancer cells to lungs.

Heat presents danger in mines as well. In un-
derground mines, main source of heat is the ore
itself. The temperature of the ore is increased by
1°C for every 100 m depth. Other sources of heat
stress are the physical activity of the miners, circu-
lation of air, surrounding temperature and moisture
of air, as well as the heat generated by the mining
equipment. The temperature can reach around
40°C in the deep mines (deeper than 1.000 m).
Mains sources of heat in surface mines are the
physical activity, proximity to hot engines, air
temperature, moisture and sunlight. Reduction the
heat stress can be achieved by introducing cooling
devices, limiting the physical activity and provid-
ing adequate quantities of drinking water, protec-
tion from the sunlight and appropriate ventilation.
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Drills can cause significant vibrations that
can result in damage to the nerves in miner’s hands
— vibration white finger. This symptom is noticed
for the first time in mines in Japan, India and Can-
ada.

PREVENTIVE MEASURES FOR PROTECTION

Head protection of the miner is necessary
due to the potential for head injuries caused by
mechanical or electrical nature, low temperature,
heat radiation, dirt radioactive radiation, wet and
other. For protecting the miner’s head from me-
chanical injuries a helmet is used. Protective hel-
mets must comply with the following require-
ments: to be durable on deformation and penetra-
tion, to be able to absorb impact and to be easy for
maintenance. Depending on the use, they are pro-
duced from leather, phenol epoxy, polyamide,
polyethylene, polyester etc. Helmets can be in
form of a hat or a cap.

Plastic helmets are not suitable for high tem-
peratures, but on the other hand are very light.
Helmets from aluminum are more durable, easy for
maintenance, deflect heat, but are permanently de-
formed on impact. Negative side of the aluminum
helmets is the fact that they are conducting elec-
tricity.

For head protection from electrical current
helmets made from materials that have the appro-
priate resilience are made.

For head protection only from heat radiation
hoods from asbestos are used, or a combination of
asbestos and aluminum foil. These hoods are often
combined with a face protector and protection for
neck and shoulders. For protecting the eyes of the
miner cobalt glass is used. If in the mines beside
the mechanical injures, danger from high tempera-
ture is present, than the protective helmets are
made from thermo resistant material.

In a case where beside the mechanical inju-
ries, the miner’s work is followed by low tempera-
tures, the protective helmets should have additional
parts that can be placed underneath the helmet.
These parts are made out of cotton or wool fabrics,
or leather with fur. If in the working conditions the
protection from cold is primary, and there is no
present possibility for mechanical injuries, than
caps lined with fur are used.

In wet working conditions, where beside the
danger of mechanical injuries, there are possibi-
lities for wetting the miner’s head, than helmets
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made from water resilient materials are used. In
working conditions where rotating parts of ma-
chines can tangle upon the worker’s hair, protec-
tive caps, hoods, nets and scarfs are used

Fig. 1. Standard protection equipment for miners
(Source: Environmental Protection lAgencyD

Dirt and dust in the working environment can
cause various skin conditions to the head of the
miner. In order to prevent this, appropriate caps
made from thick cotton fabric are used. They have
to be easy to maintain. In working conditions
where radioactive radiation is present, the whole
body of the miner is exposed to it, so specific pro-
tection equipment only for the head is not avail-
able. The protection comes in a form of an overall
suit composed of protection for the body, head and
face [3].

For protecting the eyes, in general various
types of protective glasses are used. If danger to
the face is present, the eyes protection equipment
is always made in such a way that it covers the
whole face.

Depending on the factors for eyes damage,
different types of eye googles are produced, like:
protective glasses with transparent glass — used in
operations where danger of injuries to the eyes are
possible from flying small particles, for example
when filing, grinding, stirring etc.

When there is a danger to the eyes present
from flying particles from the front and from the
side, glasses with side protection are used. This is
the case in operations like grinding, milling, wood
grating or similar activities.

For protecting the eyes from eroding materi-
als (ammonia, formaldehyde etc.) transparent tri-
plex glasses with leak-proof frames are used.

For workers that operate with welding ma-
chines, in order to protect their head, neck and eyes
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of the direct and indirect effect of the ultraviolet
and heat radiation, as well as from the flying parti-
cles special shields are used. They can be hand
held or head mounted.

The protection of the hearing organs of
miners is necessary due to the fact that the damage
from noise is significant to the hearing organs and
through them to the complete nerve system. Noise
is defined as any non-desired sound with high in-
tensity that causes uncomfortable hearing reaction.
Noise today is produced as a result of the fast tech-
nological development of the industrial production,
motor transportation and noise producing activities
(5]

If the noise is constant during the working pe-
riod, the working capability of the miner is de-
creased, the hearing organs are getting damaged
and in certain level the nerve system is ruined. Due
to that, the protection of the hearing is essential.

For those workplaces where noise that cannot
be reduced with technical means below the al-
lowed limit is present, workers must use appropri-
ate protection equipment, like:

— cotton for protection from noise level up to
75 dB

— ear plugs for protection for noise level up to 85
dB

— ear protection equipment for noise level up
to 105 dB

Ear plugs cannot reduce the average value of
the audibility for more than 15 dB. Also, the pro-
tection equipment should not irritate the ears and
must provide that the noise will not surpass the
allowed limit [1].

Beside the regular conditions that apply to all
protective equipment (not to irritate skin, not to
transfer paint and to be easy to maintain), the noise
protective equipment should:

— to damp noise efficiently
— to be comfortable

— their use should not result in physiologic or
pathologic changes to the ear canal

— to only allow to pass sounds with low fre-
quency

The ear plug is usually made in a form of an
unformed or formed plug. The unformed plug is
made out of material (bee wax, cotton or similar
plastic material), formed according the ear canal of
the user. The formed plug is made out of material
that is not irritating for the skin, not easily fumbles
and is bad in transmitting the sound oscillations.
These plugs have pre-defined shape [6].

The ear protective equipment is consistent of
two shells with elastic semi-circle holder. The shell
is consisted of cushion and body of the shell, and
the elastic semi-circle holder is consisted of two
elastic strips formed according the shape of the
head. The force with which the ear protective
equipment is pushing upon the head should not be
bigger than 10 N (approx. 1 kp) and the weight of
the equipment should not be bigger than 0.4 kg [4].

Protection of the respiratory system

By breathing an exchange of gases is done
between the organism and the environment. The
goal of the respiratory system is to supply the nec-
essary level of oxygen and to throw out carbon
dioxide (CO,) which if present in increased level
can cause suffocation and death.

Workers that work in polluted environment
where fog, smoke, dust or anything similar is pre-
sent (when concentration level is above allowed),
appropriate equipment for protection of the worker
breathing organs must be used.

For protection of the respiratory system from
rough and inert dust, i.e. fine industrial dust that
consist silica dioxide (SiO,), suitable protective
equipment foresee respirators with appropriate de-
sign and protective capability [7].

For protection of the organs from dangerous
gases, fog, smoke or dust in high concentration i.e.
when in the environment the level of oxygen is less
than 16% the use of masks in various shapes and
design and isolation equipment with oxygen are
used [5].

Fig. 2. Modern protection equipment for miners
(Source: http:/inside.mines.edu/Mining-Edgar-Ming)

A gas mask is used for protection of the respi-
ratory system, the face and eyes of those workers
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that operate in working conditions where the level
of oxygen is at least 16%.

The protective equipment for the respiratory
system should not obstruct normal breathing dur-
ing use and it must be adjusted for quick and easy
installation. The selection of the equipment is done
based on the type and time of containment of the
workers in the room.

The respiratory system protective equipment
might be divided according the type of pollutants
and the type of operation.

According the type of the pollutant the
equipment is divided in respirators for purification
of the air from aerosols, protective masks for pro-
tection from gasses and fumes with filters for puri-
fication of air and isolation materials that are used
in case of lack of oxygen.

According the operation the equipment is di-
vided in: equipment based on filtration and protec-
tive equipment based on isolation.

The protective equipment based on filtration
purifies the air of the environment (for example
protective mask, respirator for purification). These
protective devices include:

Equipment for protection from aerosols (me-
chanical filters) which include respirators for aero-
sols

Equipment for protection from gases and
fumes which include protective masks, cartridges
with active filling and self-saver for carbon mon-
oxide (CO)

Equipment for combined protection from
gases and aerosols which include protective mask
with active filling and filters for aerosols.

The equipment based on isolation is used in
case of decreased concentration of oxygen under
the allowed level.

This includes:

— Tube mask with pot or without pot for sup-
ply with clean air from a distant environment

— Tube mask with attachment for compressed
air used only if central line for compressed air sup-
ply is available (from a central compressor or a
tank).

— Isolation devices with open or closed sys-
tem that supply the user with clean air from a tank,
where the exhaled air is released in the atmosphere
(in open system) or released in to a chemical car-
tridge where certain amount of oxygen is missing
(closed system). The recirculated air is again
brought to the respiratory system [6].

Maw. unic.nayuy. ciuc., 33 (2), 189-199 (2015)

DELOPMENT OF CONCEPT DESIGN

After conducting thorough research and
analysis of the danger with which are miners faced
daily, two concept designs that fulfill all demands
have been developed.

The first concept design (Fig. 3) has integrated
protection for eyes, protective mask with air filter and a
complete protection of the head and the neck. Also, on
the front upper part of the helmet two LED lights are
fitted powered by lithium batteries fitted in the middle
part of the helmet’s layers.
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Fig. 3. Side, front, back and perspective view
of the first concept design

On the back of the helmet an opening is posi-
tioned for supplying fresh air for breathing, filtered
through the air filter fitted on this side of the hel-
met. The elegant design resembles the design of
military fighter jet helmets. Organic forms have
been used in this concept design enabling complete
integration of the functions in the available space
without deranging the look or to result in difficul-
ties in use of the helmet.

Figure 4 presents a real-look render of the
helmet where the Head-Up Display is presented at
the eyes mask where the miner can receive impor-
tant information about the temperature, air pollu-
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tion, gas leakage or other information. All this is
made available by the sensor located in the hel-
met’s sides. The central processing unit processes
the sensor’s data and sends the information to the
OLED display positioned between the layers of
protective glass. This display as well as the CPU,
are powered by the same lithium batteries inte-
grated in the helmet [2].

Fig. 4. Real-look render of the concept design 1
of a miner’s helmet

The face mask can be adjusted by a simple
push of a button which releases the mechanism and
allows the mask to be translated to the front and
rotated upwards above the helmet (Fig. 4.) This
function provides the helmet with the ability to be
used in underground mines as well as in surface
mines where most of the time a face protection is
not necessary. When positioned above the helmet,
the display and sensors are not in function.

In Figure 5 both sides of the mask are pre-
sented where the sensors are located which meas-
ure specific parameters in real time. The sensors
and the display are powered by 2 batteries located
in the back end of the helmet with total nominal
power of 12.000 mAh. The battery capacity is suf-
ficient to provide constant operation of the helmet
with all its features for 72 hours. The helmet has
sensors for:

— Temperature
— Altitude and pressure

— Air humidity

— Detection of poisonous gases in the air
— GPS chip

— Radio transmission for communication.

nnected with display -
prmation in real time

Fig. 5. Face mask with included sensors attached on the sides

In the helmet 2 LED lights are fitted with to-
tal power of 12 W powered by a separate lithium
battery positioned behind behind them. The capac-
ity of this battery is 3.000 mAh, which is sufficient
for constant operation of the lights for more than
140 h. The lights are turned on by a simple switch
positioned on their front. By rotating this switch 15
degrees clockwise the lights are turned on.

The face mask can be adjusted by a simple
click to the undoing button allowing for the mask
to be moved forward and rotated above the helmet
(Fig. 6). This provides the helmet to be used un-
derground as well as in surface mines or other ar-
eas where the face mask is not necessary. When
the mask is released, the sensors and display are
not in function.

60

Undoing button

Fig. 6. The face mask is adjustable depending the needs
of the miner (for underground or surface mines)
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In the helmet 2 LED lights are fitted with to-
tal power of 12 W powered by a separate lithium
battery positioned behind behind them. The capac-
ity of this battery is 3.000 mAh, which is sufficient
for constant operation of the lights for more than
140 h the lights are turned on by a simple switch
positioned on their front. By rotating this switch 15
degrees clockwise the lights are turned on.

With the use of this concept design of the
helmet it is foreseen to be used racks where after
use of the helmets the miners will place them and
connect them to chargers for their next use (Fig. 7).

il

Fig. 7. LED lights fitted in the front part of the helmet

All functions and sensors in the helmet are
powered by lithium batteries placed in the back
side of the helmet. The batteries are rechargeable
and a standard 12 V socket for the charger is posi-
tioned on the back side (Fig. 8). The batteries can
be sully charged in less than 3 hours.

Fig. 8. Socket for battery charger build-in the helmet

Maw. unic.nayuy. ciuc., 33 (2), 189-199 (2015)

Fig. 9. Racks for helmets with integrated chargers
and ﬁ)cdcstali

At the section view presented in Figure 10 the
interior of the helmet is presented together with the
protective basket for the head of the miner. The
protective basket is attached with elastic bolts
which have the function to absorb the impact. The
basket is made of plastic, and the lower part is
lined with polyurethane in order to increase the
absorption capability from impacts, but also to
make it more comfortable for wearing.

Fig. 10. Section view of the helmet

The second concept design has more futuristic
look with moreover the same functions as the first con-
cept design (Fig. 11). With this concept design the focus
is placed on the functions for air-conditioning and air
filtration.
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Fig. 11. Side, front, back and perspective view
of the second concept design

At the front part of the helmet a fixed mask
made of three-layered protective glass with inte-
grated display is placed.

This concept has a non-detachable mask. In
order for the mask to be removed, it has to be
completely undone from the helmet and removed
in such a way. Also, this concept has an integrated
camera at the front of the helmet connected wire-
lessly to the headquarters of the mine where a real
time video feed can be monitored in order to fol-
low the movement and operation of the miner.

Figure 12 presents the helmet of the miner
while wearing. Also, the Head-Up Display can be
seen at the front mask for protection of the eyes
and face where the miner can receive information
about the temperature around him/her, information
for any leaks of poisonous gasses and other rele-
vant information which will further facilitate the
miner’s operation.

On Figure 13 the sensors placed on the both
sides of the helmet are shown. These sensors col-
lect data that is processed by the CPU and display
information in real time to the protective glass and
the integrated display. The sensors are powered by
two batteries placed on the back of the helmet with

total capacity of 12.000 mAh. With this capacity
the helmet can operate constantly for 72 hours with
all functions activated.

Fig. 12. Photorealistic render of the second concept design
of the helmet

Sensors connected with OLED display

- view of information in real time

Fig. 13. Sensors on the side of the helmet

The helmet has the following sensors inte-
grated:

— Sensor for temperature
— Sensor for altitude and pressure
— Sensor for humidity

— Sensor for detection of poisonous gasses in
the air

— Integrated GPS sensor
— Integrated radio frequency sensor

Mech. Eng. Sci. J., 33 (2), 189-199 (2015)
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The OLED display integrated in this concept
design is a bit different from the one in the previ-
ous concept because it is occupying bigger area in
the user’s field of view. In order to be safe, the
display is integrated in a three-layered protective
glass resistant to impact and breaking, scratches
and heat.

The camera placed in the front part of the
helmet enables to monitor the worker’s operation
with the ability to get further intructions from the
headquarters that is monitoring the process. The
connection is made avilabe through a wireless
protocol.

The second concept design has an engineer-
ing design that does not allow an easy detachment
of the face mask. Nevertheless, this option is still
made available by unclamping the pads placed on
the lower and upper part of the face mask and with
that it is completely removed from the helmet (Fig.
14). By detaching the face mask the functions of
the sensors and the display are suspended until it is
again mounted to the helmet.

pegs for disconnecting of the mask

Fig. 14. Clamps for detaching the face mask from the helmet

Figure 15 presents the six LED lights placed
on both sides of the helmet. These lights are with
total power of 36W (6W each LED) powered by
two lithium batteries placed behind them. The ca-
pacity of the batteries is 6.000 mAh (2 x 3.000
mAh) which enables the lights to be used for more
than 120 hours. The lights are turned on with a

Maw. unic.nayuy. ciuc., 33 (2), 189-199 (2015)

switch in a form of buttons placed on the side of
the lights (Fig. 15). This design enables the lights
to be turned on separately on each side.

Fig. 15. LED lights placed on both sides

All functions and sensors are powered by lith-
ium batteries integrated in the sides and in the back
of the helmet. The batteries after certain period of
use are charged through the socket placed on the
back of the helmet. Batteries are fully charged in
six hours.

For storing and charging of the helmets the
same rack is used as presented in the first concept
design.

Fig. 16. Active carbon filter integrated in the fornt part
of the helmed
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Compared to the first concept design, here a
special filter is used (Fig. 14) that is an active car-
bon filtration process. That means that the breath-
ing air is filtered through a several layers carbon
material. This material does not allow tiny particles
to pass through and thus protecting the miner from
breathing in particles with size smaller than 10
nano meters.

With the integrated system for air circulation,
the helmet is constantly supplied with fresh air and
a stable temperature level is maintained. As show
in Figure 17, the system is placed in the back side
of the helmet and it is consisted of an electric fan
with metal hoses integrated in the helmet supply-
ing the air.

A

Fig. 17. Air circulation system for fresh air supply

On the section view presented in Figure 18
the head inlay with polyurethane is displayed. This
inlay also does not hold on the moisture. Com-
pared to the first concept design, in the concept the
protection used in this engineering design is simi-
lar to the helmets for motorcycle drivers. With the
polyurethane inlay instead of protective basket an
additional protection and absorption from strong
impacts is provided without causing significant
injures.

The only negative side is that air circulation
through the helmet inlay is not possible. This sys-
tem for protection in combination with the system
for air circulation will not result in difficulties
while use.

Fig. 18. Head inlay with polyurethane

CONCLUSION

The conducted research shows that the regular
miner’s helmet is simply not enough for maximum
protection of the user. Aa result of that the miner is
forced to use additional equipment such as light,
radio transmitter, batteries, air filter, protective
mask for eyes and other body parts that only make
the operation more difficult.

The safety of the miners is neglected regard-
less the development in technology and in the min-
ing industry.

Concept designs have been developed for
modern miner’s helmet using the method of inte-
grating the needs of the users. A concept of a hel-
met is created that will satisfy all protection meas-
ures necessary for protecting the miners. During
the design process of the helmets, the anthropo-
logical measures and ergonomic methods defined
for the potential group of users have been used.

The production costs and the selling price of
the concept helmets is higher than the regular
miner’s helmet but as concluded in the description
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of the concept designs they are completely inte-
grated with all necessary protective equipment for
miners.
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A bstra ct: The superstructure’s shape’s variability’s dynamics in bus production depends of the continuous
demand for technological improvements, the types of buses, as well as their aesthetic design aspect. The success of
the entire project depends on the time required to prepare a developing task, manufacture and examine a prototype

vehicle and launch the same into a serial production

Key words: basic curves; LO-1; LO-2; LO-3; design; application of the suffocation method

HYMEPUYKA METOJIA 3A OIIPEJEJTYBAIBE HA CJIOKEHU KPUBU
OJ NPECEIIN HA ABTOBYCKHN HAATPAABU CO TIPUMEHA HA METOU HA ITPUT'YIIIYBAIBE
(CYOUKATHIA

ATmcTpaxkT: J[uHaMHuKaTa Ha IPOMEHIIMBOCT Ha OOJIMKOT Ha HaArpanbarta Mpu aBTOOYCKOTO IIPOM3BOJICTBO €
yCIOBEHa OJ KOHTHHYHMpaHHTE IMo0apyBama 3a IIOTPEOHH TEXHHYKO-TEXHOJIOIMIKA MOmOoOpyBama Ha TUIOBH H
KaTeropud Ha aBTOOYCH, KaKO M €CTETCKO-AM33ajHEepCKM acnekT. bureH (akrop 3a ycrnex Ha LEIHOT IIPOEKT
HpeTaByBa BPEMETO BO CMHUCIIA Ha MOArOTOBKA HA Pa3BOjHATA 33/1aya, U3paboTKa Ha MPOTOTUITHOTO BO3MIIO, HETOBOTO
UCIIUTYBambe U KOHEUHO JI0 JIJAHCHPAHkhe Ha aBTOOYCOT BO CEPUCKO ITPOU3BOJICTBO.

Knyunu 360opoBu: ocHoBHHM 0a3uu kpuBH; LO-1; LO-2; LO-3; nu3ajanparse; IpuMeHa Ha METOIH 3a IPHUTYIIyBambe

— cydukaruja

1, INTRODUCTION

In case of complete variability of the bus’ su-
perstructure’s shape, the reliability of the fabrica-
tion period, as well as both the project design and
the technological documentation, is required. The
necessity for punctuality demands the application
of modern methods in the design and finalization
of the bus. This doesn’t only contribute to the
timely realization, but also provides possibilities
for versatile performances during constant com-
mencing conditions.

2. CONIC SECTIONS IN THE DESIGN
OF BUS’ SUPERSTRUCTURES

A conic (LO) is a curve obtained by inter-
secting a circular conical surface with a plane.
These can be ellipses, circles, parabolas, straight
lines, etc. The basic curves are lines of transversed,
longitudinal and horizontal sections of the bus’
superstructure: LO-1 (Pic. 2); LO-2 (Pic. 3); LO-3
(Pic. 4).

To further define the basic curves LO, gener-
ally two coordinate systems, independent from one
another, are chosen. Due to the symmetry of the

*Reprint of the ”Savremeni premer”, Year 5 No 1 and 2, p-p. 334-337 (1983), Cré6atia
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vehicle, in this particular case their coordinate ori-
gins are plotted on the vehicle’s longitudinal axis,
which height has been conditionally defined, the
coordinate origins O1 and O2 here, plotted on the
z-axis, are intercepted by two axes characteristic to
the vehicle, both perpendicular to the first one. The
application of two coordinate origins allows for the
simplification of the project’s program and opens
up the possibility for independent separate work on
the two builds, both front and back.

Due to the technical conditions of the bus and
coach factory SANOS, MCII, BUSCAR, NOGE,
and act. Technological Park, complex curves, con-
sisting of mild curves with a continuous change of
the bending, is taken into consideration. Generally
the equations of the basic curves, applied in the
construction of the front part, with a coordinate
origin in the point Ol in vehicle types such as,
coach factory assume the following forms:

2.1. Basic vertical curve of the front part LO-1
(Pic. 2) comprising of 4 conics n=4

F(y,z2)=(, _yon)2 +(z, _Zo,,)2 —R%, =0

Zl zfl(yl) for Vyl E(Al _El)
where
n=1.4

LO-1 LO-1
)

yl (ymin + ymax

2.2. Basic horizontal curve of the front part LO-2
comprising of 3 conics n=3

F(X,2)=(X, _‘Xo”)2 +(Z, _ZO,,)2 _RZO,, =0
Z, =f,(X,) for VX, € (4, -D,)

where
n=1..3
X, (0-X.07%)

2.3. Basic curve of the side and top LO-3
(Pic.4) comprising of 4 conics n=4

F(X.Y)=(X,-X, ) +(¥,-Y, = R*, =0

X, = f;(y,) For Vy, €(4, - E;)
where
n=1.4

R +70)

max

From 2.1, 2.2 and 2.3 it is one can deduct that
the previous are a sum of segment cross-sections,
i.e. circles predefined in an interval where:

n — Is the number of conic intersection;

X 0, ,YOH ,ZOH — are the coordinates of the cir-
cle’s centers;

R, —represent the circle’s radiuses.

While defining the basic curves LO and their

intervals for the front part construction the fol-
lowing requirements need to be satisfied:

24
LO-1 _ _ LO-1 LO-1 LO-3
Ymin = ymax ‘ymin < ‘ymin

2.5. Generally

ZLO—Z <ZLO—] XLO—Z <XLO—3

max max max max

2.6

a) The curves can be perpendicular to one an-
other, i.e. they are either plotted in or parallel to
the defined planes of the coordinate system, or

b) the basic curves can not be perpendicular
to one another, in which case, due to the symmetry
of the vehicle LO-1 must be perpendicular to LO-
2, and LO-3 must be positioned at a certain angle
to LO-2. This is a prerequisite to modern bus con-
struction, as a result of the wide open front view as
a result of the improvement of the aerodynamic
vehicle features.

3. ANUMERICAL METHOD
FOR THE DETERMINATION
OF CROSS-SECTIONS OF COMPLEX
FORMS OF THE BUS’ SUPERSTRUCTURE
BY APPLICATION OF THE SUFFOCATION
METHOD

3.1. Application of the suffocation method:

— Method of the triangle

— Method of the trapezium

— Inscription of the surface

By applying the construction type of the vehi-
cle that satisfies the requirements from 2.4, 2.5,
2.6-a, and the equations of the basic curves LO-1,
LO-2 and LO-3, the cross-sections can be deter-
mined by: applying an arbitrarily horizontal plane
h, (Pic. 5) with coordinates /,[o0: y, :00] and in-

Mech. Eng. Sci. J., 33 (2), 201-208 (2015)



A numerical metod for the determination of complex curves of cross sections of the buses’ superstructures by application ... 203

tersecting it with the curves LO-1 and LO-3 in the
points M, and M, plotted on them, (which are a

function of y,’s coordinates themselves), resulting
in the intersecting points’ coordinates being:
M” [0’ YMl] ;ZMII ]
and
M [X My Y,
where ¥, =Y, =Y.

0],

31

The intersecting points M,, and M, typi-
fies the suffocation AX, and AZ, on the complex
curve LO-2, plotted on the /4, plane.

3.2. Determining the suffocation

From Picture 5 it can be concluded that:
_|yro-2 _
|AX1| - ‘Xmax XM31

for
LO-2
vX M, * X o s
1.e.
_|L0-2
|AZI| - ‘Zmax _ZM“‘
for
L0-2
YZ M, * Z .,
where:

— AX, is the suffocation of the complex
curve (LO-2) relative to LO-2 along the X-axis
depending on its function of y,:

Xy, = Si(n) =X
— AZ, is the suffocation of the complex curve
(LO-2) relative to LO-2 along the Z-axis depend-
ing on its function of y,:
Zy, =Hn)=2,.
By replacing X u,, 1n a general condition the
result is the following:
AX, = X107 = R, P —(y,-3,) + X,

max

Ranging in the definition interval of F;(x,y)
for
VY €(4,-F).
Analogously by replacing Z u, 1t is deter-
mined that: |
AZ, =207 = R, = (3, = 3,)) + 2,

max
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Ranging in the definition interval of F,(y,z)

for
Vy, e(4, - F).

3.2. Determining the coordinates of points
on the complex curve (LO-2), depending
on the suffocation

After having determined the suffocation AX,

and AZ, (explained in 3.1), an advancement is
made towards determining the complex curve (LO-
2) itself, which is derived as a sum of points plot-
ted on intersections of three auxiliary planes that
are perpendicular to one another ki, fi, p1, fi,» Pk
The method of determining the intersecting points
as elements of the complex curve is the following:

Two arbitrary points G and H are chosen on
the intersection of the planes of the basic curves
LO-2 and LO-3, or LO-1 and LO-2, respectively.
Four planes (7, T, S, S, the first two comprising
the first pair and the following two-the latter one),
are plotted in such a manner that the intersection
between the first, and the second pair, lies in the
plane of the basic curve, LO-3, or LO-1, respec-
tively. The first intersection marks the G-axis,
whereas the latter one marks the H-axis. For easily
acquiring the coordinate points, the problem is de-
rived to a planar scale, where every longitudinal
intersection gained by an intersection with the 4,
plane defines LO-2.

In general conditions, every arbitrary point
M, (Pic. 5-a), determined by its coordinates X,

and sz, that comprises the basic curve LO-2, is
corresponded by a point M,, with coordinates
X, andZ, , plotted in the h, plane. By solving

the system of intersections, we derive the coordi-
nates of the point M ,,, where:

M, [X,,.Z,];

X, =X,;Z, =2l,;

Zz(‘&ﬁz)_sz
XLO—Z

X =AX)| 1,

M Ve

| e g HE )

[ O-2
Znax

A
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X =X, =const.;
X, =2, =const.
By replacing AX, and AZ,, the point gets

— For Vy, € in the interval from the equation
of the basic curve LO-3 defined in F;, F;(X,Y),
(which can be deduced from 2.3);

M {fs(yl)sz N (yl)ﬁ(sz)} tion of the basic curve LO-2 defined in F,, (F, (X,
21 )

Yo 7102 Z), (from 2.2);

— For Vy, € in the interval from the equation
of the basic curve LO-1 defined inF,, F|(Y,Z),
(from 2.1).

where the following for f;(y,) apply:

BLOCK DIAGRAM

START

l

PROCCESING THE INPUT DATA
BASIC VERTICAL CURVE OF THE FRONT PART

A (yl)
BASIC HORIZONTAL CURVE OF THE FRONT PART

/s (xzk)
BASIC CURVE OF THE SIDE AND FRONT f;(31)

REQUESTED LEVELS (/)
MOTION ALONG THE X-AXIS:
Xy (J, x Lo )’ 7102

max max

CALCULATING THE COORDINATES
OF THE POINTS

fs(y 1 )x2k . f3<y1 )fz <x2k)

:—, 21 ——

1.0-2 LO-2
X Zmax

max

2i

PRINTING THE OUTPUT DATA USING
THE TABULAR METHOD WITH:

y,(I),2,,(1,J),x,,(I,J)

END
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Pic. 1: A coordinate system of a bus’ superstructure.
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Pic. 2: Basic vertical curve of the front part LO-1 comprised of 4 conics.
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Pic. 3: Basic horizontal curve of the front part LO-2 comprised

of 3 conics.
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Pic.4: Basic curve of the side and roof LO-3 comprised
of 4 conics.
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Pic. 5b.: Basic curve LO-1, LO-2 and LO-3.
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CONCLUSION

The coordinates of the points that comprise
the complex curve (LO-2) are defined by the equa-
tions of the basic curves LO-1, LO-2, LO-3, as
well as the maximum values of the basic curve
LO-2 along the X and Z axes, i.e. the coordinates

of the point M ,, (X il 2[) proportionally prevent

the suffocation along the X and Z axes. The deter-
mination of the coordinates of the complex curve
LO-2 completely defines the complex form of the
segment of the bus’ superstructure, which can be
further detailed itself.
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A bstract: Design of the chassis and body, with stainless steel, components, aggregates and elements from
company’s NOGE — Bus and Coach Factory from Spain, MAN and ZF, designing with “three section.”

Key words: the basic curves; LO-1; LO-2; LO-3; design; stainless steel; designing with “three section”

YHUOUKAIINJA HA TIU3AJHUPAIBE 3A “©AMUNIINIA“ HA BO3UJIA
KATEI'OPUJA M3, KJIACA II 1 KJIACA III CO “TPU CEKLIUH*

AncTpaxTt: OBOj TPy ce 3aHMMAaBa CO, TOUKara 5 u Toukata 6 ox mocrynarute na [IPUPAYHUKOT 3A
KBAJIUTET, oaHocHO, mpuMeHa Ha [U33jHOT Ha Bo3wiara. lIpuMeHaTa Ha ONTHMH3alHja BO AW3AjH U
HPOM3BOJICTBO, CHIOPE]] MPHHLMIIOT Ha: M3paboTKa Ha LIacHja U Haarpaaba Ha BO3WIOTO CO IPUMEHA Ha TPU CEKLHUH €
TIpeCTaBeH KaKo MPHMEp BO Koolepanuja. Pesynrar naBa ¢pammnumja Ha Bo3mia ox Kareropuja M3 , xmaca Il u xmaca
III u ommmu Kom: BKyIHATa Maca M BKYITHAaTa JOJDKHHA C€ MPOMEHIINB, OJHOCHO, KOU C€ OTPaHAYeHU OJ CTpaHa Ha
THII HA MaTEPHjaJIOT U KOHCTPYKITHjaTa.

Kuyuynn 360poBu: octoBuu 6a3uu kpusu LO-1, LO-2, LO-3; qu3ajHupame co MaTepujain CoO BUCOK CTEIIeH Ha
KBaJIUTET Ha KOPO3MBHOCT (stainless steel); mprMeHa Ha KOHLET CO TPU CEKIHH

INTRODUCTION Vehicle and launch the same into a serial pro-

] _ _ _ duction.
Design of the chassis and body, with stainless

steel, components, aggregates and elements from
company’s NOGE — Bus and Coach Factory from
Spain, MAN and ZF, designing with tree section.

In case of complete variability of the bus’ su-
perstructure’s shape, the reliability of the fabrica-
tion period, as well as both the project design and
o the technological documentation, is required. The

The superstructure’s shape’s variability’s dy- necessity for punctuality demands the application
namics in bus production depends of the continu- of methods — QUALITY MANUAL in the design
ous demand for technological improvements, the and finalization of the bus. This doesn’t only con-
types of buses, as well as their technical and aes- tribute to the timely realization, but also provides

thetic design aspect. The success of the entire pro- possibilities for versatile performances during con-
ject depends on the time required to prepare a de- stant commencing conditions.

veloping task, manufacture and examine a proto-
type,
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MATERIALS AND METHODS

On the Figures la and b are presented NOGE
— PROTOTYPE Bus & Coach. where new tech-
nologies and technicues where implemented.

Fig. 1. NOGE — PROTOTYPE Bus & Coach. BUS SHOW
2008, Madrid, Spain

Aim

Expanding the sales on new markets identi-
fies the need for satisfying certain criteria regard-
ing the quality. Following the rising trend in vehi-
cle development globally, implementing new tech-
niques and technologies, BUSCAR Ltd decided to
accept these criteria.

This and the other documents from the quality
system are created to fulfil that aim. This is the top
document in reference to the quality and all the
activities that are relevant to the quality of our
products are presented inside it. Among the other,
one of its aims is satisfying the requirements of the
standard ISO 9001/2000.

The quality manual is based on the process
concept, which means that its realization is based
upon the management of the processes in the com-
pany.

Definitions

Quality manual — documents that defines the
quality policy and describes the organizational
quality system.

Quality policy — common targets and com-
pany’s orientation towards the quality, which are
officially created by the company’s top manage-
ment.

In BUSCAR Ltd quality system, other defini-
tions are placed, in order as they are mentioned in
the respective documents that are subject of the
standard ISO 8402. In cases where different defi-
nitions for certain term appear, the definitions pre-
sented in the standard ISO 8402 take precedence.

Responsibilities and authorities

Development manager

Development manager is responsible to the
General Manager for the following:

— Ensuring that all legal norms and interna-
tional rules and directives regarding the construc-
tion of the vehicle are applied.

— Control of the new development projects for
new types of vehicles as declared of the standard
ISO 9001/2000.

— Participates in preparation and maintaining
the necessary documents for certification of the
vehicles.

Other employees in the departments

All employees are responsible for monitoring
the product, the process they directly participate in,
and the quality system. Every located problem
must be identified. Every employee may suggest
solution for a certain problem.

Resources

The company identifies and provides neces-
sary resources for product verification, as for
trained personnel, also for materials, various tools,
components and everything other, necessary for
satisfying the defined specifications.

Design

In BUSCAR Ltd, while working on a con-
crete project, special attention is paid. Every Pro-
ject goes trough fundamental analysis from differ-
ent point of view:technical, technological, eco-
nomic etc. All of this is dictated from the nature of
the product itself — the bus.

Mech. Eng. Sci. J., 33 (2), 209-214 (2015)
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The organization of the project is under au-
thority of the project leader, who is appointed by
the development manager. His duty is to prepare
plan for the project, to appoint qualified personnel,
who is adequately equipped with resources for car-
rying the project out, and also to coordinate other
involved organizational groups.Every project must
comply with legal norms and international regula-
tions with no exemption. Also, other inputs in the
project are determined:

— Standards

— Terms defined in the contracts

— Technical requirements

— Results from tests and inspections

— Spare parts

— Safety requirements

— Environment protection requirements

Ambiguous, confusing or incomplete re-
quirements are located and solved before start of
the project

Project outputs are documented, as various on
technical documentation. Key factors for proper
functioning and safety of the vehicles especially
are marked in the documentation.

Project verification is made with manufacture
of the prototype and completing the following
documentation. Verification can be also done with:

— Project review

— Comparison with similar successful project

The changes in the project are controlled, re-
viewed and verified by development manager.

Purchasing

After receipt of the order for a specific vehi-
cle (or few vehicles) starts the process of purchas-
ing specific materials, necessary for realization of
the production. Every vehicle has its number (Ve-
hicle Identification Number - VIN), which appears
in every purchasing document. Materials and com-
ponents that have long delivery term are planned
previously, or in time. If there were no stock of
these materials, purchasing covers some stock also,
which would allow normal work without stops of
the production.

All orders contain exact specifications for the
concrete material or component. Before they are
confirmed, they are also reviewed.

Based on a previous experience in purchas-
ing, or the terms under which it has been done
(quality, price, terms), each purchasing officer pre-

Mauw. unorc.nayu. ciiuc., 33 (2), 209-214 (2015)

pares list with suppliers. Thereat the following is
considered:

— Whether the supplier has an implemented
and certified quality system

— Whether the supplier’s quality system is
positive evaluated from BUSCAR Ltd.

— Whether the supplier has some certificate or
homologation for the product etc.

In the list each supplier is evaluated. If the
supplier is of such nature that it can possibly en-
danger the production continuity, the chief pur-
chasing officer determines its rank on this list. Up-
dating of this list is continuous process, and the old
lists are saved with purpose to track the supplier’s
performances.

The evaluation of the suppliers that are ap-
pointed as suitable does not erase the company’s
obligation to control their products.

All materials and components that are pur-
chased are controlled according to their specifica-
tions. If there is no possibility of their control at
the company, services from external institutions
can be accepted. The control can be done at sup-
plier’s premises by need, before the delivery of the
products. Materials and components can be pur-
chased for a specified vehicle or for some stock.
When they enter the company, input control is in-
formed. If they are aimed for stock, they are
marked and stored.

Document management

All documents and data that are creating
BUSCAR Ltd quality system are being systemati-
cally controlled and maintained by the quality de-
partment.

The subjects of the control are also the other
documents: various orders, plans, results of audits
and tests etc.

Quality system documents are reviewed and
approved by authorized persons before they be-
come official. Validity of these documents is from
the date of their latest revision.

All changes and supplements as a result of the
revision are documented and recorded in special
lists for such purposes. These lists are kept with
purpose to provide overview in the changes, sup-
plements and the status of the documents, which is
basic for traceability of the development of con-
crete processes.

The status of the quality system documents

can be “in preparation”, “in use” or “information”.
The ones in use are subjects of revision, and the
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informative ones are not. The owners of the docu-
ments in use are to be supplied with reviewed
documents automatically.

The originals of all valid and invalid quality
system documents are kept in the quality manage-
ment department. The invalid copies are destroyed
by their owner right after their validity stops.

Design — Unification of the ”family” Design
for the vehicle Category M3, Class II and Class 111
with “three section”. Bus Coach, INTERCITY
buses, are shown on Figures 2 to 12..

Fig. 5. Assembly the chassis:Design of the chassis with “three
section”.

Assembly: the front section of the chassis
and elements with the ZF front independent axle.

oo by 1y 0 N[ |

Fig. 6. Connection between the front part (Fig.3 ) and ZF RL
75 E, independent front axle. (Fig.8 ).

Fig. 3: Rear section from the chassis. The section from the
cassis (Fig 3 and Fig. 4 ), design with constriction standards
steels

Fig. 4: Middle section from the chassis. Fig. 7. ZF RL 75 E, independent front axle.

Mech. Eng. Sci. J., 33 (2), 209-214 (2015)
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Assembly: the rear section of the chassis,
with elements of the ZF rear axle and rear sway bar
from PROLETER-Arilje — Serbia.
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Fig. 8. Connection between the rear part (Fig. 4 and Fig. 10).
ZF A 132 ABS/ASR rear axle

Fig. 9. ZF A 132 ABS/ASR rear axle

Assembly: Between the front section of the
chassis and elements of the ZF steering systems.

Fig. 10. Unification: Cinematic schema of the steering system
(ZF), for type of busis: TOURING 10 and INTERCITY-semi
Low floor and Low floor.
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Assembly: Between the rear section of the

chassis and elements from MAN engine and ZF
gearbox with Intarder.

Fig. 11. Engine type: MAN D 2066 LOH with power from,
225 [kW] to 294[kW].

Fig. 12. ZF-S-Transmission Integrated retarder system: for ZF
bus transmissions. Type:ZF S 1701 BO — ZF S 1901 BO

Assembly: Between the rear section of the
chassis and elements from MAN - engine, ZF
gearbox and ZF rear axle (Figure 13).

B0

Fig. 13. Assembly between the rear section of the
chassis and elements
Assembly: Uniting the chassis design, with
concept - three sections for the "family" of the bus
superstructure of the vehicle, for Class II and Class
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III. Type of the buses, Coach, with a length btw. 10
m to 13 m (Figure 14).

Frorl ot of the Chess s

Rear part of fhe (hassie

|
part of the Drassie, and 25 body “

Rear overnang3 nfo 3L e Whes! hase . froxt averrarg un to 2 6in

Lanztnf0n fo T28m

Fig. 14. Uniting the chassis design, with concept - three
sections for the "family" of the bus superstructure of the
vehicle

CONCLUSION

This paper has deals with, points 5 and 6 of
the postulates of the QUALITY MANUAL, ie,
application the design of the vehicles..Application
of optimization in design and manufacturing, under
the principle of: making the chassis and super-
structure of the vehicle by applying the three sec-
tions is presented as an example which is realized
in cooperation. The result gives a family of vehi-

cles of Category M3, Class II and Class III and
options in which: total weight and total lengths are
variables, i.e., which are limited by the type of ma-
terial and construction of the vehicles.

SUMMARY

Introducing the concept of the base vehicle in
the production program of companies that are pro-
ducers of vehicles and they are users of aggregates
and components from suppliers based and priority
is: the successful optimization of design and pro-
duction. It resulted in a successful sale of vehicles,
which basic importance is the quality of the prod-
uct, which is determined by standards, ie, the ap-
plication of international technical documents /
EEC, ECE / and Directives from EU.
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