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Ciki¢ A. Contribution of a Heat Tank to Balancing and Stability of Heating Low-Accumulation Objects
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DOPRINOS SPREMNIKA TOPLINE URAVNOTEZENJU |
STABILNOSTI GRIJANJA NISKOAKUMULATIVNIH OBJEKATA

CONTRIBUTION OF A HEAT TANK TO BALANCING AND
STABILITY OF HEATING LOW-ACCUMULATION OBJECTS

Ante Cikié

[zvorni znanstveni ¢lanak

SaZetak: Mala vremenska konstanta i termofizikalna karakteristika niskoakumulativnih objekata izrazito povecavaju
osjetljivost unutarnje temperature zraka u zoni uzgoja agro kultura na vanjske, narocito nagle, mikroklimatske
promjene. Obrnuto proporcionalna brzina grijanja i hladenja objekta znacajno smanjuje ucinkovitost toplifikacijskog
sustava i ekonomicnost proizvodnje. Uz prilagodenu softversku podrsku provedena su eksperimentalna istrazivanja u
ogranicenom vremenskom intervalu na tri objekta (GHI, GH2 i GH3) na razlicitim lokacijama te je analiziran i
usporeden utjecaj toplifikacijskog sustava sa i bez spremnika topline na brzinu postizanja srednje dnevne unutarnje
temperature zraka pri prosjecnim vanjskim mikroklimatskim uvjetima u zimskom periodu i tehnoloski najosjetljivijem
uzgojnom periodu biljaka. Koristenjem akumulirane toplinske energije iz spremnika topline postizu se za oko 50 %
brze srednje vrijednosti dnevne unutarnje temperature zraka od minimalno dopustene unutarnje temperature zraka.
Potrosnja toplinske energije i biomase je za oko 23 % do 28 % veca pri pogonu termoenergetskog postrojenja bez
spremnika topline i vece toplinske snage za oko 25 % po jedinici povrSine grijanog prostora iste namjene. lzravna
primjena rezultata provedenik istraZivanja doprinosi svrhovitijem dimenzioniranju i oblikovanju akumulacijskih
spremnika topline e vecoj ucinkovitosti i ekonomicnosti toplifikacijskih sustava niskoakumulativnih objekata razlicitih i
strogih tehnoloskih zahtjeva.

Kljuéne rijeci: niskoakumulativni objekti, akumulacijski spremnik topline, biomasa, unutarnja temperatura zraka,
brzina grijanja, stabilnost grijanja.

Original scientific paper
Abstract: A low time constant and thermophysical characteristic of low-accumulation objects significantly increases the
sensitivity of the inside air temperature in the area of cultivation of agricultural products to external, especially sudden,
microclimate changes. Inversely proportional rate of heating and cooling an object considerably reduces the efficiency
of the district heating system and the production cost-effectiveness. With custom software support experimental
research was conducted in a limited period of time at three objects (GH1, GH2 and GH3) in different locations and the
impact of the district heating system on the rate of achieving the mean daily internal air temperature under average
external microclimate conditions in the winter period and the technologically most sensitive period for plant cultivation
was analyzed and compared with and without a heat tank. By using the accumulated thermal energy from the heat
tank, around 50% faster mean values of daily inside air temperature are achieved as compared to the minimally
allowed inside air temperature. The consumption of thermal energy and biomass is about 23 % to 28 % higher in the
operation of thermal power plants without heat tank, while thermal capacity is about 25 % higher per unit area of the
heated area for the same purpose. Direct application of research results contributes to more appropriate sizing and
shaping of accumulation heat tanks and a greater efficiency and cost-effectiveness of heat energy systems of low-
accumulation objects of various and strict technological requirements.

Key words: low-accumulation objects, accumulation heat tank, biomass, internal air temperature, heating rate, heating
stability.

1. INTRODUCTION

conditions, the rate of achieving and the stability of
maintaining a suitable air temperature in the zone of
plant cultivation in all of its biological stages directly

Geometrical shape, technical characteristics and ! !
affect the product quality and the expected yield. Due to

construction quality of low-accumulation agrotechnology

objects (greenhouses) must be adapted to climate
conditions for year-long production at the location where
they are constructed.  Along with agrotechnology

strong sensitivity of low-accumulation objects to the
changes in outside microclimate conditions, along with
maintaining the set inside air temperature, it is not

Tehnicki glasnik 9, 3(2015), 235-241
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possible to achieve stationary heating under all
conditions and carry out an exact thermodynamic
calculation. Optimal adjustment of the rate of heating and
preventing sudden cooling of a low-accumulation object
within a technologically acceptable time interval requires
a balance between a low thermophysical characteristic
(4-c'p) of the object and a rational district heating system.
Time, cause and frequency of the reduction or
discontinuance of heating, thermophysical characteristic
of the surface material, windiness, orientation and
reflection degree — absorption of external surfaces
exposed to solar activity, represent factors that directly
affect the thermal reaction of a greenhouse (temporal
constant = accumulated heat/heat loss). Temporal
constant is very low and significantly affects the
efficiency of district heating systems, especially during
rapid changes of microclimate conditions at low
temperatures of the external air. Additionally, by as
much as 10 % — 60 % heat losses increase if the system is
exposed to wind, and especially if exposed to rain at the
external air temperature between — 2 °C and + 10 °C
when higher wind speeds are the most frequent. Due to
low temporal constant and thermophysical characteristic
of objects, as well as high inertia of the secondary hot-
water system, in frequently expressed, sometimes even
sudden, changes in microclimate conditions in morning
and/or evening hours, greater responsiveness and
aptitude of the thermal power plant for achieving,
maintaining and stability of different inside air
temperatures in the heating zones are required. Slower
achieving of the required temperature of the heating
medium is more expressed in district heating systems
with a large proportion of water amount in the secondary
circle as compared to the primary circle, which is a
feature of greenhouses with larger and large surfaces for
intensive plant growth. Accumulation — compensation
heat tank is used for diminishing or removing sudden air
temperature changes and maintaining thermal and
hydraulic balance between the heat source and the
secondary heating circle (consumer) [1, 2, 3, 4].
Experimental research was conducted regarding the
influence of the heat tank on the rate of achieving inside
air temperature, heating balance and stability, as well as
the consumption of drive fuel under variable
microclimate conditions in the winter period and
technologically most sensitive plant growth period.

2. RESEARCH OBJECT AND METHOD

Research was conducted at three low-accumulation
objects (greenhouses) constructed in different regions of
the continental part of the Republic of Croatia.

(GH1) P, = 10000 m?, hot-water thermal power plant of
thermal capacity Q; = 1.5 MW, insulated vertical
cylindrical heat tank V; = 50000 liters, zone hot-water
heating of the cultivation area.

(GH2) P, = 5000 m?, hot-water thermal power plant of
thermal capacity Q, = 0.7 MW, insulated vertical
cylindrical heat tank V, = 25000 liters, zone hot-water
heating of the cultivation area.

(GH3) P; = 5000 m?, hot-water thermal power plant of
thermal capacity Q; = 1.0 MW, zone hot-water heating of
the cultivation area, without a heat tank.

Drive fuel of each thermal power plant of the
installed thermal capacity is biomass — wood chips.
Between the primary and secondary heat circle there is a
cylindrical heat tank (Vi, V), each of a different
diameter, height and accumulation heat capacity.
Biomass (wood chips) is a mixture of chipped beech and
oak wood with granulation up to 5 cm, average moisture
28 % and 35 % and bulk density of around pp, = 385
kg/m®. The average lower heating value of biomass
amounted to around Hq = 2800 Wh/kg to 3100 Wh/kg.
The useful volume of the drive cylindrical biomass
container at the thermal power plant GH1 amounts to
Vem(GH1) = 40 m, thermal power plant GH2 Vp,(GH2)
= 27 m®, and thermal power plant GH3 V,n(GH3) = 30
m?®. According to consumption each container was filled
with new amounts of biomass within the range of
minimal and maximal level inside the container [5, 6].
The product of the useful volume of each container Vy,
and the number of replenishments n during experimental
trials, the consumed amount of biomass was determined
for each thermal power plant individually;

Qiz,'o') 7 3
me(1,2,3) = 4 'Khl,z?») 125 m [1]
where at:

D — diameter of cylindrical biomass container, m

hk — useful height of the container (Nmax — Nmin), M.
Biomass mass was determined according to the following
expression:

V. .

Mym1,23) = bm(1izg())o Pom tons. [2]

The objects are used for intensive, year-long tomato
cultivation  under  controlled technological and
microclimate conditions with the regime of changing the
inside daily air temperature in the zone of plant
cultivation Sgp gay = 20 °C to 24 °C, Sgppignt = 16 °C to 18
°C. The automated regulation and control system
continually and with variable work mode maintained the
set values of technological and microclimate parameters
in the objects, which was connected with drive devices of
thermotechnical and technological installations and
facilities.

The ratio of the heating medium mass within a hot-
water system between the primary and the secondary
circle (without the heat tank) amounted to around 1 : (15
— 18). Experimental trials were conducted in the winter
period from 20" January to 20™ February 2014. In this
period thermal load is usually the greatest, and
technological conditions of plant growth and
development are very strict. The trial equipment for
testing influential parameters included: measurement
probes and additional instruments, collection and
communication assembly, suitable wiring, central system
for receiving and processing measurement signals and
practical measurements and notes made by operators at
each facility and thermotechnical system. Six

236
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temperature sensors distributed inside the greenhouse
were used for measuring the inside air temperature 9y, at
the height 0.6 — 1.0 m above the cultivation surface,
while outside microclimate changes were recorded by an

humidity ¢@,, wind speed w). The block diagram of the
district heating systems (GH1, GH2, GH3) is shown in
Figure 1. Measurement locations were selected in the
way that allows as precise monitoring of status and

internal meteorological station of each object GH1, GH2 changes of influential parameters during trial
and GH3 (outside air temperature 9, relative air measurements as possible.
bed" D/[\r GREENHOUSE
COLLECTION ] — R
COMMUNICATION | . —_—a
CIRCUIT 3 ’f' -
cmeee{p---mq 4 TTIIIIIIIIIIIIIIIIIIIIIIITTTTT 1
resuamon | C7 ) 1| .
ANDCONTROL | | | ——— | - i
-_; B
FTTT T T T T e e e e e e ] e — —— —_——
i =
N LT | it s iy X =" i
i -t====7 (=™ I gyl pulivpuiing | ty
il H +—4 I ] r--—-’-——-j i
! R B A |
il | 1 ] ] | !
i ! | ! 1 i I__.._ql.'_g l P!
| | | W | mo
g: l : } : : | I I | { : H
f - i HE S
]
Blomass T : | I, TANK |
N, | by Hear b
og o l I l I I
° 2“8 BOILER | | I: | ET,E%’##,]
)
6¢ ‘g’ . | |  SECONDARY
& »L L-_-_4 CIRCUIT
PRIMARY CIRCUIT (GH1,V, = 50000 1)
(GH2,V, = 25000 I)
Figure 1. District heating system (GH1, GH2, GH3)
The day interval of maintaining the inside air Ny
temperature was between 07:00 to 17:00 o’clock, while Z'ggh,i
the night interval was between 17:00 to 07:00 o’clock on S onight = T °C, N =7. [6]
1

the following day. The recorded measuring of inside and
outside air temperature was carried out in the day mode
at 08:00, 12:00, 14:00 and 16:00 o’clock, and in the night
mode at 17:00, 19:00, 21:00, 23:00, 01:00, 03:00, 05:00
and 07:00 o’clock. Mean day and night temperatures of
inside and outside air were determined as arithmetic
mean values of measured data according to the following
relations:
- Mean outside day air temperature

N
z lgo,i

oy =~ °C N=5 [3]
- Mean outside night air temperature
Ny
Z'go,i
‘90,night = L OC' Nl = 7 [4]
Nl
- Mean inside day air temperature
N
;ggh,i
oday = N °C, N=5 []

- Mean inside night air temperature

The reduction of heating intensity or switching off
the thermal power plant is carried out during the day
when it is allowed by microclimate conditions at a
certain location, often accompanied by a somewhat
higher air temperature, clear atmosphere and expressed
insolation.

Characteristic time intervals of reducing thermal
needs and smaller heat losses at objects are between
11:00 and 15:00 o’clock. According to technological
conditions in the defined vegetative plant stage and
slower heat loss from the object, the allowed drop of the
inside air temperature reached the values between g, min
=17 °C to 18 °C, which is the limit value for switching
on the district heating system and increasing and
maintaining the operative air temperature in the zone of
plant cultivation 34, For objects GH1, GH2 and GH3
measurements were carried out regarding the rate at
which the district heating system affects the achieving of
the inside air temperature 3¢, under similar microclimate
conditions at different locations of the constructed
objects.

Tehnicki glasnik 9, 3(2015), 235-241
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3. MEASUREMENT RESULTS different locations in the continental part of the Republic
of Croatia. In the same time intervals the trends of the

The trends and changes of the outside mean air inside air temperature 3¢, was measured and recorded in

temperature values 9, during day and night in the time  the zone of plant cultivation at objects GH1, GH2 and
interval in which trials were carried out are shown in ~ GHS3. Its values for day and night work modes are shown

Figure 2 during district heating of low-accumulation  in Figure 3.
objects (greenhouses) GH1, GH2 and GH3 constructed at

18

Onutside air temperature 3,, °C

-12
Time interval, days
— Onutside air temp.: average - day (GH1)  ====0Outside air temp.: average - night (GH1)
= Outside air temp.: average - day (GH2) === Outside air temp.: average - night (GH2)
e Cnutside air temp.: average - day (GH3) == == =Outside air temyp.: average - night (GH3)
Figure 2. Mean values of outside air temperature (day, night) in the test interval
28

Inside air temperatre 9, °C

1 2 3 4 5 6 7 8 9 10 11 1

213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Time interval, days

—e—Inside air temp.: average - day (GH1) —-e~-Inzide air temp.: average - night (GH1)
==g==n15ide air temp.: average - day (GH2) = & = [ngide air temp.: average - night (GH2)
=== [nzicle air temp.: average - day (GH3) = g= = [ngide air temp.: average - night (GH3)

Figure 3. Mean values of inside air temperature (day, night) in the test interval

238 Technical journal 9, 3(2015), 235-241
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Under favorable microclimate conditions during the
ten day time intervals, heating intensity was reduced or
the thermal power plant was switched off, which in
practical technical and technological conditions
contributes to energy saving without lowering the quality
of intensive plant growth. The maximal difference of
inside air temperature A9, between the technologically

conditioned day value and the minimally allowed values
amounted to 3 °C to 6 °C, usually 5 °C to 6 °C. The
average time ty ,, of achieving the inside air temperature
in the plant grwoth zone from the minimally allowed
temperature Sgnmin t0 the set day value of inside
temperature Sy gay is shown in Table 1.

Table 1. Values of experimental trial parameters

; ; Sqhday: | Fghmins | ASgn, 9o, than | tha/ASg, | District heating
Object | Trial goC ’ g°C 0(% °C min min/"Cg system
1 22 18 4 -1 32 8
2 23 18 5 5 20 4
3 23 18 5 3 27 5.4 P, = 10000 m?,
4 23 18 5 5 18 3.6 Q:=15MwW,
GH1 5 24 19 5 3 30 6 V; = 50000 liters,
6 24 19 5 10 14 2.8 zone hot-water
7 23 18 5 5 17 3.4 heating of the
8 21 18 3 9 13 4.33 cultivation area.
9 24 19 5 14 12 2.4
10 22 18 4 15 12 3
1 23 17 6 3 31 5.16
2 23 17 6 3 30 5
3 23.5 175 6 6 24 4 P, = 5000 m?,
4 23 17 6 9 20 3.33 Q,=0.7 MW,
GH2 5 24 18 6 8 23 3.83 V, = 25000 liters,
6 22 17 5 10 18 3.6 zone hot-water
7 24 18 6 8 21 35 heating of the
8 25 19 6 12 17 2.83 cultivation area.
9 23 18 5 15 15 3
10 24.5 18.5 6 12 18 3
1 21 18 3 1 38 12.66
2 23 18 5 -2 68 13.6
3 23 18 5 0 48 9.6 P, = 5000 m?,
4 23.5 18.5 5 1 55 11 Q;=1.0 MW,
5 24 18 6 5 48 8 without a tank,
GH3 6 25 19 6 5 43 7.2 zone hot-water
7 24.5 18.5 6 10 37 6.16 heating of the
) 245 185 6 7 42 7 cultivation area.
9 24 18 6 8 35 5.83
10 25 19 6 11 24 4

4. ANALYSIS OF RESULTS

Under similar microclimate conditions during time
intervals of trials, the mean outside day air temperature
was usually between 0 °C and 8 °C with maximal
oscillation in some intervals from — 6 °C to 15 °C. In the
same time intervals the mean night temperature of
outside air was usually between — 3 °C and 3 °C, while in
some intervals it was around— 9 °C i.e. 6 °C, Figure 2. At
the same time, in the plant cultivation zone the mean day
temperature of inside air was within the technologically
allowed limits from 18 °C to 24 °C, and the mean night
temperature of inside air was between 15 °C and 18 °C,
Figure 3.

Within the ten time intervals at higher day
temperature, clear atmosphere and expressed insolation
heat losses at objects were reduced and the reduction of
the inside air temperature was slowed down to the
minimally allowed limit. For each low-accumulation
object the following was measured: time ty, Of
achieving the mean day inside air temperature gy gay
from the minimally allowed value Sgnmin, Which affects
the technological growth parameters, efficiency and cost-
effectiveness of the district heating system. The time
required for achieving the inside air temperature at
objects GH1, GH2 and GH3 in the intervals of switching
on the district heating system is shown in Figure 4.
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Time to reach an internal temp. of air ($4) 1 ,,, Min

—
(8]
[
4=

Measurement intervals

Figure 4. Time required for achieving the mean day inside air temperature Sg, gay (AS = Sgh day — Sgh,min)

By switching on a thermal power plant with an
accumulation heat tank (GH1 and GH2) it is possible to
achieve the mean day inside air temperature significantly
faster as compared to a thermal power plant without a
heat tank (GH3), with lower consumption of biomass
(wood chips) per unit of the heated area surface. In
average, the time required for achieving the mean inside
day air temperature Sgpgay is around 50 % shorter when
using a heat tank as compared to a district heating system
without one. By lowering the average outside air
temperature, the influence of the heat tank on the
duration of achieving the mean inside day air
temperature is more expressed (Figure 5) and it
contributes to a more precise sustainability of
technological conditions and higher efficiency and
stability of district heating systems and the low-
accumulation object.

The determined consumption of biomass (wood
chips) and the calculated consumption of thermal energy
in the intervals of test measurements are shown in Table
2.

Thermal power plant without a heat tank (GH3) has
approximately 25 % higher nominal heat capacity as
compared to the thermal power plants of objects GH1
and GH2. The consumption of biomass (wood chips) and
thermal energy per unit of the heated area surface is by
around 23 % to 28 % greater as compared to thermal
power plants with a heat tank, which affects the cost-
effectiveness of the technological process and the
efficiency of the district heating system.

WGH?3
mGH2
mGHI |

)

Outside air temperature - average day (measurement mtervals) $,,°C

o] 10 20 30 40 50 60 70 80
Time to reach an internal temp. of air (S ) 1y 4. M

Figure 5. Time required for achieving the mean day

inside air temperature 8,4, at different mean day
outside air temperature
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Table 2. Biomass consumption and thermotechnical
parameters

Low-accum. GH1 GH2 GH3
object (10000 m?) | (5000 m?) | (5000 m?)

Consumed
biomass 212 124 142
mbmr t

Unit
biomass
mbm/mZ.

kg/m?

21.2 24.8 28.4

Unit
nominal
thermal load
q, W/m?

150 140 200

Nominal
heat capacity 1500 700 1000
Q, kw

Consumed
thermal
energy

Q:, MWh

540.6 323 392

Actual heat
loss 75 89.8 109
J1, W/m?

5. CONCLUSION

Heat tank significantly contributes to the stability and
efficiency of low-accumulation objects with discontinued
thermal loads during the heating season in the intensive
production of agricultural products. Trials were
conducted within a limited time interval at three objects
(GH1, GH2 and GH3) under similar microclimate and
technological conditions at different locations for the
purpose of analyzing and comparing the influence of a
district heating system with and without a heat tank on
the rate of achieving the mean day inside air temperature
under average microclimate conditions in the winter
period. There is a significant contribution of the heat tank
to a lower consumption of thermal energy and drive fuel
(wood chips), higher efficiency and stability of the
district heating system within zone heating of low-
accumulation  objects of low  thermophysical
characteristic and temporal constant. Usage of
accumulated thermal energy from the heat tank allows
for achieving around 50 % faster mean values of day
inside air temperature as compared to the minimally
allowed air temperature. The consumption of thermal
energy and biomass is around 23 % to 28 % greater at
thermal power plants without a heat tank, while the heat
capacity is around 25 % higher per surface unit of heated
area used for the same purpose. By reducing the outside
air temperature the accumulation aptitude of the heat
tank increases the efficiency and stability of the district
heating system, especially when the thermal power plant
used biomass — wood chips of variable quality and
heating value as the drive fuel. By additional numerical
simulation and software adjustments, the results of trial
measurements may contribute to optimal geometrical and

thermal sizing of the heat tank with a direct application
in rational design and greater efficiency and cost-
effectiveness of thermal power plants and district heating
systems.
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ANALIZA KRETANJA MOTORA S VELIKOM TEMPERATURNOM RAZLIKOM
MOTION ANALYSIS OF FLUIDYNE ENGINES
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Struéni ¢lanak

SaZetak: Pumpe su Uobicajeni strojarski uredaji koji su postali bitni izvori energije za upravljanje raznih komercijanih
uredaja oko nas. Za upravljanje tim uredajima potrebni su slozeni mehanizmi, no mnoge nove pumpe postoje u prirodi i
rade bez ikakvih vanjskih izvora energije. U ovom su radu ispitani neki od tih uredaja. Rotacijski motori bez klipova
takoder spadaju u istu kategoriju uredaja koji koriste promjene tlaka za ubrizgavanje goriva. Razmotreni su izrada i
nacin rada tih novih pumpa i ucinjene su preporuke za popravljanje dizajna.

Kljuéne rijeci: nove pumpe, motori s velikom temperaturnom razlikom

Professional paper

Abstract: Pumps are common engineering devices which have become important sources of power to operate several
commercial devices around us. Operation of these devices need complex mechanisms, however there are many novel
pumps which exist in nature and operate without any external source of power. In this paper some of these devices have
been reviewed. Liquid piston engines also fall in same category of these devices which use pressure fluctuations to
pump fluid. Design and Working of these novel pumps has been discussed and future recommendations made to
improve the current designs.

Keywords: Novel Pumps, Fluidyne Engines

1. INTRODUCTION (B)Capillary action: this effect occurs due to
cohesive, adhesive forces or surface tension and plays
Apart from manmade pumps nature also has many an important role in transportation of water. Capillary
clever pumps such as human heart, capillary action in action in trees helps to draw water into roots by xylem
plants and neuron pumps in the nerve cells of human tissue cells. Xylem cells are made of -cellulose
cerebrum. Working of these novel pumps has been molecules which form a chemical bond with water,
reviewed herein. hence helping in circulation of water in a tree [2].
(A)Human impulse: all animals have nerve cells
known as neurons present in their cerebrum .these cells
transmit nerve impulses from and to the brain which
form basis of human reflexes, movements, emotions
and senses. Neurons have Na+K+ATPase which is
a protein pump present in neurons of brain. It utilizes
energy from ATP molecules to pump 3 sodium ions
out of a cell and two potassium ions into the cell. This
causes a potential difference across cell membrane
called resting potential which is basic cause of nerve
impulses transmitted across neurons in human body.
These impulses form basis of human stimuli. Action of ] ]
this natural pump can be seen in the figure no 1[1]. Figure 2. Water cellulose bonding

(C)Human heart-human heart is an excellent
example of a natural pump. It has 4 valves namely

asene f Y 1ass 2esssas tricuspid valve, mitral valve, aortic valve and pulmonic
Na'K ATPas e valve. Stating from right atrium, blood flows through
assas aan nass sasasan the tricuspid valve to right ventricle and is sent to

lungs for oxygen enrichment by pulmonary artery. From
lungs, blood flows through the pulmonary vein to left
Figure 1. Human Impulse pump atrium and from left atrium to left ventricle through
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mitral valve. This enriched blood flows to aorta through
aortic valve from where it is distributed to whole body.
Each valve has a set of flaps which maintain blood flow
through it [3].

Aorta

Right Atrium

Right Ventricle

Blood Vessels

Figure 3. Working of a Human heart

2. BACKGROUND

In actual practice a liquid piston engine can be
constructed with two columns of air and fluid connecting
at two ends. One of the ends is kept hot whereas the other
one is at room temperature. The resulting pressure
fluctuations can be used to pump fluid to a certain height.
The motion of a fluidyne can be analyzed as a wobbling
fluid column synchronous to motion of a See Saw and
pendulum where gravity acts as a restoring fore to bring
back to mean position. Various phases of operation of a
fluidyne can be expressed as:

a) Stage l-initially levels of liquid in columns is equal
when no heat is applied.

Figure 4. Stages of operation of a fluidyne

b) Stage 2- as heat is applied at the hot end; the air at that
end is heated up and expands moving towards the cold
end through the connecting arm. This pushes the fluid to
TDC at the hot end and BDC at the cold end and the fluid
out of the output column.

Left Atrium

Left Ventricle

TDC

mean position _ __

———
S=length of stroke extemal hea

BDC w s =

Figure 5. Stages of operation of a fluidyne

¢) Stage 3-the air comes in contact with fluid at cold end,
cools down and contracts. Once the fluid has reached its
extreme positions at both columns of the U tube, at the
hot side, the inertia of weight of extra risen fluid column
tries to bring down the raised level of fluid to its mean
position

initial postion of fluid
at T0C

mean position

S=length of stroke
eﬂern%
BOC — — + —
Coe Initial position at BDC

Figure 6. Stages of operation of a fluidyne

d) Stage 4-as this happens, the air is again transferred
from cold end to hot end through the connecting space,
so that level of fluid overshoots mean at hot side and
reaches BDC whereas at cold end it reaches the TDC &
the fluid is again sucked back in the output column.

initial pastion of fluid
at ToC

mean pasition _

S=length of stroke
enen@
BOC — — o+ —
: Initial position at BDC

Figure 7.Stages of operation of a fluidyne
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e) Stage 5-inertia of weight tries again to restore the
levels of fluids equal at both ends, so that cycle starts
again.

Figure 8. Stages of operation of a fluidyne

Analogous to this cycle, a fluidyne operates in the
same way with the left end of U tube acting as a
displacer piston, whereas the right end acting as the
power piston. Initially most of the air is trapped in hot
side of the engine and the top dead centre of cold end
corresponds to the bottom dead centre of the hot end[5].

Displacer Qutput

Figure 9. General working of a fluidyne

The temperature of air rises being in contact with hot
end, hence its pressure rises which tends to pump fluid
out from the output tube. After half of the cycle most of
the air is transferred to the cold side of machine and so
its pressure falls .The cold surface is at bottom dead
center and the fluid is pulled back into the U tube.

3. CONCLUSION

The efficiency of device is found to be in order of 2-
6% which is very low due to various poor heat transfer,
leakage, viscous and frictional losses. Some measures to
improve the efficiency of system are include use of
bigger diameter displacer tubes which ensures the greater
amount of air flowing between cold and hot side. This
can lead to larger amplitude of oscillations due to higher
pressure, but smaller compression ratio whereas smaller
tubing results in a larger compression ratio. Use of
regenerator or use of better heat exchange material can
be also be used as means to improve performance.
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DETECTION, LOCALIZATION AND RECOGNITION OF OBJECTS USING LABVIEW
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Struéni ¢lanak

SaZetak: U ovom radu opisana je izrada vizijskog sustava za detekciju, lokalizaciju i raspoznavanje objekata. Vizijski
sustav ispisuje rezultate detekcije pomocu grafickog korisnickog sucelja. Vidljivi rezultati detekcije objekata vizijskog
sustava su koordinate i dimenzije objekta. Vizijski sustav signalizira koji je objekt raspoznan. Ovaj vizijski sustav moze
se koristit za navodenje robota. Vizijski sustav izraden je u programskom alatu LabVIEW.

Kljuéne rijeci: vizijski sustav, LabVIEW, detekcija objekata, lokalizacija objekata, raspoznavanje objekata

Professional paper

Abstract: This paper describes the development of a vision system for detection, localization and recognition of objects.
The vision system lists results of detection on a graphical user interface. Visible results of detection in the vision system
are represented by coordinates and dimensions of the object. The vision system indicates which object is recognized.

This vision system can be used for robot navigation. The vision system is made in the programming tool LabVIEW.

Key words: vision system, LabVIEW, detection of objects, localization of objects, recognition of objects

1. INTRODUCTION

Vision systems are a new step towards automation of
machines, robots and plants. In mobile robotic vision
systems are used for guidance of mobile robots [1]. This
system enables a machine or a robot to “see”. Robots
decide on manufacturing processes based on the image
acquired from camera and image processing. Vision
system requires high-speed data analysis and strong
hardware resources. For the purpose of this article, due to
high-speed data analysis and speed of creating a vision
system for object detection, localisation and recognition,
the LabVIEW program tool was used. It was used due to
the speed of data analysis and speed of creating a vision
system for detection, localisation and object recognition.

LabVIEW is a program tool which enables graphical
programming by connecting the existing blocks and
functions. Vision system developed in LabVIEW
performs object detection, localisation and recognition.
The results of object localisation and recognition are
coordinates, orientation and dimensions of the object.
Based on these results a robot has the possibility to take
the detected object and relocate it or isolate a defective
object from the valid ones. Possible application of this
vision system is separating valid chips from the defective
ones and their assembling and packaging.

This paper is structured in the following manner: the
second paragraph deals with vision systems and the third
one describes equipment and tools used for creating
robot vision. Program code for robot vision is described

in the fourth paragraph, whereas the results of robot
vision operations are presented in the fifth paragraph.

2. VISION SYSTEM

Vision system is a technology and method which,
based on image analysis, provides various opportunities
such as automatic inspection, process control or robot
guidance in industry. The aforementioned system enables
the computer to “see”. Basic part of the vision system is
a camera which transfers an image directly to the
computer which processes and analyses the imported
image. Image analysis determines output parameters for
further production process. The camera has a role of a
sensor, i.e. a feedback for robot guidance or production
process control. Image analysis can detect specific
product malfunctions within a short time interval and
thus isolate defective products from further production
process. When robot guidance is discussed, specific
objects can be detected in robot’s operating area and
some characteristics of these objects can be determined,
such as shape, dimensions and position; and on the basis
of the mentioned characteristics one may give the robot
an order to e.g. relocate the detected object to the given
location (Figure 1).

Organisation of the vision system greatly depends on
application. This system is typically an independent
system for image processing which is included in a more
complex system such as robot guidance or production
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process. Vision system’s operating procedure consists of
several steps which are shown in Figure 2.

The first step is image capturing. In order to acquire a
digital image, one or more image sensors are required,
i.e. one or more cameras. After an image is acquired, the
next step involves the preparation for image processing.

* Figure 1. Vision robot guidance [2]

' USB
Camera

Preparation for
Image Processing

Feature
Detection

h 4

‘ Decision
Making
- g
Figure 2. Block diagram of vision system’s operating
procedure

Image parameters are adjusted in step three -
preparation for image processing. Some of the
parameters are contrast, colour intensity, image
dimensions and other. Besides adjusting image
parameters, there is the possibility of converting the
image from a coloured image (RGB Image) into a
Greyscale Image. After all the parameters have been
adjusted, one of the image filters can be used. This is a
very important step for gaining better quality and
precision in image processing, and all the options and
possibilities during the preparation of the image for
processing depend on the process in which the vision
system will be used. The following step is feature
detection. Features are detected on various levels. The

simplest features are lines, edges and ridges, and more
complex ones are shapes, figures, textures and
movements. It is necessary to define the features which
are to be detected and to determine the area of interest,
i.e. the area of the image which is relevant for finding the
features. The last step in the vision system is making the
final decision necessary for application. If production
process control is considered, then the decision is
whether the examined object passes or fails. When robot
guidance is discussed, decision-making is much more
complex because more parameters should be determined
for the detected feature such as shape, coordinates and
dimensions of the feature. Robot system reads output
parameters of the vision system on basis of which it
collects the detected object.

3. EQUIPMENT AND TOOLS USED FOR
CREATING THE VISION SYSTEM

3.1. Program tool LabVIEW

Vision system for robot guidance was created in
LabVIEW Program Tool (Figure 3) of the National
Instruments Company. LabVIEW is a development
environment for graphical programming.

C Code

rrrrrr

1= LabVIEW

Graphical System Design Platform

TR R AN

MPU, MCU & DSP FPGA Real-Time PC wl GPU  Blade Servers ]
High Performance Computi

Figure 3. LabVIEW Program Tool [3]

LabVIEW is also known as a Virtual Instrument.
After LabVIEW is launched, a new project should be
made, i.e. a Virtual Instrument, or an existing project
should be launched. Every virtual instrument consists of
two windows. The first window is the so-called Front
Panel, and the second one is the Block Diagram. The
Front Panel is the Graphical User Interface. Controls and
indicators are placed on the Front Panel (Figure 4).

Kon’(role| Indikatori |
Led
Preklopka ‘
‘Numerifka kontrola Numericki indikator
A .
i 0 0
Slider Tank
10—_ 10-
8- 8=
5- 6:‘
4-_ 4 3
2—_ 25
0~ 0--

Figure 4. Controls and indicators in LabVIEW

246

Technical journal 9, 3(2015), 245-250



Kos,S., Vrhovski,Z., Vidic, D.

Detection, localization and recognition of objects using LabVIEW

Controls are inputs which enable the user to control
the system or to enter data into the virtual instrument.
Indicators are outputs which represent the results in
graphical form.

The back panel, i.e. the Block Diagram contains the
graphical source code. Any object placed on the front
panel will appear in the block diagram as a block with
attachments terminal (Figure 5). Besides controls and
indicators from the front panel, block diagram contains
structures and functions. Structures and functions are in a
form of blocks with attachments which perform
operations and display results on the front panel of the
indicator. All the blocks are interconnected by wires.
This type of programming enables simple and fast
application development.

Preklopka Led
TF Ll
Numericka kontrola Numericki indikator
SAL2s| 1231
Liged | roen]
Slider

Figure 5. Connecting blocks in LabVIEW Program Tool

3.2. USB camera Logitech C310

Camera is fixed on a stand and records operating area
as shown in Figure 6.

Figure 6. Logitech C310 USB camera placed on the rack

Camera used for the vision system was produced by
Logitech, model C310. It is connected to the computer
via USB port. Focus of the camera and brightness are

adjusted automatically. This is a high resolution camera
of 1280x720 pixels with maximum frame frequency of
30 images per second.

3.3. Vision System Operating Area

Operating area is an aluminium plate shown in Figure
7 of 350 mm in length and width. The plate was
varnished with white colour in order to achieve a greater
contrast between the object and the plate. There are two
markers on the plate which are made from black adhesive
tape. The marker in the bottom left corner is for
determining the origin of the coordinate system, and the
straight marker of width amounting to 100 mm is for
determining object’s dimensions (Figure 7).

Figure 7. Desktop with markers

4. ROBOT VISION PROGRAM CODE
DEVELOPED IN LABVIEW

Program code for robot vision is an algorithm which
allows the robot to “see” objects in its operating area and
enables decision-making for further robot tasks based on
the analysed image. Objects which are detected by the
vision system are demo, and all circular or rectangular
objects can be detected as long as their dimensions do
not exceed the borders of the operating area. Program
signalizes the user which object was detected,
coordinates are shown with the centre of the object’s
mass and object’s dimensions are measured and shown.
If the object is circular in shape, the program shows its
diameter, and if the object is rectangular in shape, the
program shows its length, width and the angle of
rotation, i.e. object’s orientation. Besides circular and
rectangular  objects, vision system can detect
microcontroller ATmegal6 placed on an electronic plate.
For the detected microcontroller coordinates of its centre
of mass are written and the microcontroller is rounded.
Vision system enables the detection of geometric
irregular shape (scalpel) and detection of a sample based
on colour intensity (bank card). Vision system’s
program code developed in LabVIEW is shown in Figure

8 [4]. [5]. [6].
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4. ROBOTIC VISION PROGRAMMING CODE
RESULTS DEVELOPED IN LABVIEW

Samples which were taken for testing the operating
procedure of robot vision program code created in
LabVIEW are:

e rectangular object, dimensions 93 mm x 47 mm,
round object (circle), diameter 55 mm,

object of irregular shape (scalpel),
microcontroller ATmegal6 on an electronic plate,
bank card.

Detection, localisation and recognition of a

rectangular object are shown in Figure 9. The indicator
which shows that the rectangle is detected shines green.
Centre of the mass of the detected rectangle is in point
(154.63, 188.61) mm of the coordinate system.
Dimensions of the rectangle, which were measured with
the help of the robot vision system, are 92.48 mm x
46.97 mm, and the measured rotation is 317.85°. The
error which appears during the measurement of the
dimensions occurs due to insufficient camera resolution
and bad illumination.
Detection, localisation and recognition of a round object
(circle) are shown in Figure 10. The indicator which
shows that the circle is detected shines green. Centre of
the mass of the detected circle is in point (173.57,
193.43) mm of the coordinate system. The diameter of
the circle was measured with the help of the robot vision
system and amounts to 54.41 mm.

Figure 9. Detection, localisation and recognition of a
rectangular object

Orientation of the circle is not important in robot
vision systems. The error which occurs during the
measurement of the circle diameter is the result of
camera resolution and bad illumination.

Detection, localisation and recognition of an object of
an irregular shape (scalpel) are shown in Figure 11. The
indicator which shows that the scalpel is detected shines
green. Centre of the mass of the detected scalpel is in
point (161.99, 203.35) mm of the coordinate system.
Measured orientation of the scalpel is 43.41°.

Detection, localisation and recognition of a
microcontroller ATmegal6 on electronic plate are shown
in Figure 12. The indicator which shows that the
microcontroller is detected shines green.
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Figure 10. Detection, localisation and recognition of a
round object (circle)

e far

soblonilkssb

|4

Figure 11. Detection, localisation and recognition of an
irregular shape (scalpel)

FEESEPETR By

0!

Figure 12. Detection, localisation and recognition of a
microcontroller ATmegal6 on an electronic plate

Detection, localisation and recognition of a
rectangular object (bank card) are shown in Figure 13.
The indicator which shows that the rectangle is detected
and the additional indicator which shows that the
rectangular object is a bank card both shine green. Centre
of the mass of the detected bank card is in point (177.66,
197.76) mm of the coordinate system. Dimensions of the
bank card measured with the help of the robot vision
system are 83.84 mm x 49.14 mm, and measured

orientation is 20.56°. Camera resolution in all

measurements is 800 x 600.

RGN S N g

0

Figure 13. Detection, localisation and recognition of a
rectangular object (bank card)

5. CONCLUSION

Vision systems are very complicated systems, but

very efficient and requiring low maintenance once they
are adjusted. Program development requires a lot of time
to test all the options that LabVIEW offers. Every filter,
every processing or detection option needs to be tested so
that the results can be compared and the user can choose
the best settings for objects that are to be detected.
Illumination plays the most important role is the
operating procedure of the vision system. Illumination
has to be configured in a quality way so that the objects
do not form shadows or reflection due to too strong light.
When the light/illumination is well adjusted, vision
system works perfectly and very precisely. Vision system
for object detection, localisation and recognition is an
ideal algorithm for robot upgrade. Such vision system
enables the robot to “see” and turns it into a smart
system. Robot makes decisions about its next move
based on the image analysis in its operating area.
An important advantage of the LabVIEW Program Tool
is that it enables development of the graphical user
interface  which additionally  simplifies program
development.

Vision system test results show that the vision system
is very precise. Higher precision in measuring object
dimensions can be achieved by increasing the camera
resolution and finding a better source of light.
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SIROKOPOJASNI PRIJENOS PODATAKA ELEKTROENERGETSKOM MREZOM

BROADBAND OVER POWER LINES

Dario Vidié, Zoran Vrhovski, Igor Petrovi¢

Pregledni ¢lanak

SaZetak: U radu je opisan pregled Sirokopojasnog prijenosa podataka elektroenergetskom mreZom. Razvoj tehnologije
prijenosa signala omogucio je prevladavanje problema prijenosa komunikacijskih signala putem elektroenergetske
mreze. Time je omogucen Sirokopojasni prijenos podataka kojim se osigurava pristup Internetu koristeCi postojecu
infrastrukturu. Ovakva komunikacija dijeli se na: pristupnu i kuénu. Najveci ekonomski znacaj ove tehnologije je
mogucnost pruzanja pristupa Internetu TCP/IP protokolom. Osim pristupa Internetu omogucava i implementaciju
pametne elektroenergetske mreze (SCADA).

Kljucne rijeci: sirokopojasni prijenos, elektroenergetska mreza, Internet, pristupni BPL, kucni BPL, pametna mreza

Subject reviews
Abstract: The paper presents an overview to broadband over powe lines. Over the past few years advances in signal
processing technology have enabled the advent of modem chips that are able to overcome the transmission difficulties
associated with sending communications signals over electrical power lines. There are two predominant types of BPL
communications configurations: Access BPL and In-Home BPL. One of the largest commercial markets for BPL is the
ability to provide Internet Services by means of the Transmission Control Protocol/Internet Protocol (TCP/IP)
protocols. Another significant benefit of BPL is the ability to employ “intelligent” power line networks that make use of

SCADA devices.

Key words: Broadband, power line, Internet, Access BPL, In-Home BPL, smart grid

1. INTRODUCTION

The electric power grid is a hostile environment for
high-speed data transmission, but after years of
development, the technology to deliver high-speed data
over the existing electric power delivery network has
emerged, somewhat tentatively, in the marketplace. This
technology, referred to as Broadband over Power Lines
(BPL), uses medium- and low-voltage power lines to
provide broadband Internet access to residential users
and businesses and is considered by some as a third
access technology offering potential competition to
xDSL telecommunication lines and cable modems.
Recent trends, however, indicate that the focus of BPL
technology is shifting from providing broadband
connectivity to smart meter usage allowing households to
reduce energy costs and allow better energy management
by developing a “smart grid”. BPL technology is relevant
to a variety of public policy issues, such as energy,
communications, environmental policy, and national
security policies. BPL can promote energy policy by
enabling advanced metering initiatives for time-of-use
pricing, load management and outage detection, but it
can also enhance communications policy by providing
broadband access and promoting competition for
broadband services to rural and under-served areas. It is
relevant for environmental policies through conservation
and energy management that reduce greenhouse gases,

and for national security through network redundancy
and video surveillance applications that are being used
for public safety and critical infrastructure protection.
There are several reasons why BPL can be attractive as a
third wire to the home. From the perspective of electrical
utility companies the basic infrastructure is already in
place (electric grid) and there is no requirement to obtain
rights of way or construct ducts, nor is there a need for
business or household wiring to deploy BPL. This
enhances the cost effectiveness of rolling out BPL. Only
the sub-station server equipment and customer
conditioning service units need to be installed in order to
establish a digital power line network. Another important
benefit from the perspective of providers is that the
power grid is virtually ubiquitous in most countries
providing an already existing network infrastructure
covering private customers as well as businesses. From
the perspective of end users, the equipment needed to set
up BPL in the home is cheaper on average than that of
other broadband solutions such as DSL and cable
modems. The equipment uses existing power outlets in
the home making it easier to set-up and there is no need
for additional wiring or installations. For end users in
rural areas, who cannot receive DSL or cable modem
services, BPL could have the potential to provide a
broadband access which can support triple play services
and automation of a smart network controlling electrical
consumption. Despite the potential advantages of BPL, it
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faces a number of serious challenges. Technologically,
BPL has floundered over the last few years because it can
generate radio frequency interference with amateur and
emergency radio. The slow rate of growth in BPL, with
less than 30 000 subscribers in 15 OECD countries as of
2007, and the lack of international standardisation, has
also meant that there have been insufficient scale
economies in the manufacture of equipment. Many BPL
trials and/or commercial networks are being abandoned
or are being reconverted for use in smart-electrical grid
monitoring [1].

2. POWER LINE AS COMMUNICATION CHANEL

PLC works no different than any electronic
communication system. How PLC uses existing power
grid as channel for data? Basically, power grid is
intended to carry low frequency, high power AC signal.
So it is not at all possible to use low frequency carrier,
and it does not provide sufficient bandwidth as well. PLC
signal uses carrier frequency ranging from 1.8 MHz to 90
MHz. However, with single wire transmission lines, such
as electric lines, high frequencies can also be transitted
over grid. A device, usually known as plug, works as a
transponder for PLC network. It modulates outgoing data
and demodulates incoming data. For PLC, frequency and
phase modualtion is preffered. This is because PLC
signal should not interfere with AC voltage or vice-versa.
To achieve this goal, PLC signal should have:

e less amplitude than AC mains voltage,
e no frequency component of AC mains,
e matched wave impedance to grid.

Operating frequency for PLC is chosen such that it
won’t come in attenuation band for a grid line. Effective
impedance Z for particular operating frequency can be
calculated as follows:

Z=R+j(27zFL+2 ! )

7 fC
1)

When impedance is properly matched, maximum
PLC signal power is transmitted, helping to improve
signal to noise ratio (SNR). PLC signal is also affected
by noise in grid. Fluctuation in AC mains, sudden load
changes and short circuits cause spikes. Spikes have
random frequency and amplitude which is unpredictable.
Lightning can also cause hazardous spikes in grid. By
chance, if frequency of spike matches with carrier of
PLC, it could interfere in signal. Certain electrical
appliances also cause disturbance to PLC devices. Those
include reactive appliances such as motors, Zener diodes,
dimmers, and cathode ray tubes. These devices create
their own noise signal which could flow back in AC
mains and surroundings.

Impedance (ohm)
500
100
10 ~
T T T T » Fro
20 hHr 100 kHr 1 MHz 10 MHz 30 MMz

Figure 1 Impedance for various frequencies [2]

Filters are used to attenuate these noises. Each PLC
device is equipped with notch filter to reject mains
frequency. Devices used in transmission grid, such as
meter, have theri own attenuation of PLC signal. So if
the PLC signal passes through series of such devices, it
will be attenuated considerably; causing SNR to fall.
Attenuation and frequency response of grid have put a
limit on PLC technology. It has been said that to
investigate power line network performance in detail so
as to optimize its transmission system a reasonably
accurate channel model must be available [3]. Hensen [4]
proposed a simple power line model where attenuation
was increasing with frequency that did not take into
consideration the multipath phenomenon. The second
model was proposed by Philipps et al. [5], whose transfer
function is given by (3). In (3) out of N number of
possible signal flow paths, each path delayed by time t; is
multiplied by a complex factor p; (product of
transmission and reflection factors).

N
H(f)=) pe ' )
i=1

The method in [5] was extended by Zimmermann et
al. [6] to account for the attenuation of the signal flow
and is given by (2). In (2) each path is characterized by
weighting factor g; (product of transmission and
reflections factors) and path length d;. The attenuation
factor is modeled by the parameters a, , a; and k , which
are obtained from measurements. Banwell et al. [7]
proposed a model which accounts for a multi-conductor
configuration. The model that power line researchers
commonly use is that of Zimmermann et al. [6] since its
modeling results conforms with that of measurements
and is easy to apply.

N « —j2r
H(f)=> ge®a%e % (3)

i=1
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To generalize the model used to suit any power line
configuration, a power line network with distributed
branches shown in Figure 2 was considered. The transfer
function is given by (4a). In (4a), N+ is the total number
of branches connected say at node ,,*” and terminated in
any arbitrary load. Let n, m, M, Hyng (f) and Tpg ,
represent any branch number, any referenced
(terminated) load, number of reflections (with total L
number of reflections), transfer function between line n
to a referenced load m at the referred node d,
transmission factor at the referenced load m at referred
node d respectively. With these the signal contribution
factor amqg is given by (4b), where pnyq is the reflection
factor at node“d “ between line n to the referenced load
m, vnq IS the propagation constant of line n that has line
length I, . All terminal reflection factors P4 in general
are given by (4c), except at source where p_1;=ps is the
source reflection factor [8]. Also Z; is the source
impedance, Z, is the characteristic impedance of any
terminal with source whileV, and Z 4\t are source voltage
and load impedance respectively based on Figure 2. The
output referenced voltage Vit (f) in frequency domain
is given by (5). The time domain response is obtained by
inverse Fourier transform of (5).

Trams mitter

Feceiver

¢

Ll Zpoy Zlan  ZLMTn

Figure 2 Power line network with distributed

My L Ny
HmMT(f):HZZTLmdamndend(f) n-=m

d=1 M=1n=1

(4a)

- —a /nd 2(M-L Ind
amnd = PL:/ld lIOr'r\l/Indle 7 he)
(4b)
P __ | ps,d=n=1(source)

Lnd ™ | ppng ,Otherwise
(4c)
Vi (1) = Hmwm*[iva ®
ZLdn + Zs

Any communication system comprises a transmitter, a
receiver, the medium, and a signal. In a generic PLC
system, the transmitter modulates and injects the signal
into the power line (Figure 3). The receiver at the
opposite end of the link demodulates the signal and
retrieves the data. The impedance of the power line
attenuates the signal as it travels from the transmitter to
the receiver. Any noise in the medium also corrupts the
signal as it moves through the power line. The factors
that affect the performance and reliability of a PLC
system include the transmit-signal strength, the noise on

the power line, the impedance of the power-line network,
the protocol in use, and the receiver’s sensitivity.
Stronger signals are less prone to the corrupting effects
of noise on the power line and can travel farther.

] roer

TRANSMITTER ‘ | CENELEC

SIGNAL ‘l‘l‘l‘\l‘\"‘l" LIMIT
l“ M‘ l”‘ “ “‘I RECEIVER
— SIGNAL Pl
POWER LINE
[ T _REGEIVER

NOISE
Figure 3 The impedance of the power line, along with
noise on the line, can significantly

Transmit signal strength also affects the PLC node’s
power consumption because the node consumes more
power as more signal energy enters the line. In the best-
case scenario, developers would increase the signal
strength of the transmitter until they achieved the best
performance and power consumption over the power
line. However, organizations such as CENELEC in
Europe tightly control transmit-signal  strength.
CENELEC also regulates the harmonics that the main
transmitter signal can inject into the power line. These
regulations prevent signals on different frequency bands
from corrupting one another. When selecting a PLC
device, check that it meets the transmit-signalstrength
requirements for your target market. It should also
comply with the standards that CENELEC sets. Ideally,
the transmitting gain should be configurable so that you
can tune signal strength based on the rest of the system.
Additionally, confirm how much energy the PLC node
consumes to achieve the best transmit-signal strength that
CENELEC require.

2.1 Impedance

The impedance that a signal sees on a power line
affects the signal power that the transmitter can transfer
into the power line. This impedance depends on the
impedance of the power line and that of the nodes—that
is, the appliances—that connect to it. Power line
impedance changes whenever you plug an appliance or a
node into a power socket. Maximum signal power
transfers when the impedance that the signal sees in the
power line matches that of the transmitter circuit. The
greater the difference between these two impedances, the
less the transferred signal power; as a result, PLC
performance degrades. The dynamic change in
impedance over time is one of the toughest issues to
address in power- line applications. PLC transmitters and
receivers must anticipate these impedance changes in the
power line if they are to achieve robust signal
performance. Continually matching the impedance of the
transmitter to that of the power line allows maximum
signal transfer, and high receiver impedance ensures
minimal signal loss on the receiver side.
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3. BPL ARCHITECTURE OVERVIEW

From the system engineering perspective, BPL
provides effective data communication through a
combination of the electric network within the home or
office, the power distribution grid, and the backbone
network which transfers the data signal from the Internet
Service Provider (ISP) to the power lines. BPL systems
take advantage of one of the largest and the most
pervasive networks, the power distribution grid. The
power distribution grid is made up of a number of
components aimed at delivering electricity to customers,
and includes overhead and underground Medium Voltage
(MV) and Low Voltage (LV) power lines and associated
transformers. First, power is generated at power stations
and distributed around a medium to large geographical
area via High Voltage (HV) lines. Second, in areas where
power needs to be distributed to consumers, transformers
will be used to convert this high voltage into a lower
voltage to transport over MV power lines. These
transformers are generally located at electrical sub-
stations operated by the utility or power supplier. Such
MV power lines will be used to transport electricity
around smaller geographical areas such as small towns.
Finally, for the purposes of using electricity in the home
or business a transformer is used to reduce the voltage
down to safer and more manageable voltages at the
customer’s house or business premises. This power is
usually transported over LV power lines. These LV
power lines include the lines that traverse a customer’s
home or business. Over the existing power distribution
grid, recent technological advancements have led to the
development of new systems that make it possible to
deliver broadband services. These systems are comprised
of access BPL, in-house BPL, or a combination of both
technologies. Access BPL uses electrical transmission
lines to deliver broadband to the home, and uses
injectors, repeaters, and extractors to deliver high-speed
broadband services to the customer. Injectors/or
concentrator are devices that aggregate the end user
Customer Premises Equipment (CPE) data onto the MV
grid. Injectors are tied to the Internet backbone via fibre
lines and interface to the MV power lines feeding the
BPL service area. A repeater is a physical-layer hardware
device used on a network to extend the length, topology,
or interconnectivity of the physical medium beyond that
imposed by a single segment. Extractors provide the
interface between the MV power lines carrying the
signals to the customers in the service area. BPL
extractors are usually located at LV distribution
transformers that service groups of households. Since the
BPL signal loses strength as it passes through the LV
transformer, extractors are required to retransmit the
signal. In other cases, couplers on the MV and LV lines
are used to bypass the LV transformers and deliver the
signal to the customer. There’s a third type of extractor
transmitting a wireless signal directly from the MV
power line to the customer. In-house BPL is broadband
access within a building or structure using the electric
lines of the structure to provide the network
infrastructure. In-house BPL will network machines
within a building. Unlike access BPL, in-house BPL
utilises the electric wiring in a privately owned building

and not the electric power lines owned, operated or
controlled by an electricity service provider. Broadband
devices are connected to the in-building wiring and use
electrical sockets as access points. In-house BPL
technologies are largely designed to provide short-
distance communication solutions which compete with
other in-home interconnection technologies. Product
applications include networking and sharing common
resources such as printers. Multiple choices in possible
architectures offer electric utilities and their partners
flexibility in selection of BPL business model and
deployment plans by market type. Figure 4 shows the
simplified medium voltage (MV) network. The BPL
signal in this network is transmitted over the MV system
from a head-end in the local network, and for the purpose
of final distribution of BPL service to the end user, either

a local repeater to counter the signal-blocking effect of

the local transformer, or alternatively a WiFi wireless

LAN access point can be used. Today's BPL market has

three architecture options as illustrated in Figure 4:

e  Option 1: wireless: transformer avoided, OFDM
used for distributing data, WiFI exchange point at
user-end ant the MV line transmitter using IEEE
802.11 standard,

e  Option 2: wired: transformer avoided, OFDM
employed, BPL extractor routes data from MV to
LV and user,

e  Option 3: wired: bypass transformer with LV/MV
coupler and repeater.

Figure 4 Different BPL architectures

In Europe the system head-end is the local step-down
transformer, and the LV wire is used for the broadband
data distribution. The local stepdown transformer is
usually located further from the final customer, and can
distribute power to typically tens of hundreds of
customers.

3.1 How it works

At a high-level, a BPL network consists of three key
segments, the backbone, the middle mile, and the last
mile as shown below in Figure 5. The BPL vendors are
primarily seeking to address the “last mile” segment all
the way into “the home” market. From the end user’s
perspective, BPL technology works by sending high-
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speed data along medium or low voltage power lines into
the customer’s home.

Access BPL In house BPL

Taramssen Lnes

[— MV coupler . .
/,
MV line -

L¥Linesto
Homes Busnesses

LV coupler
R p

/ LV line to end user

' Transfer Bypass box

Figure 5 Power grid modified for BPL's purpose

The signal traverses the network over medium and low
voltage lines either through the transformers or by-passes
the transformer using bridges or couplers. The
technology transports data, voice and video at broadband
speeds to the end-user’s connection. The user only needs
to plug an electrical cord from the “BPL modem” into
any electrical outlet then plug an Ethernet or USB cable
into the Ethernet card or USB interface on their PC. Any
Internet Service Provider (ISP) can interface with the
BPL network and provide high speed Internet access.
The data signal can also interconnect with wireless, fiber
or other media for backhaul and last mile completion.
The actual hardware used for the deployment varies by
manufacturer but typically feature some common
characteristics. By combining the technological
principles of radio, wireless networking, and modems,
developers have created a way to send data over power
lines and into homes at speeds equivalent to those of
DSL and cable. By modifying the current power grids
with specia lized equipment, the BPL developers could
partner with power companies and ISP's to bring
broadband to everyone with access to electricity. The
Internet is a huge network of networks that are connected
through cables, computers, and wired and wireless
devices worldwide. Typically, large ISPs lease fiber-
optic lines from the phone company to carry the data
around the Internet and eventually to another medium
(phone, DSL or cable line) and into the homes. Trillions
of bytes of data a day are transferred on fiberoptic lines
because they are a stable way to transmit data without
interfering with other types of transmissions. The idea of
using AC power to transfer data is not new. By bundling
radiofrequency (RF) energy on the same line with an
electric current, data can be transmitted without the need
for a separate data line. Because the electric current and
RF vibrate at different frequencies, the two don’t
interfere with each other. Electric companies have used
this technology for years to monitor the performance of
power grids. There are even networking solutions
available today that transfer data using the electrical
wiring in a home or business. But this data is fairly
simple and the transmission speed is relatively slow.

There are several different approaches to overcoming the
urdles presented when transmitting data through power
lines. The power lines are just one component of electric
companies' power grids. In addition to lines, power grids
use generators, substations, transformers and other
distributors that carry electricity from the power plant all
the way to a plug in the wall. When power leaves the
power plant, it hits a transmission substation and is then
distributed to high voltage transmission lines. When
transmitting  broadband, these high-voltage lines
represent the first hurdle. HV power is unsuitable for data
transmission. It's too "noisy." Both electricity and the RF
used to transmit data vibrate at certain frequencies. In
order for data to transmit cleanly from point to point, it
must have a dedicated band of the radio spectrum at
which to vibrate without interference from other sources.
Hundreds of thousands of volts of electricity don't vibrate
at a consistent frequency. That amount of power jumps
all over the spectrum. As it spikes and hums along, it
creates all kinds of interference. If it spikes at a
frequency that is the same as the RF used to transmit
data, then it will cancel out that signal and the data
transmission will be dropped or damaged en route. BPL
bypasses this problem by avoiding high-voltage power
lines all together. The system drops the data off of
traditional fiber-optic lines downstream, onto the much
more manageable 10 kV of medium-voltage power lines.
Once dropped onto the medium-voltage lines, the data
can only travel so far before it degrades. To counter this,
special devices are installed on the lines to act as
repeaters. The repeaters take in the data and repeat it in a
new transmission, amplifying it for the next leg of the
journey. In one model of BPL, two other devices ride
power poles to distribute Internet traffic. The coupler
allows the data on the line to bypass transformers, and
the bridge , a device that facilitates carrying the signal
into the homes. The transformer's job is to reduce the 10
kV volts down to the 220-volt standard that makes up
normal household electrical service. There is no way for
low-power data signals to pass through a transformer, so
you need a coupler to provide a data path around the
transformer. With the coupler, data can move easily from
the 10 kV line to the 220V line and into the house
without any degradation. The last mile is the final step
that carries Internet into the subscriber's home or office.
In the various approaches to last-mile solutions for BPL,
some companies carry the signal in with the electricity on
the power line, while others put wireless links on the
poles and send the data wirelessly into homes. The
bridge facilitates both. The signal is received by a
powerline modem that plugs into the wall. The modem
sends the signal to your computer.

4. IMPLEMENTATION CHALLENGES

The most obvious challenges to implementing BPL
arise from the fact that power line grids were originally
developed to transmit electrical power(high voltage AC
at low frequencies of 50 or 60 Hz) from a small number
of sources (the generators) to a large number of sinks (the
end customers). Power grids were neither designed nor
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devised for communications purposes. Even though the
interest in using power lines for communications is not
new, their early use for data transmission was mainly for
simple, low-data-rate (a few kilobits per second) remote
monitoring and meter reading applications at a low
frequency (typically only up to a few hundred kilohertz).
The main challenges to BPL arising from the nature of
the power grid have been the extremely harsh,
unpredictable, time and location variable characteristics
of the power line channel, and potential interference
concerns (in both directions) . Because power lines are
not twisted and have no shielding, they can produce
electromagnetic radiation that is easily detected by radio
receivers. For the same reasons, power lines can also
easily pick up nearby radio frequency signals. A related
challenge facing BPL centers around data sensitivity. To
prevent interception of sensitive data by unintended and
unauthorized receivers, data encryption is a must. The
fact that the power line grid is a shared medium and BPL
is a contention-based system creates additional
challenges. Because all users share the available channel
capacity or bandwidth, as the number of users goes up,
per-user throughput goes down. An average available
throughput of 50 Mbps implies roughly an average of 1
Mbps per user, a speed on par with the current average
speeds delivered by DSL or cable modem. However,
BPL is thought to be distance limited, similar to DSL.
Thus, the distance between the customer‘s home and the
supplying substation is a factor in the bit rate available to
the user.

4.1 Electromagnetic compatibility

Electromagnetic compatibility (EMC) is the ability of
a device or system to function satisfactorily in its
electromagnetic  environment  without introducing
intolerable electromagnetic disturbances in the form of
interferences to any other system in that environment,
even to itself. Broadband data can be transmitted at
different frequencies, over the same wires, however, in
order to enable high-speed and long-distance
transmission of data on power lines several technological
obstacles have to be overcome. These include data
interference or electrical signal interference, the distance
over which data can travel while still providing good
quality, and the lack of international standards and
specifications. The technological issues of BPL in this
section deal with how BPL should be implemented to
minimise interference with other services such as
amateur  radio  frequencies and  international
standardisation efforts for BPL technology to increase
reliability, interoperability, and security of broadband
transmission over power lines. Potentially harmful radio
frequency interference (RFI) has been one of the most
serious potential technological obstacles to BPL. BPL
works by sending radio frequency signals along the
power lines using frequencies anywhere from 1.7 to 80
MHz. Some of the BPL signals can cause interference in
licensed frequency bands over 1.7-8 MHz, generally
known as HF or shortwave bands. Also, various
structures in or near power lines may become radiators or
antennas at the high frequencies at which BPL data are
transmitted. This can also result in interference with a

variety of existing licensed radio services, including
ham/or amateur radio operators, public safety, emergency
response frequencies, military, aviation, maritime, and
shortwave broadcasts. BPL signals may propagate down
the wires by conduction, but due to the fact that the wires
are not solidly shielded or adequately balanced with close
conductor spacing, the BPL signal will tend to radiate,
which can result in interference. Furthermore, both the
high level of injection of radio frequency energy and
attenuation of conducted signals on power lines will have
a direct influence on interference. Low-voltage networks
were designed only for energy distribution to households
and a wide range of devices and appliances are either
switched on or off at any location and at any time. This
variation in the network charge leads to strong
fluctuation of the medium impedance. These impedance
fluctuations and discontinuity lead to multipath behavior
of the PLC channel, making its utilization for the
information transmission more delicate. Beside these
channel impairments, the noise present in the PLC
environment makes the reception of error-free
communication signal more difficult. EMC is the first
requirement to be met by any device, before it enters the
market and even before it enters the wide production
phase. However, this remains the main challenge that the
PLC community is facing. Several services use one or
multiple parts of the spectrum 0-30MHz that is targeted
by the PLC system. This makes the set of possible EM
victims of PLC devices larger.

Figure 6 BPL act as aerial [9]

In spite of it, standardization activities aregoing on and
trying to reach international flexible standards for the
electrical field strength limits. Since powerlines were
never intended to be used for piggybacking data, a
number of problems arose when trying to do so.
Powerline system is a type of carrier current system that
electric utility companies have traditionally used for
protective relaying and telemetry. They operate between
10 kilohertz (KHZ) and 490 KHZ, although today many
utilities rely on the 1-30 megahertz (MHZ) bandwidth for
BPL transmission. This particular band of frequencies are
known as HF (which is actually 1- 30 MHz). This part of
the radio spectrum has very special properties not found
elsewhere. With this band, one can communicate around
the world with very minute power levels. This is due to
the fact that radio waves in this band can bounce off the
ionosphere multiple times to get to the destination. A
carrier current system transmits radio frequency energy
to a receiver by conduction over the electric power line.
It's essential to regulate carrier current systems and
powerline carrier systems, and each is subject to different
emission limits. It's also important to limit the amount of
conducted radio frequency (RF) energy that may be
injected into a building’s wiring by an RF device that
receives power from the commercial power source,
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including carrier current systems that couple RF energy
onto the AC wiring for ¢ communications purposes. This
conducted energy can cause interference to radio
communications by two possible paths. First, the RF
energy may be carried through electrical wiring to other
devices also connected to the electrical wiring. Second, at
frequencies below 30 MHZ, where wavelengths exceed
10 meters, long stretches of electrical wiring can act as
an antenna, permitting the RF energy to be radiated over
the airwaves. Due to low propagation loss at these
frequencies, such radiated energy can cause interference
to other services at considerable distances. Another issue
is high attenuation (Figure 7) at high frequencies and
noise (internal and external). This leads to the necessity
for a lot of error correction/prevention in any protocols
using power lines as a physical layer. One thing that
cannot be resolved, however is a failing in the electrical
properties of the powerlines themselves. They act as
aerials (Figure 6) because they are not shielded. This
means that they can pick up noise and transmit it on as
well as emit interference. BPL operates at the same
frequencies as short wave radio and low-band VHF. This
can render various radio systems including those of
governments unusable. Amateur radio enthusiasts the
world over seem to be united in their distaste for what
BPL does to the airwaves. Additionally, compared to
Ethernet cabling, which has consistent characteristics,
power line is not controlled or constant over time. The
constant plugging and unplugging, turning on and off, of
these appliances throughout the day and evening causes
the powerline characteristics to constantly change.
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Figure 7 Average measured attenuation (dB) versus
distance for outdoor powerlines as a function of

frequency (in Europe) [10]

Trying to send data over this inconsistent medium is
what has stumped powerline technology companies for
years. Power lines, copper twisted pair, and coaxial cable
all act like natural low pass filters, meaning higher
frequencies are attenuated more than lower frequencies
when attempting to transmit them through the medium.
The exact slope of the graph of attenuation depends on
the specific construction of the material, but in general,
twisted pair is suitable up to 100 MHz and coaxial cable
can go up to about 3 GHz. Again, these are very general
figures and determining the suitability for any application
depends on other factors. Power lines would be suitable
for up to perhaps 20 KHz, maybe 350 kHz at a stretch,
with caveats, but note that this is kilohertz, not megahertz
or gigahertz. These are essentially audio frequencies, and
equate to a data rate in the neighborhood of ISDN.

Again, unlike all other broadband mediums, power lines
are excellent radiators of the frequencies PLC uses.
Copper twisted pair, coaxial cable, and fiber are all
inherently non-radiating mediums. It should be noted that
twisted pair and coaxial cable do actually radiate to some
extent, but in proportion to the amplitude of the signal
they are carrying, it is minuscule. According to radio
amateurs and some broadcasters, PLC is said to be a
polluter of the radio spectrum, causing a large rise in the
noise floor' in urban areas akin to "radio smog".

4.2 Noise on the power line

The noise in PLC networks is diverse and is
described as the superposition of five additive noise
types, that are categorized into two main classes — on the
one hand is the background noise, which remains
stationary over long time intervals, and on the other is the
impulsive noise, which consists of the principle obstacle
for a free data transmission, because of its relative high
intensity. This impulsive noise results in error bursts,
whose duration can exceed the limit to be detected and
corrected usually by used error correcting codes.
Therefore, the impulsive noise in PLC networks has to be
represented in appropriate disturbance models. Once the
transmit signal has been injected into the power line, its
integrity depends on the amount of noise on the line;
stronger noise does greater damage to the signal. Noise
can come from multiple sources. Simplistically speaking,
noise on the line subdivides into impulse and continuous
noise. Impulse noise is unpredictable and occurs in
bursty sequences (Figure 8).

|
| < IMPULSE NOISE

VOLTAGE
VOLTAGE

PLC SIGNAL

| PLCSIGNAL

Figure 8 Impulse and continuous noise on the power line
[11]

This type of noise can come, for example, from a
switched on blender in the kitchen. It can be difficult to
design a system that can tolerate the unpredictability and
magnitude of impulse noise without compromising its
data rate. This type of noise often obliterates any data
packets on the line. Continuous noise is more predictable
than impulse noise (Figure 8). Continuous noise is
usually a function of the quality of the region’s power-
line installation. The developers of the power- line
infrastructure designed it to efficiently carry power, not
data, so they paid little attention to noise levels during
power-line installation. Power lines’ noise level depends
on what part of the world a system operates in. To enable
robust communication over the power line, the SNR
(signalto- noise ratio) must remain above a certain
threshold. If high-amplitude, continuous noise exists
within the frequency range of the PLC system, you
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should isolate the noise by moving it away from PLC
receivers or by adding a blocking inductor to the power
supply of the noise-generating equipment, thereby
attenuating the noise frequency below the receiver’s
SNR. Developers can also use several other techniques to
overcome the effects of noise. These techniques include
the use of bidirectional communication, retries, error
detection, and AGC (automatic gain control). If a PLC
system communicates in only one direction, the
transmitter cannot know whether communication
succeeds. This shortcoming was one of the biggest of the
original unidirectional X10 PLC technology [12].
Bidirectional communication allows the receiver to send
an acknowledgment after successful reception of data. In
case the receiver does not receive an acknowledgment,
the transmitter can take corrective action. In a
bidirectional system, communication confirmation can
occur through an acknowledgment mechanism. If an
intelligent transmitter does not receive a reply from the
receiver, then it can resend data packets. A PLC’s
implementation of built-in retries can be a powerful
means of achieving reliable PLC. Even after a receiver
successfully receives a data packet, it still must check it
for any noise-caused damage. CRCs (cyclic redundancy
checks) enable the receiver to detect any data-packet
errors. When the receiver detects an erroneous data
packet, it can either request the transmitter to resend it or
not acknowledge the data, triggering the transmitter to
automatically retry transmitting a data packet. To
overcome the effects of continuous noise, some PLC
devices implement AGC. Using AGC, the receiver
dynamically adjusts its sensitivity above the noise floor
so that it can better differentiate between noise and data.
Clearly, the more ways a system can accommodate or
overcome noise, the more reliable the system. Hence, it is
beneficial to implement acknowledgment- based
bidirectional communication with retries and CRC.

5. BPL IN ACTION - POWER LINE NETWORKING

Two powerful market forces are converging to drive
the implementation of effective home networking; high
bandwidth consumer applications and the urgent need to
develop the smart grid. Both require an effective home
network with high QoS for consumer applications
(HDTV, IPTV, gaming) and high reliability for smart
grid applications. While local area networks in
commercial buildings and campuses are ubiquitous with
mature standards in place (IEEE 802.3X and IEEE
802.11X), home networking has been characterized as a
mix of competing interests and standards that have held
back the widespread implementation of a robust home
networking topology. That picture is now getting much
clearer. Powerline networking is emerging as the
backbone for home networks allowing any device to be
connected wherever there is a power outlet in the home.
Today, BPL devices are becoming popular at every
place. Users prefer those for expanding network because
wiring a network cable is not practicable all the times.
The most popular use of BPL is to expand Local Area
Network (LAN) and telephone lines. With increasing
popularity and competiton cost of BPL in-house devices

is being reduced every day. Most of the devices used are
based on HomePlug specifications [13]. Market forces
are now demanding a compatible, interoperable
powerline network that offers a comprehensive solution
with a future migration path and backward compatibility.
Adapter plugs into a standard electrical socket and draws
power for the device. At the same time, it sends data
signals down via the mains wiring. A second adapter
(Figure 9) can then be placed on any electrical outlet in
the home/office to receive the signal. Now any Ethernet
device (Internet, cable/ADSL broadband modem or
another computer) can connect to the Ethernet port and
create a home/office network. Range on can be expected
to be 100 m or more. As there are many similarities
between BPL and Wi-Fi technologies with the exception
of the communication medium concerning the proposed
throughputs, functionalities, or even device cost.
Therefore, it was rather logical to notice that these two
technologies get closer to allowing use of the electrical
network as the Ethernet backbone and the Wi-Fi
interfaces to connect the customers of the local area
network.

BPL adapter

Modem/Router PC

Figure 9 Typical LAN configuration using BPL adapters

An increasing number of manufacturers propose devices
combining both technologies. The development of the
latest standards will soon bring devices combining
HomePlug AV and IEEE 802.11 Super G dynamic to
market in order to provide better throughputs and the
broadcasting of HD video streams.

6. CONCLUSION

Even though the importance and direct
socioeconomic impact of access to broadband services
are well understood, currently only 4 percent of the
Earth‘s population has access to some type of broadband
services, typically via DSL or cable modem. BPL offers
a new, potentially powerful alternative means of
providing high-speed Internet services, VolP, and other
broadband services to homes and businesses by using
existing MV and LV power lines. Because roughly 60
percent of Earth‘s inhabitants have access to power lines,
BPL could play a significant role in bridging the existing
digital divide. The main advantage of this kind of
communication system is the existing infrastructure,
which simplifies the implementation. But the success of
BPL, like that of any new technology in its infancy,
depends on more than strong theoretical results or
successful field testing. It also depends greatly on the
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appropriate business models and deployment plans. As
the regulatory uncertainties and interference issues
surrounding BPL dissipate, and with the success of many
field trials and early commercial deployments, the release
of various standards, and the growing availability of
reasonably priced standardized and reliable equipment,
the road to BPL is becoming increasingly well paved and
broadband over power lines seems to be well
energized. By 2020, all Europeans should have access to
Internet of above 30 Megabits per second (Mbps) and
50% or more of European households have subscriptions
above 100 Mbps. This target is from the Digital Agenda
for Europe, a flagship initiative of the Europe 2020
strategy for a smart, sustainable and inclusive economy.
The European BPL market is currently declinening. BPL
was under test for a while in Europe to deliver online
content over utility distribution lines. Practically, all of
these test projects yielded undesired results such as
interference with the radio waves forcing the utilities to
abandon most of these projects. The disastrous results of
the BPL pilot projects undertaken have cast a dark
shadow over the viability of BPL as competing internet
technologies such as DSL, WiFi, and WiMAX. With all
these disadvantages, the report predicts a steady demise
for BPL technology that provides Internet connectivity
over power lines. Promising market field for tecnology is
home/office networking. In addition to savings, increased
efficiency and reliability of the network, the satisfaction
of the consumers is also achieved. Overall, BPL has a
future albeit a limited one.
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ADVANTAGES, DISADVANTAGES AND ENVIRONMENTAL EFFECTS OF BIODIESEL
FUEL

Veljko Kondié, Vinko Visnjié, Katarina Pisacié, Branisal Bojanié

Struéni élanak

SaZetak: U radu su pojasnjene glavne ekoloSke, ekonomske i gospodarske prednosti i nedostaci biodizelskog goriva, te
ekoloski ucinci. U distribuciji i proizvodnji biodizel nije opasan, nije Stetan za zdravlje, nije lako zapaljiv te nije opasan
u smislu zagadivanja voda i zraka. Primjenom biodizelskoga goriva znacajno se doprinosi ocuvanju okolisa, buduci da
je uz smanjenje Stetnih plinova znatno manje staklenickih plinova. Biodizelsko gorivo je biorazgradivo te se time
smanjuje rizik zagadivanja tla i voda.

Kljucne rijeci: biodizel, biodizelsko gorivo, ekoloski ucinci, stanje tla, stanje voda

Professional paper

Abstract: In this article the main ecological, economical and commercial advantages and disadvantages of biodiesel
fuel are being explained, as well as ecological effects. When distributed or produced, biodiesel is not dangerous, a
health hazard, easily flammable or a pollution hazard for water and air. Usage of biodiesel fuel significantly
contributes to environmental protection because it lowers the harmful gases emission and with it the greenhouse gas

emission. Biodiesel fuel is biodegradable and as such lowers the pollution hazard for soil and water.

Keywords: biodiesel, biodiesel fuel, ecological effects, soil condition, water condition

1. UVOD

Motorno gorivo koje se moze dobiti od raznih uljarica
(uljana repica, suncokret, soja, palma itd.), otpadnih
jestivih ulja 1 zivotinjskih masti esterifikacijom s
etanolom zove se biodiozel. Danasnji biodizel ima
osnovna svojstva priblizno jednaka onima mineralnog
dizela, a moze se koristiti u potpunosti kao zamjena za
mineralni dizel ili u smjesi s njim. Biodizel je proizvod iz
obnovljivih izvora energije, biorazgradiv je, nije
toksi¢an, CO, neutralan je (ne pridonosi efektu
staklenika), a njegova primjena pridonosi smanjenju
emisije Stetnih tvari u urbanim sredinama. Proizvodnja
biodizela Siroko je rasprostranjena u vecini europskih
zemalja, a zapocela je jo§ 1991 . godine u Njemackoj.

2. PREDNOSTI BIODIZELSKOG GORIVA

Prednosti proizvodnje i uporabe biodizelskog goriva
ocituju se u:

o Motorima s unutrasnjim izgaranjem - smjesa dizela i
biodizela (ve¢ sa udjelom od 1 %) znacajno
poboljSava mazivost u usporedbi s konvencionalnim
dizelom te smanjuje troSenje i produzuje Zzivotni
vijek motora. Povecanje podmazivanja je narocito
pozitivno za visokotla¢nu pumpu goriva [1].

Ekoloski ¢imbenik - biodizel izgara 75% ¢isée nego
dizel iz fosilnih goriva, biorazgradiv je i manje
toksic¢an od kuhinjske soli, ne ispusta CO, plinove u
atmosferu. U proizvodnji nema neiskoriStenog
otpada, a u proizvodnom procesu i distribuciji
biodizel nije opasan ni po jednom Kriteriju (nije lako
zapaljiv, nije Stetan za zdravlje te nije opasan u
smislu zagadivanja voda 1 zraka). Primjenom
biodizelskoga goriva znacajno se doprinosi ocuvanju
okolisa, budu¢i da je uz smanjenje Stetnih plinova
znatno manje staklenic¢kih plinova, a obzirom da je
biodizelsko gorivo biorazgradivo smanjujemo i rizik
zagadivanja voda S§to je posebno vazno zbog
nacionalnih parkova, parkova prirode, vodocrpilista i
inih [2]. Koristenje biodizela u konvencionalnim
dizelskim motorima rezultira znatnim smanjenjem
neizgorenih ugljikovodika, ugljicnog monoksida i
Cestica. Emisije dusikovih oksida se ili malo
smanjuju ili malo povecavaju, ovisno o ciklusu
motora i kori$tenoj metodi testiranja. Biodizel ima
prednost pred fosilnim dizelom u pogledu smanjenja
emisija tako da smjesa B20 smanjuje emisiju
ugljikovodika za 20%, ugljicnog monoksida i Cestica
za 12%, a sumpora za oko 20%.

Ekonomski ¢imbenik - zbog porasta ovisnosti o nafti
u iduéa dva desetljeCa, potrebno je okrenuti se
obnovljivim izvorima energije, ¢ime ¢e se smanjiti
troSkovi uvoza nafte, te povecati proizvodnju
umjetnih goriva. Svjetske velesile diktiraju cijenu

260

Technical journal 9, 3(2015), 260-263



Kondic V.,Vidnji¢ V., Pisati¢ K., Bojanic¢ B.

Prednosti i nedostaci proizvodnje i primjene biodizelskog goriva

nafte, Sto se reflektira na gospodarstva svih zemalja
uvoznica nafte. Zemlje clanice EU imaju pravo
primijeniti diferenciranu poreznu stopu na biogoriva
kako bi se potaknulo njihovo koriStenje. U
Njemackoj je kvotni rezim za biogoriva (eng.
Biofuel Quota Act), s kojim je nastupilo postepeno
smanjenje poreznih olakSica za biodizel i biljna ulja .
Proizvodnjom biodizelskog goriva potiCe se
zaposljavanje (pogotovo u ruralnim krajevima), $to
je izuzetno bitno za vrijeme globalne recesije [1].

o Gospodarstveni cimbenik - potiCe se proizvodnja
pogace uljane repice, povecanje udjela krmnih
smjesa u obrocima domacih Zivotinja utjece na tov i
veéu mlijeCnost muznih krava, potice se razvoj
apikulture, postiZe se ravnoteza u plodoredu.

e Zakonska regulativa - zadovoljenje obveza prema
Kyotskom protokolu (koji se odnosi na smanjenje
emisije stakleni¢kih plinova), izbjegavanje placanja
kazne za neobradene polj. povrsine (u EU od 350
€/ha), postuje se direktiva Europske unije
(2003/30/EC)  koja je  propisala  upotrebu
biodizelskog goriva, koja je obavezna kako za
postojece, tako i za buduce Clanice, dakle i za RH
[1,2].

3. NEDOSTACI BIODIZELSKOG GORIVA

Nedostaci biodizelskog goriva ocituju se u:

e Motorima s unutrasnjim izgaranjem - Stinjavanje
kod biodizela pocinje na viSim temperaturama u
odnosu na fosilni dizel - preporuéa se uporaba
aditiva koji ¢e pomoci u sprjecavanju stinjavanja u
zimskom  periodu.  Prodiranje  biodizela u
molekularnu  strukturu crijeva 1 brtvi moze
uzrokovati propustanje i rastvaranje istih. Na
brizgaljkama goriva i prstenima klipova mogu se
stvoriti nakupine tvrdih naslaga. Kraéi su servisni
intervali izmjene ulja za podmazivanje i filtra ulja
zbog svojstva biodizela da razrjeduje ulje za
podmazivanje. Preventivno je potrebno promijeniti
filtar goriva, gumenu brtvu ¢epa spremnika goriva,
gumenu cijev koja povezuje uljevni otvor sa
spremnikom goriva, plasticni poklopac uljevnog
voda, ispusni ventil spremnika goriva i vod Koji
povezuje ventil sa spremnikom, vodove za gorivo,
pokaziva¢ razine (za motore s rednom pumpom za
gorivo), vodove ispusta ulja, elektronicki hidraulicki
prekida¢ (na modelima s upravljanjem putem
sustava EDC), uredaj za dodatno grijanje, vod goriva
k wuredaju za dodatno grijanje. Poseban oprez
potreban je kod punjenja spremnika jer je biodizel
odlicno otapalo, pa ni lakirane povrSine nisu
postedene.

o FEkoloski cimbenik - uporabom B20, emisija NOy-a
se povecava za 2%

o Ekonomsko/gospodarstveni cimbenik - potreban je
izuzetan oprez kako se ne bi dogodilo da se povr§ine
namijenjene  proizvodnji  hrane  koristile  za
proizvodnju sirovina za biodizelsko gorivo. U nekim
zemljama Juzne Amerike, te na jugoistoku Azije,
doslo je do negativnih trendova proizvodnje hrane

koja je poskupila i za tri puta. Porast cijena bioloskih
sirovina za proizvodnju energije, na primjer
palminog ulja, u siroma$nim je zemljama uzrokovao
porast proizvodnje biljnog ulja za izvoz, zbog Cega
su posjeCene Sume ili su podrudja nacionalnih
parkova pretvorena u plantaze [3].

4. EKOLOSKI UCINCI BIODIZELSKOG GORIVA

Cestovni promet proizvodi znacajne koli¢ine
ugljikovog dioksida (CO,), metana (CH,) i dusikovog
oksida (N,O), kao i ugljikovog monoksida (CO),
dusikovog oksida (NOx), nemetanskih hlapivih
organskih spojeva (NMVOC), sumpornog dioksida
(SO,), cestica teskih metala i postojanih organskih
zraka dok biodizel izgara 75% ¢is¢e nego dizel iz fosilnih
goriva, biorazgradiv je i manje toksi¢an od kuhinjske soli
te ne ispusta CO, plinove u atmosferu [3,4].

U njegovoj proizvodnji nema neiskoriStenog otpada.
U proizvodnom procesu i distribuciji biodizel nije opasan
ni po jednom kriteriju, nije lako zapaljiv, nije Stetan za
zdravlje te nije opasan u smislu zagadivanja voda i zraka.
Primjenom biodizelskoga goriva znacajno se doprinosi
ocuvanju okoliSa, budu¢i da je uz smanjenje Stetnih
plinova znatno manje staklenic¢kih plinova, a obzirom da
je biodizelsko gorivo biorazgradivo smanjuje se i rizik
zagadivanja voda §to je posebno interesantno zbog nasih
nacionalnih parkova, parkova prirode, vodocrpilista i
inih.

4.1. Promjena emisija koriStenjem biodizela

Koristenje biodizela u konvencionalnim dizelskim
motorima rezultira znatnim smanjenjem neizgorenih
ugljikovodika, uglji¢nog monoksida i Cestica. Emisije
dusikovih oksida se ili malo smanjuju ili malo
poveéavaju, ovisno o ciklusu motora i koristenoj metodi
testiranja. Biodizel ima prednost pred fosilnim dizelom u
pogledu smanjenja emisija tako da smjesa B20 smanjuje
emisiju ugljikovodika za 20 %, ugljicnog monoksida i
Cestica za 12 %, a sumpora za oko 20 % [4]. Emisija
NOx-a se istovremeno povecava za 2 %, S$to se moze
vidjeti na slici 1 .
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Slika 1. Promjena u emisiji Nox-a u ovisnosti o postotku
biodizela u gorivu
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Emisije Cestica u konvencionalnim dizelskim
motorima opcenito se dijele na tri komponente.

Prva komponenta koja je povezana s vidljivim dimom
iz ispuha dizel motora je ugljik sastavljen od sub-
mikronskih ugljikovih Cestica koje se stvaraju tijekom
izgaranja dizela.

Druga komponenta su ugljikohidrati koji su
apsorbirani u uglji¢ne Cestice i odnose se na topivi dio.
Dio ovog materijala rezultat je nekompletnog izgaranja
goriva, a preostali dio se odnosi na motorno ulje koje
prode kroz uljne prstene klipa.

Treéi dio Cestica sadrzava sulfate i vodu. Ovaj dio je
direktno vezan za sadrzaj sumpora u gorivu.

Koristenje biodizela smanjuje udjel krutog ugljika u
Cesticama (posto kisik iz biodizela omoguéuje potpunije
izgaranje u CO,), eliminira udjel sulfata (poSto nema
sumpora u gorivu), dok NOx ostaje nepromijenjen ili se
povecava [3,4]. Na taj nacin , biodizel je usporediv s
novim tehnologijama kao Sto su primjena katalizatora,
hvatadi Cestica i recirkulacija dimnih plinova. U ovisnosti
o0 sirovini od koje je proizveden biodizel razlikuju se i
rezultati promjena emisija. Rezultati promjene emisija za
NOXx su prikazani na slici 2, za ¢estice (PM) na slici 3, a
za CO naslici 4.
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Slika 2. Promjena emisija Nox-a ovisno o izvoru sirovine
i postotku biodizela u gorivu
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Slika 4. Promjena emisija CO u ovisnosti 0 izvoru
sirovine i postotku biodizela u gorivu

4.2. Uc¢inak proizvodnje biodizelskog goriva na
stanje tla

U proizvodnom procesu i distribuciji biodizel nije
opasan ni po jednom kriteriju, nije lako zapaljiv, nije
Stetan za zdravlje te nije opasan u smislu zagadivanja
voda i zraka. Postrojenje za proizvodnju biodizelskog
goriva koncipirano je na nacin da se smanji na najmanju
moguc¢u mjeru nekontrolirano izlijevanje ulaznih
sirovina, gotovih proizvoda i otpadnih voda, kao i
emisija buke.

Najveée koliine otpada koje nastaju u proizvodnji
biodizelskog goriva predstavlja talog od filtracije
otpadnog jestivog ulja. Koli¢ina taloga ovisi o kakvoc¢i
sakupljenog otpadnog ulja i krece se priblizno 1 kilogram
na 1000 kg otpadnog ulja. Analizom se utvrduje sadrzaj
Stetnih tvari, ukoliko je sadrzaj ispod dozvoljenih
grani¢nih koli¢ina koje je propisano Pravilnikom o zastiti
poljoprivrednog zemljista od onecis¢enja Stetnim tvarima
(NN, broj 15/92 ), talog se moze koristiti kao kompost.
Do utjecaja na okoliS§ moze do¢i pri skladistenju,
transportiranju i manipulaciji otpadnog jestivog ulja
ukoliko prostor ne zadovoljava osnovne tehnicko-
tehnoloske uvjete propisane Pravilnikom o gospodarenju
otpadom (NN, broj 23/07 i 111/07) [4].

4.3. U¢inak proizvodnje biodizelskog goriva na
stanje voda

Utjecaj na vode pri proizvodnji biodizelskog goriva
oCituje se u povecanoj potrosnji vode za potrebe
tehnoloSkog procesa i ispuStanju otpadnih voda.
Tehnoloske otpadne vode koje nastaju u procesu
proizvodnje karakterizira velika kiselost (ph=3), te se
prije upuStanja u prirodni prijemnik neutraliziraju.
Tehnoloske vode opterecene su i suspendiranim tvarima,
mastima i uljima, koje se odstranjuju u separatoru.
Sustav za odvodnju otpadnih voda mora imati atest o
vodonepropusnosti  sukladno Zakonu o vodama (NN
107/95 i 150/05), te ishoditi Vodopravnu dozvolu pri
Hrvatskim vodama i osigurati da je kvaliteta vode koja se
ispusta te nacin i rokovi njenog ispitivanja u skladu s
odredbama propisanim u Vodopravnoj dozvoli [4,5].
Oborinske otpadne vode s povrsina koje su namijenjene
parkiranju i kretanju vozila oneci$éene su suspendiranim
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Cesticama i mineralnim uljima motora vozila, te mogu
negativno utjecati na okoli§ u slu¢aju nekontroliranog
ispuStanja. Stalnom kontrolom tehnoloSkog procesa,
kvalitete sirovina i proizvoda, kao i pradenjem stanja
okolisa moguée je potencijalne utjecaje na okoli§ svesti
na najmanju moguéu mjeru i u skladu sa zakonskim
propisima.

4.4. Ucinak proizvodnje biodizelskog goriva na
stanje tlai vode u RH

Tlo je, poput vode i zraka, klju¢na sastavnica okoliSa.
Ubraja se u uvjetno obnovljive resurse s obzirom na
dugotrajne procese nastanka i razvoja. Tlo je tanki, rahli
sloj smjesten na povrSini Zemlje. Proces nastajanja tla je
dugotrajan - sloj tla debljine npr. 30 centimetara nastaje u
razdoblju od 1000 do 10000 godina, ovisno o podlozi i
faktorima koji utje¢u na njezino trosenje. Tlo je izvor
90% hrane za covjeCanstvo, omoguéava uzgoj stoke,
proizvodnju prirodnih vlakana i drugih sirovina. Ima
neposredan ucinak na prirodna dobra i kruzenje tvari i
energije, a izrazito je osjetljivo na negativne utjecaje
(gubitak humusa, erozija, prenamjena ... ).

Poljoprivredne povrsine zauzimaju 52,2% kopnenog
prostora Republike Hrvatske. Od toga oko 80%
poljoprivrednih povrSina su u privatnom vlasniStvu, a
oko 20% su drzavna zemljiSta. Znatan dio
poljoprivrednih povrS§ina se ne Kkoristi za uzgoj
poljoprivrednih kultura, $to predstavlja dobar potencijal
za znatno povecavanje poljoprivredne proizvodnje, kako
za prehrambeni tako i za neprehrambeni lanac. Trajno
neobradiva tla, zbog nepovoljnih fizikalnih ili kemijskih
svojstava, zauzimaju 8066 km? ili 6%.

Ukupni obnovljivi izvori vode iznose 35200 m*® po
stanovniku. Rezerve pitke vode relativno su velike, 90%
vode za opskrbu crpi se iz zaliha podzemne vode.
Izvorista (podzemne i povrsinske vode) koja se koriste ili
su rezervirana za javnu vodoopskrbu zastiCuju se od
onedis¢enja i od drugih utjecaja koji mogu nepovoljno
djelovati na zdravstvenu ispravnost voda ili njihovu
izdasnost. Osnovni preduvjet provodenja zastite izvoriSta
jest uspostavljanje i odrzavanje vodozastitnih podrucja
(zona sanitarne zastite) izvorista pitke vode za javnu
vodoopskrbu [4].

5. ZAKLJUGAK

KoriStenje obnovljivih izvora energije u skladu je s
globalnom strategijom odrzZivog razvoja. Smanjenjem
ovisnosti o fosilnim gorivima te uvoza energije povecava
se sigurnost energetske opskrbe, ¢ime se otvaraju nove
Sanse poduzetniStvu i gospodarstvu. Nadalje, obnovljivi
izvori energije pomazu u povecanju industrijske
konkurentnosti i imaju pozitivan utjecaj na regionalni
razvoj i zaposljavanje.

Koristenje biogoriva doprinosi poveéanju sigurnosti
opskrbe smanjenju ovisnosti prometnog sektora o nafti,
smanjenju udjela emisije staklenickih plinova iz
cestovnog prometa te podupiranju odrzivog razvoja
ruralnih  podrucja. UsStede ostvarene KkoriStenjem
biodizela potrebno je promatrati i kroz smanjenje uvoza

nafte, povecanje proizvodnje umjetnih goriva, smanjenje
emisije staklenickih plinova, povecanje zaposljavanja,
povecanje koli¢ine kvalitetne sto¢ne hrane, obradu
trenutno neobradene zemlje.

Velika prednost biodizela, za razliku od ostalih
biogoriva, temelji se na njegovoj izravnoj primjenjivosti
u motorima s unutarnjim izgaranjem. Preinake motora su
male, ili nikakve, ovisno o starosnoj dobi vozila.

Biodizel nije idealno gorivo, ali za sada se izvrsno
uklapa u postojeée kako tehni¢ke izvedbene performanse
motora, tako i ekoloSke i u gospodarsko-ekonomske
potrebe danasnjice.
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DVOOSNO USMJERAVANJE FOTONAPONSKOG MODULA KORISTENJEM PID
REGULACIJE

DUAL-AXIS DIRECTING FOR PHOTOVOLTAIC MODULE USING PID CONTROL

Josip Krejéi, lgor Petrovié¢, Zoran Vrhovski

Struéni ¢lanak

SaZetak: U ovom Clanku prikazano je konfiguriranje PID regulatora na primjeru pozicioniranja usmjerenja prototipne
mjerne stanice sa fotonaponskim sustavom i dvoosnim usmjerivacem. S obzirom da je prototipna mjerna stanica
predvidena za istrazivanjepmogucnosti proizvodnje elektricne energije fotonaposnkim modulima, uz teorijsku podlogu
na Liu-Jordan-Klein modelu, cijeli sustav je prilagoden nazivlju odabranog modela. Za prototipnu mjernu stanicu
programiran je, parametriran i pusten u rad PID regulator za pozicioniranje azimuta, te isti postupak ponovljen za
pozicioniranje nagiba. Tako dobiveni PID regulatori mogu se koristiti istovremeno.

Kljuéne rijeci: fotonaponski sustav, dvoosno usmjeravanje, upravljacki sustav, PID, PLC

Professional paper

Abstract: The configuration of a PID controller is presented in this paper on the example of a positioning system for a
prototype measurement station with photovoltaic system and dual-axis directing. Since the prototype measurement
station is supposed to be used for research possibilities of electrical energy production using photovoltaic modules, and
based on the conventional Liu-Jordan-Klein analytical model, the whole nomenclature is adjusted to the selected
model. For the described prototype measurement station the PID controller for azimuth positioning was programmed,
parameterized and run in test mode, after which the same procedure was provided for slope positioning. Such PID

controllers can be used simultaneously.

Key words: photovoltaic system, dual-axis directing, control system, PID, PLC

1. INTRODUCTION

The prototype measurement station has been designed
for the purpose of collecting data which are important for
electrical energy production using a photovoltaic system.
It has been designed using dual-axis directing and a
control system which is at the same time an acquisition
system for the measured electrical and non-electrical
quantities. The whole prototype measurement station is
described in [1]. The measured data are a continuation of
a research according to a prototype measurement station
that has already been installed in Zagreb, which is
described in [2]. The purpose of the measurement station
is to upgrade the research that has also been done, among
other places, in Bjelovar and the results are shown in [3].

In order that the prototype measurement station might
have a higher quality of functionality, it is necessary to
integrate a better system of value regulation which is the
most important for dual-axis directing and that is azimuth
and slope positioning. A PID controller provides the best
control system. Considering the structure of the
mechanical part of the prototype measurement station, it
can be expected that a PI controller would be an optimal
solution, but in this case a PID controller was used,
which can be later easily transformed into a Pl controller
by turning off a D component. The basic requirement is a

fast response of the rotation position in the azimuth axis
as well as the slope axis. The controller will use
reference values based on Liu-Jordan-Klein model for
calculating the trajectory of the sun in the sky, which is
described in [4]. For that reason both the azimuth and
slope position are adjusted to the values which are given
by the model.

2. PID CONTROL IN THE POSITIONING SYSTEM

A controller is part of the automatic control system
which maintains the system in the desired state, as it is
described in [5]. Based on the control deviation of the
actual value from the desired value of the controlled
variable, the role of the controller in the control circuit is
to give at its output such a type and value of the signal
which will bring the system into the desired state and
keep it there. The structure and the parameters of the
control system are unchangeable in ideal conditions, but
in praxis the parameters of the system are changeable due
to the wear and fatigue of materials. Based on the
analysis of the control system, the structure and the
parameters of the controller are chosen in such a way
which helps create the desired performance of the
controlled system. There are a lot of ways in which
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controllers can be parameterised for linear systems.
Based on the tracking error of a measuring output value
e(t) a controller creates a control signal u(t) which serves
as an instruction to the executing device to bring energy
into the system. There are different types of controllers
in the field of automatic control, but the most common
ones, according to [5], are based on three basic types of
actions:

e aproportional (P) action

e anintegral (I) action

e aderivative (D) action

There are open-loop and closed-loop automatic
control systems. An open-loop automatic control system
does not give information about the state of the
controlled value, and that can easily create deviation of
the actual value from the default value on the controlled
system, without any feedback. Since it is important that
an error, i.e., a deviation from the default value for the
dual-axis directing for a photovoltaic module is known
and as small as possible, a closed-loop automatic control
system is used. Information from the system is obtained
by implementing feedback into the system. A system
closed with a negative feedback represents a closed-loop
automatic control system as it is shown in Figure 1. The
influence of the controller on the control system is
achieved through an actuator, while a measuring element,
i.e., a sensor gives information about the status of the
system. In that way a desired behaviour of the system can
be achieved regardless of the action of the disturbance
variable.

Poremecajna velicina

u u ¥
r SUSTAV i
REGULATGRH AKTUATOR | UPRAVUANIA 3
MIERNI
ELAN

Figure 1 A block diagram of a closed-loop automatic
control system [5]

A regulator that includes all three types of actions is
called a proportional-integral-derivative-action controller
or a PID controller which is described by a differential
equation (1).

de(t)
dat

up(8) = Kn(6) + 3 J; e(@)dT + Ky Ty (1)

Where Kg is the coefficient of proportional gain, T, is
the integral time constant expressed in seconds and Ty is
the derivative time constant expressed in seconds.

Bode diagram of a real PID controller is shown in
Figure 2. It is evident that the amplification of high-
frequency signals is removed. Uplifting of phase
characteristics enables the system stability. A real PID
controller is the best choice for the system control and
one of the actions can be turned off. That depends on the
type of the system and the demands for the control
system. With PID controllers it is practically possible to
enable regulation of all kinds of processes, regardless of
their characteristics, which depend on the type of their
transient characteristics, inertia, accumulation etc.
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Figure 2 Bode diagram of a real PID controller [5]

3. DEVELOPMENT OF THE PID CONTROLLER
FOR THE PROTOTYPE MEASUREMENT
STATION SYSTEM

Figure 3 The prototype measurement station of the
photovoltaic system with dual-axis directing

The photovoltaic measurement station, shown in
Figure 3, consists of:

1 aphotovoltaic module

2  anactuator for azimuth positioning

3 anactuator for slope positioning

4 an energy conversion subsystem ( a charger, a
battery, an exchanger )
a control system
a laptop (programming / SCADA )

o O
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The way the measurement station functions is very
simple. Energy which is produced by the photovoltaic
module using a battery with a charger and an exchanger
supplies the PLC and the SCADA devices which control
the whole system. Electrical energy also supplies the
motors for rotation of the photovoltaic module, as well as
other circuits and devices. The laptop battery is charged
through the exchanger. Since the photovoltaic module
can produce more or less electrical energy than the
system can consume, depending on weather conditions, it
is possible to store energy in an accumulator. If the
photovoltaic module does not produce enough electrical
energy, it can be taken from the accumulator. Exchanger
output of 800 W can simply be connected to a NN
network and in that way ensure the supply of the control
system and the actuator.

The measurement station system is controlled by a
Siemens PLC (eng. Programmable Logic Controller),
Siemens Simatic S7-1200 model. A PLC is a
microcomputer system used for automation of industrial
plants, mostly for electromechanical processes. The great
advantage of a PLC is that it has minimum maintenance
requirements and for that reason it is used in industrial
environment where dust, humidity and high or low
temperatures are common. It is resistant to electrical and
electromagnetic interferences, vibrations and changes in
temperature. PLCs simplified the control algorithm
design which is now a control programme and detecting
errors is faster since wiring does not have to be
examined. Advantages over a relay technique are
numerous and some of them include reliability,
flexibility, functionality, communication, velocity and
diagnostics. Signal modules ( SM ) are used for
adjustment of different digital and analogue process
signals which the S7-1200 is connected to and for the
increase in the number of inputs and outputs in the PLC.
Their merger does not require additional connectors or
cables and they are connected to a CPU using a built-in
connector. It is possible to upgrade the CPU using
digital and analogue signal modules. An SM 1234 is an
analogue input-output extension module used for the
prototype measurement station.

%DB1
"PID_Compact_1"
PID_Compact irry)
= & i
ENO
SMD8
Output - "lzlaz_rmotorl”
a Cutput_PER
biviD4 ;
"Trenutna_ Output_FWh =
pozicja_motar!” — Input -
#1570 — Input_PER -
FALSE = ManualEnable -
-
%502
"Reset_FID1" — Reset State
SMD108
Error - "Error"

-~

Figure 4 A PID regulator block in LAD, an example of
azimuth positioning
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Figure 5 A PID regulator block in LAD, an example of
slope positioning

For the control of the azimuth and slope positioning a
compact built-in controller was used. A PID controller
block for the azimuth is defined in the programming
environment which is shown in Figure 4. A PID
controller block for the slope is defined in the
programming environment which is shown in Figure 5. A
PID controller in ,PID Compact“ block uses the
equation (2) to calculate the output value.

_ _ w—x Tps(cw—x)
y= Kp [(bW x) + Trs + aTps+1 (2)

Where y is the output value, w is the set point, K; is
the coefficient of proportional gain, T, is the integral time
constant, Tp is the derivative time constant, x is the
process value, s is the Laplacian operator, a is the
derivative delay coefficient and b is the derivative action
weighting.

During the start operation, the structured PID
controller, according to Figure 5, is inactive. It is
necessary to adjust the system in order to get all the
parameters. An exception is the case of manual input of
previously known parameters. The system itself performs
the function of pretuning and fine tuning. After the
tuning process has been finished, it is possible to enter
the obtained parameters into the PID controller, which
can be subsequently changed depending on user
preferences. Once the PID controller has been set, it
sends information that the control system has been set
and it starts working in automatic mode. Each time the
PID controller is run up, it starts working in automatic
mode.

Controller type

Angle E2E v | [] Invert the control logic

[¥] Enable last mode after CPU restart

Input/ output parameters

Setpoint:

(=~][ 1k —‘

Input: Output:

put = t i uput ||
& — —m-

Figure 5 Defining the structure of the PID controller
parameters
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A SCADA application was made for the analysis of
the PID controller operation. Separate screens are
intended for separate actuators. Figure 6 shows a
visualisation for azimuth control.

Upravijanse nagibom | ES)

g E e
st Jzadane vrijedno

Dvoosno usmjeravanje OENT

IS ORMIELNICKR: fotonaponskog modula

’’ SKOLA U BJELOVARU

5 ;

koriStenjem PID regulacije

Figure 6 A SCADA part for azimuth control

4. THE RESULTS OF COMMISSIONING OF THE
PID CONTROLLER FOR THE PROTOTYPE
MEASUREMENT STATION

The azimuth and slope position feedback is entered in
an integer form. Since it was planned to use Liu-Jordan-
Klein model, it is necessary to map the information into
the rotation using unit °. The azimuth positioning
resulted in the equation (3), where x is the amount of
reading from the analogue input of the azimuth feedback.
The slope positioning resulted in the equation (4), where
x is the amount of reading from the analogue input of the
slope feedback.

a = 0,01826x — 149,01632 [°] (3)

B

—0,017x + 196,7 [°] (4)

The starting operation of the pretuning function by
direct response recording determines the proposals of the
PID controller parameters according to the
predetermined algorithm. The settings of the PID
controller for azimuth are shown in Figure 7, while the
settings of the PID controller for slope are shown in
Figure 8.

[ Enablz manual entry
Propartional gain. |4

Integral action time. |

Derivative action time, | 3 017554E-
Derivative delay coefficient |01

Froportional action weighting [0 -"»°

Dernivative action weighting: | 0.0

Sarnpling tirne of PID algarithm [1

Tuning rule

<

Caontroller structure: |FID |

Figure 7 The settings of the PID controller for azimuth,
the results of pretuning
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Derivative action weighting

Sarnpling tirne of PID algonthim ‘7'7_':':"“ 18E-1 | s

Tuning rule

Contraller structure, | PID [ v|

Figure 8 The settings of the PID controller for slope, the
results of pretuning

If we compare the proposed settings of the PID
controller, it is evident that all the parameters for the
azimuth and the slope are the same, except the
proportional part. A computer subprogramme in the TIA
software package is used to test the operation of the PID
controller. The recordings contain the diagrams of set
points in blue, feedback in green and the output analogue
signal in red. Figure 9 shows the recording of the PID
controller for azimuth in operation, while Figure 10
shows the recording of the PID controller for slope in
operation. The deviation of the measured value of the
position from the set point in the stationary state of the
system is less than 1 ° for both cases, which can be
considered negligible.
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output [777]
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Figure 9 The response of the system with the PID
controller for azimuth positioning
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Figure 10 The response of the system with the PID
controller for slope positioning
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During the regulation of the azimuth position, a
camber usually occurs in the linear relationship to the
excitation value which the controller quickly corrects.
The reason is that the load in the azimuth axis comes
down to overcoming friction, while the bearing area
bears the construction weight. In case of the regulation of
slope positioning, there are different responses, such as
stable responses without a camber in the direction of
slope descending, i.e., multiple oscillations in the
direction of slope steepening. The reason for that is the
potential character of the load on the slope axis. In the
descending direction the load helps the actuator and less
excitation is needed for changing the position. In the
direction of the slope steepening the load significantly
inhibits the excitation in smaller slope values and pushes
the controller to significantly increase the output from
the controller, while reaching the slope of 90 ° reduces
the load due to a more favourable ( horizontal ) position
of the photovoltaic module. For that reason the controller
cannot reduce the output value fast enough, which causes
the oscillation of the regulated value.

5. CONCLUSION

The prototype measurement station is equipped with
a PID controller in both axes of freedom in movement.
The application of the PID controller enables the further
research into the usage, advantages, drawbacks and
optimal solution of controllers on a real example. The
application of a modular block of the controller also
enables a simpler devising and doing scientific
researches into electrical energy production using
photovoltaic technology.

The results of the parameterisation of the PID
controller which are determined by pretuning function
have shown that the response characteristics of the
system are satisfying and also that the accuracy is good
enough. The system has a stable response to a stepped
excitation. During the regulation of the azimuth position
a camber appears regularly, which the controller quickly
corrects. During the regulation of the slope position there
are stable responses without a camber in the direction of
slope descending, as well as multiple oscillations in the
direction of slope steepening.
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REGULACIJA TEMPERATURE VODE U KADI ZA PRANJE MASNIH DIJELOVA

TEMPERATURE REGULATION IN THE BATH WATER TO WASH FATTY PARTS

Muhamed Pasié¢

Struéni ¢lanak
SaZetak: U ovom radu Chien-Hrones-Reswick pravila biti ¢e koriStena za podesavanje parametara PID regulatora,
posto ovo pravilo za podeSavanje parametara PID regulatora daje najbolje rezultate za proces pracenja. Zatim ée u
programskom paketu Matlab biti napravijen simulink model za eksperiment u kojem ce se koristiti Chien-Hrones-
Reswick pravila. Simulink model dati ¢e odzive koji ¢e biti prikazani. Parametri za PID regulator koji ¢e biti dobiveni
na osnovu ove metode,biti ¢e parametri PID regulatora koji ¢e biti programiran u programskom paketu Step 7 Basic.
Tako dobiveni PID regulator ée vrsiti regulaciju temperature vode u kadi za pranje masnih dijelova na vrijednost od
75°C.
Kljuéne rijeci: P1D regulator, Chien-Hrones-Reswick pravila, prijenosna funkcija, regulacija temperature

Professional paper
Abstract: In this paper the Chien-Hrones-Reswick rules will be used to adjust the PID regulataora, because this rule of
adjusting the parameters of PID controller gives the best results for process monitoring. Then the Matlab software
package will be used to make a Simulink model for an experiment in which Chien-Hrones-Reswick rules will be used.
This Simulink model will give responses that will be displayed. The parameters for the PID controller, which will be
obtained on the basis of this method, will be PID controller parameters to be programmed into the software package
Step 7 Basic. PID controller obtained in such matter will perform temperature control of water in the bathtub to wash
the fatty portions at the temerature the value of 75 ° C.
Key words: PID controller, Chien-Hrones-Reswick rules, Transfer function, temperature regulation.

1. UVOD

Jedan od najcescih tipova regulatora u automatizaciji
procesa  su PID (proporcionalno-integracijsko-
derivacijski) regulatori, koji se, zajedno sa svojim
podtipovima P, Pl i PD, najée$¢e primjenjuju za
upravljanje industrijskim procesima. Prijenosna funkcija
idealnog PID regulatora u Laplaceovom podrucju
glasi[1] :

GR(s)z%zKR[1+T—1S+TDs} €))

pri ¢emu su:

K - proporcionalno pojacanje regulatora,
T, - integracijska vremenska konstanta,
Tp - derivacijska vremenska konstanta.

Kod PID regulatora upravljacki signal se formira
ovisno o trenutnoj vrijednosti pogreske (P—djelovanije),
ovisno o tome kako se pogreska mijenjala u proslosti (I-
djelovanje) i ovisno o tome kakav je trenutni trend
promjene pogreske (D-djelovanje).

PID regulatori izvedeni u analognoj tehnici rade s
kontinuiranim veli¢inama pa se nazivaju kontinuiranim

ili analognim PID regulatorima. U danasnje se vrijeme
uglavnom primjenjuju digitalne izvedbe PID regulatora,
koje se dobivaju diskretizacijom analognih PID
regulatora. Ovisno 0  primijenjenom  postupku
diskretizacije razlikuje se viSe vrsta digitalnih PID
regulatora, ali se uvijek nastoji da digitalni regulator
oponasa analogni regulator. Digitalni regulator dobro ¢e
oponasati analogni regulator ako je vrijeme uzorkovanja
dovoljno malo. Na taj se nacin iskustva steena
analognim regulatorom mogu iskoristiti pri radu s
digitalnim regulatorom. Na trziS§tu su najzastupljeniji
digitalni PID regulatori izvedeni u samostalnim
mikroprocesorskim uredajima (engl. loop controllers) i
PID regulatori izvedeni kao standardni programski
moduli u programibilnim logi¢kim kontrolerima (PLC) te
procesnim racunalima.

Cilj ovog rada je, dakle, odrediti parametre
regulacijskog sustava za regulaciju temperature u kadi za
pranje masnih komada. Navedeni proces moze se opisati
prijenosnom funkcijom prvog reda, kojom se opisuje
veliki broj industrijskih procesa (2):

Gs(s) = K; et 2)

1+ st

pri cemu su:

K, — pojacanje procesa,

T — vremenska konstanta procesa,

T, — transportno ka$njenje (mrtvo vrijeme).
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Kao mjerni ¢lan temperature  koristena je
temperaturna sonda TC-K type. To je analogni signal
koji se vodi na analogni modul SM1231, a PLC je
S/1200. Programska podrSka ostvarena je preko
programskog jezika Step 7 Basic.

2. ODREDIVANJE PARAMETARA
REGLACIJSKOG SISTEMA

Kao sto je ve¢ navedeno, za podesavanje parametara
PID regulatora koristit ¢e se Chien-Hrones-Reswick
pravila. Ova metoda za podeSavanje parametara
regulatora najvise se koristi kod problema pracenja
referentne vrijednosti. Kao npr. pratenje temperature u
nekom rezervoaru ili kod CNC strojeva gdje motor treba
zauzeti odredeni polozaj. Chien, Hrones i Reswick, pored
preporuka za parametre regulatora, daju i preporuke za
izbor tipa regulatora koji je dobro koristiti ovisno o
pokazatelju R (brzina reakcije) procesa, kao $to je
pokazano u tablici 1.

Tablica 1.CHR preporuke za izbor tipa regulatora

Tip regulatora R = TJ = 1
2 r2
P R>10
PI 7,5<R<10
PID 3<R<7,5
Viseg reda R<3

Kod CHR pravila za podeSavanje parametara

regulatora postoje dva slucaja:

e Zeljena prijelazna karakteristika zatvorenog kruga je
neperiodska.

e Zeljena prijelazna karakteristika zatvorenog kruga je
oscilatorna sa preskokom 20%.

Ako se zeli dobiti neperiodski odziv sistema, tada se
parametri regulatora trebaju podesiti prema tablici 2.

Tablica 2. CHR preporuke za podesavanje PID

_ regulatora
regL-JrIIaF;ora K Ti Td
P 0,3R/K,
PI 0,35R/K, 12T,
PID 0,6R/ K, T, 0,57

U ovom radu ¢emo koristiti drugi slucaj tj. zeljena
prijelazna karakteristika zatvorenog kruga je oscilatorna
sa preskokom 20%. Najprije je potrebno naéi R tj.

U nastavku je data *.m datoteka sa programom pomocu
kojeg je izvrSena simulacija prethodnog pravila.

clear all

close all

cle

G=1/((s+1)*(s+2)*(s+b))

% Odredivanje vremenske konstante i kasnjenja
procesa(sistema)

%Tk=x(1)

%T=x(2)-x(1)

Tk=0.3519 % Kasnjenje procesa

T=1.887 % Vremenska konstanta

K=dcgain(G) % Odredivanje statickog pojacanja
num=K

den=[T 1]

Gp=tf(num,den,'iodelay’, TK)

% CHR (Chien-Hrones-Reswick) preporuke
R=T/Tk

Kchr=[(0.7*T/Tk)/K inf O;

(0.6*T/TK)/K T 0;

(0.95*T/TK)/K 1.35*T 0.47*TK];
printmat(Kchr,'Chien-Hrones-Reswik',['P Pl
PIDT,['Kp Ti TdT)

Nakon pokretanja koda dobije se:
0.1
Gp=exp(-0.3*s) [ —

1.987s+1
R = 6.5816

Tablica3. Izra¢un parametara PID kontrolera pomoc¢u
Chien-Hrones-Reswik pravila

Kp Ti Td

P 46.07155 Inf 0

PI 39.48990 98700 0
PID 62.52567 2.68245 0.14189

U nastavku ¢e biti pokazan simulink model gdje ¢e biti
podeseni parametri koji su prikazani u tablici 3.

To Wokspase

E m 1—J
Seale17s0
st FID Controller?
<P onirelle Transfer Fen Seope

To Wokspace]

O] :
F48s2+172+10
FID Contrallert
Transfer Fend
chr_PID
To Wotspace?
Q| :
48524172410
FID Controllerd
Transfer Fen2

Slika 1. Eksperiment izveden sa CHR metodom
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mjerimo preko temperaturne sonde, koja se prikljucuje na
analogni ulaz PLC. Sto se ti¢e izlaza, postoje tri, prvi je
output, koristi se ako se izlazni signal koristi dalje u
programu. Zatim tu je output PER, to je analogni izlaz, i
tre¢i je output PWM. Ovaj izlaz je tipa bool, znaci moze
biti 1 ili 0, tj digitalni izlaz. U ovom radu ¢e se koristiti
ovaj treci koji ¢e ukljucivati i iskljucivati grijac. Sa (slike
5) na kojoj su podeSeni ulazni izlazni parametri PID
regulatora, moze se vidjeti da je ulaz PID regulatora
analogni, a digitalni izlaz.

%DB3
"PID_Compact_
DB_1"
Slika 2. Odzivi P, PI i PID regulatora za podesavanje R @@
CHR metodom = o
75.0 4 Setpoint Output i 777
=777 ~Alnput Output_PERE .
3. PROGRAMIRANJE PID REGULATORA U %IWE4 %00.0
PROGRAMSKOM PAKETU STEP7 BASIC TEMPERATURA” ~finpLLPER “UKLIUCENE
Dutput_PWM = GRIJACA
- . . E
Na (slici 3) prikazan je blok PID regulatora sa = —_—
odgovaraju¢im ulazima i izlazima. Na setpoint se unosi

vrijednost koja treba regulirati PID regulator, u ovom
sluaju je to temepratura od 75°C. Zatim input, ovaj ulaz
se koristi ako koristimo neki signal iz programa, i treci Slika 3. Blok PID regulatora u programu Step 7 Basic
ulaz koji je moguce koristiti kod PID regulatora je
input_PER. Na ovaj uzlaz se dovodi analogni signal. U
ovom primjeru ¢e se koristiti ovaj treéi, jer temperaturu

+ Use rmanual FID parameter setting
Proportional gain: 62.52567

Integration time:  2.65245 H
Derivative time: ©.14139 5

Derivative filter coefficient: 0.0

Proportional weighting: 0.0

Derivative weighting: (.0
Call cycle tirme: 1.0 5

Slika 4. PodeSavanje parametara PID regulatora u programskom paketu Step 7 Basic dobijenih

na osnovu Chien-Hrones-Reswik pravila

Basic parameters

Controller type

Ternperature > *  Invert PID controller output
Input/output parameters

Setpoint:

&/~ 75

Input value Output value:

Input_PER (analog) - Output_PWM -

& ~ "TEWMPERATURA" 5 _Z_ W v "UKLILCENIE GRIACA" |3

Slika 5. Podesavanje ulaznih i izlaznih parametara PID regulatora

Tehnicki glasnik 9, 3(2015), 269-272 271



Pasic M.

Regulacija temperature u kadi za pranje masnih komada

+ —
T @t et swip -
TO0 000 | 1 1000
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Slika 6. Grafi¢ki prikaz ulaza i izlaza PID regulatora

Kao $to se moze vidjeti na (slici 6) ulaz PID regulatora tj.
temperatura je zelena kriva, a izlaz crvena, plavom
bojom je oznacen setpoint. Ono Sto se moze vidjeti sa
ovog dijagrama je to da kada temperatura dostigne
vrijednost 75°C, izlaz poprima vrijednost logicke 0. A u
trenutku kada temperatura padne ispod vrijednosti
setpointa izlaz PID regulatora poprima vrijednost logicke
1, tj. ide na maksimalnu mogucu vrijednost 100%, i tad
se ukljucuje grija¢. Ono $to jo§ treba zapaziti na (slici 6)
je to da temperatura nastavlja rasti i preko setpointa iako
je grija¢ iskljuéen. Taj preskok nije veliki, i desava se
zbog toga $to grija¢ odredeni period emitira toplinu iako
je iskljucen sa napajanja.

4. ZAKLJUCAK

Cilj ovog rada je bio pokazati kako na osnovu Chien-
Hrones-Reswick pravila odrediti parametre PID
regulatora. Zatim odredivanje funkcije prijenosa sistema
prvog reda sa transportnim kasnjenjem, kojom se moze
opisati industrijski proces u kojem se koristi ovako
podeseni PID regulator. I na osnovu tako dobivenih
parametara podesiti PID regulator u programskom paketu
Step 7 Basic koji ¢e regulirati temperaturu vode u kadi za
pranje masnih komada. Nakon izracunatih parametara u
Matlabu napravljen je simulink model koji je dao odziv
sistema na step ulaz, i moze se vidjeti da se sa ovim
parametrima moze dobiti dobro pradenje referetne
vrijednosti. Zatim je programiran PID regulator u
programu Step 7 Basic, gdje su podeSeni parametri
regulatora dobijeni Chien-Hrones-Reswick pravilom. I na
kraju je prikazan odziv sistema sa ovako podesenim PID
regulatorom, sa kojeg se moze vidjeti da je pracenje
referentne vrijednosti tj. temperature zadovoljavajuce.
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KONTROLA KVALITETE VRATILA LASERSKIM SKENEROM STEINBICHLER T - SCAN

QUALITY CONTROL OF A SHAFT USING THE STEINBICHLER T - SCAN LASER
SCANNER

Josip Gros, Srdan Medié¢, Nikola Simunié

Struéni ¢lanak

SaZetak: Kod eksploatacije strojnih dijelova zbog trenja na povrsini dolazi do promjene geometrije oblika. Prilikom
ispitivanja ekonomske isplativosti zamjene postojecih pozicija (vratilo i matica vijcane prese), doslo se do zakljucka da
Je najisplativija investicija izrada nove matice prema vec¢ postojecem vratilu. Prije pocetka izrade matice bilo je nuzno
usporediti postojece vijcano vreteno prese s postojecim CAD modelom. Na osnovi usporedbe mjerenja doslo se do
zakljucka da je novu maticu potrebno izraditi po dijelu vretena koje je najvise istroseno.

Nakon samo nekoliko sati dobiven je oblak tocaka vratila vijéane prese. Nakon toga se pristupilo poligonizaciji oblaka
toc¢aka te se za rezultat dobio STL model. Zadnji korak je bio izrada mjernog izvjeStaja tj poklapanje izmjerenih
podataka s CAD modelom.

Kljuéne rijeci: digitalizacija, reverzibilno inzenjerstvo, 3D skeniranje, T — scan, oblak tocaka

Professional paper

Abstract: With the exploitation of machine parts due to friction on the surface, there is a change of geometry shapes.
While examining the economic feasibility of replacing the existing position (shaft nut and screw presses) it was
concluded that the most cost-effective investment is creating a new parent to an existing shaft. Before starting to
produce nuts, it was necessary to compare the existing screw spindle presses with an existing CAD model. A
comparison of measurements led to the conclusion that it is necessary to create a new nut down on the most depleted
spindle.

After just a few hours a cloud of points back screw presses was produced. Afterwards, a polygonization point cloud was
made and the result was a STL model. The last step was the development of measurement reports, i.e. matching the
measured data with the CAD model.

Key words: digitizing, reversible engineering, 3D scanning, T - scan, a cloud of points

1. UVOD

Bezkontaktni aktivni skeneri emitiraju neku vrstu
radijacije ili svijetla te oCitavaju refleksiju iste kako bi
ispitali objekt ili okolis. Moguc¢i tipovi emisije ukljuuju
svijetlo, ultrazvuk ili rendgenske zrake. Npr. i ,,vrijeme
leta® i triangulacijski 3D laserski skeneri spadaju u ovu
skupinu jer koriste laserske zrake za ispitivanje povrsina.
[1]

Bezkontaktni pasivni skeneri ne emitiraju radijaciju
ve¢ ocitavaju radijaciju okoliSa. Vec¢ina skenera ovog
tipa ocitavaju vidljivo svjetlo, a moze se koristiti i
infracrveno zragenje. [2]

2. METODA LASERSKE DIGITALIZACIJE

2.1. Laserska triangulacija

Na industrijskom podru¢ju princip triangulacije
napredovao je razvojem svjetlosnih i laserskih dioda kao

i razvojem opti¢ko-elektronicke senzorike. Navedeno je
omogucilo razvoj malih lasersko-triangulacijskih senzora
(LTS), koji pri mjerenju u podrucju udaljenosti od
nekoliko metara daju tocnost do par pum. Shematski
prikaz jednog jednodimenzionalnog triangulacijskog
senzora dan je na slici 1. Treba uzeti u obzir da se u
nacelu laserska triangulacija moze ostvariti s razlic¢itim
rasporedom odredenih komponenti, a prikazan je samo
jedan od njih. [3]

21

Slika 1. Princip laserske triangulacije[3]

Tehnicki glasnik 9, 3(2015), 273-278

273



Gros, J., Srdan, M., Simunovic, N.

Kontrola kvalitete vratila laserskim skenerom Steinbichler T - scan

Laserska dioda kroz projekcijsku optiku fokusira
jednu svjetlosnu to¢ku na povrSinu mjerenog objekta.
Svjetlost koja se od objekta difuzno reflektira preko
optike je opet usmijerena prema senzoru (detektoru)
poloZaja. Medu jednostavnije senzore spadaju fotodiode,
Lateral-Effect diode (Postion Sensitive-Detectors-PSD) i
linijske kamere. Pomic¢emo 1i objekt u smjeru projicirane
laserske zrake, do¢i ¢e i do promjene polozaja pada
odbijene zrake na senzoru. U prikazanom sustavu za
mjerenje, promjena polozaja ?h u izravnoj je linearnoj
zavisnosti od udaljenosti ?I. Svaki proizvodag, ovisno o
posebnim karakteristikama lasera, optike i detektora
odreduje potreban raspored i udaljenosti komponenata.
Proizvoda¢ tako fiksno odreduje neke veliCine
triangulacijskog kuta. Triangulacijski trokut nalazi se
izmedu osi optike i laserske zrake. O njemu ¢e dalje
zavisiti razni faktori mjerenja, kao S§to su mjerna
razlu¢ivost i mjerno podrucje. Sa veéim kutom
triangulacije (npr. 60°) dobiva se i ve¢i h, odnosno
mogu¢ je ve¢i pomak mjerenog objekta. Uz to povecava
se 1 razlucivost mjerenja, dok istovremeno dolazi do
smanjenja mjernog podru¢ja, odnosno mjernog
volumena. Slika 2. prikazuje usporedbu veceg i manjeg
kuta triangulacije. Veéi kut omoguéava veliku
razluéivost, ali je manji interval visina koje se mogu
mjeriti, dok manji kut ima smanjenu rezoluciju, ali je
interval visina veci. Takoder treba primijetiti da se kod
veceg kuta moze dogoditi da su neke povrsine u sjeni, pa
je mjerenje istih onemogucéeno. [3]

h

Slika 2. Usporedba manjeg i veceg kuta triangulacije[3]

Pomicanjem izvora laserske zrake, odnosno laserske
zrake, relativno u odnosu na mjereni objekt, moguce je
ovom metodom snimati i dvodimenzionalne ili
trodimenzionalne konture. Medutim za digitalizaciju
objekata ovom metodom potrebno je mnogo vremena i
mehanickog napora pa nije pogodna za digitalizaciju
vecih dijelova. [3]

2.2. Matematicki model triangulacije

Princip mjerenja triangulacijom koristio je veé
Johannes Kepler 1609. godine kako bi objasnio gibanja
planeta unutar suncevog sustava, a ve¢ 1617. danski
matemati¢ar Willebrord Snellius objavio je ovaj princip u
svojem radu ,,Eratosthenes Batavus®. Princip se temelji
na cinjenici da je trokut isklju¢ivo definiran duzinom
jedne stranice i veli¢inama pripadaju¢ih kutova. 1z tih
podatak mogu se dobiti preostale stranice i tre¢i kut.

Opticki mjerni uredaji koriste ovaj princip kako bi
odredili prostorne dimenzije i geometriju objekta. Jedan
od senzora je obi¢no digitalna kamera, a drugi uredaj
moze takoder biti kamera ili svjetlosni projektor. Kao $to
je vidljivo na slici 2.8 centri senzora i mjerena tocka na
objektu zatvaraju trokut. Unutar tog trokuta udaljenost
izmedu senzora je baza (b) i mora biti unaprijed poznata.
Odredivanjem kutova izmedu projekcije senzora i baze
(a, B), mjerena tocka izradunava se triangulacijom.

Senzor | Senzor 2

baza b

" Tolka mjerenja

Slika 3. Prikaz principa triangulacije [4]

Izraun kutova a i B, kao i duzine temelji se na
pocetnoj kalibraciji sustava, za vrijeme koje se dobivaju
potrebni podaci za izracun. Trazena visina z naposljetku
se dobiva putem jednadzbe 2.6. [4]

Z=bSinaSinB,]/=T[—af—ﬁ (1)

siny

3. LASERSKI SKENER T - SCAN

Uredaj T-SCAN 3 tvrtke Steinbichler prikazan na
slici 4. primjer je ru¢nog laserskog skenera. Koristenje
istog vrlo je jednostavno i intuitivno.

Slika 4. T-SCAN 3 [5]

Lagana konstrukcija ovog uredaja omoguéava
snimanje koordinata i ve¢ih predmeta bez ve¢ih napora
za korisnika. PoSto je uredaj rucni; dio sustava je i

274

Technical journal 9, 3(2015), 273-278



Gros, J., Srdan, M., Simunovi¢, N.

Kontrola kvalitete vratila laserskim skenerom Steinbichler T - scan

kamera koja odreduje polozaj skenera u prostoru, kako bi
imali dovoljno podataka za triangulaciju. Sustav za
pracenje (slika 5.) ima ugradenu kompenzaciju
temperature, prikaz mjernog volumena laserskim
pokazivacem, te dodirnu sondu. Prethodna priprema
povrsine nije potrebna, a zahvaljujuci posebnoj point to
point regulaciji intenziteta moguce je i snimanje sjajnih i
mat povrSina. Za vrijeme skeniranja istovremeno na
racunalu dobivamo rezultat skeniranja. MontaZom na
robotske ruke moguca je i potpuna automatizacija
procesa kontrole kvalitete.

d

Slika 5. Sustav za pracenje T scan - a[5]

Detaljniji tehnicki podaci vidljivi su u tablici 1.

Tablica 1. Tehni¢ki podaci uredaja T-SCAN 3

Podaci senzora

Dubina mjerenja 75 mm
Sirina skeniranja 90 mm
Prosjecna udaljenost mjerenja 83 mm
Frekvencija skeniranja 10-140 Hz
oo
Rezolucija daljinskog mjerenja 1 um
Gustoc':kt;)siarl;?]jt; smjeru 0,07 0,08 mm
Tezina senzora 1200 g

Dimenzije senzora 172x138x80 mm

Standardna duzina kabla skener —

pC 9m
Lateralna razlu¢ivost 0,1 mm
Tip lasera Diodni
Valna duzina 670 nm
Klasa lasera 2
Podaci sustava za pracenje
Mijerni volumen 15-6m°
Dimenzije 1126x200x161 mm
TeZina Cca 19 kg

Prednosti:

e Robusniji u odnosu na ambijentalne izvore svjetlosti,
koji imaju tendenciju ,,zavarati* prilikom 3D
mjerenja

e Obi¢no su manje podlozni pogreskama zbog Suma u
podacima, koji nastaje zbog boje objekta ili odbljeska

e (Odli¢na dubinska rezolucija na velikim dijelovima za
mjerenje manjih detalja poput rubova, granica i
pukotina

Nedostaci:

e Rezolucija i preciznost digitalizacije ograni¢ena je
zbog tzv. ,speckle” efekta (efekt pjega)

e Laseri se moraju Koristiti s oprezom

4. 3D DIGITALIZACIJA VRATILA

Nakon postavljanja laserskog sustava pristupilo se
digitalizaciji vratila hidrauli¢ne prese. Prednost laserskog
skeniranja je tad a nije potrebno postavljanje markera na
sami objekt mjerenja. Digitalizator dobiva podatak o
orijentaciji preko sustava za pracenje. Znaci za razliku
kod optickih mjernih uredaja za velike objekte je
potrebno postaviti markere i napraviti fotogrametriju
objekta mjerenja. Kao rezultat digitalizacije dobivena je
geometrija u obliku oblaka to¢aka. (slika 5.). Broj
izmjerenih toc¢aka je 23 000 000. Broj izmjerenih tocaka
je mogao bit i veéi ali za obradu podataka treba
optimizirati izmjerene podatke.

Ig 6;' Dio navojhog Vrété

Nakon dobivenog rezultata napravljena je
poligonizacija za dobivanje stl modela. (slika 6.)
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Zbog lakse obrade podataka broj tocaka je
optimiziran na 1 200 000, a broj trokuta u stl modelu na 2
400 000. Ovakav rezultat moguce je koristiti u FEM
analizi. Trodimenzionalan model vratila je bio orijentiran
po metodi 3-2-1 (ravnina, vektor i to¢ka). Orijentacija
modela se izvodi da bi se rezultat izrade presjeka bio
dovoljno kvalitetan. Za potrebe rekonstrukcije vratila
izraduje se presjeci po osima X, y, z ili se izraduju kruzni
presjeci koji se potom pohranjuju u iges format. (slika 7.)

Slika 8. Presjeci po z osi

Za kontrolu kvalitete geometrije oblika najvaznije je
da se digitaliziran objekt naknadno ne obraduje. Znaci da
se naknadno ne rade operacije smooth, popunjavanje
praznina koje se nisu digitalizirale i sli¢no.

5. REZULTATI USPOREDBE

Nakon laserske digitalizacije vratila pristupilo se
izradi mjernog izvjestaja. Poklapanja se mogu vrsiti
razli¢itim metodama kao $to su: best fit, RPS tocke i
preko razliéitih elemenata (provrta, ravnina, osi i sl.).

U ovom sluaju je koriStena best fit metoda
poklapanja.

Kod izrade mjernog izvjestaja vazno je tolerirano
polje. Nase tolerirano mjerno polje je +- 0,5 mm za cijelo
vratilo.

Slika 8. prikazuje mjerni izvjestaj za pogled X+
Vidimo da najvee moguée odstupanje u pozitivnom
smjeru u pogledu X+ iznosi 0,248 mm i nalazi se na
dijelu gdje je vratilo uleZisteno. Najvece odstupanje u
negativnom smijeru u X pogledu iznosi -0,260 mm i
nalazi se na navojnom dijelu vretena. Vidljivo je da je
radni dio vretena dvije tre¢ine te da je potroSenost
navojnog vretena najveca na kraju vretena.

U pogledu X- (slika 9.) najveée odstupanje u
pozitivnom smjeru iznosi 0,268 mm i nalazi se na
dosljednom mjestu. Najvece odstupanje u negativhom
smjeru iznosi -0.147 mm. Odstupanje zubaca na
zupcaniku iznosi -0.140mm.

Na isti na¢in je nacinjen izvjestaj u pogledu Y i Y-.
Rezultati su pokazali da ovisno o vrsti zavoja na
navojnom vretenu postoje odstupanja. Posto je navojno
vreteno trovojno zakljuCeno je da se sve tri zavojnice
nejednoliko troSe. Zbog bolje analize istroSenosti
navojnog vretena napravljena je kontrola po presjecima
(slika 10.).
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Slika 10. Usporedba X- pogled
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Slika 11. Presjek po y osi

Slika 10 prikazuje analizu skeniranog modela vratila
s cad modelom tj. presjek po osi y. Na ulaznom dijelu
navojnog vretena vidljivo je odstupanje koje iznosi -
0,228 mm doslo je do zakljucka da je to krajnji polozaj u
kojem su najveca opterecenja na samom vratilu. Da bi se
izbjeglo troSenje u krajnjim polozajima operater bi trebao
smanjiti  brzinu  kretanja  vretena tj. ugradnja
mikroprekidaca koji bi samostalno smanjio brzinu
vretena. Drugo veée odstupanje je na sredini navojnog
dijela vretena gdje je ujedno i radi dio vretena. Ostali dio
navojnog vretena po X presjeku je skoro ujednaceno
potroSen uslijed eksploatacije.

To je dobar pokazatelj da su matica i vreteno
napravljene u odgovarajucoj toleranciji.

Slika 11. Prikazuje dio kontrole presjeka po osi X.
Vidljivo je da se matica oslanja na jedan dio krivulje
navojnog vretena. Uslijed gravitacije zbog tezine
navojnog vretena matica je uvijek oslonjena na donji dio
krivulje Sto je pokazuje presjek po osi X. Nakon
digitalizacije programski se vrlo jednostavno izraduje
mjerni izvjestaj. Dobivanjem 3d modela izmjerenog
vratila ako postoje novi zahtjevi za kontrolu dodatnih
presjeka nije vise potrebno ponovna digitalizacija ve¢ se
koristi postojeca.
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Slika 12. Presjeci po X osi

6. ZAKLJUGAK

Uredaji za 3D digitalizaciju danas su mocan alat na
podrucju strojarstva, a najviSe se koriste u kontroli
kvalitete, reverzibilnom inZenjerstvu 1 brzoj izradi
prototipova. Na trzistu postoji veliki broj uredaja koji
koriste razne metode skeniranja. Svaka od metoda ima
svoje prednosti i nedostatke, a konaé¢ni izbor uredaja
uvelike ovisi o podrucju i nacinu primjene.

Zadnjih nekoliko godina  trodimenzionalni
digitalizatori postaju sve viSe prisutni u kontroli
kvalitete.

Geometrija oblika postaje sve slozenija i prili¢no
komplicirana za izradu i mjerenje. Kako se razvijaju
druge tehnologije, tako i laserski mjerni uredaji postaju
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sve precizniji. Na manjim trziStima zbog relativno visoke
cijene trodimenzionalni laserski skeneri nisu toliko
prisutni u proizvodnim procesima. Konvencionalni
strojevi  (CMM) su u usporedbi s laserskim
trodimenzionalnim digitalizatorima, spori i dobiva se
puno manje izmjerenih podataka. Manji broj megapixela
u kameri zna¢i manji broj izmjerenih tocaka, ali je zato
manipulacija s mjerenim podacima puno laksa nego kod
veéeg broja magapixela. Trodimenzionalni opticki mjerni
uredaji svakim danom postaju sve precizniji, ali i
pristupacniji trzistu. Svaka generacija optickih skenera je
sve fleksibilnija i manja.

Laserski skeneri su vrlo fleksibilni za razliku od
CMM strojeva. Dobiveni rezultat je 3d model koji se
moze koristiti i kasnije ako se ukaze potreba za dodatnim
provjerama.
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PREDICTORS OF ONLINE LEARNING ACCEPTANCE AMONG UNIVERSITY STUDENTS:
AN ANALYSIS BASED ON DATA MINING

Darko Dukié, Dina Juki¢

Prethodno priopcenje
SaZetak: Razvoj informacijskih i komunikacijskih tehnologija snazno se odrazava na cjelokupno obrazovanje. Kao
rezultat toga, online ucenje zauzima sve vaznije mjesto i u nastavnom procesu na visokoskolskim ustanovama. Cilj je
ovog rada utvrditi kakav je stav hrvatskih sveucilisnih studenata o online ucenju i identificirati najvaznije prediktore
njegovog prihvacanja. Istrazivanje je provedeno putem online upitnika, a analiza se temeljila na stablima odlucivanja,
jednoj od najpopularnijih metoda rudarenja podataka. Prema rezultatima, vecéina studenata ima pozitivan stav o online
ucenju, a razina ICT znanja i vjestina izdvaja se kao najznacajniji prediktor prihvacanja. Za studente koji su svoja ICT
znanja i vjestine ocijenili s vrlo dobrim sljedeci najbolji prediktor je status, a za one sa slabijim kompetencijama to je
spol.

Kljuéne rijedi: online ucenje, prediktori, prihvacanje, rudarenje podataka, stabla odlucivanja, sveucilisni studenti

Preliminary communication

Abstract: The development of information and communication technologies has a strong impact on the entire
education. As a result, online learning occupies an increasingly important place in the teaching process at higher
education institutions. The aim of this study is to determine the attitudes of Croatian university students toward online
learning and to identify the most important predictors of its acceptance. The survey was conducted via an online
questionnaire and the analysis was based on decision trees, one of the most popular data mining methods. According to
the results, most students have a positive attitude toward online learning, and the level of ICT knowledge and skills
stands out as the most significant predictor of acceptance. For students who rated their ICT knowledge and skills as
very good, the next best predictor is the enrolment status, whereas for those with poorer competencies, it is gender.

Keywords: acceptance, data mining, decision trees, online learning, predictors, university students
to a network to discover and share new information,

modify their beliefs on the basis of such learning, and
then connect again to a network to share these

1. INTRODUCTION

Traditional teaching in higher education is usually

frontal, since it mainly consists of an oral presentation
provided by a professor (lecturer) to students (listeners).
By its nature, traditional teaching is determined by space
and time. It is often characterized by one-way
communication, resulting in little or no interaction
between students and professor. The higher the number
of students there are in a class, the lower is the
probability of interaction.

Advances in information and communication
technologies (ICT) have strongly affected all levels of
education. As a result, the concept of online learning was
developed. Bakia et al. [1] defines online learning as
instructional environments supported by the Internet
which comprises a wide variety of programs that use the
Internet to provide both access to instructional materials
and facilitate interaction among teachers and students.
Online learning is not a one-way linear path from teacher
to student, but cyclical process in which learners connect

realizations and search for new information [2, 3]. Over
the past few years, more and more students are opting for
online learning, as an alternative to traditional classroom
courses. A survey conducted by Sloan Consortium [4, 5],
based on responses from U.S. universities and colleges,
reveals that the number of students taking at least one
online course increased from 5,6 million in 2010 to 6,7
million in 2012.

As the popularity of online learning among students
grows, so do their expectations. Students primarily
demand that online education is as effective as traditional
face-to-face learning. According to Young [6] effective
online learning consists of seven items: adapting to
student needs, providing meaningful examples,
motivating students to do their best, facilitating the
course effectively, delivering a valuable course,
communicating effectively, and showing concern for
student learning. It follows from the aforesaid that
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successful design and implementation of online courses
requires knowing the extent to which students accept
online learning, and understanding how they perceive
different aspects of online learning. Therefore, the aim of
this study is to determine the extent to which Croatian
university students accept online learning, and the
variables that are the most important predictors of their
perception of online learning. With the purpose of
identifying the predictors of online learning acceptance,
data mining was used.

2. PREVIOUS RESEARCH

Online learning and its implementation in higher
education is the subject of many studies. Some previous
research about students' attitudes toward online learning
is presented further in the text.

Many studies show that students are satisfied with
their experience in an online environment. In a survey
conducted by Kim, Liu, and Bonk [7] over 100 students
enrolled in a top-ranked online MBA program were
interviewed to investigate their perceptions of the
benefits and challenges in online learning. Over 70% of
respondents described their online learning experience in
a positive manner. They used such words as excellent,
good, rewarding, effective, satisfied, and enlightening.
Some of those surveyed described their online learning
experience as new, unique, and eye-opening. In addition,
about 93% of the students agreed or strongly agreed that
they were satisfied with the quality of online courses. In
contrast, Palmer and Holt [8] found that nearly 45% of
students were at least generally satisfied with wholly
online delivery, while about one-third of respondents
rated their experience as less than neutral. Their sample
consisted of students enrolled in a wide range of wholly
online units at Deakin University in Australia.

According to Horzum [9], satisfaction with an online
learning program can be defined as fulfilment and
pleasure level of the students about different aspects of
learning service which they received. Why do students
accept online learning and perceive their experience with
it positively? A possible answer is offered by Sit et al.
[10], who explored students’ views of an online learning
initiative within a post-registration degree in nursing in
Hong Kong. Most of the respondents in the research
agreed that through online learning they learned to take
responsibility for their own study, they were able to work
through the learning material when it is convenient to
them, and it was easy to navigate the subject material.
The students also considered that the face-to-face
resource sessions were valuable when supplemented with
online learning. Smart and Cappel [11] conducted a
survey among students of the Michigan Virtual
University. The ability to apply simulations to realistic
problem-solving situations, good user interaction, quality
of information and explanations presented, and ability to
learn more about teams were perceived as strengths of
the online learning units.

Online learning undoubtedly has an advantage over
traditional learning, especially because students are not
limited by time and space. In an online environment, they
can acquire new knowledge anytime and anywhere. This

is confirmed by the study of Rodriguez, Ooms, and
Montafiez [12], conducted on a sample of American
students. The authors asked respondents what they liked
most about online courses. Approximately 48% of
students who had experience with online courses
answered that it was the flexibility of study time, and
about 24% of them said that it was because they had less
need to go to the campus. The answers of students who
had no experience with online courses are also
interesting. Nearly 39% of them answered that they like
online learning because it is not necessary to attend
lectures.

Compared with traditional classes, online learning
has an innovative course design, which is suitable for
many students, so they are more successful in their
studies. Song et al. [13] confirmed that students consider
the course design as the most important factor in the
success of an online course. In this sense, the authors
concluded that there is a need for effective instructional
design for online courses.

Sulaiman [14] explored the online learning
conveniences from students' perception. His sample
consisted of students from the University Malaysia
Sabah. The study showed that students feel that learning
through online is really convenient and easy. One of the
participants said that it is convenient for learners because
they just have to click to get any kind of information
instantly, which suggests that online learning is more
flexible and enjoyable than learning in a traditional way.

However, it cannot be categorically stated that
students prefer online learning over traditional education
[15, 16]. A study by Young and Norgard [17], which was
conducted on a sample of 233 American students, shows
that 42%, of the respondents felt they learned more in
online courses than in face-to-face courses, while 58%
think the opposite. Nevertheless, 57% of the surveyed
students preferred online courses to face-to-face courses,
whereas 43% disagreed with this statement. About 68%
of the respondents stated that online courses require more
study time. The research also revealed that 46% of the
students agreed that online courses are more difficult
than traditional classes. Zhan and Mei [18] examined the
effects of academic self-concept and social presence on
students’ learning achievement and satisfaction in face-
to-face and online version of the same course. Their
sample included undergraduate students enrolled in a
digital design course in a major university in Southeast
China. The authors found that face-to-face students
perceived significantly higher social presence than online
students. The study also confirmed that there is
significant difference between face-to-face and online
students on the effect of social presence on learning
achievement and satisfaction. In contrast, no significant
difference was found with respect to academic self-
concept. The effect of social presence on students’
learning achievement and satisfaction were stronger in
online than in traditional learning environment.

It should be noted that online learning is not suitable
for everyone. Although many students perceive online
learning as a positive experience, they agree that
studying in an online environment can often be difficult
and frustrating. The lack of motivation and absence of
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social interaction are cited as the main disadvantages of
online learning among students.

In comparison with previous research, this study goes
a step further and seeks not only to determine the level of
acceptance of online learning among Croatian university
students, but also to identify the factors that influence its
acceptance.

3. PARTICIPANTS AND METHODS

The study was conducted through an online survey.
The responses of 902 students from the Josip Juraj
Strossmayer University in Osijek were used in the
analysis. Among them, there were 538 (59,6%) females
and 364 (40,4%) males. The youngest participant was 17
and the oldest was 45. The average age of the surveyed
students was 21,97, with a standard deviation of 3,3
years. The sample comprised of 754 (83,6%) full-time
students and 148 (16,4%) part-time students. There were
258 (28,6%) first-year students, 214 (23,7%) second-year
students, (21,4%) third-year students, 124 (13,7%)
fourth-year students, 105 (11,6%) fifth-year students, and
8 (0,9%) sixth-year students. With respect to the field of
study, there were 62 (6,9%) students from natural
sciences, 220 (24,4%) students from technical sciences,
91 (10,1%) students from biomedicine and health, 56
(6,2%) students from biotechnical sciences, 351 (38,9%)
students from social sciences, 91 (10,1%) students of
humanities, 13 (1,4%) students of arts, and 18 (2%)
students from interdisciplinary study programmes.

In addition to the descriptive statistics, decision trees
were applied in the analysis. Decision trees are data
mining methods which are used for classification-type
problems, and for predicting a target variable based on
multiple input variables. They are created using an
appropriate algorithm, which defines how to split data
into smaller, more homogenous groups. Decision trees
consist of nodes that are connected by branches. Decision
nodes represent points where data are divided according
to some criteria. Leaf nodes are nodes that terminate a
branch. Each decision and leaf node has only one
incoming branch. Decision tree starts with a root node,
which does not have any incoming branches.

The advantage of decision trees is their simplicity and
interpretability of results, the possibility to handle both
nominal and numeric input attributes, as well as
relatively low requirements in terms of computing
resources. On the other hand, most of the algorithms
require that the values of the target variable are discrete.
One of the drawbacks of decision trees is their instability,
since small variations in the training set can significantly
affect the model. Furthermore, decision trees generate a
large number of rules that can become excessively large
unless pruning techniques are used to make them more
comprehensible. [19, 20, 21]

There are many decision tree algorithms. The chi-
square automatic interaction detector (CHAID) was
applied in present study. CHAID relies on the chi-square
test to determine the most significant variable of each
node. This algorithm was primarily designed for
categorical target variables. However, it can also deal

with continuous target variables by discretizing them.
[22, 23]

4, RESULTS

Table 1 shows the distribution of respondents
according to their attitude toward online learning.

Table 1 Students by attitude toward online learning

Attitude Frequency Percentage
Negative 131 14,5
Neutral 196 21,7
Positive 575 63,7

Almost two thirds of respondents positively perceive
online learning, while a little more than a fifth of the
surveyed students have a neutral attitude toward this
form of education. The least of respondents evaluated
online learning negatively. On the basis of these results,
it can be concluded that students from the Josip Juraj
Strossmayer University of Osijek generally support
online learning.

The survey also examined how students evaluate their
equipment, i.e. how satisfied they are with the available
technology, since it is required for participation in online
learning. The obtained results are given in Table 2.

Table 2 Students by satisfaction with their equipment

Satisfaction level Frequency Percentage
Completely dissatisfied 28 3,1
Somewhat dissatisfied 19 2,1
Neither satisfied or dissatisfied 38 42
Somewhat satisfied 173 19,2
Completely satisfied 644 71,4

The vast majority of students believe that they have
adequate equipment. Only 5,2% of the respondents were
dissatisfied with their equipment.

Table 3 Students by the level of ICT knowledge and

skills

Level of ICT knowledge and

skills Frequency Percentage
Insufficient 13 1.4
Sufficient 24 2,7
Good 111 12,3
Very good 295 32,7
Excellent 459 50,9

The results in Table 3 indicate that most of the
students believe that they have the necessary ICT
knowledge and skills, which is also one of the
preconditions for effective participation in online
learning. More than half of the surveyed students rated
their ICT knowledge and skills as excellent. In contrast,
very few respondents stated that they are insufficiently
educated and trained in the use of digital technology.
More precisely, only 4,1% of students included in the
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sample rated their ICT knowledge and skills as sufficient
and insufficient.

The attitude of students toward online learning was
defined as the target variable in the CHAID analysis. In
order to get a clearer picture, students who expressed
neutral attitude toward online learning were excluded
from the analysis. Gender, age, enrolment status, year of
study, field of study, level of satisfaction with equipment,
and level of ICT knowledge and skills were defined as
input variables. Data analysis was performed using SPSS
statistical software package.

Figure 1 shows a tree diagram of the model. From the
tree diagram, it can be seen that the level of ICT
knowledge and skills is the best predictor of online
learning acceptance.

For students who rated their ICT knowledge and
skills as good, sufficient or insufficient, the next best
predictor is gender. Among male students in this group,

students with very good ICT knowledge and skills have a
positive attitude toward online learning.

For students with excellent ICT competencies, the
level of ICT knowledge and skills is the only significant
predictor. In this group 92,9% of students accept online
learning.

The classification table indicates that 62 students who
negatively perceive online learning and 534 students who
have a positive attitude toward online learning were
correctly classified. On the other hand, 69 students who
have a negative attitude toward online learning and 41
students who positively perceive online learning were
classified incorrectly. Therefore, the decision tree
generated by the CHAID algorithm to a greater extent
correctly classified the students who accept online
learning. Overall, 84,4% of the students were correctly
classified.

Table 4 Classification table

only 27% of them accept online learning, while 47% of Predicted
female students positively perceive this form of Observed - —
; Negative Positive Percent
education. itud ttitude correct
For students who rated their ICT knowledge and - attitude i r
skills as very good, the next significant predictor is the Negative 62 69 473
enrolment status. About 77% of full-time students with attlt_u_de
very good ICT knowledge and skills accept online Positive 41 534 92,9
learning. Among part-time students the percentage is attitude
considerably higher. Namely, almost 95% of part-time Overall 14,6 85,4 84,4
percentage
Online_leaming_acceptance
MNode O
Categony % n
CFeeTT T B Hegative attitude 186 131
| : Eeg.a_twe attitude | B Positive attitude 814 575
| ogitive attitude J Total 00,0 708
""""""" [=]
ICT_knowledge_and_skill=
Adj. P-value=0,000, Chi-square=130,492, df=2
4= C!ood (Food, Weny good] = ‘Jen,rl good
Mode 1 Node 2 Mode 3
Categony % n Categony % n Categony % n
B Nagative attitude 60,2 62 B Nagative attitude 135 <M B Hegative attitude 7,1 28
B FPositive attitude 38,8 41 B Positive attitude 80,2 166 B Positive attitude 929 363
Total 14,6 103 Total 29,3 207 Total 55,1 386
=] =]

Gender

Enrallment_status

Adj. P-walue=0,044, Chi-square=4,042, d=1

hale

Female

Adj. P-value=0,005, Chi-square=7,794, df=1

Full-time students

Fart-time stu

dents

Node 4
Categony k] n

Mode 5
Categony % n

Mode 6
Categaon i) n

Node 7
Categony

Y n

B Negative attitude 730 27
B Positive aftitude 270 10

B Negative attitude 530 35
B Fositive attitude 470 31

B Negative attitude 23,1 39
B Positive aftitude 76,9 130

B Negative attitude 53 2

B Pasitive attitude

8947 36

Total 52 27

Total 932 66

Total 229 168

Total

54 328

Figure 1 Tree diagram of the model
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In accordance with the previous results, the risk
estimate for the two-level CHAID tree is 0,156. This
indicates that the risk of misclassifying is 15,6%, which
can be considered satisfactory.

5. CONCLUSION

Online learning is increasingly emerging as an
alternative to traditional education. Especially young
people, who grow up with digital technologies, tend to
accept online learning. It is difficult to predict with
certainty how education will change in the next years and
decades, but there is no doubt that online learning will
play a very important role.

The primary intention of this study was to determine
the perception of Croatian university students toward
online learning and to identify which variables are most
important in predicting acceptance of online learning.
Based on the responses of students from the Josip Juraj
Strossmayer University in Osijek, it can be concluded
that online learning is mostly positively perceived. The
CHAID algorithm was applied to determine the variables
that best predict online learning acceptance and most
significantly contribute to the classification of students.
According to the results, the level of ICT knowledge and
skills is the best predictor of online learning acceptance.
For students who rated their ICT knowledge and skills as
excellent, it is the only significant predictor. The study
also revealed that for students who rated their ICT
knowledge and skills as very good, the next best
predictor is the enrolment status, whereas for those with
poorer competencies, it is gender.

Taking into account the trends in the development of
higher education, it is necessary to examine various
aspects of online learning. Without such information, it is
not possible to improve the teaching process and to
define an effective strategy of education. In the coming
time, scientists and experts who deal with education will
be faced with even more dilemmas. Research like this
can be of great help to them. Therefore, such studies
should be continuously conducted.
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KARAKTERIZACIJA MORFOLOGIJE METALNIH PJENA
MORPHOLOGY CHARACTERIZATION OF METAL FOAMS
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Izvorni znanstveni ¢lanak
SaZetak: Metalne pjene predstavljaju novu vrstu i oblik materijala visoke poroznosti. Njihova grada i struktura jedan su
od najvaznijih preduvjeta koji odreduju svojstva i moguénosti primjene. Oblik grade i njezin utjecaj na svojstva jos nisu
u potpunosti prouceni posebice kada se radi o novim proizvodnim tehnikama koje nisu u potpunosti razradene i
kvantitativno opisane te nije ovladano upravljanje procesima izrade. Buduéi da se na svojstva primarno utjece
promjenom parametara procesa proizvodnje ovaj rad predstavlja doprinos razumijevanju utjecaja temperature
upjenjavanja na morfologiju metalnih pjena kroz kvantificiranje strukturnih velicina kao Sto su volumni udio Celija,
njihova velicina, oblik i raspodjela te debljina i tvrdoca stijenki celija. Kvantifikacija strukturnih parametara
provedena je pomocu nekoliko stereoloskih metoda koje su dale sliche rezultate. Razumijevanjem utjecaja temperature
upjenjavanja na gradu metalne pjene otvaraju se mogucénosti za postizanje boljih svojstava, a time i veéu komercijalnu
zastupljenost.

Kljuéne rijeci: Metalna pjena, morfologija, celijasta struktura, upjenjavanje

Original scientific paper
Abstract: Metal foams are a new type and form of material which posses a high porosity. Their structure is one of the
most important prerequisites which determine the properties and application possibilities. The shape of the structure
and its influence on the properties have not been fully studied especially when it comes to new production techniques
that are still not fully developed and quantitatively described. Therefore, the management of processes is not fully
mastered. This paper is a contribution to the understanding of the influence of the foaming temperature on the
morphology of metal foams since the properties are primarily affected by changing the parameters of the production
process. Structural parameters, such as the volume fraction of cells, size, shape and distribution of cells and thickness
and hardness of cell walls were quantified. The quantification of structural parameters was performed using several
stereological methods which showed similar results. Understanding the influence of the foaming temperature on the
structure of metal foam creates opportunities for the achievement of better properties and consequently greater
commercial use.

Keywords: Metal foam, morphology, , cell structure, foaming

1. UVOD

Metalne pjene predstavljaju relativno novu vrstu
materijala koji se razvija na osnovi oponasanja strukture i
svojstava prirodnih ¢éelijastih materijala kao §to su drvo,
kosti, koralji itd. Radi se o posebnom obliku Celijastih

metala koji uglavnom nastaju od tekué¢ih metalnih pjena i Slika 1. Grada metalnih pjena: zatvorene Celije (a),
imaju specifi¢nu morfologiju. Celije mogu biti okruglog otvorene ¢elije (b)

ili poliedarskog oblika, otvorene ili zatvorene ovisno o

procesu proizvodnje, slika 1. Primjena metalnih pjena prvenstveno proizlazi iz

njihovih svojstava. lako uporaba u industrijskoj praksi
nije previSe raSirena, one pokazuju veliki potencijal,
slika 2. Glavne prednosti metalnih pjena su: iznimno
mala masa, velika specificna krutost, prilagodljiva
toplinska svojstva — ovisno o strukturi (otvorene ili
zatvorene cCelije), vrlo dobra moguénost apsorpcije
energije udara, vibracija i zvuka, vatrootpornost,
recikli¢nost itd.

a)
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Slika 2. Potencijal metalnih pjena u pojedinim
industrijskim granama

Zahvaljujudi specifiénim svojstvima ove pjene nalaze
primjenu na mnogim konstrukcijskim podrucjima
(dijelovi cestovnih i tracnih vozila, letjelica, brodova,
graditeljstvo i sl.), ali i kao funkcionalni materijali koji
ukljucuje  apsorbere udara, izmjenjivace topline,
prigusivace zvuka i vibracija, protubalisticku zastitu,
razlic¢ite filtere itd, slika 3.

c)
Slika 3. Primjeri primjene metalnih pjena: apsorber
udara (a), protubalisti¢ki oklop (b),
izmjenjivac topline (c), filteri (d)

Glavni problem za industrijsku primjenu predstavlja

moguénosti primjene. Neke od proizvodnih tehnika nisu

jo$ u potpunosti razradene i nije usavrSeno upravljanje

parametrima tehnoloskog postupka $to moZe rezultirati
nezeljenim varijacijama grade i svojstava metalnih pjena,

Sto se svakako Zeli izbje¢i. Tako su najée$c¢i nedostaci

poznatih proizvodnih postupaka sljedeci:

- nedostatak razumijevanja osnovne mehanike metalnih
pjena;

- nemoguénost proizvodnje pjena konstantne kvalitete
pomocu prethodno definiranih parametara. To je
posljedica Cinjenice da su sva dosadasnja istrazivanja
bila empirijskog karaktera bez detaljnog poznavanja
osnova procesa upjenjavanja metala. Upravo
moguénost postizanja tocno odredenih svojstava
metalnih pjena na temelju prethodno postavljenih
parametara bitna je za njihovu masovnu primjenu.

2. MATERIJAL | EKSPERIMENTALNI
POSTUPAK

Uzorci pjenastog metala izradeni su od metalnog praha.
Na samom pocetku procesa mijeSaju se prah Cistog
metala ili legure i dodatak koji pospjeSuje upjenjavanje,
slika 4. Kao raspriuju¢i agens najcesce se koriti titanov
hidrid (TiH,). Nastala mjeSavina zatim se sabija u
poluproizvod (prekursor) oblika Sipke ili plocice.
Tehnike sabijanja u metalnu matricu mogu biti razlicite:
presanje, ekstrudiranje, valjanje praha itd.

Dodatak za
upjenjavanje

VN
Miietani
\ 1Jesanje/

__» __}

Metalni prah

/ \

PreSanje  Ekstrudiranje
FY Y
lPoluproizvod l

ﬁ (prekursor)
\

Oblikovanje

G

Slika 4. Proces proizvodnje FOAMINAL-ALULIGHT
metalne pjene

Takav poluproizvod mora biti pazljivo napravljen jer
poroznost i druge nepravilnosti uzrokuju loSe rezultate u

nedovoljno  poznavanje  proizvodnih  postupaka
(neujednacdena kvaliteta ~materijala) i neistrazene
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kasnijim fazama procesa. U radu je koristen aluminijski
prekursor AlIMgSi0,6 s udjelom 0,4 % TiH,. Ovaj
prekursor, poznat pod komercijalnim  nazivom
ALULIGHT, reze se u manje komade i stavlja u kalup.
Masa prekursora (m,) koja osigurava odredeni stupanj
poroznosti odreduje se iz jednadzbe:

My = Or - Pal Vi, 1)

gdje su:

pr- relativna gustoca pjene;

pai- gustoca aluminija (pa=2700 kg/m3);
Vi - volumen kalupa (V,=0,0000431 m3).

Za zahtijevanu poroznost od 65 % i relativnu gustocu
pjene p=0,35 masa prekursora iznosi 40,73 g. Kalup se
potom ¢vrsto zatvara i stavlja u pe¢ te zagrijava na
temperaturu iznad likvidusa. Dodatak (rasprSujuci agens)
se raspada na Ti i plinoviti H, koji uzrokuje $irenje i
stvarnje visoko poroznog materijala. Proizvod zadrzava
oblik kalupa (slika 5) i ima zatvorne ¢elije promjera 1 do
5 mm.

Slika 5. Uzorak metalne pjene

Ovaj postupak nije ograni¢en samo na aluminij, vec se
njime mogu proizvoditi pjene na osnovi cinka, mjedi,
olova, zlata i drugih metala ovisno o parametrima
procesa. Upjenjavanje se dogada u poluévrstom stanju
jer se TiH, raspada na temperaturi 465 °C §to je niZe od
taliSta aluminija. Sve to pospjeSuje upjenjavanje
aluminija koji se zatim zagrijava do taljenja. Nakon
hladenja ispod temperature taliSta tekuca se pjena
pretvara u ¢vrstu pjenu i stvara visoko porozni materijal.
Komercijalni naziv za ovako proizvedene pjene je
,FOAMINAL-ALULIGHT".

Vrijeme potrebno za potpunu ekspanziju pjene i
ispunjavanje kalupa ovisi o temperaturi i veli¢ini
poluproizvoda i iznosi oko nekoliko minuta. Stupanj
maksimalne ekspanzije, a time i gustoca pjene moze se
kontrolirati  udjelom rasprSujueg agensa, ali i
podesavanjem parametara kao S§to su temperatura i
vrijeme. S ciljem odredivanja utjecaja rezima toplinske
obrade na morfologiju metalnih pjena provedeno je
upjenjavanje na tri razli¢ite temperature: 700, 750 i 800
°C. Kod svake temperature mjereno je vrijeme do
maksimalne ekspanzije tj. kada prva kap rastaljenog
aluminija pocinje istjecati kroz otvor na gornjoj strani
kalupa.

Za potrebe morfoloske analize uzorci su moraju
metalografski pripremiti kroz postupke rezanja, brusenja

i poliranja. Rezanje je provedeno na automatskoj rezalici
s dijamantnom ploCom uz mali broj okretaja i obilno
vodeno hladenje. Pri tom je potrebno voditi raduna da se
stjenke ¢elija ne deformiraju kako bi zadrzale izvorni
oblik. U sljedecoj fazi, brusenju, na brusilici Phoenix
Alpha 60-1996-230, proizvodac¢a Buehler, uklonjeni su
tragovi rezanja. Tijekom brusenja su KoriSteni brusni
papiri razli¢ite granulacije silicij karbidnog abraziva
(P320, P600, P1200 i P2500). Izmedu svake promjene
brusnog papira uzorci su tretirani u ultrazvu¢noj kupki.
Nakon brusenja slijedi poliranje pomoc¢u dijamantne
paste veli¢ine abrazivnih ¢estica 1 um. Slika 6 prikazuje
pripremljene uzorke metalnih pjena.

Slika 6. Uzorci Al-pjene upjenjeni na temperaturama:
700 °C (a), 750 °C (b), 800 °C (c)

Na ovim uzorcima je provedena je stereoloska analiza
grade i strukture koja ukljucuje odredivanje volumnog
udjela ¢elija, njihove veli¢ine, oblika i raspodijele.
Stereologija je disciplina koja kvantitativho procjenjuje
trodimenzionalnu unutrasnju gradu tijela iz njegovih
dvodimenzionalnih presjeka. Analiza morfologije je
provedena pomoc¢u nekoliko razli¢itih analiti¢kih
postupaka, te uz pomo¢ programa za analizu slike, slika
7.
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Slika 7. Postupci analize morfologije:
metoda s to¢kama (a); metoda s crtama (b);
metoda s krugom (c); metoda pomocu
racunalnog programa za analizu slike (d)

Kod metode s tockama uzorak ili njegova slika
prekriva se referentnom prozirnom folijom s ucrtanom
mrezom tocaka s ciljem odredivanja poroznosti pjene.
Metoda s crtama koja takoder omogucuje odredivanje
udjela ¢elija, ali i njihove veli¢ine i debljine stjenki
temelji se na pretpostavci da zbroj duljina linije preko
¢elija (lz) u odnosu na ukupnu duljinu linije (ly) dobro
aproksimira analizirani parametar. Za valjane rezultate
potreban je veéi broj linija tako da su u radu koristene

Cetiri linije, svaka duljine 1,=35 mm. Analizirane

veli¢ine odredene su iz izraza:

e volumni udio ¢elija (V¢): Ve = ll_C' 2
uk

e srednji promjer éelija (d¢): d¢ = lf, 3)

gdje je n - broj celija koje linija sjece,
« srednja debljina stijenke éelija (d5): ds ==, (4)

gdje je Is - duljina preko stijenki (Is = L — l¢).

Kod metode s krugom gustoca celija (N) slijedi iz
jednadzbe:

1
nu+5-nk

e ©)
gdje su: M — povecanje,
Ny i Ny - broj ¢elija unutar kruga odnosno na
kruznici,
Ag - povrsina kruga.
Srednji promjer ¢elija (d¢) odreduje izraz:

%=, ®
o

A
gdje je 4¢

Né=M2'

- srednja povrsina éelija (Ag=1/N¢).

Takoder je razmatran i faktor oblika éelija (F¢) koji
predstavlja omjer minimalnog (dmi,) i maksimalnog
promjera (dpay) Celije.

Osim navedenih analitickih postupaka morfoloska
analiza je naéinjena i uz pomo¢ racunalnog programa
“ImageJ* (Image processing and analysis in Java).
Digitalizacijom se slika pretvara u skupinu tocaka
(piksela) odredenog stupnja sivila tako da ¢elije postaju
crno obojane, a njihove stjenke bijelo.

Za potrebe ispitivanja tvrdoce stijenki Celija koristena
je Vickersova metoda koja omoguéuje mjerenje
mikrotvrdo¢e primjenom malog optereéenja. Sila
utiskivanja dijamante piramide iznosila je 0,098 N sto
odgovara metodi HV0,01. Mjerenja su obavljena na
tvrdomjeru Instron Tukon 2100B proizvodac¢a Wilson-
Wolpert. Brzina primicanja indentora ispitnoj povrsini
bila je ~0,2 mm/s, vrijeme optereCenja 15 s, a ispitha
temperatura u granicama 23+5 °C. Tijekom mjerenja
osobita paznja je posvecena Vvibracijama koje mogu
nepovoljno utjecati na to¢nost mjerenja. Tvrdoca je
odredena na osnovi 20 mjerenja na svakom uzorku.

3. ANALIZA REZULTATA

Dobiveni rezultati su pokazali da se porastom
temperature upjenjavanja skracuje vrijeme ekspanzije
pjene kako to prikazuje dijagram na slici 8.

16
14
12
10

Vrijeme upjenjavanja [min]

o N B OO

700 750 800
Temperatura upjenjavanja [°C]
Slika 8. Dijagram upjenjavanja metalne pjene
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x
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-
(%]
o
c
N
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o
o =@=|Vletoda s tockama

20 =@=Vietoda s crtama

Metoda pomocu Imagel-a
0

700 750 800
Temperatura upjenjavanja [°C]
Slika 9. Ovisnost poroznosti 0 temperaturi upjenjavanja

Vrijeme upjenjavanja ne smije biti ni prekratko ni
predugo jer uz dulje drzanje dolazi do prevelikog gubitka
materijala pri ¢emu pjena usahne zbog uruSavanje
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¢elijaste strukture dok u slu¢aju prekratkog drzanja u peéi
upjenjavanje nece biti potpuno.

Na slici 9 prikazana je ovisnost stupnja poroznosti
pjene o rezimu upjenjavanja za podrudje temperatura od
700 do 800 °C. Sve tri metode jasno pokazuju da se
porastom temperature upjenjavanja smanjuje volumni
udio ¢elija, a time i poroznost metalne pjene.

Usporedno sa snizenjem stupnja poroznosti smanjuje
se 1 veli¢ina ¢elija pri viSim temperaturama upjenjavanja,
slika 10a).

4

w
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Slika 10. Ovisnost veli¢ine ¢elija
(a) 1 debljine stijenki celija
(b) o temperaturi upjenjavanja

Sve tri metode ukazuju na smanjenje veliCine celija
porastom temperature prema 800 °C. Kod metode s
crtama srednji promjer Celija za temperaturu 700 °C
iznosi 2,72 mm dok je za 800 °C samo 1,67 mm. Sli¢na
je situacija i kod metode s krugom koja rezultira
neznatno ve¢im vrijednostima (3,39 mm za 700 °C
odnosno 1,74 mm za 800 °C), dok je najmanja veli¢ina
¢elija izmjerena pomocu racunalnog programa Imagel i
to u rasponu od 1,99 mm (700 °C) do 1,37 mm (800 °C).

Smanjenje volumnog udjela i veli¢ine éelija uzrokuje
povecanje debljine stijenki tako da je najmanja debljina
0,81 mm zabiljeZzena kod uzorka toplinski obradenog pri
700 °C, a najveca 0,94 mm za uzorak upjenjen na 800
°C, slika 10b). Slika 11 prikazuje srednje vrijednosti
tvrdo¢a  stjenki celija za razlicite temperature
upjenjavanja. O¢ito je da svi uzorci pokazuju priblizno
istu tvrdocu stijenke u rasponu od 85 do 93 HV uz veliko

rasipanje koje se moze pripisati mjernoj metodi (HV
0,01) i izrazito maloj debljini stijenke.

160
140

0

s
N
o

Tvrdoc¢a HV 0,

=

N B O 0 O
o O O O o o
——

) 700 750 800 )
Temperatura upjenjavanja [°C]
Slika 11. Ovisnost tvrdoce stijenki ¢elija 0 temperatur
upjenjavanja

4. ZAKLJUCAK

Problemi u proizvodnji i primjeni metalnih pjena
danas jo$ uvijek proizlaze iz nepotpunog ovladavanja
parametrima procesa izrade tako da su istrazivanja
velikom djelom usmjerena na unaprjedenje proizvodnog
procesa ¢ime bi se dobili Sto kvalitetniji i ujednaceniji
materijali predvidljive strukture i svojstava.

Za vec¢inu tehnoloskih procesa trenutno nema
primjenjivog teorijskog ili numerickog modela koji bi
omoguc¢io predvidanje ponasanja materijala tijekom
upjenjavanja. PoboljSanja se ¢ine metodom pokusaja i
pogresaka ¢emu u prilog ide i ovaj rad i njegovi rezultati.

Upjenjavanje pri vi§im temperaturama iziskuje krace
vrijeme, ali i veéi utrosak energije. U slucaju prekratkog
ili predugog drzanja u peci nastaje defektan uzorak Kkoji
svojim svojstvima ne moze zadovoljiti zahtjeve krajnje
primjene jer se radi o djelomi¢no upjenjenom materijalu
ili pak materijalu gdje je doslo do uruSavanja Celijaste
strukture uslijed prevelike poroznosti.

Porastom temperature upjenjavanja smanjuje se
poroznost pjene kao posljedica manjeg volumnog udjela
¢elija. To se objaSnjava Cinjenicom da se dio materijala
tro$i na formiranje vanjske stjenke uzorka, a drugi dio
tvori relativno velike ¢vorove oko Celija koje su uz to i
debljih stjenki. Za rezime upjenjavanja 700 i 750 °C
stereoloska metoda kvantitativne analize s crtama daje
vjerodostojnije rezultate u pogledu volumnog udjela
¢elija nego metoda s tockama ili raunalni program
ImageJ.

S gledista morfoloske grade radi se o zatvorenim
¢elijama pri Cemu niZze temperature upjenjavanja
osiguravaju vece celije, nepravilnog i izduzenog oblika
dok vise temperature rezultiraju manjim, pretezno
okruglim ¢elijama. Faktor oblika ¢elija varira u rasponu
od 0,778 (700 °C) do 0,814 (800 °C). Kod odredivanja
dimenzija celija treba biti oprezan jer se njihova veli¢ina
najéesce kvantificira kao promjer kruga koji ima istu
povrSinu kao i ¢elija na metalografskom presjeku. U
idealnom slu¢aju promjer kruga trebao bi biti jednak
promjeru kugle istog volumena kao $to je i volumen
¢elije. Budu¢i da kod rezanja ravnina presjeka prolazi
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posve sluéajno kroz Celije moze se desiti da mala
povrsina na metalografskom presjeku zapravo predstavlja
dio (vrh) znatno veée ¢elije. Samo mali broj ¢éelija od njih
stotinu presijeca se upravo po najvecem presjeku. To je
razlog §to je stvarna veliCina ¢elija uvijek nesto veca od
one izmjerene.

Sto se ti¢e tvrdode stijenki éelija svi uzorci pokazuju
podjednaku tvrdoéu oko 90 HVO0,01 neovisno o
temperaturi upjenjavanja. Buduéi da je tvrdo¢a mjerena s
malim optereéenjem izmjerene mikrotvrdoce znatno su
vi$e od makrotvrdoca koje se dobivaju primjenom vecih
sila utiskivanja. Kod mjerenja tvrdoée stijenki celija
javlja se &itav niz problema pocevsi od male debljine
stijenke koja poti¢e pojacano plasti¢no tecenje materijala
pri utiskivanju Vickersove piramide i iziskuje male sile
utiskivanja te odsutnost vibracija do odabira mjernog
mjesta koje moze biti na ¢voru ispod kojeg se nalazi nova
¢elija Sto uzrokuje preveliku indentaciju tijekom
utiskivanja.

S gledista inZenjerske primjene metalnih pjena odabir
parametara upjenjavanja u velikoj mijeri ovisi i 0
zahtjevima krajnje primjene. Ukoliko se radi o mehanicki
optere¢enim  dijelovima povoljnije ¢e biti  vise
temperature  upjenjavanja  koje osiguravaju niZu
poroznost i ¢elije manjih dimenzija te vece debljine
stijenke, dok ¢e za neke funkcionalne primjene
primjerenije biti pjene grade i strukture koja se postize
pri niZzim temperaturama obrade.
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PRISTUP ODREDIVANJU ZAVARLJIVOSTI CELIKA
APPROACH TO DETERMINING WELDABILITY OF STEEL

Marko Dunder, Goran Salopek, Marko Horvat, Veljko Kondié, Matija Markovié¢

Struéni ¢lanak

Sazetak: U radu su prikazani ¢imbenici koji utjecu na zavarljivost, s posebnim osvrtom na zavarljivost mikrolegiranih
Celika i Celika za poboljsavanje. Provedena su ispitivanja simulacijom toplinskog zavarivackog ciklusa na simulatoru
tipa Smitweld TCS 1405, te metodama Implant i Tekken u svrhu utvrdivanja sklonosti mikrolegiranih i poboljsanih
Celika hladnim pukotinama. Na koncu su predlozeni parametri zavarivanja koji pretpostavljaju zavareni spoj bez
hladnih pukotina.

Kljucne rijeci: zavarljivost, hladne pukotine, Implant metoda, Tekken metoda, mikrolegirani Celici, celici za
poboljsavanje

Professional paper

Abstract: The paper presents the factors that affect weldability, with special reference to the weldability of micro-
alloyed and quenched and tempered steel. Tests were carried out by simulating the weld thermal cycle simulator type
Smitweld TCS 1405, and methods of Implant and Tekken for the purpose of determining the propensity of micro-alloyed
and quenched and tempered steel cold cracking. At the end of the proposed welding parameters which assume welding
connection without cold cracks.

Key words: weldability, cold cracks, implant method, Tekken method, fine grain structural steel, steels for structural

improvement quenching

1. UVOD

Zavarljivost je sposobnost zavarivanja materijala.
Metal smatramo zavarljivim onda kada primjenjujuci
odredeni postupak zavarivanja, dobivamo kontinuirani,
homogeni zavareni spoj koji zadovoljava predvidene
zahtjeve i koji ima zahtijevana mehanicka i1 druga
potrebna svojstva. Zavarljivost je komparativno svojstvo
(usporeduje se zavarljivost dva ili viSe materijala uz
primjenu iste ili razli¢itih tehnologija zavarivanja).
Ocjena  zavarljivosti  najceS¢e  je  kvalitativna
(zadovoljavaju¢a / ne zadovoljavajuca), ali moze biti i
kvantitativna.

To je kompleksan pojam pod kojim se podrazumijeva

meduzavisnost materijala, konstrukcije i tehnologije.
Tako DIN 8528 [1] prikazuje zavarljivost nekog
konstrukcijskog elementa kroz utjecaj materijala, preko
sposobnosti  zavarivanja konstrukcije, do sigurnosti
zavarene konstrukcije i moguénosti zavarivanja.
Prema standardu 1SO 581, metale se smatra zavarljive u
odredenom stupnju, odredenim na¢inom zavarivanja i za
zadanu svrhu ako se moze posti¢i homogenost zavarenog
spoja pri uporabi pogodnog postupka zavarivanja, tako
da spoj odgovara zahtjevima njihovih lokalnih svojstava i
njihova utjecaja na konstrukciju.

Kvaliteta zavarenog spoja moze se izraziti
usporedbom svojstava osnovnog materijala i zavarenog
spoja. Redovito dolazi do razlike u svojstvima osnovnog

materijala i zavarenog spoja, i ona je to veca §to je
zavarljivost, kao kompleksna veli¢ina, manja. Stoga je
jedan od mogucih kriterija za definiranje zavarljivosti
veli¢ina navedene razlike svojstava [2].

2. UTJECAJNE VELICINE NA ZAVARLJIVOST

Elementi zavarljivosti relevantne su pojave u
zavarenom spoju koje najceSée nastaju u trenu njegova
formiranja ili tijekom eksploatiranja i predstavljaju
¢imbenike kojima se moZze definirati zavarljivost kao
kompleksna veli¢ina.

Najznacajniji utjecaj na zavarljivost ima materijal,
kako njegov nominalni kemijski sastav, takoder, ali u
manjoj mjeri, primjese, veli¢ina zrna, vrsta primijenjene
prethodne toplinske obrade, stanje izrade, veli¢ina i oblik
komada i konstrukcije. Korelaciju kemijskog sastava,
prvenstveno sadrzaja ugljika, 1 zavarljivosti, moze se
izraziti  jednadzbama za ekvivalentni ugljik kao i
parametarskim jednadzbama.

Uobicajeno je da je Celik s oko 0,25% C na granici
dobre zavarljivosti i §to je sadrzaj ugljika u celiku veéi,
zavarljivost se smanjuje, ali pri tom se ne moze govoriti
o linearnoj zavisnosti.

Ugljik je svakako element s kojim se mora racunati,
za razliku od fosfora, sumpora i dr. kojih se razina nastoji
smanjiti tehnoloskim postupkom prerade ¢elika. U istom
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smislu je i utjecaj plinova, posebice vodika, koji je
direktni uzro¢nik nastanka hladnih pukotina.

Utjecaj vodika znacajan je te u okviru odredenih
metoda ispitivanja zavarljivosti treba odrediti njegov
sadrzaj u uzorcima.

Izrada 1 konstrukcija, kao utjecajne veliine na

zavarljivost, dolaze do izrazaja pri formiranju konkretne
zavarene konstrukcije [3].
Zavarljivost se nedvojbeno smanjuje povecanjem
debljine osnovnog materijala i sloZzeno$¢u konstrukcije.
Zakljucujuéi o utjecajnim veli¢inama na zavarljivost,
moze se konstatirati da ih ima mnogo, §to i jest razlog
nepostojanja jedinstvena pristupa problemu definiranja
zavarljivosti.

Istrazivanja zavarljivosti obuhvadaju Citav niz
aktivnosti nuznih za dobivanje kvalitetne tehnologije
zavarivanja koja je osnova za dobivanje kvalitetnog
zavarenog spoja u proizvodnji, koji ¢e biti pouzdan u
predvidenim uvjetima i vijeku eksploataciji. Osnovne
aktivnosti ispitivanja zavarljivosti odnose se na
ispitivanja sklonosti razli¢itim vrstama pukotina (hladne,
tople, lamelarno odvajanje / cijepanje, pukotine uslijed
naknadnog/ponovnog zagrijavanja), transformacijskom
otvrdnjavanju, smanjenju zilavosti (snizenje prijelazne
temperature iz zilavog u krhko stanje) i dr.

3. ISPITIVANJE ZAVARLJIVOSTI
PROVEDENO ISPITIVANJEM
SKLONOSTI HLADNIM PUKOTINAMA

Metode ispitivanja sklonosti hladnim pukotinama
mogu se podijeliti na direktne i indirektne. Direktne su
metode one koje se provode na uzorcima zavarenih
spojeva i/ili zavarenim spojevima na zavarenoj
konstrukciji, dok se indirektne metode temelje na
razli¢itim eksperimentalno dobivenim jednadzbama za
procjenu utjecaja raznih ¢imbenika na pojavu pukotine.
Direktna ispitivanja mogu se podijeliti u tri skupine [4]:
1. Ispitivanje simuliranjem ciklusa zavarivanja (npr.
ispitivanje  na Smitweld, Gleeble i Thermorestor
uredaju).

2. lspitivanje sa stvarnim zavarivanjem uz vlastitu
krutost (Tekken, Lehigh, CTS, probe s kruznim zarezom
RD) i probe s prisilnom krutos¢u (s vanjskim dodatnim
opterecenjem, npr. TRC, RRCidr.) i

3. Ispitivanje s realnim ciklusom ili uloZenim uzorkom
(umetkom ili implantom).

Kriterij ocjene sklonosti hladnim pukotinama moze
biti:

- kvalitativan, odnosno nakon istrazivanja
zavarljivosti donosi se zakljucak da je materijal "sklon"
ili "nije sklon" prema hladnim pukotinama,

- kvantitativan, ako se moze numericki iskazati
neka od relevantnih veli¢ina (npr. maksimalna
naprezanja pri kojima ne dolazi do nastajanja hladnih
pukotina kod Implant metode).

3.1. Simuliranje toplinskog zavarivackog ciklusa

materijala  nastanku  pukotina.  Kod  pojedinih
laboratorijskih metoda koje zahtijevaju zavarivanje
realnih uzoraka, razli¢itih oblika i dimenzija, jasno se
utvrduje djelovanje pojedina¢nog utjecajnog faktora na
zavarljivost. Ovakve metode daju informaciju o
odredenoj vrsti pukotine i za ispitivanje zavarljivosti
mora se primijeniti vise metoda.

Simulacija toplinskog ciklusa zavarivanja omogucava
dobivanje diferencirane ocjene utjecaja pojedinih faktora
na nastanak pukotine. Simulacija zavarivackih ciklusa se
posljednjih  godina upotrebljava pri istrazivanju
zavarljivosti, §to ukljucuje ispitivanje prisutnosti
razliCitih vrsta mikrostruktura i detaljno istrazivanje zone
utjecaja topline (ZUT-a), koja je sa stajalista
mikrostrukture izrazito heterogeni dio zavarenog spoja.

Pri istrazivanju ZUT-a realnih zavarenih spojeva,
Cesto nije moguce pripremiti odgovarajuce epruvete radi
veoma uskog ZUT-a, a samim tim i pojedinih uskih
podru¢ja unutar ZUT-a. Za ispitivanje zavarljivosti
mikrolegiranog celika poviSene Cvrstoce TStE 420 i
poboljsanog visokoévrstog Celika S960QL izabrana je
navedena metoda.

Pri simuliranju toplinskih zavarivackih ciklusa
pojedine mikrostrukture se “sinteticki” stvaraju. Tako se
ostvaruju povoljni uvjeti za razjasnjenje znatnog broja
pitanja koja su u svezi s ponaSanjem osnovnog materijala
u uvjetima toplinskih zavarivackih ciklusa. Simulacijom
toplinskog ciklusa zavarivanja mogu se ostvariti
dovoljno Siroka podru¢ja homogenih i ponovljivih
mikrostruktura, tako da se za ispitivanje mehanickih
svojstava mogu upotrebljavati  klasi¢ni  postupci
ispitivanja [5].

Podobnost za zavarivanje obuhvaca vise odvojenih,
neovisnih svojstava 1 ponaSanja materijala prilikom
zavarivanja. NajznaCajnija svojstva su ¢vrstoa i
zilavost kao ponasanje s obzirom na stvaranje pukotina
u spoju. Buduci da ovi zahtjevi ovise od konstruktivnog
oblikovanja i planiranih uvjeta eksploatacije objekta, i
zahtjevi se mijenjaju kod svake nove konstrukcije. Zbog
toga nije moguce oznaliti podobnost za zavarivanje
jednim brojem, ve¢ se svako podrudje svojstava kojima
se tezi mora uzeti posebno u obzir, kod ocjenjivanja i
prosudivanja podobnosti za zavarivanje pojedinog
materijala.

Uredaj za ispitivanje zavarljivosti simulacijom
toplinskog zavarivackog ciklusa prikazan je na slici 1, a
uzorci za simulaciju na slici 2 i 3 [5].

W e
AL CYCLE SMULATOR -
L

Slika 1. Simulator toplinskog ciklusa Smitweld TCS

Ispitivanja  na simulatoru toplinskog ciklusa 1405 tijekom simulacije toplinskog ciklusa
omogucavaju  kompleksno  utvrdivanje  sklonosti zavarivanja
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Slika 2. Uzorak za simuliranje toplinskog ciklusa s
termo parom (indirektno hladenje)

| | termopar
‘ 1~ A=15 do 25 mm
[
. [ L I X
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Slika 3. Uzorak za simuliranje toplinskog ciklusa s
termo parom (indirektno i direktno hladenje)

3.2. Ispitivanja zavarljivosti (sklonosti hladnim
pukotina) Implant metodom

Ispitivanje zavarljivosti ovom metodom zasniva se na
promjeni utjecajnih c¢imbenika, kao Sto su: dodatni
materijal, zarivacki toplinski ciklus, temperatura
predgrijavanja, udjel difundiranog vodika, naprezanje i
dr., kao i sagledavanje njihova utjecaja na nastanak
hladnih pukotina. Primjenjujué¢i ovu metodu mozemo
dobiti kvantitativne podatke o kritiénom naprezanju loma
(Rkr.)Imp.. To je najvisSe naprezanje kod kojeg u
zavarenom spoju jo§ ne nastaju hladne pukotine, a
usporedujemo ga s granicom plasticnosti 0Snovnog
materijala. Pri ovom ispitivanju upotrebljava se strojno
obradeni cilindri¢ni umetak iz ¢elika koji treba ispitivati,
prikazan na slici 4. Takav umetak se umetne u
kalibriranu rupu izbusenu u potpornoj plo¢i, tako da je
zarezani kraj u ravnini s povr§inom ploc¢e. Na slici 5.
prikazana je skica implant uzorka i potporne ploce [6].

a)
+0
D=8 |-0,05
Aol ) ~ |d=7 |*0,02
R=0,1*0,02
N6
- P ©
=
b
) 20 20
55

Slika 4. Dimenzije i oblik ispitne epruvete (implanta) za
ispitivanje Implant probom
a) izgled zareza b) stvarni izgled uzorka

Oslonac Ispitna plo¢a  Zavar

DRI, u
N T 7 %

ML

t

Kolotura

Implant uzorak

Registriranje trajanja opterecenja Poluga

(maksimalno do 16 sati) [

Slika 5. Shematski prikaz Implant uzorka i potporne
ploce

3.3. Ispitivanje zavarljivosti (sklonosti hladnim
pukotinama) Tekken metodom

Tekken metoda primjenjuje se za ispitivanje sklonosti
Celika nastanku hladnih pukotina uzimaju¢i u obzir
utjecaj osnovnog i dodatnog materijala, zavarivackog
toplinskog ciklusa, temperature predgrijavanja i sadrzaja
difundiranog vodika u zavarenom spoju. Oblik, priprema
i dimenzije uzorka prikazani su na slici 6. Pri izvodenju
zavarivanja na Tekken probi prvo se zavaruje pomocni
zavar s "X"- pripremom. Pri tome se mora paziti da kod
"Y"- pripreme koja je u korijenu, ostane razmak 2 do 3
mm. Nakon zavarivanja pomo¢nih zavara pristupa se
izvodenju  ispitnog zavara. Tijekom izvodenja
zavarivanja registriraju  se parametri zavarivanja.
Ispitivanje Tekken - probe obavlja se 48 sati nakon
zavarivanja. Nakon pregleda ispitnog zavara i
registriranja eventualnih pukotina, iz ispitnog se zavara
isijecaju uzorci za ispitivanje.

a)
POMOCNI ZAVAR  ISPITNI ZAVAR
] A
8| | (L (frmta
Mo ][
b) 80 60
PRESJEK "A-A" PRESJEK"B-B" PRESJEK "C-C"
60° /ﬂ’\ 60°
7 3| S
s o

Slika 6. Epruveta za Tekken probu a) izgled zavarenog
uzorka, b) priprema i dimenzije uzorka [6]
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4. PLAN POKUSA

Za eksperimentalna istrazivanja koja se obrazlazu
odabrani su:
- mikrolegirani ¢elik povisene ¢vrstoce TStE 420,
- poboljsani visoko¢vrsti ¢elik S960QL
- poboljsani nelegirani uglji¢ni celik Ck 45
- poboljsani nisko legirani krom-molibdenski ¢elik
25CrMo 4 i

Kemijski sastav i mehanicka svojstva celika TStE
420 prikazan je u tablicama 1 i 2., a ¢elika S960 QL u
tablicama 3. i 4.

Tabelal. Kemijski sastav materijala TStE 420

C 0,18
Si 0,3
Mn 1,47

0,017

0,005

Ni 0,22

N 0,016

Al 0,023
\Y 0,13
Cu 0,02

Tabela 2. Mehanicka svojstva materijala TStE 420

Granica razvladenja Rpo2/ MPa 422

Vlac¢na ¢vrsto¢a Ry, / MPa 577
Istezljivost As / % 30

Kontrakcija Z / % 61,9
Savijanje o longitudinalno +
=180° transferzalno +

na 20 °C 261

Zilavost, Ky /] na -20 °C 245
longitudinalno na -40 °C 182

Tabela 3. Kemijski sastav materijala S960QL

C 0,17
Si 0,47
Mn 1,42
P 0,008

0,003
Cr 0,59
Mo 0,56
Ni 0,79
Nb 0,02
\% 0,05
Cu 0,03
Ti 0,01

Tablica 4. Mehani¢ka svojstva materijala S960QL

Granica razvlacenja Ry, / MPa 1020
Vlaéna &vrsto¢a Ry, / MPa 1080
Istezljivost As / % 19
Kontrakcija Z / % 61,9
il Ke /] na 0 °C 158
tlavost, Kv na -20 °C 76
longitudinalno
na -40 °C 58

Kemijski sastav i mehanicka svojstva celika Ck45
prikazan je u tablicama 5 i 6., a Celika 25CrMo4 u
tablicama 7 i 8.

Tabela 5. Kemijski sastav materijala Ck 45

C 0,45
Si 0,22
Mn 0,62
0,008
S 0,004

Tabela 6. Mehani¢ka svojstva materijala Ck 45

Granica razvladenja Ryo./ MPa 460
Vlaéna ¢vrstoéa Ry, / MPa 694
Istezljivost As / % 26,3
Kontrakcija Z / % 62,5

Zilavost , Ky /J

longitudinalno na 20 °C 30

Tabela 7. Kemijski sastav materijala 25CrMo4

C 0,25

Si 0,31
Mn 0,76
0,008

S 0,013

Cr 0,98
Mo 0,16
Ni 0,05

Tabela 8. Mehanic¢ka svojstva materijala 25CrMo4

Granica razvlacenja Ry 2/ MPa 620
Vlac¢na évrsto¢a Ry, / MPa 810
Istezljivost As / % 16

Kontrakcija Z / % 60,3

Zilavost , Ky /J

longitudinalno na 20 °C %

U sklopu istrazivanja provedeno je ispitivanje tvrdoce
HV10 na pojedinim uzorcima, i to u skladu s
preporukama dokumenta MIZ-a 1X-1609-90,
tangencijalnom metodom. Tangencijalnom metodom
dobivaju se vrijednosti tvrdofe po presjeku zavarenog
spoja za sve zone zavarenog spoja. Svi uzorci iz celika
Ck 45 i 25CrMo4 su izrezivani na tra¢noj pili uz
kontinuirano hladenje, a poslije toga poravnati brusnim
papirom i polirani. Tvrdoéa celika TStE 420 i S960QL
ispitivana je na simuliranim uzorcima.

Takoder je ispitivana i udarna radnja loma i to na
temperaturi 20 °C za sve Celike i za Celik TStE 420 na
temperaturi -40 °C, a za Celik S960QL na temperaturi -
50°C.

5. REZULTATI ISTRAZIVANJA

5.1. Rezultati ispitivanja tvrdoce

Nakon simuliranja toplinskog ciklusa zavarivanja u
metalografskom laboratoriju, priredeni su uzorci za
mjerenje tvrdo¢e HV10. Uzorci su nakon toga blago
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nagrizeni 3 % - tnom HNO; do razine da bi se pri
poveéanju kod mjerenja tvrdo¢e jasno vidjela linija
staljivanja. Tvrdo¢a je mjerena na pet uzoraka za svaku
temperaturu simuliranja u dva prolaza. Dobivene
vrijednosti tvrdoca za &elik TStE 420 prikazane su na
slici 7, a za Celik S960QL na slici 8.

350
° /
e
= 300 e
o
8
S 250
1
>
-
200
150

0 400 600 800 1000 1200 1400
Temperatura / °C

Slika 7. Ovisnost srednje vrijednosti tvrdoce od
temperature simuliranja u dva prolaza (temperatura
zagrijavanja 1350 °C - prvi prolaz i 600,700, 780, 960,
1100 1350 °C - drugi prolaz)

420
400 —:\ *

. +1350°C

° o~ = 1100 °C
S 380 R, S T 490 °C
< 360 . m 800 °C
K A .
S 340
2
= 320

300

6 8 10 12 14 16 18 20 22

Vrijeme t,,/ s
Slika 8. Dijagram vrijednosti tvrdoc¢a u ovisnosti

o temperaturi simuliranja i trajanju hladenja Atgs (8, 10,
12, 14, 16 i 20s).

Rezultati mjerenje tvrdoCe za uzorke iz celika
25CrMo4 prikazani su na slici 9., a za uzorke iz celika
Ck 45 na slici 10..

600
A —T2R11
500 A A ——=T2R31 H
........ T2M11
e AR A —=T2M31
= R 2
T 400 ; 7=
© H A . ) \
8 % / ‘v—"']L"\\\ 7
3 300 At SRS
£ S Y e S W
-
200
100

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Udaljenost / mm
Slika 9. Usporedba dijagrama tvrdoca pri razli¢itim

uvjetima zavarivanja celika 25CrMo4: T2R11-

zavarivanje REL postupkom bez predgrijavanja;
T2R311- zavarivanje REL postupkom s predgrija-
vanjem:; T2M11- zavarivanje MAG postupkom bez
predgrijavanja i T2M31- zavarivanje MAG postupkom s

predgrijavanjem.
500
—T4R11 [
450 ———T4R31
A ........ T4M11
o 400 ——T4M31 [
- > 4
: AEETA
T 350 LTt
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> L7 )l < 7 . \1\~
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-7 -
200
150 b—rm-—v-—b--r-—a-v--"----—-———
1 2 3 4 5 6 7 8 9 10 1 12 13 14
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Slika 10. Usporedba dijagrama tvrdoc¢a pri razli¢itim
uvjetima zavarivanja ¢elika Ck45: T4R11-zavarivanje
REL postupkom bez predgrijavanja; T4R311-zavarivanje
REL postupkom s predgrija- vanjem: T4M11-zavarivanje
MAG postupkom bez predgrijavanja i T4M31-
zavarivanje MAG postupkom s predgrijavanjem.

Mjerenja tvrdo¢e HV10 tangencijalnom metodom na
uzorcima Tekken proba od ¢elika 25 CrMo 4 na kojima
su se pojavile hladne pukotine, pokazala su, da su
maksimalne vrijednosti tvrdo¢e izmjerene u ZUT-uU uz
“linijju staljivanja” 440 do 530 HVI10 (uzorci bez
predgrijavanja). Na uzorcima kod kojih je provedeno
predgrijavanje na 200 °C, maksimalne vrijednosti
tvrdo¢e izmjerene u ZUT-u uz “liniju staljivanja”
iznosile su 300 do 350 HV10, a na uzorcima Tekken
proba nije bilo pukotina.

Identiéna mjerenja tvrdo¢e provedena su 1 na
uzorcima Tekken proba celika Ck 45. Na probama kod
kojih je doslo do pojave hladnih pukotina izmjerene su
maksimalne vrijednosti tvrdo¢e u ZUT-u uz “liniju
staljivanja” 350 do 430 HVIO0 (uzorci bez
predgrijavanja). Na uzorcima kod kojih je provedeno
predgrijavanje na 300 °C, maksimalne vrijednosti
tvrdo¢e izmjerene u ZUT-u uz “linijju staljivanja”
iznosile su 300 do 330 HV10, te na uzorcima Tekken
proba nije bilo pukotina.

5.1. Rezultati ispitivanja udarne radnje loma

Udarna radnja loma na uzorcima zavarenim
simuliranim ciklusom zavarivanja ispitivana je po
Charpy-ju, na temperaturama 20 °C i -40 °C. Rezultati
udarnih ispitivanja ¢elika TStE 420 na temperaturi 20 °C
u ovisnosti od maksimalne temperature drugog ciklusa
simuliranja prikazani su dijagramski na slici 11.
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Slika 11. Dijagram ovisnosti udarne radnje loma 0 Ty
drugog ciklusa simuliranja

Najvise vrijednosti udarne radnje loma su vezane za
sitno feritno zrno kao rezultat maksimuma na temperaturi
malo viSoj od Ac, a u prikazanom istrazivanju ta
temperatura je iznosila 780 °C. Iznad ove temperature
dolazi do smanjenja udarne radnje loma. Osim toga
maksimum udarne radnje loma na 780 °C smanjuje
tvrdo¢u. Daljnjim poveéanjem temperature dolazi do
pada udarne radnje loma (slika 11), $to je uvjetovano
porastom tvrdoée (dijagram na slici 7) [7].

Rezultati udarnih ispitivanja celika S960QL na
temperaturi 20 °C u ovisnosti od maksimalne
temperature drugog ciklusa simuliranja prikazani su

dijagramski na slici 12.
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Udarna radnja loma / J

50 ‘ ‘ ‘ ‘ ;
600 700 800 900 1100 1350
Temperatura /°C
Slika 12. Dijagram ovisnosti udarne radnje loma 0 Tpa
drugog ciklusa simuliranja

Najvise vrijednosti udarne radnje loma vezane su za
popusteno martenzitno zrno uz manji udio bainita, §to je
uvjetovano tvrdo¢ama od 370 do 380 HV (slika 8).

6. ZAKLJUCAK

U radu se obrazlaze problematika ispitivanja
zavarljivosti Gelika. Poseban se osvrt daje na indirektne i
direktne metode ispitivanja zavarljivosti éelika povisene i
visoke ¢vrstoce, te Celika za poboljsavanje.

Mikrolegirani ¢elik povisene ¢vrstoce TStE 420 treba
zavarivati takvim parametrima da sa postigne vrijeme
hladenja 800 do 500 °C od 8 do 10 s. Pri ovakovim

parametrima tvrdo¢a u ZUT-u uz liniju staljivanja
materijala nije maksimalna, dok su vrijednosti udarne
radnje loma veée od grani¢ne vrijednosti prijelaza u
krhko stanje.  Rezultati ispitivanja  toplinskim
simuliranjem dvoprolaznog ZUT-a pokazuju u kojem se
pravcu treba orjentirati s obzirom na parametre realnog
zavarivanja celika TStE 420.

Tehnologija zavarivanje ¢elika S960QL se temelji na
kontroliranom unosu energije tijekom zavarivanja
(predgrijavanje, temperatura izmedu prolaza, toplinski
input ostvaren pomocu elektricnog luka, dogrijavanje) i
strogom pridrZzavanju propisanih aktivnosti, a sve u cilju
izbjegavanja hladnih pukotina i ostalih gresaka u izradi,
te postizanja zahtijevanih svojstava zavarenog spoja.
Premali unos topline najceS¢e utjeCe na povecanje
¢vrstoée 1 tvrdoCe zavarenog spoja, Sto uz zaostala
naprezanja i nazo¢nost vodika u zavaru, moze uzrokovati
pukotine, a uz to smanjuje deformabilnost i povecava
sklonost krhkom lomu. [7].

Provedena istraZivanja zavarljivosti legiranog krom-
molibdenskog ¢elika 25 CrMo 4 i nelegiranog uglji¢nog
celika Ck 45 pokazala su da su ti Celici skloni prema
nastajanju hladnih pukotina, odnosno da je za
ostvarivanje kvalitetnog zavarenog spoja kod ovih ¢elika
nuzno smanjiti utjecaje Cimbenika koji dovode do
nastajanja hladnih pukotina.

Na osnovi provedenih eksperimentalnih istrazivanja
Implant i Tekken metodom, potvrdena je temperatura
predgrijavanja za Celik 25CrMo4, debljine 20 mm -
Tp=200 °C, a za Celik Ck 45 debljine 20 mm - Tp=300
°C. ITako su kod temperature predgrijavanja na 200 °C za
Celik 25 CrMo 4, a na 300 °C za Celik Ck 45 rezultati
zadovoljili kod toplinskog inputa u intervalu od 12 do 20
kJ/cm, preporuca se drzanje gornje granice vrijednosti za
toplinski input, jer se na taj naéin postize sporije hladenje
zavarenog spoja (viSe vremena za efuziju vodika iz
zavarenog spoja). Efuziju vodika iz zavarenog spoja
pospjesuje i visa vrijednost temperature predgrijavanja.

Nedostatak ispitivanja toplinskog ciklusa zavarivanja
jeste mogucnost odstupanja parametara simuliranog
procesa od stvarnih parametara pri zavarivanju. Pri
simulaciji toplinskog ciklusa zavarivanja maksimalna
temperatura ciklusa je niza od maksimalne temperature u
ZUT-u, prakticki ona se priblizava temperaturi likvidusa
osnovnog materijala, a simuliranje takoder onemogucava
utvrdivanje utjecaja metala zavara na svojstva ZUT-a.
Pored navedenih nedostataka dugogodiSnja ispitivanja
simuliranjem toplinskog zavarivackog ciklusa su
pokazala da se mogu s velikom sigurno$éu utvrditi
zakonitosti ponaSanja  odredenog materijala  pri
zavarivanju.

7. LITERATURA

[1] Dunder, M.: Odredivanje parametara zavarivanja
Celika za poboljsavanje. Magistarski rad, Fakultet
Strojarstva i brodogradnje, Zagreb, 1997.

[2] Dunder, M.; Vuherer, T.; Kladari¢, 1.: Weldability
investigation of TStE 420 after weld thermal cycle
simulation, Journal Strojarstvo 52 (2) 2010; 97-104
UDK 621.791.4: 539.42: 669.14.018.292.

296

Technical journal 9, 3(2015), 291-297



Dunder, M., Salopek, G., Horvat, M., Kondi¢, V., Markovi¢, M.

Pristup odredivanju zavarljivosti ¢elika

[3]

[4]

[5]

[6]

[7]

EN 10025:2004 The European standard for
structural steel

Semjan, V. i dr.: Teorija zavarljivosti Celika,
Energoinvest, Institut za zavarivanje, Sarajevo,
1989.

Dunder, M.; Vuherer T.; Samardzi¢, 1.: Ispitivanje
zavarljivosti ~ simulacijom  toplinskog  ciklusa
zavarivanja// Prof. dr. sc. Z. Kozuh (ur.). Sibenik :
Hrvatsko drustvo za tehniku zavarivanja, 2014. 195-
204.

Dunder, M.; Samardzi¢, 1.; Mari¢, D.; Putnik, I.:
Proceedings of CIM 2011 Approach to weldability
investigation of quenched and tempered steels //
Computer integrated manufacturing and high speed
machining / Abele, Eberhard ; Udiljak, Toma ;
Ciglar, Damir (ur.). Zagreb : Croatian Academy of
Engineering,, 2011. 93-98.

Dunder, M.; Samardzi¢, I; Vuherer, T.: Weldability
of microalloyed high strength steels TStE420 and
S960QL // Metalurgija. 53 (2014) , 3; 335-338

Kontakt autora:

Dunder Marko, prof. dr.sc., EWE
Sveudiliste u Rijeci, Odsjek za politehniku

Goran Salopek, asistent
Sveudiliste u Rijeci, Odsjek za politehniku

Marko Horvat, dipl. ing.
Sveuciliste Sjever

Veljko Kondié, mag. ing. mech.
Sveuciliste Sjever

Matija Markovi¢, student
Sveudiliste u Rijeci, Odsjek za politehniku

Tehnicki glasnik 9, 3(2015), 291-297

297



PisaCi¢ K., Kondi¢ V.,Visnjic V.

Kinematska analiza mehanizma u programu SAM

ISSN 1846-6168
UDK 531.1:004

KINEMATSKA ANALIZA MEHANIZMA U PROGRAMU SAM
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Struéni ¢lanak

SaZetak: Ovaj rad opisuje osnovni postupak definiranja i simulacije jednostavnog planarnog mehanizma koristenjem
programskog paketa SAM. Postupak je ilustriran na primjeru iz udzbenika. Izvrsena je kinematska analiza mehanizma

te su interpretirani prikazani rezultati.
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Abstract: This article describes basic procedure of defining and simulation of simple planar mechanisam using
computer application SAM. Procedure is ilustrated using texbook example. Numerical analysis of mechanism is

performed and given results are interpreted.

Key words: Kinematic, Kinematic analysis, Mechanism, SAM

1. UVOD

SAM (sinteza i analiza mehanizma) je interaktivni
softverski paket za konstrukciju analizu i optimizaciju
proizvoljnih planarnih mehanizama. Mehanizmi mogu
biti generirani preko dizajna ¢arobnjak ili oni mogu biti
sastavljeni od osnovnih komponenti, uklju¢ujuéi grede,
prijenosnike, remene, trenje elemenata, ukljestenja, itd.
SAM integrira obradu, numericku analizu i naknadnu
obradu, kao $to su animacije, jednostavnim koristenjem
padajuéih izbornika.

Slozeni matematicki temelj analize omoguéava
rjeSavanje mno$tvo problema koji se javljaju prilikom
analize mehanizama: otvorene petlje, zatvorene petlje,
viSestruke petlje, kompleksni planetarni mehanizmi.
Najslozeniji mehanizmi, poput planetarnih zupcanika
mogu se analizirati u nekoliko minuta. [1]

2. KINEMATSKA SHEMA MEHANIZMA

Da bi se mehanizam rijeSio potrebno je iz
trodimenzonalnog modela generirati kinematsku shemu
mehanizma.

Pod kinematskom shemom podrazumijevamo takav
crtez koji sadrzi samo one elemente mehanizma koji
imaju utjecaja na njegovo gibanje. Kinematska shema
odredenog mehanizma prikazuje se u odredenom mjerilu
koje je potrebno za odredivanje gibanja. U kinematskim
shemama  ¢lanovi  mehanizama  prikazuju  se
pojednostavljeno. Ona je ujedno i osnovni crtez za
proracun kinematike mehanizma. Pri strukturnoj analizi
mehanizama i pri izboru metode proracuna sluzimo se
strukturnom shemom mehanizma. U toj shemi simbolicki

prikazujemo ¢lanove mehanizma i kinematicke parove,
ne vodedi ra¢una o njihovim dimenzijama. [2]

a)

b)

<)

Slika 1: a) polukonstruktivna, b) kinematska, c)
strukturna shema mehanizma [3]

Kinematska analiza odnosno odredivanje brzina i
ubrzanja elemenata i tocaka mehanizma moze se provesti
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tradicionalnom analiti¢kom ili grafickom metodom [4,5],
koriste¢i softvere za racunalnu grafiku (CAD) ili
simboli¢ko programiranje [6]. U novije vrijeme za
kinematsku analizu mogu se Koristiti slozeni numeri¢ki
softvera za S&iroku primjenu poput Ansys-a ili za
specijalnu primjenu poput SAM-a ili Working Model-a
[7].

3. KINEMATSKA ANALIZA MEHANIZMA U SAM-U

U ovom poglavlju opisat ¢e se postupak crtanja i
analize mehanizma u programu SAM.

Ukljuc¢ivanjem programa na ekranu se pojavi sucelje
programa koje je podijeljeno na desno podrucje za prikaz
mehanizma 1 lijevo podrucje koje pokazuje kinematski
dijagram za odredeni segment (slika 2.).

=

Slika 2: Sucelje programa

Nakon toga Koristi se ikone (slika 3.) za crtanje
samog mehanizma. Program ima gotovo sve elemente
koji su potrebni za crtanje jednostavnih mehanizama.

Zupcanik

Stap Kliza¢ Remenski Fiksni kut
/\pruenos Oslonac

Slika 3: Ikone za crtanje mehanizma u SAM-u
3.1. Definiranje geometrije mehanizma

Za pocetak se odabere alat za crtanje Stapa (slika 3.)
te nacrta prvi $tap (slika 4.) mehanizma proizvoljnih
dimenzija.

T

Slika 4: Crtanje prvog Stapa

Nakon toga se uklju¢i gumb za odabir vrste oslonca
(slika 3.) te odaberemo to¢ku koju Zelimo da bude fiksna
(slika 5.).

o

Slika 5: Crtanje nepomi¢nog oslonca

Definiranu fiksnu tocku se postavlja u ishodiste
koordinatnog sustava i prema njoj se crtaju daljnji
elementi. Za postavljanje tocke u ishodiste potrebno je
Kliknuti na izbornik "Build" te na "Node Propertis".
Nakon toga treba kliknuti na tocku u koju Zzelimo
postaviti ishodiSte koordinatnog sustava. U nasem
slu¢aju je to nepomicni oslonac. Klikom na toc¢ku otvara
se izbornik (slika 6.) za pozicioniranje te tocke. Moguce
je to napraviti u polarnom ili Kartezijevom koordinatnom
sustavu. Za odabranu toCku postavljaju se koordinate
(0,0).

Node Properties (Node 1) 22

Coordinates ] Graph Selection | Display | Uptimizel

Carthesian [relative) ]
l Intersection [

Carthesian [absolute] I
Polar (absolute) Polar [relative)

Radius : [U [rm]
Angle : [U— [deq]

OK | Cancel

Slika 6: Izbornik za pozicioniranje to¢ke 1

Postavljanjem fiksne tocke u ishodiste koordinatnog
sustava olaksano je kreiranje mehanizama. 1z prethodno
nacrtanog CAD modela ocitavaju se koordinate tocaka.
te se za svaki sljedeci Stap definiraju koordinate pocetne i
zavr$ne toc¢ke. Prvi $tap (slika 4 i 5) treba biti pod kutom
od 90° i duljine 150 mm prema zadanim vrijednostima iz
zadatka, koordinate se mogu unositi i tako da se
dvostrukim klikom pokrene dijaloski okvir za unoSenje
koordinata (slika 7.).
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7 — B
Node Properties (Node 2‘ ﬂ

Coordinates I Graph Selection] Displayl Dptimizel

Carthesian (absolute) I Carthesian [relative) I
Polar (absolute] I Polar (ielative] | Intersection |

Radius : |1 50 [mim]
Angle : ISU [deq]

OK I Cancel

Slika 7: Izbornik za pozicioniranje tocke 2

Nakon pozicioniranja to¢ke dva crta se novi $tap i
pozicionira se tocka tri (slika 8.). Koordinate koje se
oditavaju u CAD programu su c&esto u Kartezijevom
koordinatnom sustavu pa treba paziti kod upisivanja da
se odabere ispravna kartica u dijaloskom okviru. Odabere
se kartica Carthesian (absolute) te se u upisuju apsolutne
koordinate tocke mjerene od ishodista.

( 7 [ = )
Node Properties (Node 3) =)
Coordinates | Graph Selection | Display | Optimize |
Polar (absolute) ] Polar [relative) I Intersection I
Carthesian [absolute) Carthesian (relative) l

x: [345.09170 (o]
v [36219320 frm]

oK I Cancel

Slika 8: Izbornik za pozicioniranje toc¢ke 3

Neus sAbE: o

Fiormmsmes kiR DACARA S

Slika 9: Crtanje Stap 2

Posto su poznate udaljenost izmedu tocaka (slika 10),
nacrta se linija (Stap) od pocetne tocke u desno te se
definira pozicija oslonca sa o¢itanim koordinatama.

7 3 sz N
Node Properties (Node 4) ol
Coordinates | Graph Selection | Display | Optimize |
Carthesian (absolute) ] Carthesian [relative) I

Polar (absolute) Polar [relative) I Intersection ]

Radius : ITDU.UDOEID [mm]
Angle : IU.UUDUU [dea]

oK I Cancel

Slika 10: Izbornik za pozicioniranje tocke 4

Nacrtani oslonac spoji se sa to¢kom 3 i dobije se novi
Stap (slika 11) valjane duljine.

DeRel AbAag PamAMe S MNEHARKGR ~o

Slika 11: Crtanje Stapa 4

Posljednji je Stap koji na kraju ima klizac.
Proizvoljno se nacrta linija od Stapa Cetiri do Stapa tri. Sa
ikonom za ukljestenje umece se kliza¢ (slika 3.12) na
kraj Stapa.

%
J

Slika 12: Crtanje $tapa 5

Na kraj se postave koordinate tocaka pet (slika 13) i
Sest (slika 14) koje su prethodno o¢itane iz SolidWorksa.
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5 . .
Node Properties (Node 5) RS

Coordinates | Graph Selection | Display | Optimize |

Intersection I
Carthesian [relative) I

Polar [absolute) ] Polar [relative) ]

Carthesian (absolute)

: [5225458 [
v [176.0968 [rom]

0K | Cancel

Slika 13: Izbornik za pozicioniranje tocke 5

>
Node Properties (Node 6) [ =

Coordinates ] Graph Selection' Display' Dplimize]

Polar (absolute) ]
Carthesian [absolute)

Polar [relative) ] Intersection I
Carthesian [relative] I

%: [279.68690 frm]
v [0.00000 from]

=]

Slika 14: Izbornik za pozicioniranje to¢ke 6

Cancel I

Brisanjem nepotrebne linije tri postupak crtanja
mehanizma u SAM-u je zavrSen (slika 15).

Slika 15: 1zgled mehanizma u SAM-u

3.2 Zadavanje kutne brzine

Gotovo sve naredbe u SAM-u se vr$e pomocu ikona
pa tako se kutna brzina za odabrani pogonski element
zadaje pomocu ikone (slika 16).

£\

Slika 16: Ikona za zadavanje kutne brzine.

Nakon klika na ikonu treba odrediti za koji element
odnosno  to¢ku Zelimo postaviti kutnu  brzinu.
Postavljanjem na Zeljeno mjesto otvara se prozorci¢
(slika 17) u koji treba unijeti podatke tj. vrijednosti kutne
brzine pogonskog elementa.

Input Motion - o — — =%

Angle [dag]

300 00000 ==
Linear | Sinusoicel | Pol 345 | Pol Sthorder | File | Spline | Trap1 | 4] » T
200 00000 ==

100 00000 [

rometers  Value imension -
Motion [30.00000 _[deg] 000000 == H
[Time 100000 [s] 000000 050000 100000
finervals bo 0]

Angular velocity [rad’s]

6.00000
400000
200000
0.00000

0.00000 0.50000 1.00000

Inset Modify Angular scceleration [rad/s2]

List o schuel cunve-parts 1.00000
2 0 50000
000000
0.50000
100000
000000 050000 1.00000

Delete Cizorall Clipboard Frint

oK Cancsl

Slika 17: 1zgled prozora za postavljanje podataka za
kutnu brzinu

Prilikom unosa podataka neke vrijednosti treba
preracunati. Pa tako kutnu brzinu koja je u rad/s treba
pretvoriti u °/s. Ako preracunati °/s ne prelaze 360 °/s
potrebno je povecati vrijeme >1, tj. koliko vremena
odgovara da pogonski element mehanizma prijede puni
krug.

Parameters Value pimension |
Motion 330 [deq]

Time 12 [s]

Intervals 36 [

Slika 18: Postavljanje podataka za kutnu brzinu

Nakon zadavanja podataka pogonskog elementa
moguce je pokrenuti animaciju te promatrati kretanje

svih to¢aka mehanizma.

Slika 19: Ikona za pokretanje animacije

3.3 Brzine i ubrzanja to¢aka mehanizma

SAM omogucava prikaz brzine i ubrzanja svake
tocke mehanizma u bilo kojem trenutku odnosno
polozaju mehanizma. Odabirom izbornika "Analysis"
otvara se prozor za odabir elemenata ili tocaka, oznace se
tocke te nakon toga odaberu veliine (polozaj, brzina,
ubrzanje, apsolutno ili u smjeru osi x ili y) za koje Zelimo
iscrtati kinematske dijagrame.

Iz rezultata je vidljivo kako se mijenjaju brzine i
ubrzanja svih toCaka na mehanizmu u periodu trajanja
simulacije pa se tako vidi da je apsolutna brzina tocke 2
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konstanta (kutna brzina pogonskog Stapa je konstantna).
Apsolutno ubrzanje tocke 2 je takoder konstantno, a ono
je jednako normalnoj komponenti ubrzanja tocke na
obodu odnosno na kraju pogonskog Stapa u ovom
slucaju.

[E+3] Graph of Selected items
8.

V_absi2) [mmis]
56392795

A_sbs2) [mmis2)
2575.92526

V_sbs(3) [mmis)
77115110

A_sbs3) [mmis2)
2132.40888

V_sbs(é) [mmis]

38557555

A_sbsi) [mmis2)

20870442

V_sbs(®) [mmis] \

#70.05810

A_abs(e) [mmis2)
1824.16225

00 02 04 08 08 10

Time {5
0.00000

Slika 20: Graf brzina i ubrzanja

Na y-osi prikazuju brzine u mm/s pa vrijednosti treba
pomnoziti sa 1000 da bi se dobili m/s, dok se na x-0Si
prikazuje vrijeme koje je u sekundama. Vidljivo je da
brzine i ubrzanja vrlo malo odstupaju od rezultata
grafickog rjeSenja, pa mozemo zakljuciti da su podaci
dobiveni ra¢unanjem i crtanjem dobri u usporedbi sa
SAM-om.

Tablica 1: Brzine i ubrzanja kliza¢a mehanizma

Nr: Time V_abs(6) A_abs(6)
[-] [s] [mm/s] [mm/s2]
0 0.000 470.058 1.824.152
1 0.028 509.396 1.005.848
2 0.056 525.982 192.154
3 0.083 520.451 580.503
4 0.111 494.447 1.275.818
5 0.139 450.632 1.856.566
6 0.167 392.724 2.284.007
7 0.194 325.516 2.520.347
8 0.222 254.727 2.539.419
9 0.250 186.398 2.348.567
10 0.278 125.646 2.008.573
11 0.306 75.246 1.621.263
12 0.333 35.126 1.280.784
13 0.361 3.203 1.034.770
14 0.389 23.276 886.925
15 0.417 46.827 820.757
16 0.444 69.456 817.677
17 0.472 92.708 863.776
18 0.500 117.815 950.118
19 0.528 145.809 1.070.697
20 0.556 177.563 1.219.714
25 0.694 398.652 1.747.650
30 0.833 452.068 1.927.206
35 0.972 76.469 4.422.466
36 1.000 194.679 4.052.825

4. ZAKLJUCAK

U ovom radu prikazan je jednostavan i brz postupak
definiranja geometrije, pocetnih uvjeta 1 analiza
planarnog mehanizma u SAM-u. Suéelje je jednostavno i
omogucava studentima i nastavnicima primjenu ovog
softvera u nastavi, u smislu didaktickog pomagala, za
provjeru rezultata i slicno. U radu je prikazan dio
funkcionalnosti programa, ali u njemu je moguce raditi i
dinamicku analizu.

Sve je ceSCe koriStenje ovakvih i slicnih
specijaliziranih numeri¢kih softvera u nastavi. lako
postoje brojni drugi sloZzeni numeri¢ki programi,
jednostavnost koriStenja ovog programa kao i dostupnost
probne verzije predstavljaju veliku prednost za studente i
nastavnike.
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UTJECAJ LETECEG PEPELA NA SVOJSTVA MEHANICKO AKTIVIRANIH
CEMENTNIH SMJESA

FLY ASH AND ITS INFLUENCE ON THE PROPERTIES OF MECHANO-ACTIVATED
CEMENT COMPOSITIONS

Mostoroi S.N., Barabash L.V., Ksénshkevich L.N., Krantovskaja E.N.

Struéni ¢lanak

Sazetak: Ovaj clanak bavi se utjecajem leteceg pepela na cementne komponente, tj. na efektivnu viskoznost, kineticku
promjenu egzotermnog zagrijavanja i na njegovo vrijeme stvrdnjavanja. Utvrden je pozitivni efekt mehanicke aktivacije
na kompresijsku snagu cementnog morta sa pepelom kao veznim aditivom.

Kljuéne rijeci: kompresijska snaga, efektivna viskoznost, leteci pepeo, mehanicka aktivacija, portland cement

Professional paper

Abstract: This article deals with influence of fly ash on components of cement, that is, the effective viscosity, kinetics
changes of exothermic warm-up and it’s setting periods. The positive effect of mechanical activation on the compressive
strength of mortar cement with ash as a binding agent has been established.

Keywords: compression strength, effective viscosity, flyash, mechanical activation, Portland cement

1. INTRODUCTION

Despite the fact that the use of fly ash in Portland
cement has long been known [1,2,3,4], this issue remains
relevant considering the need to obtain high-quality
building materials and also by saving resource for bind
materials.

The fine particles of ash that are located in the space
between the grains of cement, are performing the role of
a lubricant, enhacing the rheological properties of the
composition. Ash also has a sealing effect on the
structure of cement stone. At the same time, due to low
activity of ash during the hydration of portland cement
[5,6,7] there is need for increased of binder flow to
provide the required strength properties of the solution.

Known methods of increasing the chemical activity
of fly ash increases it’s dispersion by mechanical
activation [8,9]. In the process of mechanical activation
spherical particles of ash are destroyed, which
significantly reduces its plasticizing effect [10].

2. EXPERIMENTAL INVESTIGATION

In OGASA (Odessa’s academy of civil engineering
and architecture) speed thermomixer was designed and
developed with fundamentally new design for the
mechanical activation of mineral binders and it’s
additives.

Activation of disperse systems is realized through the
collision of particles without destroying them in the
active zone of mixer. The collision of the dispersed phase
in the turbulent flow leads to a modification of the
particle surface without substantially increasing the
specific surface, which causes a change in the physical
and mechanical processes and effects at the phase
boundary [11,12].

Interest is to determine the influence of mechanical
activation in proposed speed mixer on the properties of
cement-ash compositions (the effective viscosity,
exothermic heating, setting time) and the strength of the
thereof mortar. In the experiment, Portland cement PC I-
500 from Kamenec-Podoski cement factory is used as a
binder. As an additive, Ladizhinskoi TES fly ash was
used. Ash consumption ranged from 0 to 80% weight of
binder. For plastification of ash-cement suspensions
superplasticizer C-3 was used, concentration of which
was varied in the range from 0 to 1% weight of the
binder.

Activation time of ash-cement suspension in a high-
speed mixer (n = 2800 spin/min) was 150 seconds.
Effective viscosity measurements was carried out every
30 seconds.
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Figure. 1. Effect of the activation time on the

effective viscosity change of the ash-cement suspensions

X axis represents the time of activation, while y axis
represents the effective viscosity.

1,2,3 - the effective viscosity of a suspensions with
fly ash content of 0, 40 and 80%. C-3 = 0%

1’,2°,3” - the effective viscosity of a suspensions with
fly ash content of 0, 40 and 80%. C-3 = 1%

3. EXPERIMENTAL RESULTS

Experimental results of effective viscosity of ash-
cement suspension depending on the activation time of
ash quantities in portland cement are shown on Fig 1. It
has been established that speed mixing reduces the
effective viscosity of the suspension.

The minimum value of the effective viscosity is
achieved after 60-90 second activation of suspension in
mixer. Further activation of suspension leads to increase
of effective viscosity, apparently due to increase of
internal friction between the dispersed particles of the
binder. The analysis of the experimental data (Fig. 1.

curves 1, 2, 3) indicates that fly ash has a plasticizing
effect on cement-containing suspension.

Thus, replacement of 80% Portland cement with ash
reduces the effective viscosity of the suspension after 60
seconds activation with 720 to 500 cps; i.e. almost 30%.
Plasticizing effect significantly increases from the
combined influence of superplasticizer C-3 and ash on
the suspension speed mixing.

Activation of ash-cement suspension (fly ash = 80%)
in the presence of superplasticizer-3 leads to a decrease
in effective viscosity of the suspension from 1250 cps
(inactivated suspension; content of fly ash - 0%, the
concentration of C-3 = 0%) to 26 cps, i.e. almost 50
times.

Process of hydration of portland cement is
accompanied with increasing of temperature [13]. The
character of the curves of the isothermal warming of
suspensions gives an indication about the impact on the
hydration process of cement mechanical activation as
well as the content of fly ash and the concentration of
superplasticizer C-3 in the binder.

Determination of exothermic heating solidifying
suspension was carried out in a thermos-type calorimeter
with temperature fixation after each hour of
solidification. The volume of solidifying suspension was
500 ml.

Curves of the exothermic heating shown on Fig 2
indicate that activation of the binder leads to a drastic
acceleration of hydration. This is typical for all analyzed
concentrations of fly ash in Portland cement.

At the same time it should be noted that increasing
the fly ash content in the binder leads to slow heat
dissipation, as well as reducing its maximum temperature
of isothermal heating.

Thus, if heating of suspension on pure cement clinker
reaches its maximum through 6 hour period and then
when replacing the 80% of Portland cement with ash,
maximum heating-up is achieved after 9 hours.

Fly ash — 0% Fly ash — 40% Fly ash — 80%
85 55 20 -
80
50
— 75 &
[} 335

8 70 c")"45 °.
L s = =
2 3 5
© &0 240 :':: 30
[ Py
Q. 55 D 2 -
E Bas =
L 50 = Z .
£ s . 3
5 - 5 5
T 15 =Ty S 20 4
@ 3 3

30 = -

25 20 15 4

20 15

15

., 10 . . v . T Y

10 10 v o 3 & 98 12 15 18

0 3 6 9 12 0 3 6 9 12 15 8
Time [hour] Time [hour] Time [hour]
- SUSPENSION WITH MECHANQ-ACTIVATED BINDER =~ = = = = - CONTROL

Figure 2 Kinetics of changes in temperature exothermic heating-up of solidifying ash-cement suspensions
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Setting time was determined on a test of normal
density. The normal density of cement paste
(depending on the ash content in the Portland cement
and the concentration of C-3) was adjusted by water
mixing. The amount of ash in the binder was varied
from 0 to 80%. Experimental data on the setting time
of cement paste are presented in Table 1.

It has been established for the cement paste in the
mechanically activated binder (C-3 = 0%) inserting
ash to Portland cement in an amount of 40% delays the
setting of the test with from 1 hour 10 min to 1 hour.
40 min. Cement paste with 80% ash in Portland cement
starts setting after 2 hours 0 min.

Table 1 Setting time of cement paste

The setting time, hour: min

i_\o ‘f’\; S Activated binder Activation of the binder is absent (control)
Ne ) g o

> S ]

= © Start, , End, 1. Start, 1, End, T
1 0 100 0 1:10 3:45 2:00 5:15
2 40 60 0 1:40 4:25 2:55 6:10
4 80 20 0 2:00 5:10 3:30 7:20
5 0 100 0,5 1:15 4:45 2:10 6:40
6 40 60 0,5 3:05 8:00 5:30 11:20
8 80 20 0,5 5:50 12:05 10:10 17:00
9 0 100 1 1:40 6:20 3:00 9:00
10 40 60 1 4:05 11:55 8:05 16:55
12 80 20 1 6:30 14:30 11:20 20:25

Setting of cement paste on a non-activated binder
starts (with similar content fly ash in Portland cement)
occurs in 2 hours 55 minutes and 3 hours and 30 min,

accordingly.
Control Binding activated
g 7 -7 :
/ N\ |
/ 4 / /
VvV / _ $ /
X / X o
03 $ S / y
O / ) / / |
= o /4
0 40 80 0 40 80
Fly ash [%] Fly ash [%]
- B ]
> /
77 A
/' // / o /
£, il Fol L %
S < o / >
o o /
i | L/
0 40 80 0 40 80
Fly ash [%] Fly ash [%]

Figure 3 Effect of fly ash and superplasticizer C-3
on the compression strength of the mortar [Mpa]

It should be noted that insertion of additive-3 in
cement paste n an amount of 1% even reduces its

normal density at 5 + 20% (depending on the content
of fly ash in Portland cement) nevertheless slows down
the process of structure formation, which effects on
slowdown of setting time start. This is typical for both
the cement test on a pure Portland cement, as Portland
cement with fly ash additive of 40 and 80%.
Decelerating influence of fly ash and superplasticizer
C-3 also affects the end of the cement paste setting.

Of interest to determine the effect of the ash content
and the concentration of C-3 in Portland cement on the
compressive strength of mortar mix composition of 1:
2. In the experiment quartz sand was used with Md =
2,7. The experiment was carried out by 2 factorial
designs. As independent variables, following factors of
variation were adopted: X1- consumption of ash in
Portland cement (40 + 40)%; X2 concentration of C-3
in the binder (0,5 + 0,5)%.

Two parallel series of experiments were carried out.
First - (Control) - by the traditional technology, the
second - with mechanical activation. The activated
suspension was mixed with quartz sand in the low-
speed mixer until it reached homogeneously state.

According to the obtained experimental and
statistical models, diagrams have been constructed,
showing the influence of varying factors of
composition on the compression strength of the mix,
Fig. 3. Mechanical activation increases the strength of
mix to 20 ... 25%, thus allowing (by obtaining the
mixes of equal strength) 15 ... 20% of Portland cement
clinker component to be replaced with the fly ash.
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4. CONCLUSION

After experimental and statistical models, we can
conclude following:

1) Fly ash has a plasticizing effect on cement-
composition, which is confirmed by reduction of
the effective viscosity.

2) Activation of ash-cement suspension leads to
acceleration its exothermic heating according to
comparison with control.

3) Mechanical activation increases the strength of mix
to 20 ... 25%, thus allowing 15 ... 20% of Portland
cement clinker component to be replaced with the
fly ash.
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Struéni ¢lanak

SaZetak: U clanku je predstavljeno iskustvo geoloski i reljefno zahtjevnog gradilista. Zbog nepovoljnih visinskih razlika
izvodio se polu-podzemni parking na 3 nivoa. Osiguranje gradevinske jame izvedeno je uz pomo¢ dva reda busSenih
pilota povezanih naglavnom konstrukcijom i Zmurja. Potporna konstrukcija integrirana je u opéu konstrukciju
stambene zgrade. Provedeni su odgovarajuci proracuni osnovnih parametara i opce stabilnosti gradevine. Kontrolna
ispitivanja buSenih pilota potporne konstrukcije i pilota temeljne konstrukcije potvrdili su ispravnost i efektivnost
odabranog projektnog rjesenja.

Kljuéne rijeci: aktivni i pasivni tlak, buseni piloti, gradevinska jama, Zmurje

Professional paper
Abstract: In the article the experience of mastering a difficult geological and relief related site area is presented. The
drop markers led to the necessity of constructing a semi-underground three-level parking. The protection of foundation
pit from existent building and transport communications is accepted as a sheet pile wall from double-row borings piles,
incorporated by grillage. Sheet pile wall is integrated into the structural scheme of the building. The appropriate
calculations of the basic parameters and the overall stability of building are executed. Routine tests of borings piles
wall and prismatic piles of main pile field have confirmed the validity and effectiveness of the design decision.

Keywords: active and passive pressure, bored pile, pit of variable depth, sheet pile wall of the fence

2. FEATURES OF THE PROPOSED DESIGN
METHOD

1. INTRODUCTION

Reconstruction and new construction in a historical

continuum of urban development poses the problem of
operational  implementation of technically and
technologically advanced engineering solutions for
designers and builders [1]. This is due to the following
objective factors: the tightness of construction sites,
surrounded by existing buildings; the complexity of the
geological and hydrogeological conditions; significant
drop markers of relief; the need for transferal of urban
communications and other.

All of the above takes place in the central part of
Odessa (Ukraine) in the area adjacent to the Zhukovsky
street (Fig. 1). Natural height difference between the
Polish street and Devolanovskiy descent became a major
factor in the development of this project site. Study of
possible options for the design decisions led to the device
in the side beams semi-underground three-level parking.
In this connection there was need for excavation a pit of
variable depth - from 1m by the Devolanovskiy descent
to 10 meters along the Zhukovsky and Polish street.

In the design of deep pits, arranged in the immediate
proximity and below the level of the foundation
surrounding structures, special measures are necessary to
protect them from possible settlements and deformations.
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Figure 1. Situational plan of the site with the contours of
the pile raft foundation of pit building under construction
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One way to protect the pit, the surrounding buildings
and traffic intersections is a device sheet pile wall.

Significant and variable on the plan the depth of the
pit caused by the terrain of the construction site, has
dictated the choice of its enclosure in the form of sheet
pile wall unanchoring double row bored piles, whose
union on top of monolithic reinforced concrete raft
foundation has given the whole structure additional
spatial stiffness [2].

A design scheme of this retaining wall is a
cantilevered beam having a footing at the base and
located in static equilibrium from active and passive
pressures of soil. The problem was to determine the
depth of setting the size of the wall. Calculation of the
adopted wall structure was performed by "elastic line" of
Blum-Lomeyer [3].

Due to the complexity of diagrams the thrust and
resistance of soil due to its heterogeneity, known Graphic
analytical methods used. In the first step of calculating
diagrams of the active and passive soil pressures on the
wall, taking into account the surface strip load from the
existing strip foundation were constructed. The resulting
diagrams are divided into individual sections and
replaced by concentrated forces. Next the power and rope
polygons constructed to these forces of. The torque
values are defined by the product of the pole distance to
scale forces in the corresponding ordinates of a closed
rope polygon to scale lengths. Lower-bound of the
current diagram of the passive soil pressure and the
calculated depth of wall embedment obtained by the
point of intersection the rope-gon with closing the
vertical.

The resulting bending torque by method of the elastic
line, in our opinion, is too high a value of the possible
redistribution of soil pressure caused by the flexible wall.
Wherein the pressure decreases in the span and increases
in the anchor footing. Therefore, taking into account the
rigidity of the wall and the soil characteristics, the
maximum torque in the wall adjusted by the accordingly
coefficients founded from the graphs given in [2, p. 464].

Checking of the total steadiness of the adopted
construction of the partition wall is made by the technical
theory of limiting stressed state of soil ground of
P.Yakovlev and by the method of Maslov-Bearer [4, 5].

The sequence of work of the zero cycle led to the use
of piles of sheet piling as the foundation for the outer
walls constructively, thereby significant saving of
concrete, reinforcement, time and manpower achieved.
Principal scheme of the pile fence and its integration into
the building structure are shown in Fig. 2.

In the design came from the fact that two bored piles
0350 mm per 1 rm fencing arranged in a transverse
direction, should create a couple of forces to perceive the
calculated bending torque. Based on this, the force in the
reinforcement of single stretched pile must balance the
strength in compression of the other pile.

For the perception of the calculated bending torques,
taking into account the variability of engineering-
geological conditions, variable height of the walls of the
pit and loads from the existing building and other
structures, the distance between the two rows of piles
(magnitude of shoulders) taken: from the Polish street of

the - 1.95 m; from the Zhukovsky Street - 1.95 m and 3.2
m; from the existing residential home - 3.5 m.

At the level of existing blind area piles combined by
thick of 600 mm monolithic concrete grillage, which is
the reinforcement in the transverse direction is calculated
from the condition of the hard crushing and loading of
the outer wall.

The length of the bored piles fence confirmed with
above calculations and assumed equal to the depth of the
pit and the necessary length of their incorporation into
the ground. It ranges from 16..18 m, and mark their
heels are almost corresponding to marks heel pressed
prismatic piles of main field.

Checking the strength of materials piles made of
assuming their elastic behavior, based on the magnitude
of a possible move of foundation grills in the direction of
the pit. The geometrical characteristics given to concrete
per meter cross-section of the pile fence - moments of
inertia and resistance - were determined for this. It was
found that edge stresses in sections of piles are within the
boundaries of the calculated resistance of materials, and
the horizontal displacements of grillages did not exceed
the statutory limits [6].

Reinforced lage of the II phase

conerete grillage

of the first phase)/ |

Semi-
Phase I - the device % underground
of the pile fence three-level
parking

Bored piles 4
of fence A

@350

¥

Prismatic piles
0,35%0,35 m

-19,68
(oo [ ['] 20,68
(9,00)

Variable ;o4

Figure 2. Principal scheme of the device of fencing pit in
view of its use in the structural scheme of building under
construction (a-a)

The calculation does not take into account the friction
forces on the lateral surface of the pile and soil mass
work concluded between the piles on shift that has gone
into the reserve of strength and stability of fencing pit.
The control tests showed that the total carrying capacity
of bored fence piles and crushing prismatic piles of the
main pile field on the vertical load exceeds the
permissible rated load from the outer wall, which
confirmed the validity of the accepted decision [7].

To obtain objective quantitative feedback parameters
confirming the accuracy of the decisions, as well as for
their potential operational adjustments, the construction
process, the behavior and the state of the surrounding
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buildings and structures geotechnical monitoring was
carried out.

Dwelling-house, built using solutions described in
this article, normally operated for seven years (Fig. 3).

3. CONCLUSION

Intercalation of enclosing bored piles as an additional
power element of resistance to carrier constructive
scheme has allowed increasing the efficiency and to
optimize the combination of the ratio of operational
reliability and cost effectiveness in the construction of
multi-storey apartment building with a semi-underground
three-level parking.

c)

Figure 3. Dwelling-house with semi-underground three-
level parking
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NON-CONSERVATIVE PROBLEMS OF THE STABILITY OF BAR STRUCTURES
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Struéni ¢lanak

Sazetak: U clanku je predstavijen algoritam za koristenje numericko-analiticke verzije metode granicnih elemenata
(MGE) za rjesavanje nekonzervativnih problema stabilnosti Stapnih konstrukcija kao Sto su kontinuirane grede i
ravninski okviri. Cilj ovog rada je prouciti ponasSanje kompleksnih mehanickih sustava pod djelovanjem
nekonzervativnih tlacnih sila. Slicni problemi se javijaju u visoko opterec¢enim konstrukcijama te je karakter njihovog
ponasanja od velikog znanstvenog znacaja. Pri rjeSavanju nekonzervativnih problema koristena je dinamicka metoda i
algoritam MGE. Pokazano je da je ponasanje slozenih Stapnih konstrukcija pod djelovanjem tlacnih nekonzervativnih
sila kvalitativno se razlikuje od ponasanja pojedinacnih stupova i greda. Rezultati rada dopunjuju i proSiruju znanje o
ponasanju razlicitih konstrukcija Sto se moze iskoristiti u razradi projektnih rjeSenja u visokotlacnim cjevovodima,
izgradnji strojeva, avio i brodogradnji, gradnji raketa, u izgradnji busacih strojeva i sl. Proracuni kriticnih sila
napravljeni su u programu MATLAB.

Kljuéne rije¢i: MATLAB, metoda granicnih elemenata, nekonzervativni problem stabilnosti, Stapnih sustavi

Professional paper

Abstract: An algorithm for the use of numerical-analytic version of boundary element method (MGE) for solving the
problems of stability of non-conservative bar systems such as continuous beams and plane frames is presented. The aim
of this work is to learn the behavior of complex mechanical systems, loaded with non-conservative compressive forces.
Similar problems occur in heavily loaded structures and their behavior is of great scientific and practical importance.
Dynamic method and algorithm of MGE are applied in solving the non-conservative stability problems. It is shown that
the behavior of complex systems under the action of the bar non-conservative compressive forces are qualitatively
different from the behavior of individual bars and beams. The results of the work complement and extend the knowledge
about the behavior of different designs that can be used in such design solutions as high-pressure pipelines, machine
building, aerospace, shipbuilding, rocket, on drilling rigs, etc. Calculations of the critical forces are made in the
MATLAB environment.

Keywords: boundary element method, MATLAB, non-conservative problems of stability, rod system

1. INTRODUCTION

The conservative problems of the stability can be
solved only with a static method while the non-

Mechanical systems with non-conservative forces are ~ conservative tasks can be served with the help of

widely used in the life of modern society. Systems with
internal sources of energy can be attributed to such
systems: these are rockets, planes, space stations, oil der-
ricks and platforms, turbines, internal combustion
engines, metal-cutting machines, various cranes, high-
pressure pipelines and etc.

dynamic method only [1]. The main element of BEM for
the dynamic method is solution of Cauchy problem for
the bar lateral oscillations considering the longitudinal
force. The given solution is convenient to be introduced
in the matrix form [1].

ETV() A | An | FA | -Aul E I . A(x-E)

EIQx) | = | Ax Aqy A | -Ags EIQu | 4 J’ AIS(X"—? q(adz, (1)
M(x) Az | FAa | Az | Axn M) ] -An3(x-8)
Qx) Agp | FAs | A | As Q) -As3(x-8)
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where fundamental orthonormalized functions have the
following view:

_ Bichax+a’sin px .

All aZ +ﬂ2 !
A =,B3shax+a3sin,8x_ A _ chax—cos fx.
2 a’f+af’ T a’l+p* ]
2shax — asin
Aa = F a’p+apf’ ﬁx; A=A
ashax+ fAsin
A= a2++1‘632 ﬂX; AalzazﬁzAis; )
2chax + 3% cos
A33:a 0;2 +ﬁﬂ2 'BX; A41:a2:82A23;
A _a’shax— °sin px .
43 T 0(2+ﬁ2 !

a:\_ZII:EI +\/(2E| T+w|52|m;

ﬂ:\zil +\/(2E| j2+w52|m'

Expressions (2) proceed to the famous A.N. Krylov
functions at F = 0.

In contrast to the static method, critical force in the
dynamic method is defined in the point where two
neighboring frequencies of free oscillations become
equal (merge). Therefore, the initial data of compressing
force is input in the program and frequencies (at least
two) of free oscillations from the BEM frequency
equation are defined [2],

A(F,0)=0 3)

where A«(F,®) — is the frequency matrix of the bar
structures built according to the BEM algorithm. Then
the value of the compressing force is increased and the
frequency change is backtracked. The process continues
until two neighboring frequencies become equal with the
certain precision. At the same time, the value of the
compressing force will be critical and the whole process
of its identification is comfortable to be presented in the
form of diagrams.

2. ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

Literature analysis on solution of non-conservative
problems of steadiness shows [1], that behavior of
complex bar systems such as continuous beams and
frames. Therefore, let us show BEM algorithm ideally
suits for identical problem-solving models with any
structure of elastic system. A random set of bars can be a

model of the object. Each of those bars can have an
infinite number of degrees of freedom. Moreover,
displacement, rotation inertia, inside and inner friction,
optional laws of mass and rigidity change, longitudinal
forces and other factors. Non-conservativeness of
compressing forces in BEM is considered with a proper
formulation of boundary conditions for an elastic system.
Boundary conditions are non-linear for a separate bar and
are linearized considering a smallness of proper
dislocation, i.e. the equalities are true.

siny =tgy =y; cosy =1, 4)

where W — is an angle between the force of F and a
normal to the bar axis (Fig. 1).

x; ¥
o () ‘/7F

|

Ve
b)

Figure 1. Alternatives of behavior for the compressing
non-conservative forces: a) following up the rotation
angle of the beam section; B) the force of F has a fixed
line of action

Boundary conditions for the force of F in Fig.1, a are
quite simple:

y = %;EIU(I)i 0;Elp(1)#0;
M(1)=0;Q(1)=0

In boundary section of the beam for the force of F in
Fig.1, b there arise the bending moment and shear.

()
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= %—gp(l); Elo(l) = 0; Elgp(l) = 0;
M(1)=Fo(l);, Q(l)= Fsing(l)

If non-conservative pressure forces are applied to the
assemblies of continuous beams and frames, then their
behavior should be considered with boundary conditions
of bars that are a part of this assembly. Let us review the
tasks of bar structures stability on the force application in
Fig.1.

(6)

3. THE PURPOSE OF WORK

The purpose of work is to solve new non-
conservative tasks of continuous beams and plate frames
and learn the behavior of these sys-tems at the

application of increasing non-conservative compressing
forces.

4. MAIN PURPOSE OF THE ARTICLE

Continuous beam (Figure 2). According to the BEM
[1] algorithm, it is divided into separate bars, assemblies
are numerated and the start and end of each bar are
marked with arrows. Then the matrices of initial and
finite beam parameters are formed. These matrices con-
sider the end conditions, boundary conditions and a
connection between the boundary elements in assem-
blies.

Load non-conservativeness in Fig. 2, a is shown in
the Matrix Y in the rows from 13 to 16. If we transfer all
parameters from Y to the matrix X», we will receive the
matrix A«(F,w) of equation (3) for the given beam.

Figure 2. Continuous beam loaded with non-conservative forces

1 | Elvlpy' =0; Q°'(ly) 1 Elv(ll) =
2 Elpiy' 2 Elp{y = El(p(lo_)z
3| Myp'=0; Q'2(ly) 3 MY = Mg’
4 Qo) 4 Q)
5 | Elulgy’ =0; Q*3(ls) 5 Elvi;y =0
6 Elply)’ 6 Elp( 5 = EI(p(O)
7 M) 7 My = MG’
X, = ° 2-3 Q(O) 1, Y = ° g(—lg) ()

9 Elv(o) =0; Elv(m 9 EIv(l3) =0
10 E1<p§0‘)3 10 Elpt s = E1<p§0-)4
11 M(O) 11 MES = M(O)
12 Qb 12 Qs
13 | Elviy* =0; Elo{y) 13 Elvi
14 Elply" 14 Eloly)
15 Miy* 15 My =0
16 Qi 16 Qo =
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 A Ay
2 Ap A -1
3 -Agy Ags -1
4 -1 -An A
5 Ap | A | A
6 A | -An | -An -1
7 Ay | As | A -1
4, = 3 -1 As | As | As (8)
9 Ap | -Ap | Al
10 Ap | -Axp | -Asi -1
11 A | As | As 1
. 1 Ay | As | As
13 -1 Ap | -Apn | A
" 1| An | An | As
15 Ag | Asz | Ax
16 Az | As | As

For the case of applying force of F according to Fig. 2, b,
there will be added next elements to the matrix

F

. F
E’A&

A.(159)=- (16,13) ©)

Let us review a plane frame, which studdings 4 times
longer than cross-bars with the same masses of m and
rigidity of EI (Fig.3). Simularly, when building matrices

with initial and finite data and considering boundary data
and frame topology, we will come to a dynamic stability
matrix (10) for the frame in Fig. 4, a. Calculation of
inertia force of linear movable bars 0-1 and 1-2 leads to
the increase of the bars 1-3 and 4-2 distributed mass, i.e.

m2 and m*? [3].

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20
1 Bl: 'Bl:
2 Bll 'B12 '1
3 -33B1s By 1 1 0-1
4 2%Bi|  |Bu 1 1
5 -1 1
6 Bl_ -B1: -B1;
7 By |-Biz | -Bis
8 1 -35B1s| By | B2 2-1
9 1 2%B1:|2%Bye| By
10 1 1

A=y By | Bu 1 (10)
12 1 By | -Bis
13 '1 Bll Bl: 4'2
]__1 1 }fBl; Bu
15 1 1
16 Arp | A | -Al | -An
17 Al | A | -As | -An
18 1 Azl | -Aan | A | Mg 13
19 -1 -Ag | -An | Ass | Ass
20 1 1
Here we should use A.N. Krylov functions from the shAx +sin Ax
bars that are free from compressing forces: Blz =, (11)
22
chAx —cos Ax shAx —sin Ax
2 . .
wm. chAx +cos AX . Bi=——F7— Bu="""""F"73—""
A=4 ; Byj=———"7"-"—"; 24 24
| El 2
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(113{{91.'.'

I1-3 4-2
\ma=4m 4|mi=2m

b)
Figure 3. Plane frame: a) force of F follows up the
assembly rotation angle 1; b) force of F has a
fixed action line.

As in the case with continuous beam, force of F con-
sideration in accordance with Fig. 3, B leads to extension
of elements:

Ak(3,16)=—;; A(5,17)=—;-

4. RESULTS

Diagrams representing the changes in frequencies of
beam free oscillations during force of F increase are pro-

vided in Fig. 4.
The calculations are made in the MATLAB environ-
ment at m = El =1 = 1 [4]. From the diagrams in Fig.4 it

follows that two types of compressing forces lead to the
same behaviour of continuous beam. First ensues buck-
ling mode due to non-conservative forces (flatter or di-
vergence) and then, if the beam is not destroyed, comes
Euler's buckling mode. Critical non-conservative forces
are 0,65/0,06468=10 times higher than the first critical
force of beam compared to Gallilei's "dead" force.

The relationships between compressing forces and
frequencies of free oscillations are provided in Fig.5 (the
calculations are made in the MATLAB environment at
m = El =1=1[4]).

Fi’

£l 1=0,1035 \ Bl /m
W= 06635
@3=109985

0.878

0.65

F’

EI
EI F=0.06468 —
Fo=0.5357,
F3=1,1689.

al™y %

—

w3

Figure 4. Dependencies of the beam oscillation
frequency from compressing forces:
a) - force follows the slope of the elastic curve;
b) force has a fixed line of action.

FI’

El w,=0,185\] El/m ;
tw, =, 7535;
80 =1, (685;
e, =2,0085.
20 g | wl’y %
[/ TR T} i,
a)
s
\ Er
2,644 ¢
24
0, 766
J—
YL
\ ol '\' Er
[u} iy oy, oy M gy
b)

Figure 5. Dependencies of the frame oscillation
frequency from compressing forces: a) force follows up
the assembly rotation angle 1;

b) force has a fixed line of action.
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PREDVIDANJE DUGOTRAJNOSTI STUPOVA NA TEMELJU KRITERIJA KARBONIZACIJE
BETONA | KOROZIJE ARMATURE

PREDICTING THE DURABILITY OF THE COLUMNS ON THE CRITERION OF CONCRETE
CARBONATION AND CORROSION OF REINFORCEMENT

Klimenko E.V., Korol N.D., Korol 1.V., Kos Z.

Prethodno priopéenje
Sazetak: Clanak opisuje ovisnost realne évrstoce cementa o koeficijentu difuzije ugljik diokisida ovisno o temperaturi i

viaznosti okolisa. Izracuni su radeni za vrijeme karbonizacije betona i koroziju zastitnog sloja armature betonskih
stupova. Predlozeni odnosi mogu se povoljno koristiti u predvidanju dubine karbonizacije betona.

Kljucen rijeci: beton, betonski stupovi , koeficijent difuzije, ugljik dioksid, vrijeme karbonizacije

Preliminary communication

Abstract: This paper describes the dependence of the strength of the concrete in regards to the diffusion coefficient of
carbon dioxide in dependence to the temperature and humidity of the environment. Calculations are designed for the
time of carbonation of concrete and the corrosion of the reinforcement's protective layer in concrete columns. The
proposed relationships can advantageously be used in predicting the depth of carbonation of concrete works.

Key words: diffusion coefficient, carbon dioxide, time carbonation, concrete, concrete columns

1. INTRODUCTION

This is due to the fact that the smallest pores, where
the unfrozen capillary moisture is stored, are not
available for the diffusion of CO, gas and limestone

The relevance of this article is to clarify the methods
of predictions and development of technological ways to
improve the durability of the columns on the criterion of
carbonation of concrete and reinforcement corrosion.

One of the causes of the failure of the concrete
columns of buildings and structures is the corrosion of
reinforcement. It manifests itself most severely in
structures subjected to constant exposure to atmospheric
or technogenic water. However, as practice shows the
exploitation of buildings and structures for various
purposes, even in the absence of concrete moisture,
shows with time that corrosion of reinforcement occurs.

The main reason for the beginning of the steel
reinforcement corrosion is termination of the passive
action of the protective layer of concrete.

Alkaline environment of fresh concrete (ph~12 ... 13)
with time reduces the alkalinity (acidity) due to the
passage of the carbonation process of concrete
components with carbon dioxide. As a result of such
exposure, the carbonation of concrete cover occurs and
creates the initial conditions for the further development
of corrosion processes on the surface of the steel
reinforcement (Fig. 1).

A feature of the carbonization process is that at
subzero temperatures it practically ceases the interaction
of CO, with the active components that are dissolved in
the pore liquid of the concrete.

because the matrix goes into crystal hydrate even at -
0.150°C.

N e
. - a-ad

Fig. 1. Reinforced concrete column with damaged
part in the middle section
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During carbonization the carbon dioxide from air
penetrates into concrete pores and capillaries, dissolves
itself in the pore liquid and reacts with the limestone to
form calcium carbonate. The process can continue until
the consumption of limestone in the carbonized layer of
concrete and the expansion of the calcium silicate and
hydroaluminate is complete.

2. CALCULATION

In calculation of concrete carbonation time in natural
environments, only the period of positive temperature is
taken into consideration. The period with negative
temperature is not considered.

On the basis of experimental data obtained according
to the calculation the effective coefficient of diffusion as
a function of the most important parameters - the relative
humidity of the air and water-cement ratio, characterizing
the structure of concrete and its permeability (the
accessibility of the internal surface of the concrete):

ato=60% D, = 10-4
10(WC - 0.4) /0.27
ato=90% D, = 10-4
10(WC - 0.7) /0.2

where D - the effective diffusion coefficient of carbon
dioxide in concrete; WC - water-cement ratio of
concrete.

M

@

Taking the linear interpolation for the influence of
ambient air humidity and water-cement ratio of concrete
to the value of effective diffusion coefficient at W/C =
0.5 for the effective diffusion coefficient of carbon
dioxide in the range of relative humidity (60-90)% an
expression is obtained:

D, (60 —90) =1 x 1075 + 0,333 @
X 1075(90 — ¢);

where D, (60 — 90) - the effective diffusion coefficient

of carbon dioxide in the concrete at a relative humidity in

the range 60 - 90%; ¢ - relative humidity of ambient

air,%.

The formula to calculate the time (year), carbonation
of concrete reinforcement of the protective layer is given
by:

a

i1 Yi

where a — the value of the concrete protective layer;

™.y - the depth of concrete protective layer
carbonation for one calendar year; yi— the depth of
carbonation of concrete protective layer for the i-th
month with positive temperature:

6, = [Picen, (5)

(4)

Tcarb =

where D;— the effective diffusion coefficient CO, in the
concrete in the i-th month, depending on the temperature
and humidity of outside air; Cy — volume concentration
of gas, %; r; — interaction time during the month under
review; mq — the reactivity of the of concrete.

Influence of temperature on the value of the effective
diffusion coefficient is possible to consider using the
dependency er:

D= DO£T; (6)

273+t
g = (550)"" ™)
where Dy — gas diffusion coefficient in concrete at t=0
C°;t — ambient temperature, 0C°.

Using the obtained dependences we can estimate time
of protective layer of concrete carbonation in columns.
Nominal characteristics of the protective layer of
concrete columns and the concentration of carbon
dioxide, according to the adopted regulatory documents
[1, 2] following - Consumption of cement 250 kg/m3, the
protective layer - 30 mm, taking into account possible
deviations in the nominal characteristics of the concrete
protective layer from the designed concrete durability of
the protective layer on the criterion of carbonization.

These calculations according to (5) indicate that the
speed of carbonation of the concrete protective layer is
1.04 mm / year using the 250 kg / m® of portland cement
and 0.95 mm / year when the content of Portland cement
is 300 kg / m.

Consequently, according to relation (4) the
carbonation time of concrete protective layer of 20 mm is
19 years, 30 mm — 29 years, 40 mm — 39 years at the
Portland cement content of 250 kg / m*® and WC = 0,5.

When Portland cement content is 250 kg / m® and
WC = 0,5, the carbonation time of concrete protective
layer of 20 mm is 22 years, 30 mm — 32 years and 40 mm
— 42 years.

Graphs containing the carbonation of concrete
protective layer of examined columns with portland
cement content of 250 and 300 kg/m® and water-cement
ratio W/C = 0.5 are shown in Fig. 1.

TN

a) 250 kg/m?
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T / :
* TR > iy I L el
|
2 — — 5 3 Ton
b) a=30 mm
&
/U 3 - ,0. 35
b) 300 kg/m® ¢)a=40mm
) ) ) Fig. 3. The value of reinforcement corrosion,
Fig. 2. Time of concrete cover carbongtlon Ti depending on the lifetime and corrosion rate of steel at
with portland cement content of kg/m Portland cement consumption of 250 kg/m? and the

thickness of concrete protective layer.
For buildings with service life of 50 years or more,
according to the results of the calculation, it is possible to y
expect the full carbonation of concrete protective layer
even when the deviation of nominal parameters of the
concrete protective layer is a favorable (increases).
Therefore, there is a real danger of the beginning of 34
reinforcing steel connections depassivation process and L }
appearance of corrosion of the reinforcement. L }
When depassivation reinforcement in concrete as a ! @3 B 0 e
result of concrete neutralization of acidic gases and

-
P=]

u
=]

% KOppa3suu

certain conditions (presence of oxygen and moisture), the a)a=20mm
reinforcement steel can intensively corrodate, with speed P~
of corrosion of 0,1 — 1 mm/year. W fmr—ir— = — i e
Depassivation of the steel surface begins only by Pl 7/: ______
carbonation of concrete under the influence of carbon 0.
dioxide or neutralization of concrete when exposed to B — ——
other acidic gases. Until the depassivation of steel /’ 1 — <l
reinforcement surface, its corrosion is excluded. - - 13‘; fj';" ﬂl —
A study of the steel corrosion kinetics is carried out Toen
under the following variations of factors: the protective  p) 3 = 30 mm
layer cover - 20, 30, 40 mm; Portland cement
consumption - 250 to 300 kg/m® speed of uniform )
surface corrosion of reinforcement - 0.1, 0.5, 1 mm/year e A
Fig. 3, 4. Sl J—y
4 0,
W4 1
A ¥ |
I 0,5Mm [
) ? ? . YR % 00
g 50 . s .
. / c)a=40mm
Vo Fig. 4. The value of reinforcement corrosion,
E l ‘ al depending on the lifetime and corrosion rate of steel at
" Portland cement consumption of 300 kg/m?® and the
thickness of concrete protective layer.
a)a=20mm
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Table. 1 shows the average data from various
literature sources for the carbonation depth of concrete
cover for concrete of different compressive strength in
last 50 years.

Table 1 Average data of carbonation protective layer
depth for past 50 years

The depth of carbonation [mm],
at concrete strength [MPa]

Source Up o

o5 30 37 45 60
Hamada
M. [4] 24-85 | 20-70 | 16-57 | 13-47 | 10-35
Smolchik | 24,5- | 21,4- i 10,2- 0-
H.G. [5] 46 33,5 21,7 13,7
Kondo R.
etal.[6] | - - | 8] 2
Schneider
U. etal. - - 69,4 - 52
[7]
Nizh [8] | 25-54 | 21-33 - 9-22 | 0-18

Data presented in Table 1 have considerable
dispersion of values of carbonation depth in the range of
strength of concrete which indicates considerable
heterogeneity of concrete, different conditions of their
production and experimenting.

3. CONCLUSION

1. On the basis of previously developed theoretical
data on the mechanism of interaction of acid gases with
active components of the cement stone, here is proposed
an estimation method for the durability of concrete
columns protective layer on the criterion of carbonization
taking into account temperature and humidity obtained
by the expression (3) for the effective diffusion
coefficient of carbon dioxide, which allows to take into
account the humidity of air.

There were also obtained relations (4), (5) to calculate
the time of carbonation of the concrete protective layer of
a certain thickness.

2. Calculations to predict the time of protective layer
carbonization are formed (with thickness of 20, 30, 40
mm) with Portland cement consumption - 250 to 300
kg/m® and water-cement ratio (W/C) of 0,5.

Results of the calculations indicate that the durability
range of the concrete protective layer for these input data
is 19 - 42 years. Taking into account the actual life of the
building (about 50 years) there is a real danger of
reinforcement depassivation and early corrosion of the
reinforcement in columns.
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ANALYSIS OF SUPERVISION OF THE QUALITY MANAGEMENT SYSTEM FROM THE
HIGHEST MANAGEMENT OF AN ORGANIZATION

Branislav Bojanié

Pregledni rad

SaZetak: Rad opisuje postupak provedbe nadzora sustava upravljanja kvalitetom od strane najviseg vodstva poduzeca.
Kroz opis ulaznih elemenata, njihovu analizu i donoSenje zakljucaka, definiran je postupak s ciljem cjelovitog
sagledavanja i ocjene efikasnosti i ucinkovitosti sustava kvalitete u praksi. Kako istrazivanja pokazuju ovaj postupak
nadzora cesto se svodi na formalnu provedbu i bez ozbiljnijih rezultata. Autor se nada da ce ¢lanak dati svoj doprinos
unapredenju funkcioniranja sustava upravljanja kvalitetom u proizvodnim i usluznim organizacijama.

Kljuéne rijeci: Sustav upravljanja kvalitetom, preispitivanje SUK-a.

Review article

Abstract: This article explains the procedure of executing supervision of the quality management system from the
highest management of an organization. Through the description of input element, their analysis and conclusion
procedure, a process is defined with a goal of seeing the big picture, efficiency assessment and effectiveness of a quality
system in praxis. Author hopes that the article will contribute to improving the functioning of quality control systems in

production and service companies.

Key words: quality control system, review of the QCS

1. UVOD

Za ucinkovit sustav upravljanja kvalitetom (SUK)
trebaju biti ispunjena sljedeéa tri uvjeta: sustav mora
postojati, sustav mora biti operativan (mora biti
odrzavan) i sustav mora biti efikasan (moraju se pokretati
mjere poboljSavanja).

Sustav postoji ukoliko je implementiran u sve
procese, odnosno ukoliko se moze sagledati i prikazati te
ukoliko ga razumiju svi zaposlenici, a najvise vodstvo
podrzava svim potrebnim resursima. Da bi se sustav
upravljanja kvalitetom sagledao i prikazao, mora imati
jasnu strukturu te mora imati dokumentirane postupke i

ostalu potrebnu dokumentaciju koja mora Dbiti
raspoloziva na mjestima koristenja [3].
Nakon ucinkovito provedenih postupaka

implementacije sustava upravljanja kvalitetom potrebno
je provoditi postupke njegovog odrzavanja. Nekad je
lakse provesti postupke ustroja i primjene od postupaka
odrzavanja efikasnog sustava. Ako se ne provode,
primjerice, mjere kontrole, nadzora ili analiza, moguée je
s velikom vjerojatnos¢u ocekivati da ¢e efikasnost dobro
ustrojenog sustava i¢i prema dolje. Sve te aktivnosti treba
promatrati kao sustavni nacin potvrdivanja da je sustav
upravljanja  kvalitetom definiran i shvaéen na
odgovarajuc¢i nacin, da se primjenjuje i da osigurava
odgovarajuci stupanj pouzdanosti i sigurnosti. Iz tih

razloga nadzori, provjere, kontrole i sl. predstavljaju
jednu od najznacajnijih komponenti sustava upravljanja
kvalitetom jer je njihov rezultat dokumentirani zapis i
dokaz da je sustav efikasan i da se u njemu otkrivaju i
uoCavaju  nesukladnosti. Kad se nesukladnosti
konstatiraju, sustav mora osigurati alate i metode te
potrebne resurse za njihovo otklanjanje te poduzimanje
procijenjenih korektivnih i preventivnih aktivnosti.

Uspjesni sustavi upravljanja kvalitetom zahtijevaju
sustavne, formalne, stalne i dokumentirane nadzore s
planiranim povratnim nadzorima u cilju provjere
primjene poduzetih preventivnih ili korektivnih mjera,
odnosno njihove udinkovitosti kako se uocene
nesukladnosti ne bi ponovile i kako bi se sprijecila
pojava drugih mogucih nesukladnosti [7].

2. POJAM NADZORA U SUSTAVU
UPRAVLJANJA KVALITETOM

Aktivnosti nadzora su postupci prikupljanja podataka
koji se zasnivaju na objektivnim i nepristranim
dokazima. Njihovom planiranom i koordiniranom
provedbom:

e rukovodstvu se osiguravaju jasne i objektivne

informacije o  proizvodima,  procesima i

funkcioniranju sustava,
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e  poboljsavaju se interne i eksterne komunikacije u
poduzecu te organizacija rada,

e poboljSavaju se postupci pokretanja preventivnih i
korektivnih aktivnosti koje rjesavaju ili sprjeavaju
pojavu nesukladnosti na proizvodima ili u
procesima,

e djeluje se na kritiéna mjesta u sustavu gdje bi se
mogli pojaviti problemi,

e doprinosi se podizanju svijesti o kvaliteti kod svih
zaposlenika i dr.

Na slici 1 prikazan je krug kvalitete. Vrlo vaZna
aktivnost u krugu kvalitete je aktivnost nadziranja
kojom se kontrolira i ocjenjuje u kojoj mjeri se realiziraju
planirane aktivnosti, odnosno kako sustav kvalitete
funkcionira i gdje su njegove slabe tocke. Na osnovu
informacija dobivenih nadzorom i provjerom poduzimaju
se mjere poboljsavanja [4].

POBOLJSAJ

Slikal. Krug kvalitete

Nadzori u sustavu upravljanja kvalitetom ukljucuju
provjeru [2]:
e Ustroja sustava upravljanja kvalitetom
e Dokumentacije i zapisa
¢ Oblikovanje i razvoj novih proizvoda
e Proces ugovaranja i komunikacije s kupcima
e Procesa nabave materijala i usluga
e Kontrole i osiguranja kvalitete u
proizvodnje
e Postupaka oznaCavanja i slijedivosti proizvoda
e Verifikacije specijalnih procesa ako ih ima
e Upravljanja postupaka mjernom opremom
e Identifikacije, skladistenje, rukovanje,
pakiranje i isporuke materijala i proizvoda
e  Zaliha na skladistima
e Postupaka edukacije radnika ¢iji posao ima utjecaja
na kvalitetu proizvoda ili efikasnost sustava
upravljanja kvalitetom.
e Upravljanja zapisima o funkcioniranju sustava
e Postupaka planiranja
e Svih aktivnosti odjela kontrole kvalitete
e UkljuCenosti najviseg vodstva u funkcioniranje
sustava
e Kao i ostale aktivnosti koje utjeCu na efikasnost
sustava kvalitete.

procesu

cuvanje,

U organizacijama treba osigurati uporabu ucinkovitih
i djelotvornih metoda za utvrdivanje procesa i proizvoda
u kojima treba poboljSavati sposobnost sustava
upravljanja kvalitetom i mjesta gdje se mogu ocekivati
problemi ili nezeljene situacije. Primjeri tih postupaka
obuhvacaju [3]:
e Interne prosudbe u sustavu kvalitete;
e Eksterne prosudbe u sustavu kvalitete;
e Preispitivanja sustava od strane najviSeg vodstva;
e Nadzor nad proizvodom i mjerenje proizvoda;
e Nadzor nad procesima i mjerenje efikasnosti
procesa;
e Ispitivanje zadovoljstva kupaca;
e Mjerenje zadovoljstva ostalih zainteresiranih strana i
nadzor nad njima;
e Financijska mjerenja;
e Samoocjenjivanje.

3. PROCES PREISPITIVANJE SUK-a OD STRANE
NAJVISEG VODSTVA

Najvise vodstvo bilo koje organizacije koja ima
ustrojen sustav upravljanja kvalitetom dokazuje vlastitu
opredijeljenosti za razvoj i primjenu sustava upravljanja
kvalitetom i neprekidno poboljsavanje njegove
ucinkovitosti kroz [8]:

e obavjestavanje djelatnika o vaznosti zadovoljavanja
zahtjeva kupca i zahtjeva primjenjivih propisa,

e uspostavljanje politike i ciljeva kvalitete,

e definiranje odgovornosti, ovlasti i kompetencija,

e imenovanje predstavnika uprave za kvalitetu,

e uspostavu unutarnjih komunikacija,

e osiguravanje dostupnosti resursa i

e provodenje wupravnih ocjena sustava, odnosno
preispitivanje sustava upravljanja kvalitetom.

Preispitivanje sustava upravljanja kvalitetom (SUK)
jedna je od najvaznijih aktivnosti u procesu nadzora
njegovog funkcioniranja. To je ovjera/verifikacija
ucinkovitosti sustava koja se treba provoditi u cijeloj
organizaciji. Ocjene dobivene na ovom preispitivanju
moraju biti platforma za razmjenu novih ideja, s
otvorenom raspravom i vrednovanjem ulaznih podataka
koje podrzava i vodi uprava.

Da bi dodala vrijednost organizaciji i sustavu
upravljanja  kvalitetom, uprava treba upravljati
znaGajkama procesa realizacije proizvoda i potpornih
procesa sustavnom ocjenom koja se temelji na nacelima
upravljanja kvalitetom. Ucestalost ocjena treba biti
odredena potrebama organizacije, a sve u cilju osiguranja
neprekidnosti, primjerenosti, prikladnosti i u¢inkovitost
sustava kvalitete.

Uobicajeno se provodi minimalno jednom godisnje u
trenucima kad je najprikladnije osigurati kvalitetne
ulazne podatke.

Pogresno je tumacenje preispitivanje SUK-a od strane
najviSeg vodstva organizacije kao ,,jo$ jedan sastanak o
kvaliteti. Pri takvim stavovima ¢lanovi uprave c¢e biti
nezainteresirani, nastojat ¢e §to prije zavrSiti sastanak,
bez korisnih zaklju¢aka i odgovaraju¢ih akcija za
poboljsanje. To je najcesce slucaj kod organizacija gdje
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SUK nije u potpunosti zazivio i gdje uprava u njegovom
funkcioniranju nije razumjela svoje mjesto i ulogu. Kod
takvih organizacija ne treba ocekivati spektakularne
rezultate od ove ocjene. Dakle, ovakav pristup je
pogresan i preispitivanje SUK-a treba shvatiti kao mo¢an
alat u nadzoru i poboljsavanju sustava upravljanja
kvalitetom. To je alat kojim se sustav upravljanja
kvalitetom ,,brusi®, odnosno ,,polira“.

Kroz aktivnosti preispitivanja SUK-a najvise
rukovodstvo organizacije treba do¢i do odgovora na
pitanja:

e Ispunjava li sustav upravljanja kvalitetom svoju
svrhu?

e Koliko su
proizvodom?

e Jesu li ostvareni postavljeni ciljevi kvalitete?

e Pokazuje li mjerenje procesa njihovu uc¢inkovitost?

e Pokazuju li rezultati audita u¢inkovitost sustava?

e  Koriste li se dokumentirane procedure na adekvatan
nacin?

kupci  zadovoljni  isporucenim

Preispitivanje sustava upravljanja kvalitetom je
proces koji ima svoje ulazne i izlazne elemente te
aktivnosti koje se dogadaju, i to sve s odredenim ciljem i
metodama rada. Proces preispitivanja sastoji se od tri
faze. Prva faza je prikupljanje, analiza i priprema
podataka, druga faza je pregled tih podataka od strane
uprave, a treca faza je donoSenje ocjene i poduzimanje
akcija za poboljsanje sustava upravljanja kvalitetom
(slika 2). Detaljniji prikaz procesa realizacije
preispitivanja sustava kvalitete od strane najviSeg
vodstva organizacije prikazuje slika 3.

1
PRIKUPLJANJE, ANALTZAT
PRIPREMA PODATAKA

1I

PREGLED PODATAKA

I
DONOSENJE OCJENE 1
PODUZIMANJE POBOLJSAVANJA

Slika 2: Proces preispitivanja SUK-a od strane uprave

3.1 Priprema elemenata za preispitivanje

Ulazni podaci za preispitivanje i vrednovanje
djelotvornosti sustava upravljanja kvalitetom trebaju
uzeti u obzir sljedece [7].:

e stanje i rezultate ciljeva kvalitete te planove i
programe za njihovu realizaciju, ukoliko postoje,

e postojeu politiku kvalitete te njenu prikladnost za
definiranje ciljeva kvalitete i ostalih aktivnosti SUK-

a,

e stanje napredovanja radnji proizaslih iz prethodnog
preispitivanja SUK-a,
e rezultate internih audita,

e rezultate ukoliko su
provedene,

e povratne informacije o zadovoljstvu zainteresiranih
strana, mozda c¢ak izravno dobivene njihovim
sudjelovanjem,

e cCimbenike koji se odnose na trziSte, kao Sto je

tehnologija, istrazivanje 1 razvoj te poslovna

dostignuéa konkurenata,

rezultate djelatnosti benchmarkinga,

poslovne rezultate dobavlja¢ima,

nove mogucnosti za poboljsavanje,

upravljanje nesukladnostima procesa i proizvoda,

status pokrenutih preventivnih i korektivnih radnji,

vrednovanje trziSnog polozaja i strategija,

stanje djelatnosti koje se odnosi na stratesku

suradnju,

e financijske uc¢inke radnji koje se odnose na kvalitetu
i

e druge ¢imbenike koji mogu utjecati na organizaciju,
kao $to su financijski, drustveni i uvjeti okoliSa te
odgovarajuce zakonske i upravne promjene.

samoocjena organizacije,

Planiranje upravine ocjene Plan upeavisih
- Uprava sustava = s
e, Prorena dariy |, 2= “
priprema
da 1
e ‘ Preceniaca uazni ‘ =
1 S
Analiza ulaznih > \
- Uprava ‘ elemenata ‘ m
prara Ocjena sustava upravljanja I
:grl;g:lmm ‘ Pobolj8anja u sustavu
upravljanja
RijeSeno
“& g
da l ?l! ‘H* & f
Ea:,mwffmm Funkcioniranje sustava ‘ L E
e -

Slika 3: Algoritam aktivnosti prilikom preispitivanja

Navedeni elementi su samo minimalni neophodni
ulazni podaci za efikasno preispitivanje SUK-a.
Organizacija moze ukljuciti i druge informacije koje
smatra relevantnima za ocjenu sustava upravljanja
kvalitetom, a ovdje nisu navedeni. Primjerice, to mogu
biti podaci o infrastrukturi, radnoj okolini, ljudskim
potencijalima, edukaciji, razvoju novih proizvoda,
mjernoj opremi, strateSkom planiranju, gubicima,
troSkovima ne Kvalitete, ustroju organizacije i SUK-a,
sposobnostima procesa i dr.

Moguce je provedbu preispitivanja proSiriti i izvan
SUK-a, gdje se rezultati mogu upotrijebiti kao ulazni
podaci za procese poboljSanja. Uprava moze upotrijebiti
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taj proces ocjene kao moc¢no orude za utvrdivanje
mogucénosti  poboljSavanja  sposobnosti  kompletne
organizacije [6].

Pripremu ulaznih elemenata za preispitivanje SUK-a
obavljaju odgovorni zaposlenici na uobicajen nacin koji
je uprava definirala. NajviSe vodstvo mora zahtijevati
pripremu podataka u odredenim formama odnosno
tablicama, grafickim prikazima i opisima. Ponekad ¢e se
zahtijevati i manje analize ili usporedbe s proslim
periodima ili konkurencijom. Uobicajeno je da se koriste
i razliCite statisticke metode, primjerice korelacija, trend,
usporedba, indeksi uspjeS$nosti, histogramski prikazi,
deskriptivna statistika i dr. Dobro je izbjegavati
nepotrebne podatke koji optere¢uju sustinu te definirati
rokove za pripremu.

3.2 Analiza ulaznih elemenata

Uobicajeno je da se pripremljeni ulazni elementi daju
na prvu analizu kod odgovorne osobe za kvalitetu. Nakon
ovog pregleda izvjeStaj je spreman za analizu i pregled
najvise uprave ili se vra¢a na doradu. Postupak oko
dopuna se moze i viSe puta ponoviti dok se ne dobiju
zahtijevani elementi u prikladnom obliku.

Analiza se provodi metodama ¢itanja, usporedbom s
planiranim, s konkurencijom i proslim periodima ili
referentnim veli¢inama, provjerom ili nekim drugim
poznatim metodama analize. Kao §to se ulazni podaci ne
prikupljaju radi prikupljanja, tako se i analiza ne provodi
radi analize ve¢ da bi se iz njenih rezultata donijela
ocjena koja moze posluziti za poboljSavanje sustava
kvalitete.

Pregled i analizu ulaznih podataka najvise vodstvo
moze obaviti na razini uprave organizacije ili je prosiriti i
na aktivno sudjelovanje djelatnika koji su pripremali

podatke.
Dok interni audit sustava upravljanja kvalitetom ima
zadatak utvrditi  stupanj sukladnosti sustava sa

zahtjevima relevantne norme, upravina ocjena vrednuje
ucinkovitost sustava u smislu kvalitete 1 potreba
organizacije.

Analiza ulaznih elemenata radi se s ciljem pripreme
objektivne podloge za ocjenu sustava kvalitete. Sustina
analize je u detaljnom razmatranju svakog pojedinacnog
elementa (Xn) i njegovog utjecaja na kvalitetu -Y (slika

4).

Sustav

upravljanja
kvalitetom

Slika 4: Pojedina¢na analiza elemenata i njihovog
utjecaja na sustav upravljanja kvalitetom

Analiziraju¢i ulazne elemente, od uprave se zahtijeva:

e pronalazenje odgovora na sva postavljena pitanja,

e oslanjanje na Cinjenice, a ne na misljenja koja samo
poti¢u nepotrebne rasprave (rad sa cinjenicama
rezultira korisnim zakljuccima, koji mogu odgovoriti
na pitanje zasto),

otklanjanje uzroka, a ne posljedica,

djelovanje s razlozima.

U procesu analize utjecaja elemenata na okoli$ dolazi
do izrazaja sveukupno znanje i iskustvo ¢lanova uprave.
Prilikom analize od velike je pomo¢i koristenje alata i
metoda za rjeSavanje problema (Pareto analiza, riblja
kost, FMEA, PDCA i dr.) [5,7,9].

Praksa pokazuje da se prilikom analize utjecaja
elemenata na sustav kvalitete gotovo uvijek javljaju
sljede¢i utjecajni faktori: ljudi, strojevi, metode rada
(tehnologije), proizvodi i materijali.

Neka istrazivanja govore da je ¢ovjek u gotovo 75%
slu¢ajeva najutjecajniji faktor u svim elementima za koje
se ocjenjuje utjecaj na sustav kvalitete. Prema misljenju
autora, materijali i tehnologija prerade u vecini sluéajeva
zauzimaju drugo mjesto.

Dobro provedena analiza ulaznih elemenata i
njihovog utjecaja na sustav kvalitete treba dati konkretne
odgovore na postavljena pitanja. Tek nakon provedene
analize moze se ocijeniti uspjes$nost sustava upravljanja
kvalitetom.

Upravina ocjena treba se zasnivati na razradenim
kriterijima 1 myjerilima, kako bi se S$to objektivnije
odredila u¢inkovitost SUK-a. Ocjena moZe biti izraZzena
u broj¢anom ili opisnom obliku. Svaka organizacija treba
definirati kriterije i mjerila za ocjenjivanje primjereno
svojim procesima i djelatnosti. O rezultatima upravine
ocjene pise se izvjesce koje se dostavlja kompetentnim
voditeljima procesa i pojedincima prema odluci najviseg
vodstva organizacije.

3.3 Donosenje ocjene SUK-a i djelovanje

Ocjenu ucinkovitosti sustava upravljanja kvalitetom
treba donijeti najviSe vodstvo organizacije na mjerljiv i
precizan nacin. Primjerice, to mogu biti sljedece ocjene:

e jzvrstan,
e ucinkovit,

e dobar,
e zadovoljavajuéi,
e os.

Podrazumijeva se da za svaku ocjenu treba razraditi
konkretne pokazatelje. Treba biti razvidno na osnovu
Cega se sustav ocjenjuje izvrsnom ili loSom ocjenom.

Nakon opée ocjene sustava upravljanja kvalitetom
najvise vodstvo kao rezultat preispitivanja donosi
razli¢ite odluke i radnje kako bi se:
e poboljsala  uéinkovitost

kvalitetom i njegovih procesa,
e poboljsala kvaliteta proizvoda s obzirom na zahtjeve
kupcai
e osiguralo potrebne resurse.

sustava  upravljanja
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O rezultatima preispitivanja  treba  upoznati
zaposlenike u opsegu koji je potreban kako bi se
pokazalo na koji na¢in upravina ocjena utjece i dovodi do
poboljsanja i unapredenja organizacije.

Zapisi sa preispitivanja  sustava  upravljanja
kvalitetom obavezni su zapisi sustava upravljanja
kvalitetom. Trebaju biti dostatni da osiguraju sljedivost i
olaksaju vrednovanje procesa preispitivanja kako bi se
osigurala njegova trajna ucinkovitost 1 povecala
vrijednost organizacije.

Poboljsanja su sve aktivnosti koje se poduzimaju u
SUZO-u s ciljem podizanja njegove ucinkovitosti.
Poboljsanja koja se poduzimaju nakon upravine ocjene
sustava su rezultat analize ulaznih elemenata, a navode se
u izvje$éu o provedenoj ocjeni.

Poboljsanja u sustavu upravljanja kvalitetom mogu se
provoditi kroz [1,8].:

e definiranje novih ciljeva,

e korigiranje postojecih ciljeva,

e definiranje novih programa,

e korekciju parametara u postoje¢im programima,
e pokretanje preventivnih i korektivnih aktivnosti,
e dodatnu edukaciju i usavrSavanje,

e poboljsavanje dokumentacije i procesa,

e druge oblike djelatnosti.

Sve dokumentirane aktivnosti koje se poduzimaju
nakon upravine ocjene sustava trebaju se realizirati u
definiranim rokovima. Efikasnost provedenih poboljsanja
najée$ée provjerava predstavnik uprave za kvalitetu ili
druga odgovorna osoba koju je imenovala uprava. Nakon
Sto se sam uvjerio u ucinkovitost provedenog
poboljsanja, predstavnik za kvalitetu ili druga odgovorna
osoba izvjestava upravu.

4. ISTRAZIVANJE EFIKASNOSTI 5
PREISPITIVANJA SUK-a U REALNIM USLUZNIM
SUSTAVIMA

Provedena istrazivanja u sustavima upravljanja
kvalitetom pokazuju da se kod preispitivanja njegove
efikasnosti od strane najviSeg vodstva javlja dosta
pogresaka. Tako, primjerice u [1] se navodi niz propusta
u usluznim organizacijama a do koji se doSlo snimkom
postojeCeg stanja na relevantnom uzorku. Najcesce
pogreske rangirane po tezini Su:

1. Uopce se ne provodi (samo na papiru)

2. Provodi se djelomi¢no

3. Provodi se uz sve zahtijevane elemente ali zakljuéci
se ne donose

Ne prati se realizacija zakljucaka

Provodi se zajedno s internim prosudbama

Provodi se ali njegova periodi¢nost nije definirana
Druge pogreske.

No ok

Pogreske vezane uz nadzor SUK-a od strane uprave
zauzimaju i vrlo visoko mjesto na ljestvici pogresaka u
ukupnom funkcioniranju. Slika 5 prikazuje ilustraciju
ovih odnosa na ispitivanom uzorku poduzeca koja se
bave usluznom djelatnoséu [1].

Slika 5: Odnos pogresaka pri nadzoru SUK-a

Najvazniji uzroci propusta koji se vezu uz Upravinu

ocjenu su:

1. Ne razumijevanje znacaja i cilja aktivnosti
preispitivanja SUK-a od strane najviseg vodstva.

2. Slaba ili nikakva edukacija odgovornih za pripremu i
provedbu.

3. Ne postojanje pisane procedure ili upute za
provedbu.

4. Slaba ili nikakva distribucija zapisa nakon Upravine
ocjene.

5. Pokretanje radnji poslije Upravine ocjene vrlo slabo
ili nikakvo.

5. ZAKLJUCAK

Preispitivanje SUK-a od strane najviseg vodstva treba
biti planska i ciljana aktivnost kako bi se uspostavljeni
sustav nadzirao i poboljSavao. Bez stvarnog opredjeljenja
najviSeg vodstva za sustav kvalitete tesko je ocekivati
njegovu znacajniju efikasnost i u¢inkovitost.

Aktivnost se mora provoditi procesno Sto znaci da se
moraju pripremiti elementi koji se moraju kriticki
preispitati i na kraju se donose zakljucci u smislu
poduzimanja mjera poboljSavanja.

Uprava mora teziti stalno boljim rezultatima do kojih
se moze do¢i ako se dobro poznaje sadasnja situacija i
ako se zna gdje se zeli sti¢i (vizija, ciljevi).

Otklanjanjem uzroka koji se povezuju uz navedene
slabosti oko planiranja, provedbe i realizacije zakljuCaka
s Upravine ocjene SUK ¢e sigurno bolje funkcionirati a
§to ¢e na indirektan nacin doprinijeti boljim poslovnim
rezultatima.
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manje funkcija s taktickim zadacima u svezi s izvrSenjem zahtjeva za nabavu uz niske nabavne cijene, odnosno ona sve
vise postaje strategijska funkcija koja svoje odluke temelji na filozofiji i politici stvaranja vrijednosti i snizenja ukupnih
troskova u lancu opskrbe. Stoga se ovaj rad bazira na radnoj hipotezi koja glasi: Odabir optimalnog oblika
organizacijske strukture nabave te optimizacija sluzbe nabave u znatnoj mjeri utjece na poslovanje i poslovni rezultat
tvrtke. Svrha ovog rada je dokazati da optimalni oblik organizacijske strukture nabave utjece na efikasnost poslovanja
te na mogucnost optimizacije sluzbe nabave u tvrtkama. Cilj istrazivanja je da se kroz teoretska i prakticna istraZivanja
istaknu temeljni organizacijski oblici sluzbe nabave u tvrtkama i javnim tijelima te da se prikaZe primjer organizacije
sluzbe nabave u tvrtci koja se bavi izradom drvenih modela za ljevaonice.
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Professional paper

Abstract: In the past, procurement mainly dealt with administrative tasks regarding ordering goods and reporting
defects on the delivered goods, as well as storing and issuing of materials according to user requirements. Today, the
procurement is to a lesser degree a function with tactical tasks related to carrying out requests for procurement at low
purchase price, as is increasingly becoming a strategic function whose decisions are based on the philosophy and
policy of value creation and reduction of overall costs in the supply chain. Therefore, this paper is based on the
following research hypothesis: Selection of optimal organizational structure of supply and procurement service
optimization significantly affects the operations and business results of the company. The purpose of this paper is to
demonstrate that the optimal form of the organizational structure of procurement affects the efficiency of operations
and ability to optimize procurement service in companies. The research objective is to highlight the basic
organizational forms of procurement service in companies and public bodies through theoretical and practical studies
and to present an example of organization of procurement service in a company that manufactures wooden models for
foundries.

Keywords: procurement, procurement organization, organizational structure, services procurement.

1. UVOD

Nabava se u proslosti bavila uglavnom
administrativnim poslovima naru¢ivanja i reklamiranja
nedostataka isporucene robe te skladiStenja i izdavanja
materijala prema zahtjevima korisnika. Danas je nabava
sve manje funkcija s taktickim zadacima u svezi s
izvrSenjem zahtjeva za nabavu uz niske nabavne cijene.
Ona sve viSe postaje strategijska funkcija, koja svoje
odluke temelji na filozofiji i politici stvaranja vrijednosti
i snizenja ukupnih troskova u lancu opskrbe.

Nabava je danas kao ograni¢ena definicija opskrbe
strateSki Cimbenik u profitabilnosti tvrtke i povecanju
dionicarske vrijednosti. Upravljanje nabavom danas se
javlja kako bi se tvrtkama omogucilo strateska prednost i
potencijal za dodavanje vrijednosti. Vaznost nabave za
poduzeée proizlazi iz njena dva izvora, odnosno iz
troSkovne i operativne efikasnosti.

U ovom radu predstaviti ¢e se pojmovi vezani za
nabavu, kao §to su vaznost, ciljevi, zadaci, izvori i
smjerovi nabave, a osobito organizacija nabave te oblici
organizacijske strukture nabave. U radu ¢e se istaknuti
prednosti i nedostaci pojedinih oblika organizacijske
strukture nabave te 0 mjestima nabave u organizacijskoj
strukturi poduzeéa. Budu¢i da je ovaj rad rezultat
zavr$nog rada jednog od autora, zavr§no e se opisati i
sluzba nabave u anonimnoj tvrtci te oblik organizacijske
strukture nabave u toj tvrtci.

2. POJAM | VAZNOST NABAVE

Upravljanje nabavom seze do daleke 1832. godine
kada je objavljen tekst Charlesa Babbagea pod naslovom
,O ekonomiji strojeva i proizvodnji“. 1933. godine
Howard T. Lewis je napisao prvi Skolski tekst koji se
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isklju¢ivo bavio nabavom. Godina 1960-tih i 1970-tih
prvi put se na voditelje nabave pocelo gledati kao na
profesionalce, a ne kao na sluzbenike. Do kraja 1980-tih
godina, troskovi kupovine materijala predstavljali su
otprilike 60% troska prodane robe, Sto je pokrenulo
koncepcijski pomak od kupovine do upravljanja
nabavom.

Poduzec¢a moraju nabaviti dijelove i materijale kako
bi proizvela robu za prodaju, opremu za proizvodnju i
operativu te potrosni materijal, kao $to su olovke i papir i
slicno. Proces nabavljanja moZe biti tako jednostavan
kao §to je poslati nekog do robne kuée ili specijalizirane
prodavaonice po kutiju olovaka. No, u veéini sluéajeva
taj je proces puno slozeniji, skuplji, i znacajniji za
dobrobit poduzeca. Prema tome, nabavna funkcija nekog
poduzeca zahtijeva upravljanje. Za vecinu poduzeca
upravljanje nabavom znaci kupovinu. To znaci da
poduzeéa kupuju robu kako bi je prodala, kako bi
ostvarila radne operacije ili kako bi proizvela proizvode.
Upravljanje nabavom obi¢no ima najSiru definiciju,
obuhvacajuc¢i svaku aktivnost koja je ukljuena u
kretanje robe u poduzece.

Razlikujemo dvije vrste nabave, i to nabava u $irem
smislu i nabava u uzem smislu. Kriterij njihova
razlikovanja su poslovi koji se odvijaju unutar nje. To
mogu biti poslovi koji se u vezi s nabavom obavljaju
svakodnevno, ucestalo, odnosno ulaze u kategoriju
operativnih poslova ili mogu biti poslovi koji se rjede,
povremeno obavljaju i ulaze i kategoriju poslova od
strateSkog znacenja.

Definicija nabave u uzem smislu (dobava) glasi:
Obavljanje svih operativnih poslova u procesu
nabavljanja objekata nabave predstavlja nabavu u uZzem
smislu.

Definicija nabave u $irem smislu (nabava) glasi:
Odnosi se na bavljenje strategijskim zadacima u vezi s
nabavljanjem. Strategijski zadaci u vezi s nabavom
utjecu na ucinke i dobit poslovnog sustava.

Definicija nabave sa aspekta ciljeva glasi: Nabava je
nabavljanje materijala ili usluga, odgovarajuce kvalitete
iz odgovarajueg izvora te njihova pravovremena
dostava na odgovarajuc¢e mjesto uz odgovarajucu cijenu.

Porast znaCaja nabave uvjetovan je sve vetom
drustvenom podjelom rada i poveéanjem broja predmeta
nabave. MenadZeri dobrih pregovarackih sposobnosti i
jakih poslovnih odnosa s dobavljac¢ima ostvaruju svojim
organizacijama znatne uStede vazne za konkurentnost na
trziStu. Odabir prave opreme za proizvodnju i njena
kupnja po povoljnijoj cijeni mogu stvoriti konkurentnu
troskovnu prednost koja traje godinama. Konac¢no, dobre
nabavne navike izbjegavaju operativne probleme. Ako
osnovne komponente za proizvodnju ne dodu na vrijeme
tvornica ne radi. Ukoliko kvaliteta nabavljenog
materijala ne zadovoljava standarde mozZe se desiti da
proizvod ne zadovolji standarde kupaca. Izbjegavanje
ovih problema nuzno ne vodi do operativne
u¢inkovitosti, 0dnosno operativha uéinkovitost je
neostvariva ako dode do navedenih problema.

Od nabavne logistike o¢ekuje se kako slijedi [1]: 1)
osigurati neprekinuti tijek materijala, odnosno sirovina,
potro$nog materijala i usluga potrebnih za rad poduzeca,
2) svesti na minimum investicije i gubitke vezane uz
zalihe, 3) odrzavati prikladne standarde kvalitete, 4)

pronadi ili razviti prikladne dobavlja¢e, 5) standardizirati
kupljene predmete gdje god i kad god je moguce, 6)
nabavljati potrebne predmete i usluge po najnizoj
krajnjoj cijeni, 7) poboljsati konkurentnost poduzeca, 8)
usuglaseno raditi s drugim odjelima u poduzeéu i 9)
ostvariti ciljeve nabave uz najnizi moguéi stupanj
administrativnih tro§kova.

Logisticar nabave mora biti dobro upoznat sa granom
industrije poduzeéa kojemu vodi nabavu. Njegova greska
moze dovesti do zatvaranja proizvodnih linija te oStetiti
radnike, kupce te na kraju povecati ukupne troskove
poduzeca. Osigurati se od toga da poduzeCe ne ostane
bez materijala potrebnog za proizvodnju mozemo putem
zaliha, odnosno pravih koli¢ina zaliha. Logisti¢ar nabave,
takoder, mora razmisljati i o kvaliteti materijala koje u
veéini slucajeva proporcionalno raste sa cijenom.
Smanjiti troSkove u nabavi ne znaci da se automatski
treba prihvatiti najniza ponudena cijena - ne smije se
zaboraviti da cijena nije uvijek novac. Uz
komunikacijsko-pregovaracku sposobnost logisti¢ara
nabave poduzeée moze imati neprekidan tok materijala
nabavljenog po privilegiranoj cijeni te samim time to
poduzece radi profitabilnije 1 poboljSava svoju
konkurentnost na trzistu.

lzvori nabave su mjesta s kojih se nabavljaju
predmeti ili objekti nabavljanja. Oni mogu biti interni
(nalaze se unutar poduzecéa) i eksterni (nalaze se izvan
poduzeca). Eksterne izvore nabave dijelimo na lokalne,
nacionalne, regionalne i globalne.

Smjerovi nabave mogu biti izravni (direktni) ili bez
posrednika i neizravni (indirektni) ili s posrednicima.
Bitno je pokusati smanjivati (eliminirati) posrednike i $to
se vi$e pribliziti izvornom dobavljacu (proizvodacu).

Postoje razli¢ite definicije logistike nabave. Moze se
re¢i da logistika nabave predstavlja logisticki sustav koji
je povezan s trziStem. Ona predstavlja poveznicu izmedu
logistike distribucije dobavljaca i logistike proizvodnje
promatranog poduzeca. Logistici nabave pripada osobita
uloga u okviru optimalne opskrbe kupaca. Znacenje
logistike nabave raste jer se u praksi pokazuje da stalno
raste udio nabave u strukturi vrijednosti proizvoda ili
usluga. Vise niti jedno poduzefe ne moze Sve samo
proizvoditi. Razlozi su u visokom tempu razvoja i time
povezanoj podjeli rada i specijalizaciji.

Dakle, danas poduzeta djeluju u uvjetima
globalizacije 1 sve viSeg stupnja medunarodne podjele
rada. Stoga ona sada, viSe nego ikada ranije, moraju teziti
snizenju cijena 1 specijalizirati se za ono $§to mogu
proizvesti osobito ucinkovito ili §to im je narocito
znacajno, dok za ostalo koriste prednosti onih koji
postupaju po istome nacelu. Na taj nacin poduzece sve
manje nabavlja iz vlastitih izvora (insourcing), a sve vise
se orijentira na opskrbu od dobavljaca (outsourcing).

3. ORGANIZACIJA NABAVE

Organizacijskom strukturom nabave trajno se
reguliraju poslovi nabave koji se odvijaju istodobno ili
jedan za drugim, na nacin da se usklade ukupne
meduovisnosti tih poslova imajuéi na umu ciljeve
nabave. Organizacijska struktura bavi se ljudskim i
drugim resursima, a odnosi se na: 1) podjelu zadataka i
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funkcija nabave, 2) sustav rukovodnih i izvr$nih radnih
mjesta te odnosa izmedu njih, 3) sustav obveza,
ovlastenja i odgovornosti i 4) sustav komunikacija
izmedu radnih mjesta.

Organizacija poslovanja se bavi strukturiranjem
procesa nabave kako bi njegovo odvijanje bilo u skladu
sa ciljevima. Kod organizacije poslovanja potrebno je
obratiti pozornost na: 1) zadatke koje treba izvrsiti, 2)
vremensko i prostorno odvijanje poslovnih zadataka, 3)
angazman ljudi i sredstava, odnosno koji ljudi?, koliko
njih?, s kojom koli¢inom sredstava?) i 4) regulaciju
izvrSavanja zadataka u skladu sa ciljevima.

3.1. Faze organizacije poslovanja nabave

Organizacija poslovanja je kontinuirani proces koji
se odvija kroz 4 faze, i to [2]:

1. faza: Analiza zahtjeva i uspostavljanje standarda —
na temelju informacija o radu i problemima postoje¢eg
sustava te na temelju informacija o razvoju, analiziraju se
zahtjevi i postavljaju standardi organizacije nabave.
Standardi se temelje na organizacijskim nacelima,
kadrovskim potencijalima, troskovima, etici i slicno. Ova
faza predstavlja zapravo brzu i kratku analizu problema,
mogucnosti i ogranicenja organizacije.

2. faza: Analiza postojeteg sustava — obuhvaca
“snimanje” postojece organizacije poslovanja te kriticki
osvrt na stanje s ciljem utvrdivanja nedostataka i
mogucnosti poboljSanja organizacije.

3. faza: Oblikovanje nove organizacije — ova faza se
dijeli u dvije pod faze. Prvi dio obuhvaca oblikovanje
grube organizacije (izrada koncepta sustava), a drugi dio
razradu detaljnih rjeSenja (oblikovanje radnih zadataka,
utvrdivanje redoslijeda i vremenskog rasporeda njihovog
izvrSenja te dodjelu zadataka njihovim izvrSiteljima).

4. faza: Provedba i kontrola funkcioniranja nove
organizacije — novu organizaciju prije primjene treba
pripremiti (izraditi dijagram toka rada, odrediti logiku
odlucivanja, pripremiti programsku podlogu, pribaviti
potrebnu opremu i sli¢no).

3.2. Oblikovanje organizacijske strukture nabave

U poduzeé¢ima, u oblikovanju organizacijske
strukture jo$ uvijek je duboko ukorijenjen model
menadzmenta gdje gornja razina promislja Sto i kako
raditi, a donja izvrSava operativne zadatke. Na takav
nacin ukupne mogucnosti djelatnika ostaju neiskoriStene
i ne mogu do¢i do izrazaja. U svrhu poboljsanja
organizacijske strukture takve odnose treba promijeniti u
korist veCe decentralizacije odgovornosti i smanjenja
hijerarhijskih razina te uspostavljanja mreZnih struktura u
kojima se radi timski.

Organizacijska struktura nabave mora omoguditi
donosenje odluka na temelju cjelovitih ocjena svakog
konkretnog slucaja, tako da se ostvare $to bolji rezultati
poslovanja poduzeca i njegovih partnera, a ujedno da se
vodi racuna o psihosocijalnim aspektima te o zastiti
okolisa. Glavni bi cilj trebao biti da nabava §to vise
pridonese uspjesnosti poslovanja poduzeca. To se moze
ostvariti: 1) KkoriStenjem ekonomije koli¢ina i

odlucivanjem o izdacima na jednome mjestu, 2) izborom
pravih dobavljaca na regionalnom i globalnom trzistu s
ciljem S§to bolje iskoristivosti  strukture mjesta
proizvodnje i prodaje, carinske i porezne propise,
logisticke lance 1 moguénosti opskrbe kvalitetnim
predmetima rada, ¢ime se doprinosi ugledu poduzeca i
fleksibilnosti poslovanja, 3) ako se normizacijom
predmeta i koli¢ina nabave poveca produktivnost i
ekonomiénost poslovanja, 4) ako se ukljuci dobavljace u
razvoj, proizvodnju i logistiku vlastitog poduzeca i na taj
se nain snize troskovi i poboljsa djelotvornost tih
funkcija, 5) povecanjem djelotvornosti  procesa
nabavljanja automatizacijom i delegiranjem operativnog
narucivanja korisnicima predmeta rada ili prepustanjem
pojedinih poslova opskrbe dobavlja¢ima.

Organizacijsku strukturu treba oblikovati na nac¢in da
se zadovolje ciljevi djelatnika nabave te da se postigne
S§to veée zadovoljstvo na radu. Rad se mora odvijati uz
§to manje smetnja i sukoba, uz proporcionalno
optereéenje  djelatnika.  Organizacijska  struktura,
organizacijska rjeSenja i nacin odvijanja poslova moraju
se individualno wuspostaviti vode¢i rauna o nizu
individualnih ¢imbenika.

Za potrebe organiziranja nabave, samog poduzeca ili
bilo koje poslovne funkcije, organizaciju dijelimo na
formalnu i neformalnu. Formalna organizacija je ona
koja je svjesno podstavljena za potrebe rjeSavanja
zadatka i ostvarivanja postavljenih ciljeva uz odredene
uvjete. Temelji se na sustavu normi i pravila. Norme i
pravila imaju smisla ako ih djelatnici poznaju, odnosno
ako ih se pridrzavaju.

Uz formalnu organizaciju postoji i organizacija koja

nije odredene odlukama rukovoditelja ili aktima
poduzeta te koja je labilna i podlozna cestim
promjenama. To je neformalna organizacija. Nju

sacinjavaju, tzv. ,neformalne” ili ,,primarne” grupe. To
su male grupe koje imaju otprilike od 2 do 10 ¢lanova, a
nastaju kad ljudi stvore osjecaj zajednickog identiteta,
kada se zblize po bilo kojoj osnovi i na taj nacin stvore
jedan novi ,,mi“.

3.3. Organizacijska nacela strukturiranja nabave
Strukturiranje  nabave  provodi  se

odgovaraju¢im organizacijskim nacelima.
koriste se slijedeca organizacijska nacela:

prema
Op¢enito,

1. Nacelo ekonomicnosti — organizaciju nabave
treba postaviti na nacin da njeni uéinci nadmase utroSak
¢imbenika (rad, sredstva, vrijeme), output treba biti veci
od inputa. Ovo nacelo govori kako je potrebno
jednakomjerno opteretiti nosioce zadataka te Koristiti
sredstva i1 vrijeme u skladu sa znacenjem zadataka i
troskovima njihova obavljanja.

2. Nacgelo prilagodljivosti — organizacija nabave
mora biti uspostavljena na nain da se sustav moze
prilagoditi promijenjenim uvjetima te o tome ovisi
njegova djelotvornost. Organizacija nabave mora biti
fleksibilna i stabilna.

3. Nacelo kontinuiteta — istie kako je potrebno
voditi ratuna o kvalitativnom razvoju organizacije
nabave kroz duZe razdoblje. Takoder, naglasava kako
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nije potrebno napuStati stara rjeSenja koja dobro
funkcioniraju i koja se mogu uklopiti u novu
organizaciju.

4. Nacdelo transparentnosti — organizacija mora biti
jednostavna i jasna. Potrebno je jednoznacno odrediti
zadatke, ovlastenja i odgovornosti svakog mjesta te
stvoriti  jednostavnu strukturu odgovornosti (mora se
znati tko je za §to odgovoran). Organizacija koja je
transparentna lako je prihvatljiva, kod takve organizacije
lako je uklanjati eventualne nedostatke te ju je lako
unapredivati.

5. Nacelo rasClanjivanja (analize) 1 agregiranja
(sinteze) — predstavlja podlogu za stvaranje
organizacijske strukture te se iz njega kao takvog izvodi
niz posebnih nacela. Analiza zadataka se provodi tako da
se cjeloviti zadatak potpuno rasclani na njegove sastavne
dijelove. Rasclanjivanje se provodi pocevsi od ciljeva
funkcije nabave prema elementarnim zadacima. Sinteza
zadataka se vrsi objedinjavanjem rasélanjenih zadataka u
skupove zadataka. Moze se provesti na nacin da se
istovrsni zadaci objedine na jednom ili vi$e mjesta.

4. OBLICI ORGANIZACIJSKE STRUKTURE
NABAVE

Organizacijska struktura funkcije nabave uspostavlja
se primjenom navedenih organizacijskih nacela, s time
da wvalja odluciti hoce 1i se nabava organizirati
centralizirano u okviru jedne sluzbe koja ¢e obavljati sve
funkcionalne zadatke ili ¢e biti decentralizirana po
razli¢itim podru¢jima djelatnosti.

U pocetku su se obavljali iskljuc¢ivo operativni zadaci,
ali razvojem trziSta javlja se sve veca potreba za raznim
strategijskim zadacima. U suvremenim se uvjetima
strategijskim zadacima daje posebna pozornost jer su se
spoznale prednosti njihova razgrani¢enja za uspjeSnost
poslovanja nabave.

4.1. Centralizacija i decentralizacija nabave

Ako je za poslove nabave nadlezna iskljucivo jedna
organizacijska jedinica, onda je rije¢ o centraliziranoj
nabavi, a ako zadatke nabave obavljaju razne
organizacijske jedinice, onda je rije¢ o decentraliziranoj
nabavi. Mogucéa je i kombinacija, tj. centralizirano-
decentralizirana nabava. Odluka o centralizaciji ili
decentralizaciji nabave ovisi o [5]: 1) veli¢ini poduzeca,
2) djelatnosti poduzeca, 3) broju i djelatnosti pogona, 4)
prostornoj udaljenosti pogona, 5) stupnju preklapanja
djelatnosti pogona, 6) potrebnim vrstama i koli¢inama
predmeta rada.

U malim i srednjim poduzeéima obi¢no se organizira
centralizirana nabava. Prednosti su centralizirane nabave
u takvim poduze¢ima, prvenstveno u moguénosti
optimiranja poslovanja s materijalima i trgovackom
robom (s aspekta troskova, zaliha, nabavljanja i sli¢no) te
stvaranja jaceg trziSnog polozaja objedinjavanjem
ovlastenja za nabavu i mogucnosti specijalizacije radnim
mjesta sluzbe nabave.

Centralizirana nabava omogucuje: 1) objedinjavanje
potreba i naru¢ivanje veéih koli¢ina predmeta rada uz
povoljnije uvjete i nize troskove nabave (manje je
administrativnih poslova, vodi se manje pregovora, bolje
se Kkoriste transportna sredstva, manji su troSkovi
osiguranja robe), 2) koriStenje koli¢inskih i drugih
popusta, 3) jedinstveno provodenje politike nabave, 4)
normizaciju predmeta rada i koli¢ina nabave, 5) bolju
dispoziciju i brze obrtanje zaliha materijala koji se drze
za potrebe svih Kkorisnika, 6) snizenje normativa zaliha
jer su potrebne manje sigurnosne zalihe i Koriste se
povoljniji sustavi nabavljanja, 7) bolju logisticku
suradnju s dobavljac¢ima, 8) bolje pracenje trziSta nabave
i veéi utjecaj na trziSna zbivanja, 9) specijalizaciju
referenata nabave za odredene predmete nabave ili za
dodijeljene im funkcije. Na taj na¢in mogu bolje upoznati
posao kojim se bave i posti¢i bolje rezultate u poslovanju
nego da se bave mnogim predmetima ili nizom
funkcionalnih zadataka, 10) bolju kontrolu poslovanja
nabave i 11) placanje ra¢una dobavljaca s jednog mjesta.

Centralizacija zna¢i manje kreativne slobode za
pojedine korisnike predmeta rada, naroito u prostorno
udaljenim pogonima i za one koji trebaju specificne
materijale. Centralizacija otezava komuniciranje nabave s
korisnicima predmeta nabave, $to dovodi do vremenskog
pomaka u donoSenju odluka i do losijih rezultata. U
centralno organiziranoj nabavi djelatnici nabave nemaju
osjeCaja za tehnicke probleme u svezi s izmjenama
potreba i primjenom pojedinih materijala. Zbog toga se
poslovanje birokratizira, §to dovodi do poveéanja
troskova nabavljanja, gubi se potrebna fleksibilnost pa se
javljaju problemi s opskrbom (mnogo hitnih narudzbi pa
dolazi do nedostatka pojedinih materijala).

Centralizacijom se u nabavi, upravo zbog toga,
unato¢ niza teorijskih prednosti, ostvaruju znatno slabiji
rezultati nego Sto se ocekuje te je potrebno ispitati Koji
stupanj i oblik centralizacije omoguéuje veéu
ekonomi¢nost i djelotvornost poslovanja nabave u
odredenim uvjetima.

Decentralizacija nabave ima smisla u poduzec¢ima
koja imaju viSe prostorno udaljenih pogona, Ciji se
asortiman potrebnih materijala bitno razlikuje. U takvoj
se situaciji postavlja pitanje u kojoj mjeri moze centralna
nabava udinkovito i ekonomiéno zadovoljiti potrebe
decentraliziranih pogona jer se javljaju problemi suradnje
oko utvrdivanja potreba, spoznaje problema potro$nje,
prijevoza materijala, odnosa s korisnicima i s lokalnim
dobavlja¢ima i sliéno. Ho¢emo li i¢i, u takvim uvjetima,
u potpunu decentralizaciju koja ima odredene prednosti
(primjerice, manji troSkovi transporta, bolji odnosi s
lokalnim trziStem, veéa fleksibilnost), ali i evidentnih
nedostataka (primjerice, ne mogu se koristiti prednosti
ekonomije koli¢ina predmeta nabave koje trebaju svi
pogoni, nastaju veci op¢i troSkovi nabave, pojedine se
sluzbe nabave javljaju na trzi$tu kao konkurentu)?

U velikim i slozenim poduze¢ima u pravilu se
uspostavlja kombinirana (centralizirano-decentralizirana)
organizacija. U podjeli zadataka izmedu centralne sluzbe
i decentraliziranih organizacijskih jedinica javljaju se
razliCita rjeSenja, $to ovisi o uvjetima kao S$to su
dislokacija pogona, vrste potreba pogona, funkcioniranje
informacijskog sustava, izvori i putovi nabave, znacenje
tipizacije i standardizacije materijala i sli¢no.
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4.2. Mjesto nabave u organizacijskoj strukturi
poduzeéa

Mjesto nabave u organizacijskoj strukturi poduzeca
ne moze se odrediti jedinstveno ve¢ ovisi o uvjetima koji
su individualni za svako poduzeée. U suvremenim
rjeSenjima valja teziti da se poboljSa sposobnost
reagiranja na raznovrsne i promjenjive potrebe opskrbe,
da se smanje troSkovi opskrbe, da se izmedu nabave i
korisnika uspostave izravne informacijske veze i da se
snize njihovi troskovi te da se poveca motivacija
djelatnika nabave. Nabava mora imati moguénost
djelotvorne i ekonomi¢ne realizacije zadataka opskrbe.

Zadaci opskrbe mogu se realizirati tako da se svi ili
samo neki zadaci nabave obave u posebnoj
organizacijskoj jedinici. Prema tome koji ¢e zadaci biti
dodijeljeni posebnoj organizacijskoj jedinici za nabavu
razlikuju se ova rjesenja:

a) Odjel nabave u sastavu netrZiSne poslovne
funkcije (primjerice, proizvodnje ili financijsko-
racunovodstvene sluzbe) s kojom su vezane njegove
aktivnosti. Takvo se rjeSenje koristi u slucajevima kada
vrijednost nabavljenih materijala i usluga nije postotno
znacajnije zastupljena u vrijednosti gotovih proizvoda ili
kada su poslovi nabave maleni prema kolicini,
asortimanu i vrijednosti ili, u slucajevima ako se
materijali velike vrijednosti nabavljaju na veliko na
tipiénim trziStima, jednom ili nekoliko puta na godinu pa
nabavu obavlja rukovoditelj poduzeca ili rukovoditelj
proizvodnje koji je nadlezan i kvalificiran u tehni¢kom
pogledu za takve poslove.

b) Odjel nabave u sastavu trzisne poslovne funkcije
(komercijalne sluzbe), $to pokazuje da se nabavi pridaje
vece znaenje nego u prethodnom slu¢aju pa ne obavlja
samo rutinske operativne zadatke, ve¢ i niz tipi¢nih
kreativnih trziSnih zadataka (primjerice, istrazivanje
trziSta nabave, istrazivanje prikladnosti i izbor sustava
nabavljanja, prora¢un normiranih i ekonomi¢nih koli¢ina
nabave, ugovaranje recipro¢ne nabave i sli¢no).

c) Nabava u sastavu sluzbe materijalnog poslovanja,
koja ima status poslovne funkcije podredene
rukovoditelju poduzeéa. Sluzba materijalnog poslovanja
ima u svom sastavu odjele koji vode kompletnu brigu o
svim aspektima opskrbe te kretanja i stanja zaliha
predmeta rada kako bi se postigla jedinstvena
odgovornost i sustavno upravljanje poslovanjem nabave,
vanjskog i unutarnjeg transporta, skladista i odjela za
prikupljanje, reciklazu i prodaju ostataka i suvi$nih
materijala.

d) Nabava u sustavu raznih oblika matri¢ne
organizacije (u Cistoj matri¢noj organizaciji, u sustavu
organizacije prema proizvodima ili projektima, u
divizionalnoj organizaciji) te u procesnoj organizaciji i
fraktalnoj organizaciji.

Prije donoSenja odluke o mjestu nabave u
organizacijskoj  strukturi poduzeéa valja utvrditi
prednosti i nedostatke pojedinog organizacijskog oblika
uzimajuéi u obzir sve c¢imbenike koji utjeCu na
uspjesnost poslovanja nabave (primjerice, moguénosti i
prednosti podjele strategijskih i operativnih zadataka,
opseg nabave, raspoloziva informaticka tehnologija i
drugo).

Organizacijske oblike mjesta nabave u strukturi
poduzeéa potrebno je razmotriti kako bismo mogli dati
op¢u ocjenu za pojedino organizacijsko rjesenje:

a) Nabava u sastavu komercijalne sluzbe

U malenim poduzeé¢ima nabava se naj¢esce nalazi u
sastavu komercijalne sluzbe. Karakteristike nabave u
takvim poduzeéima su: 1) nabavno poslovanje nije
tehni¢ki zahtjevno 1 viSe se naglasava njegovo
komercijalno znacenje, 2) opseg posla je malen te je za
poslove nabave potrebno jedan ili nekoliko djelatnika, 3)
jedna osoba (rukovoditelj komercijalne sluzbe) uspjesno
koordinira i rukovodi poslovanjem nabave, prodaje,
skladista i transporta.

Smatra se da je nedostatak takvog rjeSenja Sto se
najviSe pozornosti pridaje prodaji pa su ostali poslovi
komercijalne sluzbe, a medu njima 1 nabave,
zapostavljeni i ne razvijaju se u skladu s njihovim
znadenjima i moguénostima. Od nabave se zahtijeva da
pritiskom na cijene dobavljada ostvari §to povoljnije
nabavne cijene, u skladu s filozofijom: ,kupi jeftino,
prodaj skupo*!

Mozemo ipak konstatirati da je u malenim
poduzec¢ima s obiljezjima nabave kao $to su navedeni,
prihvatljivo organizacijsko rjeSenje kojim se nabava
nalazi u sastavu komercijalne sluzbe. Time se stvaraju
pretpostavke o djelotvornom ostvarenju postavljenih
zadataka uz relativno niske troSkove nabave, pri ¢emu
postoji dobra suradnja i koordinacija posla izmedu
nabave, prodaje, skladista i transporta.

b) Nabava u sastavu tehniCke sluzbe ili u sastavu
proizvodnje

Ovaj organizacijski oblik mozemo smatrati primjer
starih organizacijskih shvacanja prema kojima je nabava
samo pomo¢na funkcija proizvodnje (prva faza
proizvodnog procesa) pa mora biti ukljuéena u sastav
tehnicke sluzbe ili proizvodnje, odnosno u sluzbu koja
neposredno organizira proizvodnju. Ako promatramo
razvoj robne proizvodnje, zakljuujemo da je ovo
organizacijsko rjesenje bilo adekvatno uvjetima i nacinu
rada do pojave serijske i masovne proizvodnje kada je
trziSte nabave bilo nerazvijeno, asortiman predmeta
nabave malen, a tehni¢ki problemi u svezi s nabavom
vrlo znacajni.

Nedostatak je takvog rjeSenja Sto tehniCka sluzba
nastoji ostvariti $to vecu sigurnost kontinuiranog
odvijanja procesa proizvodnje pa gomila zalihe
materijala, dijelova i sklopova te zahtijeva da se
nabavljaju materijali §to bolje kakvoce. Takva politika u
suvremenom  poslovanju  dovodi do  problema
ekonomicnosti i likvidnosti. Osim toga, ukljuc¢ivanjem
nabave u tehnic¢ku sluzbu ili u proizvodnju komplicira
suradnju i koordinaciju posla nabave i prodaje. Osoblje
nabave uglavnom obavlja administrativne poslove i nije
dovoljno samostalno, a osoblje tehnicke sluzbe mora se
baviti i problemima nabave, $to ih odvaja od njihovog
temeljnog zadatka.
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c) Nabava u sastavu

sluzbe

financijsko-ra¢unovodstvene

U poslovanju nabave znadajno je da se osiguraju
potrebna financijska sredstva te da u zalihama bude
zamrznuto $to manje obrtnih sredstva i da se placanje
roba i usluga obavi uz najpovoljnije uvjete. Rukovodeéi
se tim d{injenicama, nabava se ponekad stavi pod
kompetenciju i u sastav financijsko-ra¢unovodstvene
sluzbe.

Takvo organizacijsko rjeSenje ima niz nedostataka:
1) rukovoditelj financijsko-ra¢unovodstvene sluzbe nije
strucan za poslove nabave, a niti moze obratiti dovoljnu
pozornost na probleme nabave, 2) financijsko-
racunovodstvena sluzba nastoji nabaviti sredstva za
proizvodnju po §to nizim cijenama, ne vodeéi dovoljno
ratuna o kakvoci, 3) u nastojanjima da zalihe budu §to
manje moze se dogoditi da zbog nedostatka materijala
dode do zastoja u proizvodnji, $to uzrokuje daleko vecée
troskove nego S§to su troskovi nesto vecih zaliha
materijala, 4) osoblje financijsko-raéunovodstvene sluzbe
odvaja se od svog temeljnog zadatka, 5) osoblje nabave
nije dovoljno samostalno u rjeSavanju zadataka nabave.

Iako ukljuéivanje nabave u sastav financijsko-
racunovodstvene sluzbe ima negativnih posljedica i ne
omogucuje primjenu suvremenih koncepcija nabavljanja,
takvo se rjeSenje primjenjuje u manjim organizacijama
(primjerice, u ljecilistima, na veéim gradilistima) kod
kojih se posebna pozornost pridaje troskovima nabave i
koristi se ciljno orijentirani menadzment troSkova na
temelju raspolozivih sredstava koja se mogu potrositi za
odredenu namjenu, kako bi se ostvarila ciljna cijena i
dobit u poslovanju.

d) Nabava kao temeljna poslovna funkcija

Temeljne karakteristike takve nabave su: 1) nabavno
poslovanje je opsezno i zahtijeva angazman veceg broja
ljudi, 2) nabava ima veliko znafenje za uspjes$nost
poslovanja poduzeta, 3) kao poslovna funkcija
ravnopravna je ostalim funkcijama poduzeca, 4) ima
utjecaj na strateSke odluke u poslovanju poduzeca, 5)
dosljednije, potpunije i kreativnije provodi zadatke
nabave.

U Kklasi¢noj Stabno-linijskoj organizaciji razlikuje se
nekoliko temeljnih poslovnih funkcija. To su razvoj,
proizvodnja, prodaja, kadrovska funkcija i financijsko-
racunovodstvena funkcija. Neke od tih funkcija
objedinjuju se kao, primjerice razvoj i proizvodnja u
tehnicki sektor te nabava i prodaja u komercijalni
sektor/sluzbu ako je to racionalnije s obzirom na opseg
posla i s obzirom na troskove, prostorno-vremenske
probleme i probleme kakvoce poslovanja. Medutim, ako
je nabavno poslovanje opsezno i zahtijeva angaZman
veceg broja osoblja, a nabava ima odlucujuée znacenje za
uspjesnost poslovanja poduzeéa, onda se organizira kao
temeljna  poslovna funkcija ravnopravna prodaji,
proizvodnji i drugim funkcijama poduzeca. TroSkovi
nabave bit ¢e neSto veé¢i nego u slucaju da se nabava
nalazi u sustavu komercijalne sluzbe, ali ¢e ucinci
ostvareni boljim nabavnim poslovanjem u potpunosti
opravdati povecane troskove nabave.

e) Nabava u sastavu sluzbe materijalnog poslovanja

Materijalno poslovanje predstavlja rukovodni i
organizacijski koncept koji omogucava pregled nad svim
materijalnim tokovima u nabavi, skladiStenju i fizi¢koj
distribuciji. Realizacija tog koncepta rezultira stvaranjem
potrebne poslovne funkcije ,,materijalnog poslovanja“,
ravnopravne proizvodnji, marketingu i drugim poslovnim
funkcijama koje s njom moraju usko kooperirati kako bi
se ostvarili ciljevi poduzeta u nabavi i1 koristenju
materijala. Sluzba materijalnog poslovanja u svom
sastavu ima nabavu, dispoziciju materijala, skladiste,
transport i odjela za prikupljanje, sortiranje, koriStenje i
prodaju otpadaka i nepotrebnih materijala te sredstava za
rad. Nabava se mozZe podijeliti na odjele operativne i
strategijske nabave. Rukovoditelj sluzbe materijalnog
poslovanja izravno je podreden rukovodstvu poduzeca, a
u dionickom drustvu najcesce je ¢lan uprave.

Uklju¢ivanjem odjela dispozicije, prijemne kontrole
te transporta i Spedicije u sluzbu materijalnog poslovanja
olaksana je koordinacija toka robe. Operativna nabava
obavlja poslove istraZzivanja 1 pokrivanja potreba
korisnika (dispozicije i naru¢ivanja robe, pracenja rokova
isporuke, reklamacija i drugo), a moze se decentralizirati
za sve materijale koje koristi samo jedan pogon tako da
svoje zadatke obavlja u sastavu toga pogona kojem je
struéni suradnik nabave i disciplinski odgovoran, ali radi
pod struénim nadzorom i uputama centralne, strategijske
nabave. Zadatak je strategijske nabave da istrazuje
trziSte, da se brine o odnosima s dobavlja¢ima i da s
njima sklapa dugorocne ugovore, da koordinira i
analizira rad operativne nabave, da suraduje s tehnickom
sluzbom i marketingom u svezi s razvojem proizvoda,
odnosno da poveze i ostvari interese poduzeca na trzistu
nabave.

f) Mjesto nabave u matri¢noj organizaciji

Matri¢na organizacija je produkt vise linijskog
nacela rukovodenja. Razlic¢ite funkcije poduzeca
svrstavaju se prema njihovu znacenju u glavne i opce.
Glavne mogu biti: nabava, proizvodnja, prodaja,
financije i raCunovodstvo. Opc¢e funkcije su one koje se
organiziraju kao zajednicke funkcije poduzeca, a mogu
biti: planiranje, organizacija, kontroling, kadrovska
sluzba, informaticka sluzba i slicno. Graficke se veze
glavnih i op¢ih funkcija prikazuju u obliku matrice pa se
zbog toga ova organizacija naziva matricnom. lako je
nabava svrstana u glavne funkcije, u praksi se moze
organizirati kao opca funkcija, tj. kao zajednicka
centralno organizirana sluzba, koja moze ostalim
funkcionalnim jedinicama pruzati odgovarajuce usluge, a
u matrici se tada navede u prvom stupcu. To je narocito
znatajno zbog optimalizacije logistickih procesa u
poduzedu.

Prednosti su matri¢ne organizacije: 1) uzimaju se u
obzir svi aspekti kod donosenja odluka suradnjom
struénjaka razlicitih profila, tj. timskim radom, a na taj se
nacin onemogucéava samovolja pojedinaca, 2) poslovanje
je fleksibilnije, promjene se brze prihvacaju i bolje
integriraju, 3) razvija se struéni, umjesto formalnog
autoriteta, 4) postizu se bolji meduljudski odnosi i veca
motiviranost djelatnika, 5) moguca je specijalizacija
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djelatnika, 6) poti¢e se proces uenja i kreativnog
trazenja rjeSenja.

Nedostaci matrine organizacije: 1) moguénost
nastajanja konfliktnih situacija zbog razli¢itih pristupa te
nereguliranih  nadleznosti i  prioriteta  linijskih
rukovoditelja, 2) sloZeniji komunikacijski odnosi, 3)
potrebni su struéniji kadrovi, 4) opasnost da dode do
losih kompromisa

g) Mijesto nabave u divizionalnoj organizaciji

Divizionalna organizacija, ili organizacija prema
poslovnim podruc¢jima, odnosno podru¢jima proizvodnje,
uspostavlja se u velikim poduze¢ima s raznovrsnim
programima proizvoda, odnosno djelatnostima. U takvoj
organizaciji se za pojedine skupine proizvoda ili
djelatnosti formiraju relativno samostalne organizacijske
jedinice (divizije) u obliku profitnih centara.

Pretpostavke za formiranje divizionalne organizacije
su: 1) raznovrsni proizvodni programi ili djelatnosti koji
se odvijaju najéeS¢e na prostorno razdvojenim
podru¢jima, 2) potrebe za razligitim materijalima i 3)
razli¢iti zahtjevi u pogledu politike opskrbe i zaliha te
politike prodaje.

Karakteristike divizionalne organizacije su: 1)
stvaraju se manje, relativno autonomne, organizacijske
cjeline u kojima je cjelokupno poslovanje pa tako i
materijalno poslovanje transparentno i zbog toga su
djelatnici vise motivirani za uspjeh, 2) jasno su
razgraniCena ovlasStenja i odgovornosti, §to proizlazi iz

linijske strukture divizija, 3) to je marketinski
orijentirana organizacija, 4) postoji opasnost od
prevelikog  osamostaljivanja  pojedinih  podrucja

poslovanja (divizija) na Stetu ciljeva i ucinkovitosti
cijelog poduzeca.

h) Nabava u timskoj organizaciji

Timska organizacija razlikuje se od prethodno
razmatranih organizacijskih oblika jer se ne temelji na
linijskoj organizaciji. Zajednicko obiljezje svih modela
timske organizacije je S$to u timovima ovlaStenje
odluc¢ivanja nemaju pojedinci, nego se odluke donose
konsenzusom, sporazumno. Svi poslovi rjeSavaju se u
timovima participacijom i suradnjom ¢lanova koji sami
organiziraju svoj rad. To znatno povecava motivaciju
suradnika za rad i omogucuje prilagodbu izvrSavanja
zadataka promjenama u okolini. Rad timova koordinira
neki centralni (rukovodni) tim. Pojedini se timovi
specijaliziraju za odredene djelatnosti, a svaki tim ima
svog voditelja i suradnike.

Unutar tima nema hijerarhije. Suradnici su
ravnopravni bez obzira s kakvih instanca dolaze, §to
omogucuje kreativan rad 1 otvorenu razmjenu
informacija te medusobno postivanje. Konfliktne
situacije suradnici moraju rjeSavati sami. U takvoj
situaciji mogu uspjesno suradivati osobe koje su
tolerantne i spremne za timski rad, koje se medusobno
postuju, koje imaju smisla za poucavanje i ucenje i koje
su kreativne. Rad u timu zahtijeva od svakog suradnika
da ima visok stupanj osjecaja odgovornosti i zelje da
doprinese rezultatima tima, a ne da zivi na rac¢un drugih.
Svaki ¢lan tima mora naéi pravi odnos izmedu vlastitih

interesa i lojalnosti ciljevima tima, izmedu egoizma i
solidarnosti. Timovi su interdisciplinirani pa se
suradnjom stru¢njaka raznih profila zadaci mogu
rjeSavati kvalitetno i brzo. Timovi ne bi smjeli imati
mnogo ¢lanova da se rad ne birokratizira, da se ne
otezava komuniciranje i donosenje odluka.

i) Nabava u procesnoj organizaciji

Procesna organizacija temelji se na ideji da podloga
strukturiranja bude organizacija procesa poslovanja.
Organizacijske se jedinice (timovi) formiraju za pojedine
procese, odnosno za cjelovite dijelove procesa. Pristup
strukturiranju organizacije je, dakle, obrnut od pristupa u
klasi¢noj hijerarhijskoj organizaciji, u kojoj se javlja
problem povezivanja rasclanjenih dijelova procesa te
gubitka informacija i pogresaka u odvijanju procesa na
funkcionalno  organiziranim  mjestima.  Umjesto
vertikalno orijentirane hijerarhijske organizacije, rjeSenje
je nadeno u horizontalnom povezivanju dijelova procesa
koji se redaju u odredenom slijedu, a obavljaju ih timovi
sastavljeni od funkcionalno orijentiranih profesionalaca
iz pojedinih strukovnih centara (centri u koje ulaze
djelatnici sliénih kvalifikacija i koji imaju svog trenera).

J) Nabava u fraktalnoj organizaciji

Nabava ili njezine funkcije, odnosno zadaci mogu se
organizacijski smjestiti u fraktale na razli¢itim
hijerarhijskim razinama. Pojam fraktal oznacuje
najmanje elemente organizacijske strukture koje u
odredenim okolnostima nema smisla dalje rasélanjivati, a
¢ije konacno stanje nije fiksno, nego je polaziste novog
razvoja. Fraktali imaju sposobnost samoorganiziranja i
dinami¢ne prilagodbe vanjskim utjecajima, kao
organizmi.

Fraktali u pravilu samostalno rjesavaju zadatke, koje
sami organiziraju i optimiziraju u skladu s ciljevima
suradnika/izvrSitelja te u skladu s ciljevima hijerarhijski
visih fraktala. Na taj se nacin postize harmonija ciljeva,
kako ne bi nastao nekoordinirani sustav optimiziranja
zadataka pojedinih fraktala. Potrebno je, dakle, odrediti
hijerarhiju ciljeva (ciljevi poduzecéa, procesa, fraktala).
Fraktali samostalno planiraju i reguliraju odvijanje
procesa, a koncipirani su prema nacelu timskog rada.
Koncentriraju se na rezultate procesa (ne na nacin rada)
za koje su odgovorni u odnosu s drugim fraktalima i
njihovim procesima.

Svaki fraktal, u skladu sa zadacima na svojoj
hijerarhijskoj razini, preuzima odgovornost za rezultate
svog rada i za odnose s drugim fraktalima. Na taj se
naCin razgraduju mo¢ i kompetencije rukovodstva, a
djelatnici dobivaju slobodu kreiranja svoga rada,
preuzimaju rizike i dogovornosti za rezultate.

Odgovornost preuzima samo onaj djelatnik koji
je kompetentan i koji moze s obzirom na svoju ulogu
preuzeti jamstvo za pravodobno i kvalitetno izvrSenje
zadataka 1 za posljedice koriStenja ovlaStenja. U
donosenju odluka, nosilac odgovornosti mora se
rukovoditi ciljevima hijerarhijski visih fraktala, a odluke
donositi konsenzusom ¢lanova tima.
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5. PRIMJER ORGANIZACIJSKE SLUZBE
NABAVE U TVRTCI

Tvrtka u kojoj je analizirana organizacija nabave
zeljela je ostati anonimna pa je u daljnjem tekstu nazvana
tvrtka ,xy“. Tvrtka ,xy“ je modelarija i alatnica na
sjeveru Hrvatske. Glavne prednosti su im ekstremno
kratki rokovi isporuke, visoka kvaliteta izrade te
konkurentne cijene. Okupljaju izvrstan tim mladih ljudi i
nekoliko vrhunskih eksperata na podru¢ju modela za
ljevaonice koji imaju vise od 30 godina iskustva.
Modelarija su sa 40 godiSnjom tradicijom i stalnim
unapredivanjem i prilagodavanjem zahtjevima i
potrebama kupaca [2].

Lahtjev za ponudom od Kupca
sa grubom skicom tehnologije

-

Kalkuliranje
(prihvatljiva cijena za kratak rok isporuke)

—

PONUDA
(1-2 dana nakon primitka zahtjeva)

—

Narudiba kupca

——

CAD modeliranje - poslat cemo Vam:
1) kompletnu "tehnologiju u 307
2)nacrti presjeci sa svim mjerama
dan nakon narudibe (max 2 dana)

-

Waga vizualna kontrola,
Zelite li nesto izmjeniti ?

b

Marudzba,
CAM razrada

b

Proizvodnja

b

Zavrsna kontrola

b

Provjera dokumentacije

b

2 dana prije isporuke dobivate fotografije proizvoda

b

Utovar na kamion

b

Transport do kupca
sama & do 10 dana nakon narudibe

-

Besplatno (ukljuéeno u cijenu) Saljemo Vam
novi 20 za simulaciju lijevanja

Slika 1: Tijek razmjene dokumentacije u procesu izrade
modela i komunikacije izmedu tehnic¢kog odjela i
narucitelja
Izvor: web stranica tvrtke ,,xy* (obradili autori)

Proizvodni program obuhvaca sve vrste modela i
jezgrenika za rucno i strojno kalupiranje (drveni, metalni,
aralditni) prema svim ljevackim procesima koji se danas
koriste u strojogradnji i brodogradnji. Da bi iza$li u
susret potrebama kupaca sve proizvode izraduju prema
standardima kvalitete DIN EN 12890 te mogu izraditi
modele do 25 metara i 6 metara u promjeru. Ciljano
trziste su im industrija energije, valjaonice, brodogradnja,
distribucija fluida (ventili, pumpe) te opéa strojogradnja.

Tijek razmjene dokumentacije u procesu izrade modela
i komunikacije izmedu tehni¢kog odjela i naruditelja
vidljiv je iz slike 1.

Trenutno tvrtka upoSljava 170 djelatnika unutar
proizvodnih kapaciteta gdje raspolazu sa dva pogona sa
ukupno 4.200 m% Njihova tehnitka sluzba se sastoji od
22 tehnologa koji su obuceni za sve vrste pripreme
proizvodnih procesa.

5.2. Oblik organizacijske strukture nabave u
tvrtci

U tvrtei ,,xy* koristi se prostorna centralizacija koja
jako dobro funkcionira jer Koristi sve prednosti takvog
oblika nabave. Nedostaci, kao S§to su otezano
komuniciranje sluzbe nabave s Kkorisnicima predmeta
nabave, §to dovodi do vremenskog pomaka u donosenju
odluka i do lo8ijih rezultata, nisu vidljivi u tvrtci.
Takoder, tvrtka ne gubi fleksibilnost i nema problema s
opskrbom. Dijelatnici uvijek rade s istim predmetima
nabave pa su specijalizirani, olakSan je posao s
dobavlja¢ima jer komuniciraju s kompetentnim
djelatnicima. U tvrtci se sklapaju koli¢inski i vrijednosno
veci poslovi i smanjuje se administrativno poslovanje.

U tvrtei ,,xy* nabava je u sastavu tehnicke sluzbe i
nasuprot nedostacima tog organizacijskog oblika nabave
nema nagomilane zalihe materijala, sklopova i dijelova te
nema problema sa ekonomicnosti i likvidnoSéu. Jedini
problem koji je uocen odnosi se na djelatnike tehnicke
sluzbe koji se moraju baviti i poslovima nabave.

Na temelju istrazivanja i navedenih ¢injenica moze
se zakljuciti da tvrtka ,xy“ koristi optimalan oblik
organizacijske strukture nabave u tvrtci, Sto je dokazala
svojim vrlo uspje$nim poslovanjem te ekonomiénosti,
fleksibilnosti i likvidnosti.

5.3.Sluzba nabave u tvrtci

Sustav nabave u tvrtci ima Cetiri stavke. Dakle, roba
se narucuje po jednoj od nize navedenih stavki ovisno o
tome Kkojoj stavci prema opisu pripada:

1. Automatsko narucivanje robe iz skladista po
sistemu minimalno/maksimalno - to je sustav naru¢ivanja
robe koji sam $alje alarm radniku nabave kada odredena
roba na skladistu dosegne svoj minimum. Znaci, za svaki
materijal ili alat posebno se odredi minimalna koli¢ina i
maksimalna koli¢ina koja moze biti u skladistu. Kada
zalihe nekog materijala dosegnu svoj minimum, sustav
Salje alarm radniku nabave. Postupak narudivanja je
sljedeci: Salje se zahtjev za nabavu, u obliku alarma
radniku nabave, koji ga prima u ERP sustavu. Enterprise
Resource Planning (ERP) je poslovni softver za
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upravljanje tvrtkom — obi¢no je to paket integriranih
aplikacija koje tvrtka moze koristiti za prikupljanje,
pohranu, upravljanje i interpretaciju podataka iz brojnih
poslovnih aktivnosti, uklju€ujuéi: planiranje proizvodnje,
troskove, proizvodnju i dostavu, marketing i prodaju,
upravljanje zalihama, te dostavu i plac¢anje. Alarm se
javlja u obliku poruke da se mora naruciti odredeni
materijal ili poslati upit prema dobavljacu kako bi on
poslao ponudu ili ako je cijena ve¢ prije dogovorena,
materijal se odmah Salje. Narudzbenica se $alje s cijenom
od zadnjeg narucivanja. Nakon toga zahtjev se Salje
direktorici kako bi narudzbu odobrila ili ne odobrila (uz
obrazlozenje). Ako je zahtjev odobren Salje se
narudzbenica dobavljacu. Dobavlja¢ Salje potvrdu
narudzbe i dogovora se rok isporuke. Placa se po
predracunu, isporuka se odvija u skladistu tvrtke s
koli¢inom narucenog materijala (koja mora biti izmedu
odredenog minimuma i maksimuma). Placa se nakon
isporuke robe u dogovorenom roku placanja.

2. Narucivanje poznatog materijala koji se ne drzi na
skladistu - Ovim sustavom naruéuje se materijal koji se
ve¢ prije koristio i koji je djelathicima dobro poznat, ali
se ne drzi na skladistu jer je preskup i/ili nema potrebe za
stalnim drzanjem tog materijala na skladiStu zbog
rijetkog koriStenja. Postupak narucivanja je sljedeéi:
Djelatnik nekog odjela koji ima potrebu za tim
materijalom piSe zahtjev za nabavu u ERP sustavu koji se
kao alarm prikazuje radniku nabave. Radnik nabave nece
mocu upisati radne ucinke ako taj zahtjev ne obradi ili
barem potvrdi da je zahtjev u izvrSenju ili da je primljen.
Nakon toga zahtjev se $alje direktorici kako bi narudzbu
odobrila ili ne odobrila (uz obrazlozenje). Ako je zahtjev
odobren S$alje se narudzbenica dobavljacu. Dobavljaé
Salje potvrdu narudzbe i dogovora se rok isporuke. Placa
se po predracunu, isporuka se odvija u skladistu tvrtke
samo §to radnik nabave mora osobno primiti materijal i
uskladistiti ga te ga odmah razduziti na djelatnika koji je
napravio zahtjev za nabavu. Placa se nakon isporuke robe
u dogovorenom roku plaéanja.

3. Narudivanje novog materijala ili alata - u ovaj
sustav naru¢ivanja ulazi materijal ili alat koji se narucuje
po prvi put. Postupak narucivanja je kako slijedi:
Djelatnik nekog odjela koji ima potrebu za tim
materijalom Salje zahtjev za nabavu radniku nabave.
Radnik nabave Salje S$to viSe upita razli¢itim
dobavljacima koji drze taj materijal ili alat. Odgovori se
u vecini slucajeva dobivaju isti dan, a najkasnije 1 do 2
dana nakon slanja upita. Ako ponuda dolazi kasnije ne
uzima se u obzir, a tako je i navedeno na upitu. Odabire
se dobavlja¢ koji na temelju naSe analize i procjene
ponudi najbolji omjer cijene i kvalitete te se mu Salje
narudzbenica. Dobavlja¢ Salje potvrdu narudzbe i rok
isporuke. Plac¢a se po predracunu i nakon isporuke robe.
Kada materijal stigne na skladiste uvodi se minimalna i
maksimalna koli¢ina zaliha koju ¢e drzati u skladistu, a
to ovisi o tome koliko ¢e se taj materijal ili alat koristiti.
Tako se azurira sustav i automatski se stvore alarmi koji
¢e opet obavijestiti djelatnika nabave kada navedena roba
dosegne svoj minimum. Sad kad je novi materijal ili alat
uveden u sustav ,,minimalno/maksimalno®, dalje vrijedi
prvi slucaj za automatsko narucivanje robe iz skladista
po sistemu minimalno/maksimalno.

6. ZAKLJUCAK

Vodeéi se radnom hipotezom, u ovom radu je
pokazano da se odabirom optimalnog oblika
organizacijske strukture nabave moZze utjecati na
poslovanje i poslovni rezultat tvrtke. Kroz teoretska i
prakticna istrazivanja istaknuti su temeljni organizacijski
oblici sluzbe nabave u tvrtkama i javnim tijelima te je
prikazan primjer organizacije sluzbe nabave u tvrtci koja
se bavi izradom modela za ljevaonice.

Nabava kao ograni¢ena definicija opskrbe, danas je
strateski ¢imbenik u profitabilnosti tvrtke i povecanju
dionicarske vrijednosti. Upravljanje nabavom se danas
javlja da bi tvrtkama omogucilo stratesku prednost i
potencijal za dodavanje vrijednosti. Vaznost nabave za
poduzece proizlazi iz njena dva izvora, i to troskovne i
operativne efikasnosti.

Organizacijskom  strukturom nabave trajno se
reguliraju poslovi nabave koji se odvijaju istodobno ili
jedan za drugim, na nacin da se usklade ukupne
meduovisnosti tih poslova imaju¢i na umu ciljeve
nabave. Organizacija poslovanja se bavi strukturiranjem
procesa nabave kako bi njegovo odvijanje bilo u skladu
sa ciljevima. Organizacijska struktura nabave mora
omoguciti donosenje odluka na temelju cjelovitih ocjena
svakog konkretnog slucaja, tako da se ostvare §to bolji
rezultati poslovanja poduzeéa i njegovih partnera, a
ujedno da se vodi ra¢una o psihosocijalnim aspektima te
o za$titi okolisa. Glavni bi cilj trebao biti da nabava §to
viSe pridonese uspjesnosti poslovanja poduzeca. Mjesta u
nabavi moraju biti tako oblikovana da se zadaci mogu
dobro koordinirati da se brzo i fleksibilno moze rijesiti
svaki zahtjev koji se stavlja pred funkciju nabave.

Mjesto nabave u organizacijskoj strukturi poduzeca
ne moze se odrediti jedinstveno ve¢ ovisi o uvjetima koji
su individualni za svako poduzece. Prije donoSenja
odluke o mjestu nabave u organizacijskoj strukturi
poduzeca valja utvrditi prednosti i nedostatke pojedinog
organizacijskog oblika uzimajuéi u obzir sve ¢imbenike
koji utje¢u na uspjesnost poslovanja nabave (primjerice,
mogucnosti i prednosti podjele strategijskih i operativnih

zadataka, opseg mnabave, raspoloziva informaticka
tehnologija i drugo)
Na temelju istrazivanja i navedenih <¢injenica

zakljuceno da tvrtka ,xy“ koristi optimalan oblik
organizacijske strukture nabave u tvrtci, $to je dokazala
svojim vrlo uspjesnim poslovanjem, ekonomicnosti,
fleksibilnosti i likvidnosti. Ne otezava se komuniciranje
nabave s korisnicima predmeta nabave, tvrtka nema
problema s opskrbom te nema nagomilane zalihe
materijala, sklopova i dijelova.
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10pt

10pt

2. UVODNE NAPOMENE

10pt

Ponudeni ¢lanak ne smije biti ranije objavljen, bilo u
jednakom ili slicnom obliku, niti smije biti istodobno
ponuden drugom Ccasopisu. Za sadrzaj Clanka,
autentiCnost podataka i tvrdnji u njemu isklju¢ivo i u
cijelosti odgovara autor ili autori.

Clanci prihvaéeni za objavljivanje svrstavaju se u
Cetiri kategorije: izvorni znanstveni c¢lanci (original
scientific papers), prethodna priopéenja (preliminary

communications), pregledni ¢lanci (subject reviews) i
strucni ¢lanci (professional papers).

U izvorne znanstvene €lanke svrstavaju se radovi,
koji po ocjeni recenzenata i Urednickog odbora, sadrze
originalne teorijske ili prakticne rezultate istrazivanja.
Ovi ¢lanci trebaju biti napisani tako da se na osnovi
danih informacija moze ponoviti eksperiment i postici
opisane rezultate, odnosno autorova opazanja, teorijske
izvode ili mjerenja.

Prethodno priopcenje sadrzi jedan novi znanstveni
podatak ili vise njih, ali bez dovoljno pojedinosti koje bi
omogucavale provjeru kao kod izvornih znanstvenih
¢lanaka. U prethodnom se priopéenju mogu dati rezultati
eksperimentalnih istraZivanja, rezultati krac¢ih
istrazivanja ili istraZivanja u tijeku, kojih se objavljivanje
procijeni korisnim.

Pregledni ¢lanak sadrzi cjelovit prikaz stanja i
tendencija odredenog podrucja teorije, tehnologije ili
primjene. Clanci ove kategorije su preglednog karaktera
s kritickim osvrtom i ocjenom. Citirana literatura mora
biti dovoljno cjelovita tako da omoguci dobar uvid i
ukljucivanje u prikazano podrucje.

Strucni ¢lanak moze sadrzavati prikaz originalnog
rjeSenja nekog uredaja, sklopa ili instrumenta, prikaz
vaznijih prakti¢nih izvedbi i sliéno. Rad ne mora biti
vezan uz originalna istraZivanja, nego sadrzi doprinos
primjeni poznatih znanstvenih rezultata i njihovoj
prilagodbi potrebama prakse, pa je doprinos Sirenju
znanja, itd.

Izvan navedene kategorizacije Urednicki odbor
Casopisa pozdravit ¢e i ¢lanke zanimljivog sadrzaja za
rubriku "Zanimljivosti". U ovim ¢lancima daju se opisi
prakti¢nih izvedbi i rjeSenja iz proizvodnje, iskustva iz
primjene uredaja i sli¢no.
10pt
10pt .

3. PISANJE CLANKA
10pt

Clanak se pise hrvatskim jezikom te se metroloski i
terminoloski valja uskladiti sa zakonskim propisima,
normama (ISO 80000 serija) i medunarodnim sustavom
jedinica (SI). Materija u ¢lanku izlaze se u tre¢em licu
jednine.

Uvod sadrzi opis problema i prikaz vaznijih rezultata
radova opisanih u citiranoj literaturi. Navodi se nacin
rjeSavanja problema, koji se opisuje u ¢lanku, kao i
prednosti predloZzenog postupka.

Sredisnji dio ¢lanka moze se sastojati od nekoliko
dijelova. Treba izbjegavati matematicke izvode koji
optere¢uju praéenje izlaganja. Neizbjezni matematicki
izvodi mogu se po potrebi, dati kao cjeline u obliku
jednog priloga ili vise njih. Preporu¢a se navodenje
primjera kad je potrebno ilustrirati proceduru
eksperimenta, postupak primjene rezultata rada u
konkretnom slucaju ili algoritam predloZzene metode.
Razmatranje treba u pravilu eksperimentalno potvrditi.

Zakljucak u kojem se navode ostvareni rezultati i
naglaSava efikasnost koristenog postupka. Istaknuti treba
eventualna ograni¢enja postupka kao i podru¢ja moguce
primjene dobivenih rezultata.
10pt
10pt
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4. ZAKLJUCNE NAPOMENE

10pt

Kako bi clanci bili pripremljeni istovjetno ovom
predlosku preporuca se ubacivanje sadrzaja u njega.
Gotovi ¢lanci pripremljeni u MS Word za Windows i
prelomljeni prema ovom predlosku Salju se Urednistvu
Casopisa Tehnicki Glasnik na slijede¢u e-mail adresu:
zivko.kondic@unin.hr

Urednicki odbor zadrzava pravo manjeg redakcijskog
ispravka ¢lanka u okviru pripreme za tisak. Clanke, koji
u bilo kojem pogledu ne zadovoljavaju naputak autorima,
Uredni¢ki ¢e odbor vratiti autoru. Radi eventualnih
nejasnoca u svezi predlozenog c¢lanka, Urednicki se
odbor obra¢a samo prvom autoru, ako ima nekoliko
autora, i uvazava samo stavove koje iznese prvi autor.
10pt
10pt

5. LITERATURA
10pt
Literatura se navodi redoslijedom kojim se citira u
¢lanku. Pojedine literarne reference iz popisa literature u
tekstu pozivaju se odgovarajuéim brojem u uglatim
zagradama, npr. “... u [7] je pokazano ..”. Ako su
literarne reference poveznice (linkovi) hiperveza se mora
ukloniti kao §to je vidljivo kod literarne reference 8.
Takoder se uklanjaju hiperveze sa e-mail adresa kod
kontakta autora. U popisu literature svaka se jedinica
oznacava brojem, a navodi se prema sljede¢im
primjerima (podnaslovi iznad referenci se izostavljaju —
navedeni su samo kao primjer izvora):
10pt
knjige:

poveznice (linkovi):

[1] Franklin, G. F.; Powel, J. D.; Workman, M. L.
Digital Control of Dynamic System, Addison-
Wesley Publishing Company, Massachusetts, 1990

[2] Kostren¢i¢, Z.: Teorija elastiénosti, Skolska knjiga,
Zagreb, 1982.

¢lanci u ¢asopisima:

[3] Michel, A. N.; Farrell, J. A.: Associative Memories
via Artificial Neural Networks, IEEE Control Sys-
tem Magazine, Vol. 10, No. 3 (1990) 6-17

[4] Dong, P.; Pan, J.: Elastic-Plastic Analysis of Cracks
in Pressure-Sensitive Materials, International Journal
of Solids and Structures, Vol. 28, No. 5 (1991)
1113-1127

[5] Kljajin, M.: Prijedlog poboljSanja proracuna
parametara dodira na primjeru evolventnih bokova
zubi, Tehnicki vjesnik/Technical Gazette, Vol. 1,
No. 1,2 (1994) 49-58

¢lanci u zbornicima znanstveno-stru¢nih skupova:

[6] Albertsen, N. C.; Balling, P.; Laursen, F.: New Low
Gain S-Band Satellite Antenna with Suppressed
Back Radiation, Proc. 6th European Microwave
Conference, Rome, September 1976, 14-17

[7] Kljajin, M.; Ergi¢, T.; Ivandié, 7.: Tzbor robota za
zavarivanje uvjetovan konstrukcijom proizvoda,
Zbornik radova - 3. medunarodno savjetovanje
proizvodnoga strojarstva/3rd International Confer-
ence on Production Engineering CIM '95, Zagreb,
November 1995, C-35 - C-41

[8] http://www.sciencedaily.com/articles/w/wind_power
.htm (Dostupno:19.06.2012.)
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