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SAFETY AUDIT IN A SELECTED ORGANIZATION
AUDIT BEZPEGNOSTI VO VYBRANEJ ORGANIZACII

Marian BUJNA, Miroslav PRISTAVKA, Martin KOTUS, Miroslav ZITNAK
Slovak University of Agriculture in Nitra, Slovak Republic

The paper provides instructions and concrete examples of evaluation of safety and health at the workplace of a given company
(Liaharensky podnik, a. s.). It analyses the legislative fulfilment of company’s requirements within safety and health at work and providing of
personal protective equipment. It examines the process of retraining employees on OSH (occupational safety and health) and PPE
(personal protective equipment) as well as fire protection. It discusses a safety audit which consists of several parts such as an audit
questionnaire and FMEA methods (analysis of the causes and consequences of failures), where there are specified potential risks arising at
work. These risks are then evaluated, and corrective measures are defined to reduce the formation of these potential risks.
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An audit is a systematic, independent and documented process
of obtaining and evaluating audit evidence about fulfilment of
audit criteria (STN EN 1SO 9000:2006).

The term ‘safety audit’ refers to verifying the status of an
enterprise, a company or any part of a coherent organizational
unit. It includes experience gained by managers and
professionals in a field of safety and health at work during
company inspections and inspections of workplaces and
technical equipment as well as during training and seminars.

A security audit is an important preventive step to
a comprehensive solution of organization safety. The aim of
audit is to detect, specify and categorise threats and
weaknesses associated with the use of sensitive data of
various categories. Practical experience shows that security
measures cannot do without technical and procedural controls,
quality assessment and evaluation of measures efficiency
with a subsequent proposal of appropriate measures for
improvement. Such procedures are an integral part of a security
process from the perspective of ISO standards application
(Gasparik, 2007).

An audits programme (regulation) must be based on the
results of risk evaluation of organization activities and the
results of initial analysis or previous audits. Audit procedures
must include the scope, frequencies, methodologies, and
competencies as well as responsibilities and requirements for
carrying out audits and a report on the results. An audits
structure is given by a questionnaire that should be developed
for this purpose. It covers criteria for all the elements of
management under the basic instructions (e.g. BS OHSAS
18001). The OHS system management audit should include
a detailed evaluation of OHS procedures effectiveness, a level
of compliance with procedures and practice, and should specify
corrective measures if necessary. The results of OHS system
management audits should be recorded and reported to the
management on time. The management should actively
support the complete preparation as well as audits running
(Hrubec and Vir¢ikova, 2009).

The objective of this paper is to perform the safety audit in
the company chosen — Liaharensky podnik, a. s. The audit is
focused on the field of safety and health at work as well as the

use of personal protective equipment by workers who perform
servicing on semi-automated machines.

Materials and methods

The safety audit was performed in Liaharensky podnik, a. s.
Nitra, Vrable establishment. The company is primarily focused
on breeding and sale of poultry, poultry products and eggs.

As part of the safety audit, the following has been specified:
an object where the audit is to be performed, the aim that is
supposed to be reached, the date of audit, the type of audit or
the auditor or audit team (Sinay, 1997).
Methodology:

e Characteristics of a company.

¢ Policy of safety and health at work.

¢ General requirements for machinery.

e Training staff in OSH.

¢ Providing personal protective equipment.

¢ A questionnaire — audit questions.

e Application of questionnaires to objects.

e Evaluation of questionnaires.

¢ Risk analysis using the FMEA method.

e Acceptance of protective measures.

Results and discussion

The first step in performing the security audit in the company
was instructing employees on OSH in accordance with Art. 5 to
Art. 10 of Act No 124/2006 of the National Council of the Slovak
Republic on safety and health at work, as amended. The
employer is obliged to comply with obligations set forth in Act
No 311/2001 of the National Council of the Slovak Republic to
ensure safety and health at work.

There were specified the rights and obligations of
employees and employers and the general requirements for
machinery and technical equipment — high-power bucket
elevators (from 32 t.ph™ to 120 t.ph™):
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r for horizontal transport of grain.

¢ 03K 250 worm transporters.

e Aspirator.

¢ Aspiration system.

e Pre-purifier of grain and separator.

e Control centre in a room of drying-plant.
e Conveyors.

To inform the employees adequately about OSH, there

have been determined the types of training and the extent of 4.
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An audit plan has been compiled.

1

2.
3.

validity of individual courses, providing of personal protective

equipment and a list of employees’ claims for providing

personal protective equipment within the company.

0 N O,

. Audit number:

03/01 (serial number of the audited
operation/audit number in a given operation).

Type of audit: planned safety audit (focus on OSH).
Materials for audit: company guidelines — OHS, PPE;
regulations for safety, operation, servicing and maintenance;
technical documentation of various pieces of technical
equipment; fire evacuation plan.

Audit objective: recording and evaluating of manual work
(during machines operation) by company’s employees.

. Audited entity: premixtures mill.
. Head of audited entity:
. Audit team:

Table 1 Emp]oyees‘ claims for providing personal protective equipment . Date of audit: 40" — 41 week.
within the company (example) An audit questionnaire for hand filling of premixture and
Position at work (1) Claim for PPE Operating medicament has been worked out.
equipment (2) life (3)
Warehouseman twill suit — two-piece overalls 6 months
Power master T-shirt 6 months
Doorkeeper protective cap with front 6 months
Maintainer boots — leather 6 months
Operation of motor trucks 3/4 quilted hoody coat 24 months
protective leather gloves PP1
ear protector PP4
clear goggles PP3
helmet PP4
respirator PP2
Tabulka 1 Néroky zamestnancov na poskytovanie osobnych ochrannych
pracovnych pomdcok na pracoviskdch spolo¢nosti (priklad)
(1) pracovnd pozicia, (2) narok na vybavenie osobnych ochrannych
pracovnych pomdcok, (3) doba Zivotnosti Figure 1 Hand filling of premixture and medicament
Obrazok 1  Rucny nasyp premixu a lieciva
Table 2 Audit questionnaire
Serial No (1) Question (2) Evaluation (1-10) (3) Comment (4)
How has a worker been acquainted with ’ .
1. machine operation? 10 100 % The worker has been trained to operate machinery.
9 Does he know where the machine emergency 10 100 % The worker knew where the emergency stop button
: stop is? ° was.
Does he know where to find the user’'s manual ) )
3. for the machine? 10 100 % The worker knew where to find the user’s manual.
4. How has the worker been trained to work? 10 100 % The worker attended training on the job.
Has the worker been trained on safety and L
5. health at work? 10 100 % The worker has been trained in OSH.
6 How has the worker been acquainted with the 7 70 % The worker attended a skull session but did not
’ principles of the first aid? ’ understand all the principles of the first aid.
7 How has the worker been acquainted with the 0 0 The worker has not been acquainted with the operating
’ operating instructions of the machine? ° instructions of the machine.
8 Was the personal protective equipment 10 100 % The worker has been assigned all the PPE needed for
' assigned to the worker? ° his work.
. The worker uses boots, overall but does not use
D) % ’ .
9. Which PPE does the worker really use? 4 40 % gogales, gloves and respirator.
10. Does the worker maintain his workplace clean? 8 80 % The worker cleans up after each day of his work.
Does the worker know where fire extinguishers o ) N
11. are in case of fire? 10 100 % The worker knows where the fire extinguishers are.
How often does the worker carry out machine o Maintenance is performed by a designated person
12. . 10 100 % )
maintenance? at regular intervals.
82.50 %
Tabulka2 Dotaznik k auditu

(1) poradové €islo, (2) otézky k auditu, (3) hodnotenie auditu (1-10), (4) pozndmka

58



Acta technologica agriculturae 3/2012

Marian BUJNA et al.

Tahle 3 Evaluation of the safety audit questionnaire
Serial Description of deviations, deficiencies (2) Risk classification Corrective measures (4) Responsible
No (1) (1-10) (3) (5)
The worker did not understand all the Lo .
1. principles of the first aid. 5 The worker should be re-trained in the first aid. HPP
The worker has not been acquainted with Lo ) )
2. the operating instructions of the machine. 3 The operating instructions must be available to the worker. HPP
The worker does not use goggles, gloves The worker should use all the PPE without exception (including
3. ; 8 ) HPP
and the respirator. goggles, gloves and the respirator).
The worker does not clean up his workplace The worker should care more about the cleanliness of his
4. enough after each day. 3 workplace — sweeps the floor but does not remove dust from HPP
other parts of the workplace.
HPP - head of premixtures production
Tabulka 3  Vyhodnotenie dotaznika auditu bezpecnosti
(1) poradové €islo, (2) popis zistenych odchylok, nedostatkov, (3) klasifikdcia rizika (1 —10), (4) népravné opatrenia, (5) zodpovednost
Table 4 FMEA method analysis
sl et s sl &t
= o | @| Z z o = | 2
o =~ S — —— 2 2 = ] 2 2 =
= =D o o= g g gl = 85 g glg &
E 28 g5 25 g 3| 8| =2 g gl 218 =z|¢2
& £ £ ES S E|l 8 & E|= SE El 8 & E| =
failure of mixer connection 3| 4 2 24 | 24 3 3 1 9 0.9
machine failure ;
to perform the failure of the cen‘gral
machine required software for machines 72 2 28 | 28 regular 7 2 1 14 | 14
1. ) ) running inspection and
malfunction function - maintenance
premixtures failure of mixer paddle 6 | 3| 7 |126 | 126 6 2 | 6 | 72|72
production
short circuit in power line 3 3 2 18 | 1.8 3 2 2 |12 | 1.2
) worker error — incorrect reqular trainin
wrong improper compostion of ecipes | & | | 4 | 96 | 08 | s | o | 2 | %% ]82
2. premixtures | composition of — - roduction. OSH
production premixtures depreciation of premixture 8 | 1 1 8 0.8 p f PI5E 8 1 1 8 0.8
(e.9. by contamination) : an :

Tabulka4 Analyza metddou FMEA

(1) poradové &islo, (2) moZné ohrozenie, (3) dosledok chyby, (4) pri€ina chyby, (5) zdvaZnost, (6) vyskyt, (7) odhalitelnost, (8) rizikové ¢islo, (9) percentudlny po-

diel chyb, (10) ndpravné opatrenia

14
12
10

+om

ra
|

Failure of Short circuit Worker error Depreciation
filling of mixer mixer in power line 5 of compound
pemixtures connection 2 paddles 3 4 feedingstuffs
and 5
medicament
1

T I

[=]

Manual Failure of

Figure 2
Obrazok 2

Failures identified by the audit in evaluated object

Poruchy identifikované v rdmci auditu bezpe¢nosti

(1) porucha napdjania mieSacky, (2) porucha centrélneho softvéru, (3)
porucha lopatiek mieSacky, (4) skrat v elektrickom vedeni, (5) chyba
pracovnika, (6) znehodnotenie kimnych zmesi

Applying the FMEA method, first we determined the risks of
potential errors that may occur when working with the machine
and performing job functions, those with a direct impact on the
quality of manufactured premixtures. Then, another FMEA table
was created, which described potential risks directly threatening
the worker, so it has a direct human nature and does not
describe any other subject.

When pouring premixtures, there are two possible threats.
The major cause of a possible threat is a failure of the mixer
paddle where the value was 12.6 %. Therefore, corrective
measures were taken to reduce nearly all the given values of
RPN (level of risk).

Conclusion

In this work, we have performed the safety audit in Liaharensky
podnik, a. s., Vrable establishment. This audit can be rated as
successful as all the requirements for safety at work have been
met as well as all the legal and legislative requirements that
must be met while operating any business. Company
legislation in the field of security in mainly based on Act No
124/2006 of the National Council of the Slovak Republic and
the relevant ISO standards.

The audit itself used three types of identification and
evaluation of potential risks occurring in work activities focused
on operation of semi-automatic machines. This was done using
the audit questionnaire, the FMEA method and the complex
method (not mentioned in the paper). The questionnaire helped
us to find out that evaluated workplaces, manual weighing and
hand filling of premixtures meet the requirements of work
activities for more than 80 %; therefore, certain corrective
measures were recommended for safety improvement. The
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safety audit has served its purpose. It increased security,
reduced risks, failure and accident rate.

Siihrn

Praca poskytuje navod ako aj priamy priklad vyhodnotenia bez-
peénosti a ochrany zdravia pri praci, v danom podniku (Liaha-
rensky podnik, a. s.). Rozobera legislativne plnenie poziadaviek
podniku v oblasti bezpe&nosti a ochrany zdravia pri praci a pos-
kytovanie osobnych ochrannych pracovnych pomdcok. Pre-
skimava postup preSkolovania zamestnancov v oblasti
BOZP, OOPP a poziarnej ochrany. Je tu navrhnuty a vyko-
nany audit bezpecnosti, ktory pozostava z niekolkych &asti,
ako je dotaznik auditu a metédy FMEA (analyza pri€in a na-
sledkov poruch), kde st hladané a stanovené mozné rizika,
ktoré vznikaju pri praci. Tieto rizikd su nasledne vyhodnoco-
vané a su stanovené népravné opatrenia, ktoré znizuju vznik
tychto moznych rizik.

Klucoveé slova: audit, bezpecnost, dotaznik, FMEA
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METHODOLOGY FOR MEASURING THE EFFICIENCY OF SINE WAVE INVERTERS
METODIKA MERANIA UCINNOSTI SINUSOVYCH INVERTOROV

Vladimir CVIKLOVIC, Martin OLEJAR, Zuzana PALKOVA, Miroslav PAP

Slovak University of Agriculture in Nitra, Slovak Republic

The load current measurement of sine wave inverters requires special consideration for each operational principle used for the
transformation of electric energy parameters. The described method is designed for sine wave inverters working on a PWM (Pulse Width
Modulation) and SVPWM (Space Vector Pulse Width Modulation) principle. The achieved measurement error depends exclusively on the
precision and stability of the shunt resistance value, the set gain of an instrument amplifier, and parameters of an analogue-to-digital

converter used.

Keywords: boost inverter, PWM, analogue filter

The using of renewable energy sources is characterised by an
increasing trend. The most frequent applications are in the
form of air turbines and photovoltaic cells. Photovoltaic cells
are characterised by a direct conversion of energy from the
primary energy source to electric energy in the form of direct
current. However, home appliances require harmonic AC
voltage with effective value 230 V and frequency 50 Hz. For
this purpose, there were designed special converters —
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inverters which are inserted between the energy source and
appliance.

Principles of inverters operation have been developed
gradually, with increasing theoretic knowledge in the field of
switching sources and with a constant innovation of
semiconductor devices parameters. Also, the miniaturisation
and integration of power devices has played a significant role.
Nowadays, sine inverters use most frequently the principle of
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pulse width modulation of voltage. It is characterised by a low
total harmonic distortion (THD), typically of 2 %.

Material and methods

Figure 1 illustrates a simple block diagram of an inverter
working on the PWM principle. The circuit consists of a DC/DC
converter, the role of which is to convert the value of DC voltage
from the source to the maximum value of sine output voltage.
This voltage is further processed in the inverter by PWM.
Finally, the output signal is filtered by a LC low-pass filter of the
second order.

Figure 1 Block diagram of the sine wave inverter
(1) voltage source, (2) DC/DC converter, (3) output stage, (4) filter
Obrazok 1  Blokovd schéma sinusového invertora

(1) zdroj napatia, (2) DC/DC menig, (3) koncovy stuperi, (4) filter

Most frequently, the DC/DC converter uses a serial
connection of a coil and grounded switch (Akhter, 2007). When
the switch is closed (Qy), the output capacitor is discharged to
load. A diode is blocking the capacitor discharge through the
switch. From the DC voltage source, current flows through the
coil and switch. Energy accumulated in the magnetic field of the
coil (Ly) is mathematically expressed as:

A=L-['i-di (1)
where:
A - energy of magnetic field, J
L1 — induction of coil, H
i — electric current, A

Current is increasing up to the set value; then, the switch is
off after exceeding its value. The result is induced voltage U;on
the coil:

. ()
! at

When the switch is closed, load current is given by the
following equation:

di= U,N% ©)

When the switch is open, the supplied current will be:

dt (4)

d’ (UIN UOUY ) L

The equations indicate that the output voltage will always
be higher than the input voltage. On this principle, the DC/DC
converter (step-up) increases the voltage from 24 V to 325 V.
Due to output voltage regulation depending on current load,
switching times are always changing according to an algorithm
in the control DSP (Digital Signal Processor).

The inverter role is the PWM modulation of DC voltage with
value 325 V so that harmonic voltage with the set frequency is
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Figure 2 Voltage waveforms at the inverter output in time
Obrazok 2 Casové priebehy napéti na vystupe striedaca

frequency 0 Hz (1)

o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
f, HZ
Figure 3 Single-sided amplitude spectra of harmonic voltages at the

inverter output

Fourierova analyza absolttnych hodndt harmonickych napéti
na vystupe striedaca

(1) frekvencia 50 Hz

Obréazok 3

on its output after filtration. Figure 2 illustrates the waveform at
the inverter output before the output filter and the
corresponding waveform after filtration. The values U; and U,
are the voltages at the output stages of the inverter, and Ulis the
voltage behind the filter (Mishra, 2009).

It becomes clear from Fourier analysis (Figure 3) that the
inverter output voltage is loaded with the seventh and higher
harmonic components. For that reason, a very low harmonic
distortion at the output is already achieved with the second
order filter.

All of these findings have a direct impact on the electric
current waveform of the inverter, which is loaded from the DC
voltage source. However, this current is not possible to be
measured directly by an ammeter. The measurement error
could reach a value of more than 50 %. That was confirmed in
measuring the load current by a high-quality ammeter.
Measured values were unstable, and differences between
individual measurements were 18 A for effective load current
37 A. Therefore, it is necessary to design a high-accuracy
method of current measurement for inverters.

A sine wave inverter AJ 1300 — 24 developed by the Studer
company was used for verifying the method. The technical data
are shown in Table 1.

Load current is measured through digital measuring
converters always indirectly, as a voltage difference on the
shunt. The maximum shunt resistance is limited by the
maximum power dissipation. The minimum shunt resistance is
determined from the input noise of the instrumentation
amplifier. In laboratory conditions, there is defined a voltage
drop on the shunt ranging from 25 mV to 100 mV. The
maximum continuous value of inverter load current is 100 A. In
peaks, it can reach values up to 300 A; therefore, we choose
a calibrated measuring resistor with a resistance of 250 pQ. For
the maximum current flow, voltage 75 mV is created on the
shunt. Then, the required load current resolution of 25 mA
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represents 6.25 pV at the amplifier input. Therefore, it is
necessary to use a low-noise instrumentation amplifier with
input noise up to 3 1V in the full frequency spectrum.

Table 1 The mostimportant technical parameters of the inverter used
Parameter (1) Conditions (2) Value (3) | Unit (4)
Nominal input voltage (5) - 24 Vv
Input voltage range (6) - 21-32 V
Continuous power (7) 25°C 1,000 VA
Output power (8) 30 min. 1,300 VA
Output power (9) 5 min. 2,000 VA
Output power (10) 5s 2,800 VA
Output voltage (11) - 230 V
Frequency (12) - 50 +0.05 % Hz
Maximal continuous Cos ¢ (13) 0-1,000 VA 0.1
Load detection (14) adjustable (16) 120 W
Efficiency (15) max. 94 %

Tabulka 1  NajdoleZitejSie technické parametre pouZitého invertora

(1) parameter, (2) podmienky, (3) hodnota, (4) jednotka, (5) nominal-
na hodnota vstupného napétia, (6) rozsah vstupnych napéti, (7) trvaly
vystupny vykon, (8-10) vystupny vykon, (11) vystupné napétie,
(12) frekvencia, (13) maximalna trvald hodnota G¢innika, (14) detekcia
zafaze, (15) ucinnost, (16) nastavitelné

The current waveform was analysed by a precise
analogue-to-digital converter (AD converter). The analysis of
the waveform and its spectral components is necessary for
a correct design of the measuring method. According to
Shannon-Kotelnikov theorem, the original analogue signal can
be reconstructed from time-equidistant samples if the sampling
frequency is more than twice the highest sampled signal
frequency. Sampling is needed during the whole number of
periods of all harmonic components, including additive and
differential components. The breach of these conditions can
cause significant measurement errors — in the order of tens of
per cents. In our case, we have used a 16 bit differential AD
converter for the load current analysis with a 1.25 V voltage
reference and a sampling frequency of 500 kSps. The
maximum measured frequency is 250 kHz. The resolution of
the AD converter is 38.15 uV. One of the measured waveforms
is shown in Figure 4.

The voltage supplied to the load has a frequency of 50 Hz;
then, the load current from the accumulator has a frequency of
100 Hz. There is a need of at least 20,000 samples (0.04 s) for

t s
Figure 4 Electric current waveform loaded by the inverter from the DC
voltage source
Obrazok 4  Priebeh elektrického priidu odoberaného invertorom zo zdroja

napétia
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a fast Fourier analysis. That represents the time of four periods
of the lowest frequency signal component.

An important consideration was given to mathematical
computing. Electric current i was integrated by means of
Simpson’s rule to electric charge according to:

m—it/*‘ 5
Q(i,h):z Jl'(t)dtzg(/;)+4i1+2i2+4i3+...+ ®)
i=0t
et 2f AL+ )
The approximation error can be described as:
t, t,
2 2 H (6)
iitydt — |Q(ihydt| = (t, —t,)—— (&), t,t
tj|() j (iRt = (t, t) - 1(&), & <t )
where:
h - step size, s
Q — electric charge, C
i — electric current, A
t - time, s

The transferred charge was recalculated to an effective
value of electric current. A certain solution is the arithmetic
average calculated from measurements with deterioration in
the accuracy of measurement by about 2 % of the full range.

It is evident from the waveform that the load current is not
possible to be measured by a single-ended AD converter, and
a differential converter must be used. It is due to major negative
peaks of measured current which form a significant part of
energy needed for a precise analysis of inverter efficiency. In
case of measuring the power loaded from accumulators, supply
voltage is considered constant. That argument is supported by
measurements.

The measured waveform was further analysed in terms of a
higher harmonic spectrum. The result of the analysis is shown
in Figure 5. These results are used as a background for
selecting a low-pass filter.

Frequency 100 Hz is given by twice the frequency of the
inverter output. Frequency 97.9 kHz is an operating frequency
of the DC/DC converter. Other components are direct harmonic
of operating frequencies of the converter and PWM inverter
with their intermodulation components. For a detailed analysis
of the current waveform, it would be appropriate to use an AD
converter with a sampling frequency of at least 5 MHz. The
method suggested by us does not require using a fast AD
converter because we have used an analogue integration filter
based on fast operational amplifiers.

By
Frequency 100 Hz (1}
ok a5
25 30
25
im 20
=
=15 15
\: 10
10 Y Frequency 97.8 kHz (2)
I 5 {
o \ \
L D-J 100 3
EG .‘Cb - L!“ - ‘.;‘ ‘2 2.5
t, s x 10°
Figure 5 Fourier analysis of measured inverter current
Obrazok 5  Fourierova analyza nameraného priidu odoberaného invertorom

(1) frekvencia 100 Hz, (2) frekvencia 97,9 kHz



Acta technologica agriculturae 3/2012

Results and discussion

The following figure illustrates a block diagram of the designed
measuring circuit. Electric current flows through the calibrated
shunt that generates on the shunt a voltage difference
according to Ohm’s law. Voltage is amplified by a precise
instrumentation amplifier and low input noise. Equally important
is a flat amplitude and phase characteristic up to a frequency of
5 MHz. Nowadays, operating amplifiers with described
parameters are commonly available.

Amplified voltage is further integrated by an active
integration filter with four reaction components. Filter slope is
24 dB / octave with coefficients optimised according to
Butterworth type. Cut-off frequency is optimally set at 10 Hz.

The active integration filter output is connected to the
differential AD converter with a resolution required by the
purpose of measurement. For laboratory measurements, a 16
or 24 bit converter is considered optimal; in case of operational
measurements, it is possible to select between 10 and 14 bits.
A PC or single-chip microprocessor can be used for the saving
and display of measurements. In our case, we have used an
industrial 8 bit single-chip microprocessor of C8051F340 type
developed by Silicon Laboratories. It is connected to a 24 bit AD
converter LT2440 (Linear Technology). The instrumentation
amplifier consists of precise operational amplifiers LT1440.

Finally, we describe the analysis of the selected inverter.
The inverter efficiency changes according to different load
power from the inverter. In case of the sine wave inverter
AJ1300 — 24, the efficiency is shown in Figure 7. Supply voltage
is 27.0 V and ambient temperature 20.4 °C. Power supply was
ensured by lead-acid batteries with internal resistance 32.5 mQ
(verified by measurement) and capacity 980 Ah. The measured
resistance of the connecting wires was up to 10 mQ.

For low output powers, low efficiency is caused by
self-consumption of the device. The DC/DC converter supplies
the inverter by 325 V voltage, and its own consumption is
comparable with output power. The highest efficiency is achieved

Shunt (1)
Instrumentation Integration Differential AD
amplifier (2) filter (3) converter (4)
Single-chip

microprocessor (5)

Figure 6 Block diagram of the designed measuring circuit
Obrazok 6 Blokovd schéma navrhnutého meracieho obvodu
(1) boénik, (2) pristrojovy zosilfiovac, (3) integracny filter, (4) diferen-
cidlny analégovo-¢islicovy prevodnik, (5) jedno€ipovy mikroprocesor
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Figure 7 Effect of the power supplied to load on the inverter efficiency

Obrazok 7 Zavislost ticinnosti invertora od vykonu doddvaného do zataze
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for output power 300 W with 88.5 %. The inverter efficiency
decreases with increasing output power. A slight efficiency
decrease is caused by a voltage difference on the inverter
output stages. Increasing collector current of output transistors
causes an increase in power dissipation. It is important to
mention the losses in the LC filter at the inverter output.

Conclusion

The described method is one of the high-accuracy methods of
measuring the inverter efficiency. A correct measuring of the
inverter load current is not enabled by conventional measuring
instruments. A partial solution is using the instrumentation
amplifier with the filter. Then, output voltages can be monitored
by a conventional DC voltmeter with high accuracy. The result
will be the same as for the designed measuring circuit.

Suhrn

Problematika merania odoberaného pradu invertorov si vyza-
duje Specialnu pozornost pre kazdy princip €innosti pouzity na
transformaciu parametrov prenasanej elektrickej energie. Uva-
dzana metdda je uréena pre invertory pracujice na principe
PWM a SVPWM. Dosiahnuta chyba merania vyhradne zavisi
od presnosti a stability hodnoty odporu meracieho rezistora,
nastavenia zisku pristrojového zosilfiova¢a a parametrov pou-
Zitého anal6govo-Eislicového prevodnika.

Klacové slova: invertor, PWM, analdgovy filter
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STORAGE CONDITIONS AND THEIR EFFECT ON PHYSICAL
AND MECHANICAL PROPERTIES OF TEAT CUP LINERS

SKLADOVACIE PODMIENKY A ICH VPLYV NA FYZ,IKALNO-IVIECHANICKE
VLASTNOSTI CECKOVYCH GUM

Vladimir BEKENYI, Roman GALIK, lvan KARAS

Slovak University of Agriculture in Nitra, Slovak Republic

Polymeric materials used in technical practice contain different additives which can influence in a positive and negative sense their
resistance to the surrounding environment. The faster and deeper the environment is penetrating the material, the faster are changing its
utility properties. In some cases, it takes a substantial period of time until teat cup liners get from the manufacturer to the milking parlour;
moreover, there is also the factor of their method of storage and storage conditions. Five types of storage conditions for teat cup liners were
selected before their use. Teat cup liners were evaluated after three-month intervals during one year. The basic physical and mechanical
properties to be determined were tensile strength and hardness. The results confirmed that teat cup liners are impaired due to solar
radiation, air oxygen, but mainly by the effect of higher temperatures. Teat cup liners exposed in natural conditions and under higher
temperature reported after 12 months the highest differences in tensile strength by 17.15 % or 14.33 %; the difference in hardness was
9.65 % or 12.02 %. The results show that the most suitable conditions in terms of physical and mechanical properties are the ‘optimal’ and

with a ‘reduced temperature’.

Keywords: physical and mechanical properties, teat cup liners, storage conditions

The development of new types of polymeric materials and new
applications of these substances is forcing producers and
consumers to obtain more information about the behaviour of
polymers in various conditions. In most cases, the lifetime of
polymers influences the economic effectiveness of existing
applications (Thinius, 1988).

During exposure and storage, materials made from rubber
change their original properties after a shorter or longer period of
time due to a photo-oxidative degradation of caoutchouc. Solar
radiation, oxygen, ozone, humidity but also the temperature of the
environment, etc. are playing a significant role in this process.

The resistance of rubber is considerably dependent on the
sort of cautchouc used, the composition of a mixture (contents
of antioxidants, antiozonants, waxes, and similar), the method
of processing, and the method and level of vulcanization. The
composition of caoutchouc mixtures is different, not only
according to the purpose of use but also depending on which
producer and consumer they come from. Another problem is
that any detailed information about formulations is unavailable
in most cases (Franta, 1991).

Numerous researchers have dealt with the determination of
physical and mechanical properties of teat cup liners in order to
analyse and assess the properties of an important structural
member (Groda and Vesely, 1985; Prikryl, 1989; Galik and Karas,
2001; Los et al. 2002 a; Los et al. 2002 b). In our paper, we deal
with analysing the effect of time and the environment on the
tensile strength and hardness of teat cup liners.

Material and methods

This contribution focuses on the storage of teat cup liners
before their installation in primary production. Testing included
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black teat cup liners at which the basic physical and mechanical
properties —tensile strength (according to the Standard STN 62
1436) and hardness (according to the Standard STN 62 1431)
were monitored every three months during one year.

New, unused teat cup liners were located and examined in
the following storage conditions:

a) optimum conditions — teat cup liners packed, constant
temperature, without light;

b) conditions with an increased temperature — normal light
conditions, permanent temperature: 50 — 60 °C;

c) conditions with a reduced temperature — permanent
temperature during experiments: 0 — 3 °C;

d) external conditions, natural — teat cup liners exposed on

a stand in nature according to the Standard STN 64 0771;
e) conditions of geo-pathogenic zone (CGZ) — teat cup liners

exposed in localized CGZ.

Samples were taken from tested teat cup liners after three
months. The physical and mechanical properties of teat cup
liners were determined in the Plastics Processing and
Application Research Institute in Nitra in a standard way (by
cutting out of standardized blades) according to STN
standards.

Results and discussion

Physical and mechanical properties were analysed using the
ANOVA (two-factor analysis of variance). According to
Musilova et al. (2010) and Polakova (2011), this method is used
for determining the main effects of examined factors. In case of
tensile strength, we determined whether time as factor one and
the environment as factor two have an effect on this property of
teat cup liners. The analysis was performed at the level of
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Table 1 Average values of the physical and mechanical properties of teat cup liners examined in three-month intervals; A, B, C —producer of teat cup liners
Exposure Exposure time of teat cup liners in months (7)
conditions (1) 0 3 6 9 12
Physical and mechanical properties (8)
A B C A B C A B C A B C A B C
Optimal (2) 13.62 | 380.32 | 52.00 | 13.80 | 395.13 | 52.40 | 14.40 |403.63 | 52.00 | 14.72 | 403.63 | 52.00 | 14.72 | 403.63 | 53.40
Increased temperature (3) | 13.53 |375.13| 51.80 | 15.51 [412.15| 51.10 | 15.31 |400.13 | 53.60 | 14.75 | 350.60 | 53.00 | 15.85 | 350.60 | 56.80
Reduced temperature (4) 13.47 |373.21| 52.30 | 14.59 |400.23 | 52.90 | 15.34 |412.00 | 51.90 | 14.27 | 401.23 | 53.60 | 14.35 | 401.23 | 54.00
Natural (5) 13.82 |389.72 | 52.40 | 14.60 | 415.91 | 54.10 | 15.64 |344.61| 49.60 | 16.12 | 344.83 | 56.30 | 15.80 | 344.83 | 58.70
CGZ (6) 13.56 |382.16 | 52.00 | 13.76 |385.23 | 52.50 | 13.70 |365.31 | 52.90 | 13.05 | 365.12 | 52.70 | 14.60 | 365.12 | 53.60
Tabulka 1  Priemerné hodnoty fyzikdlno-mechanickych vlastnosti ceckovych giim skiimanych v trojmesa¢nych intervaloch; A, B, C — vyrobca ceckovych

glm

(1) podmienky expozicie, (2) optimalne, (3) zvySend teplota, (4) zniZend teplota, (5) prirodné, (6) geopatogénna zéna, (7) €as expozicie ceckovych giim, mesiace,

(8) fyzikdino-mechanické vlastnosti ceckovych gim

Table 2 Statistical evaluation of the effect of time and the environment on tensile strength
Source (1) H Sum of squares (7) Dy Average level (8) F-ratio (9) P-value (10)
Main effects (2)
A: time (3) 6.5591 4 1.63977 6.22 0.0032
B: environment (4) 7.75382 4 1.93845 7.35 0.0015
Rest (5) 421714 16 0.263572 - -
Overall (6) 18.5301 24 - - -
Tabulka 2  Statistické vyhodnotenie vplyvu &asu a prostredia na pevnost v tahu

(1) zdroj, (2) hlavné Ucinky, (3) Cas, (4) prostredie, (5) zvySok, (6) celkovo, (7) sucet Stvorcov, (8) priemernd hladina, (9) pomer F-ratio, (10) hodnota P-value

significance o = 0.05. The results of physical and mechanical
properties of examined teat cup liners are shown in Table 1.

Tensile strength: The results indicate that both of the
examined factors (time and the environment) have an effect on
the tensile strength of teat cup liners (0.0032 < 0.05; 0.0015 <
0.05, Table 2).

A test of contrasts (LSD) was performed in order to
determine which periods show statistically significant
differences in the tensile strength of teat cup liners. We found
out that statistically significant differences in tensile strength
are between the zero (initial) and 9" month, and between the
zero and 12" month (Table 3).

Tahle 3 Differences of time effect of all combinations on tensile
strength
Contrast (1) Significance (2) Difference (3) () Limit (4)
0-3 -0.852 1.12609
0-6 -1.118 1.12609
0-9 * -1.278 1.12609
0-12 * -1.464 1.12609
3-6 -0.266 1.12609
3-9 -0.426 1.12609
3-12 -0.612 1.12609
6-9 -0.160 1.12609
6-12 -0.346 1.12609
9-12 -0.186 1.12609

Tabulka 3 Tabulka diferencii vplyvu ¢asu vSetkych kombindcii na pev-
nost v fahu
(1) kontrast, (2) vyznamnost, (3) rozdiel, (4) limita

Significances of differences in tensile strength in terms of
the environmental effect were determined in the same way. We
found out that statistically significant differences are between
CGZ and reduced temperature, or between CGZ and increased
temperature (Table 4).

Table 4 Differences of environmental effect of all combinations on
tensile strength
Contrast (1) Significance | Difference | () Limit
(7) (8) 9)

CGZ (2) - optimal (3) -0.852 | 1.12609
CGZ - natural (4) -1.118 | 1.12609
CGZ - reduced temperature (5) * -1.278 | 1.12609
CGZ —increased temperature (6) * -1.464 | 1.12609
Optimal — natural -0.266 | 1.12609
Optimal — reduced temperature -0.426 | 1.12609
Optimal —increased temperature -0.612 | 1.12609
Natural - reduced temperature -0.160 | 1.12609
Natural — increased temperature -0.346 | 1.12609
Reduced temperature -0.186 | 1.12609

Tabulka 4 Tabulka diferencii vplyvu prostredia vSetkych kombinacii na

pevnost v tahu
(1) kontrast, (2) geopatogénna z6na, (3) optimélne, (4) prirodné, (5) zni-
Zend teplota, (6) zvySend teplota, (7) vyznamnost, (8) rozdiel, (9) limita

Another analysed physical and mechanical property is the
strength of teat cup liners. We have also studied the effect of
time and the environment. The results indicate that time has an
effect on the hardness of teat cup liners (P-value = 0.026), but
the environment has no effect on this property (P-value = 0.48),
Table 5.
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Table 5 Table 5 Statistical evaluation of the effect of time and the environment on the hardness of teat cup liners
Source (1) H Sum of squares (7) Ds Average level (8) F-ratio (9) P-value (10)
Main effects (2)
A: time (3) 35.7176 4 8.9294 3.69 0.0259
B: environment (4) 8.8256 4 2.2064 0.91 0.4804
Rest (5) 38.6944 16 2.4184 - -
Overall (6) 83.2376 24 - - -

Tabulka5  Statistické vyhodnotenie vplyvu Easu a prostredia na tvrdost skiimanych ceckovych gtim
(1) zdroj, (2) hlavné uginky, (3) Cas, (4) prostredie, (5) zvySok, (6) celkovo, (7) suget Stvorcov, (8) priemernd hladina, (9) pomer F-ratio, (10) hodnota P-value

Table 6 Reduced base indices of examined teat cup liners

Exposure conditions (1) Tensile strength in MPa (7) Hardness in Sh A (8)

Time in months (9) Time in months (9)

0 ‘ 3 ‘ 6 ‘ 9 12 0 ‘ 3 ‘ 6 ‘ 9 ‘ 12
Increase — decrease in % (10) Increase — decrease in % (10)

Optimal (2) 13.62 1.32 -0.15 5.73 8.08 52.00 0.77 1.54 0.00 2.69
Increased temperature (3) 13.53 14.63 13.16 16.41 17.15 51.8 -1.35 3.47 2.32 9.65
Reduced temperature (4) 13.47 8.31 13.88 5.94 6.53 52.3 1.15 -0.76 2.49 3.25
Natural (5) 13.82 5.64 13.17 16.64 14.33 52.4 3.24 -5.35 7.44 12.02
CGZ (6) 13.56 1.47 1.03 2.14 7.67 52.0 0.96 1.73 1.35 3.08

Tabulka 6 Skratené bazické indexy skiimanych ceckovych gtim

(1) podmienky expozicie, (2) optiméine, (3) zvy3end teplota, (4) zniZzend teplota, (5) prirodné, (6) geopatogénna zona, (7) pevnost v fahu, (8) tvrdost, (9) €as, me-

siace, (10) ndrast — pokles

Table 5 indicates that the environment has no effect on the
hardness of teat cup liners (0.4804 > 0.05), but the time of
exposure does have an effect on this property (0.0259 < 0.05).

Base indices were used to determine an increase or
decrease in the tensile strength and hardness of examined teat
cup liners during the period of 12 months. A base period was
the period at the beginning of testing, i.e. the zero month. The
remaining indices are then calculated with respect to this
period. Other studied environments and the time of exposure
with measured values are in Table 6.

The resistance of polymeric materials to light is a significant
factor which influences their usability in various industries. Light
is one of the main causes of degradation of polymeric materials
in case of their application in natural climatic conditions, and it is
neither a negligible factor when using in interiors illuminated
especially by fluorescent light sources (Kuzminskij, 2000).
Karas et al. (2003) indicate that temperature fluctuations that
occur in polymeric materials exposed to outdoor climatic
conditions have an effect on dimensional changes and
especially cause degradation processes, being also confirmed
by this contribution. According to Galik and Karas (2001), it is
not possible to clearly identify the most suitable time period of
using and exchange of teat cup liners on the basis of physical
and mechanical properties. According to these authors, the
hardness of teat cup liners was increased by 14.1 % after 600
hours, and tensile strength decreased by 28.8 % against a new
sample after 1,200 hours, which is confirmed by the results in
this contribution.

Conclusions

The degradation of polymeric materials due to the external
environment is a subject of intensive studies. A substantial part
of work published in this field to date is dealing with thermic and
thermo-oxidative degradation under temperatures at which
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these materials are processed. Much less literary sources are
dealing with the lifetime of polymeric materials under
temperatures of their technical use. Especially the research of
photo-oxidative degradation and weather ageing of polymeric
materials becomes interesting. The results obtained in this
work indicate that it is important to monitor not only the time
from the manufacturing of teat cup liners until their employment
in primary production but also the way of storage and especially
storage conditions. The identified environments listed in this
work as well as real storage time give an overview of physical
and mechanical changes in examined teat cup liners.
Examining the effect of the CGZ on a technical rubber (teat
solenoids) requires a longer and deeper analysis.

Sithrn

Polymérne materialy pouzivané v technickej praxi obsahuju
rézne prisady, ktoré mézu v kladnom, ale i v zapornom zmysle
ovplyvnit ich odolnost vod&i pdsobeniu okolitého prostredia. Cim
rychlejSie a hibSie prostredie do materidlu prenika, tym rychlej-
Sie sa menia i jeho UZitkové vlastnosti. Pokial sa ceckové gumy
dostanu od vyrobcu do dojarne prejde v niektorych pripadoch
vela €asu a navySe posobi tu faktor spdsobu a prostredia ich
uskladnenia. Bolo vytypovanych pét prostredi uskladnenia cec-
kovych gum pred ich pouzitim. Po troch mesiacoch poc¢as jed-
ného roka boli ceckové gumy vyhodnocované. Zistované boli
zakladné fyzikalno-mechanické vlastnosti (pevnost v tahu a tvr-
dost). Vysledkami bolo potvrdené, Ze k znehodnoteniu cecko-
vych gum dochadza G€inkom sine€ného Ziarenia, vzdusného
kyslika, ale najma ucinkom vy3Sich tepl6t. Ceckové gumy ex-
ponované v prirodnych podmienkach a v prostredi so zvySenou
teplotou vykazali po 12 mesiacoch najvacsie rozdiely v pevnos-
ti fahu 0 17,15 %, resp. 14,33 %, v tvrdosti bol rozdiel 9,65 %,
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resp. 12,02 %. Z vysledkov vyplyva, Ze najvyhodnejSie prostre-
die z hladiska fyzikalno-mechanickych vlastnosti je tzv. ,opti-
malne“ a so ,znizenou teplotou”.

Kracéové slova: fyzikdlno-mechanické vlastnosti, ceckové
gumy, skladovacie podmienky
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TIME AND TEMPERATURE EFFECT ON SELECTED PHYSICAL PROPERTIES
OF MIXED FLOWER HONEY

VPLYV CASU A TEPLOTY NA VYBRANE FYZIKALNE VLASTNOSTI ZMIESANEHO KVETOVEHO MEDU

Monika BOZIKOVA, Peter HLAVAC

Slovak University of Agriculture in Nitra, Slovak Republic

The time and temperature effect on selected physical properties of mixed flower honey are presented in this scientific paper. In general,
physical properties of honey are influenced by various factors such as the type of flowers, the way of processing, and most of all the area of
origin, etc. Our research was oriented towards the measurement of rheological and thermophysical properties of mixed flower honey. The
measurement of dynamic viscosity was performed by a digital rotational viscometer Anton Paar (DV-3P), the principle of which is based on
the dependence of sample resistance against probe rotation. Thermophysical parameters were measured by Isomet 2104, which uses
a dynamic method. Results are obtained from the analysis of time-temperature relation. The sample of mixed flower honey was stored at
laboratory temperature and was measured in different days during storage. Measurements were performed in temperature range 20 — 43 °C.
The temperature and storing time effect on rheological and thermophysical parameters was analysed. The temperature effect on dynamic and
kinematic viscosity could be characterized by a decreasing exponential function and the temperature effect on fluidity by an increasing
exponential function. The temperature effect on thermal conductivity and specific heat during the heating process had a linear increasing
shape; in case of thermal diffusivity, it had a linear decreasing shape. Values of dynamic and kinematic viscosity and thermophysical
parameters were a bit higher after storing, which can be caused by loosening of the water during storage. Values of fluidity were a bit lower
after storing, which can be caused by loosening of the water by crystallization during storage.

Keywords: temperature, time of storing, rheological properties, thermophysical properties, mixed flower honey

of selected kinds of honey are mentioned in literature. Bhandari
et al. (1999) examined rheological properties of Australian
honeys, and they found that rheological properties of honey

Automatically controlled processes at manufacturing, handling
and holding require an exact knowledge of physical quantities
of materials. Some rheological and thermophysical properties
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mostly depend on the composition of individual sugars, and the
amount and type of colloids present in honey. Zaitoun et al.
(2000) examined rheological properties of selected
light-coloured Jordanian honeys. They found that the viscosity
of honey decreases with the water content. The water content
is the major factor which influences the keeping quality or
storability of honey. Junzheng and Changying (1998) were
interested in a rheological model for natural honeys in China.
They and many other authors reported that honeys behave as
Newtonian fluid. Honey viscosity was Newtonian, even in
reduced-calorie varieties, and adhered to Arrhenius equation,
viscosity exponentially decreasing with temperature (Cohen
and Weihs, 2010). White Jr. et al. (1964) examined the effect of
storage and processing temperature on honey quality. In their
investigation, they found out that dark-coloured types of honey
tend to be affected by heat faster than light-coloured types. It is
natural for many types of honey to granulate or crystallize upon
storage. Since the retail honey market largely favours liquid
honey, some types of processing are necessary to maintain the
liquid state. This is most commonly done by straining, heating
or filtration (White, 1999). In honey processing, heating is
applied for the following reasons:

1. to warm it sufficiently to facilitate straining, handling and

packing,

2. to delay granulation.

Other reasons for heating of honey are to destroy yeast that
may be present; hence, the keeping quality of honey is assured
(White, 1999).

The type of flowers, the way of processing, and the area
of origin have an influence on physical properties of honey.
We have just a particular knowledge about physical
properties of honey in the Slovak Republic because research
of honey physical properties is in the beginning only. In
general, for the identification of honey quality, we need some
physical parameters which can determine the honey state.
During processing and manipulation, honey goes through
the thermal or mechanical treatment, so it is convenient to
know thermophysical and mechanical (rheological)
parameters.

Material and methods

Honey is a primary product of bees, and it belongs to natural
sweeteners. It is also known for its healthy effects. The main
parts of honey are nectar and honeydew. Nectar is the
secretion of plant organs, and it consists of a concentrated
solution of sugars (glucose, fructose, sucrose, and maltose).
Honeydew is plant juice which passed through a part of the
bee’s digestive tract. Its main ingredients are also sugars but in
a more varied compound. Honey is a mixture of sugars, water,
and other components. An individual composition of honey
depends mostly on the mixture of flowers visited by bees
producing the honey, and it is different according to locations,
terms, and a particular colony of bees. In general, honey
consists of fructose (approximately 38 %), glucose (about
31 %), sucrose (around 1 %), other sugar (about 9 %), water
(approximately 17 %), ash (around 0.17 %), and other
substances (Hlavag, 2010b). Honey is well-appreciated in
many places, and its consumption has been increased either as
a raw material or as a food ingredient. Its use as food by the
consumer or even for exportation implies safety inherent in its
quality and processing control (Bera et al., 2008).
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Viscosity belongs to the most important rheological
parameters, and it is defined as the resistance of a fluid to flow.
The physical unit of dynamic viscosity in Sl units is Pa.s, but the
unit mPa.s is often used for liquid materials. The viscosity of
materials is influenced mainly by temperature. Viscosity
decreases with increasing temperature for most of liquids. The
temperature effect on material viscosity can be characterized
by an Arrhenius-type equation

E,
_Ex 1

n=mne M
where:
o — the reference value of dynamic viscosity
E, — activation energy
R - gas constant
T - absolute temperature (Cohen and Weihs, 2010;

Figura and Teixeira, 2007)

The kinematic viscosity vof material can be calculated as
dynamic viscosity n divided by the density of material p at the
same temperature. lts physical unit is m?.s™, but the unit
mm?.s™ is often used for liquid materials. Fluidity ¢ is defined
as a reciprocal value of dynamic viscosity n, and the physical
unit in Sl units is Pa™.s™.

Measurement of rheological parameters

The measurement of dynamic viscosity was performed by the
digital viscometer Anton Paar (DV-3P), the principle of which is
based on the dependence of sample resistance against probe
rotation. A probe with signification R7 was used in our
measurements, and the frequency of probe rotation was
200 min™.

The temperature effect on dynamic and kinematic viscosity
can be characterized by decreasing exponential functions (2,
3), and increasing exponential function (4) can be used in case
of the temperature effect on fluidity.

ot @

V= CeiD{é] ©

AL 4

¢ =Ee [P"] @

where:

t —temperature; t = 1°C

A, B, C, D, E, F — constants dependent on the kind of material
and on ways of processing and storing. The effect
of storage or storage time on physical properties
of food materials was also examined

One of the complex material characteristics are thermal
characteristics represented by basic thermophysical
parameters. According to Krempasky (1999), the basic
thermophysical characteristics are thermal conductivity,
thermal diffusivity, heat capacity, specific heat, volume specific
heat, etc. All the thermal parameters used are defined in the
next part.

a) Thermal conductivity A

— is a thermophysical parameter depending on many
factors such as material structure, pressure, moisture content,
temperature, etc. It is defined as the quantity of heat transmitted
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through a unit surface to a unit temperature gradient in a unit
time (Figura and Teixeira, 2007). The unit of thermal
conductivity is W.m".K'. Thermal conductivity is
mathematically defined by Fourier’s law (5):

g = -igradT (5)

b) Thermal diffusivity a

— characterizes the velocity of temperature equalization in
material. In numeric view, it equals to the temperature change
of a unit volume caused by heat transferred in a unit time, by the
unit surface of coat with a unit thickness, in a unit temperature
difference on its facing side. The unit of thermal diffusivity is
m2.s”. Thermal diffusivity is defined by thermal conductivity,
specific heat, and density with equation:

& (6)

During the diffusivity measurement, it is measured how
quickly a body can change its temperature; it increases with the
ability of the body to conduct heat and decreases with the
amount of heat needed to change the temperature of the body.
All the three quantities on the right side of Equation (6) as well
as thermal diffusivity can be functions of temperature.

c) Heat capacity C

—is a measurable physical quantity which characterizes the
amount of heat required to change the body temperature by a
given amount (7):

c.2Q )
oT
d) Specific heat ¢
— is defined as heat which is necessary for heating the
material with a unit mass by 1 Kelvin (Equation 8). The unit for
specific heat is J. kg™ .K™.
c oQ (8)

cC=—-=
m moT

Measurement of thermophysical parameters

The measurement of thermal parameters was performed by the
digital instrument Isomet 2104. The principle of measurement
is based on time-temperature dependence analyses during the
heating of a measured sample. The needle probe is inserted
into the measured sample, and this needle probe is the heater.
An experimental apparatus can be modelled by a hot wire
method, and the probe has a hot wire function. A detailed
description of the hot wire method is introduced by BoZikova
and Hlavag (2010).

The temperature effect on thermal conductivity and specific
heat can be described by linear increasing functions (9, 11),
and linear decreasing function (10) can be used in case of the
temperature effect on thermal diffusivity.

rAr=G+ H[t] ©)

0

(x:K—L(tt] (10)

0
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C=M+N[t] (1

0

where:

t —temperature; t = 1°C

G, H, K, L, M, N — constants dependent on the kind of material
and on ways of processing and storing

Results and discussion

A sample of mixed flower honey was stored at laboratory
temperature and was measured in different days during
storage. Measurements were performed in the temperature
interval from laboratory temperature to 43 °C. The temperature
and storing time effect on dynamic viscosity, kinematic
viscosity, and fluidity was examined. The relations of dynamic
viscosity and temperature for the sample of mixed flower honey
are presented in Fig. 1. There are shown two measurements:
the first measurement (at the beginning of storage) and the next
measurement (after one week of storage).

25000

20000 \

15000

10000

RN

20 25 30 35 40 45
Temperature in °C (2)

5000

Dynamic viscocity in mPA.s (1)

Figure 1 Temperature effect on the dynamic viscosity of mixed flower
honey, the first measurement (+), the next measurement
(after one week of storage) (o)

Obrazok 1  Teplotné zdvislosti dynamickej viskozity pre vzorku kvetového

medu, prvé meranie (+), dalSie meranie (po tyzdrovom skla-
dovani) (o)
(1) dynamickad viskozita, (2) teplota

The measured values of dynamic viscosity and calculated
values of kinematic viscosity and fluidity for flower honey at the
beginning of storage and after one week of storage are shown
in Tab. 1.

It can be seen from Figure 1 that the dynamic viscosity of
mixed flower honey is decreasing with increasing temperature.
The progress can be described by a decreasing exponential
function, which is in accordance with Arrhenius equation (1). It
is also evident that the values of dynamic viscosity were a bit
higher after one week of storage, and that can be caused by
loosening of the water during storage. The relations of
kinematic viscosity and fluidity to temperature for the sample
of mixed flower honey are presented in Figure 2 and Figure 3.
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Table 1 Measured dynamic viscosity values, calculated values of
kinematic viscosity and fluidity for mixed flower honey
t(1) Measurement n(3) v(4) 9(5)
in °C ) in mPa.s in mm?.s™ inPa's’
2 First (6) 16,486.0 11,291.0 0.061
Next (7) 23,069.0 15,799.0 0.043
2 First (6) 14,734.0 10,175.0 0.068
Next (7) 17,457.0 12,055.0 0.057
o8 First (6) 12,465.0 8,680.0 0.080
Next (7) 12,280.0 8,551.0 0.081
i First (6) 9,912.9 6,962.0 0.101
Next (7) 8,640.0 6,068.0 0.116
34 First (6) 6,332.7 4,485.0 0.158
Next (7) 6,156.8 4,361.0 0.162
27 First (6) 4,003.2 2,860.0 0.250
Next (7) 41015 2,930.0 0.244
10 First (6) 3,045.9 2,195.0 0.328
Next (7) 3,478.9 2,507.0 0.287
s First (6) 2,072.0 1,506.0 0.483
Next (7) 2,257.0 1,641.0 0.443
Tabulka1 Namerané hodnoty dynamickych viskozit, vypo€itané hod-

noty kinematickych viskozit a tekutosti pre vzorku kvetového
medu

(1) teplota, (2) meranie, (3) dynamickd viskozita, (4) kinematicka vis-
kozita, (5) tekutost, (6) prvé meranie, (7) dalie meranie

The temperature effect on kinematic viscosity can also be
described by a decreasing exponential function (Fig. 2). It is
evident that the values of kinematic viscosity were a bit higher
after one week of storage, which can also be caused by
loosening of the water during storage. The temperature
dependence of fluidity can be seen in Fig. 3. It is evident that
fluidity is increasing with increasing temperature. The flow of
honey is better at higher temperatures. It is evident that the
values of fluidity were a bit lower after one week of storage.
That can be caused by loosening of the water by crystallization
during storage.

All the coefficients of regression equations and coefficients
of determination are presented in Tab. 2. In all cases, the
Table 2 Coefficients A, B, C, D, E, F of regression equations (2, 3, 4)
and coefficients of determination (R?)

Regression equations (2, 3, 4)
Coefficients
Flower honey — measurement | Ain mPa.s B[1] R?
First 202,185 0.104188 0.969056
Next 270,597 0.110972 0.996520
Flower honey — measurement | G in mm2s™ D [1] R?
First 130,067 0.101353 0.967424
Next 174,024 0.108127 0.996333
Flower honey — measurement | EinPa™s™ F[1] R?
First 0.0049748 | 0.104037 0.968316
Next 0.0036458 | 0.111313 0.996425
Tabulka 2  Koeficienty A, B, C, D, E, F regresnych rovnic (2, 3, 4) a koefi-

cienty determinacie (R%)
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Figure 2 Temperature effect on the kinematic viscosity of mixed flower
honey, the first measurement (+), the next measurement
(after one week of storage) (o)
Obrazok 2 Teplotné zdvislosti kinematickej viskozity pre vzorku kveto-
vého medu, prvé meranie (+), dalSie meranie (po tyZdriovom
skladovani) (o)
(1) kinematickd viskozita, (2) teplota
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Figure 3 Temperature effect on the fluidity of mixed flower honey, the

first measurement (+), the next measurement (after one week
of storage) (o)

Teplotné zavislosti tekutosti pre vzorku kvetového medu, prvé
meranie (+), dalSie meranie (po tyZdiiovom skladovani) (o)
(1) tekutost, (2) teplota

Obréazok 3

coefficients of determination were very high. It is also evident
that storage time had an effect on rheological properties of the
examined sample of honey. The viscosity of honey depends
mostly on its composition, the mixture of flowers visited by bees
producing the honey, and it is different according to locations,
terms, and a particular colony of bees.

The relationships between thermal conductivity, thermal
diffusivity, specific heat, and temperature are shown in Fig. 4 —
6. There are linear relations between thermophysical
parameters and temperature during the temperature
stabilization of the honey sample. Fig. 4 and Fig. 6 show that
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Figure 4 Temperature effect on the thermal conductivity of mixed Figure 6 Temperature effect on the specific heat of mixed flower honey,
flower honey, the first measurement (+), the next the first measurement (+), the next measurement (after one
measurement (after one week of storage) (o) week of storage) (o)

Obrazok 4 Teplotné zdvislosti tepelnej vodivosti pre vzorku kvetového Obrazok 6 Teplotné zdvislosti hmotnostnej tepelnej kapacity pre vzorku

medu, prvé meranie (+), dalSie meranie (po tyZdiiovom skla-
dovani) (o)
(1) tepelnd vodivost, (2) teplota
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Figure 5 Temperature effect on the thermal diffusivity of mixed flower
honey, the first measurement (+), the next measurement
(after one week of storage) (o)

Obrazok 5 Teplotné zavislosti teplotnej vodivosti pre vzorku kvetového

medu, prvé meranie (+), dalSie meranie (po tyZdiiovom skla-
dovani) (o)
(1) teplotnd vodivost, (2) teplota

thermal conductivity and specific heat increase linearly with the
increasing of honey temperature. On the other hand, the
thermal diffusivity of honey has a linear decreasing progress
during temperature stabilization (Fig. 5). All the obtained results
are in good agreement with Ginzburg (1985) and ). It was
shown that the thermal conductivity of high viscosity liquids or
suspensoid materials can be measured using the hot wire
method. For data reliability protection, there were measured
series of one hundred measurements for every point in
presented graphic relations. Every point was obtained as an
average from measured values.

kvetového medu, prvé meranie (+), dalSie meranie (po tyz-
driovom skladovani) (o)
(1) hmotnostna tepelnd kapacita, (2) teplota

The measured values of thermal conductivity, diffusivity,
and specific heat for mixed flower honey are presented in Tab.
3. The coefficients of regression equations (9, 10, 11) and
coefficients of determination are presented in Tab. 4. In all
cases, the coefficients of determination were very high.

Table 3 Measured values of thermal conductivity, thermal diffusivity
and specific heat for mixed flower honey
?(1) Measureme _ x(3}1 y . azrg4)2 71 . c(57)1 y
in°C nt (2) inW.m".K in .10°m“.s inJkg".K
first(6) 0.342 11.21 2,117.88
° next (7) 0.345 12.11 2.255.12
10 first(6) 0.347 10.75 2,245.72
next (7) 0.351 11.58 2,339.38
15 first(6) 0.351 10.29 2,374.68
next (7) 0.358 10.80 2,416.45
2 first(6) 0.355 9.83 2,635.92
next (7) 0.362 10.22 2,639.89
o5 first(6) 0.360 9.37 2,681.45
next (7) 0.369 9.74 2,789.02
20 first(6) 0.364 8.91 2,853.67
next (7) 0.374 9.31 2,863.14
%5 first(6) 0.368 8.45 3,053.22
next (7) 0.378 8.90 3,101.77
10 first(6) 0.373 7.99 3,274.67
next (7) 0.382 8.46 3,285.89
15 first(6) 0.377 7.53 3,5618.21
next (7) 0.386 8.08 3,556.87
Tabulka3 Namerané hodnoty tepelnej vodivosti, teplotnej vodivosti

a hmotnostnej tepelnej kapacity pre vzorku kvetového medu
(1) teplota, (2) meranie, (3) tepelnd vodivost, (4) teplotnd vodivost,
(5) hmotnostnd tepelnd kapacita, (6) prvé meranie, (7) dalSie meranie
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Table 4 Coefficients G, H, K, L, M, N of regression equations (9, 10,
11) and coefficients of determination (R?)
Regression equations (9, 10, 11)
Coefficients
Flower honey — measurement | G in W.m™ K" | Hin W.m K" R?
First 0.337917 0.00087 0.999428
Next 0.341472 0.00103 0.991152
Flower honey — measuremen | Kinmm?2s™' | Linmm’s’ R?
First 0.1167 -0.00092 1
Next 0.1242 -0.00101 0.987847
Flower honey — measurement | Min J.kg".K' | Nin J.kg™ K" R?
First 1,895.35 34.21 0.985916
Next 2,001.91 32.13 0.976848

Tabulka4  Koeficienty G, H, K, L, M, N regresnych rovnic (9, 10, 11)

a koeficienty determinécie (R%)

Conclusion

Rheological and thermophysical properties of flower honey were
measured and analysed in this paper. The effect of temperature
and storage time on the honey sample was searched.

The viscosity of honey depends mostly on its composition,
the mixture of flowers visited by bees producing the honey, and
it is different according to locations, terms, and a particular
colony of bees.

The dynamic viscosity of the sample was measured by the
digital viscometer Anton Paar DV-3P. The temperature effect
on flower honey dynamic and kinematic viscosity had
a decreasing exponential shape, and the temperature effect on
fluidity had an increasing exponential shape for all
measurements (Fig. 1 — 3). The coefficients of determination
are very high in all measurements, approximately in the range
from 0.97 to 0.99 (Tab. 2). Arrhenius equation (1) has a
decreasing exponential shape, and the temperature effect on
dynamic viscosity can be described by it. The same results
were obtained by Cohen and Weihs (2010), Figura and Teixeira
(2007), and Sahin and Sumnu (2006). It can be seen from Fig. 1
and Fig. 2 that the dynamic and kinematic viscosity values were
a bit higher after storage due to loosening of the water during
storage. The values of fluidity (Fig. 3) were a bit lower after
storage, which is caused by loosening of the water by
crystallization during storage. The effect of storage is very
important, and it was examined by many authors, for example
Hlavag (2008, 2009 and 2010a) and Kubik (2006).

It is clear from the presented results that thermophysical
parameters are influenced by temperature. The thermal
conductivity and specific heat of honey increase with increasing
temperature linearly. On the other hand, the thermal diffusivity
of the honey sample has a typical decreasing linear shape.

On the basis of results from measuring rheological
parameters and thermophysical parameters, it is necessary to
have knowledge of thermophysical and rheological parameters
during temperature changes because temperature is one of the
most important factors which determine the quality of
foodstuffs, including honey.

Siihrn

Vo vedeckom &lanku je prezentovany vplyv doby skladovania a
zmien teploty na vybrané fyzikalne vlastnosti medu ziskaného
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z rdznych typov kvetov. Fyzikalne viastnosti medu st vo v8e-
obecnosti ovplyviiované mnohymi faktormi, ako napriklad typ
kvetov, z ktorych je nektar pozbierany, spdsob spracovania a
pod. Jednym z najvyznamnejSich faktorov je v8ak oblast p6-
vodu medu. Realizovany vyskum bol orientovany na meranie
reologickych a termofyzikalnych vlastnosti medu. Dynamicka
viskozita bola ur€ovana pomocou digitalneho rotaéného visko-
zimetra Anton Paar DV-3P. Princip merania je zaloZeny na za-
vislosti odporu vzorky, ktory kladie vzorka voci otacajlucej sa
sonde. Meranie termofyzikalnych parametrov bolo realizované
pristrojom Isomet 2104, ktory vyuziva dynamickd meraciu me-
todu. Vysledky su ziskavané analyzou ¢asového priebehu tep-
loty. Vzorka medu bola skladovana pri laboratérnej teplote
a merania boli uskuto¢nené v réznych drioch skladovania. Pri
meraniach bol pouZity teplotny interval 20 — 43 °C. V texte su
analyzované zavislosti reologickych a termofyzikalnych para-
metrov od teploty a doby skladovania. Ziskané teplotné zavis-
losti pre dynamicku a kinematicku viskozitu vzoriek medu
mozno charakterizovat klesajucou exponencialnou funkciou.
Zavislost tekutosti vzorky medu od teploty vykazovala expo-
nencialne rastdci charakter. Teplotné zavislosti termofyzikal-
nych parametrov pofas procesu zohrievania mali linearne
rastuci priebeh. Hodnoty dynamickej a kinematickej viskozity
a termofyzikalnych parametrov boli nepatrne vy$Sie po sklado-
vani, €o mohlo byt spésobené Ubytkom vody v meranej vzorke.
Hodnoty tekutosti boli naopak niz8ie, €oho pri€inou mohla byt
strata vody alebo i proces kryStalizacie meranej vzorky.

Klacové slova: teplota, doba skladovania, reologické vlast-
nosti, termofyzikalne vlastnosti, kvetovy med
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MEASUREMENT AND VISUALISATION OF PITTING CORROSION
MERANIE A VIZUALIZACIA JAMKOVEJ KOROZIE

Tadeusz HRYNIEWICZ,' Krzysztof ROKOSZ," Elena Anca CRISTEA?

Koszalin University of Technology, Koszalin, Poland’
Alicona Imaging GmbH, Grambach/Graz, Austria®

In the paper, different visual presentations of corrosion pits formed on stainless steels are given. Uniform corrosion of steels is very low and
does not attract attention, but in harsh halogen environments, such as aqueous NaCl solutions, pitting may occur. By adopting two types of
steels (AISI 304 and AISI 316L) pitting corrosion was observed and measured. The work is aimed at the methods of pitting corrosion
presentation, from the simplest to the most advanced. Comparison of pits is reported in view of their best characterization and visualisation.

Keywords: stainless steel, pitting, measurements, visualisation

Pitting is one of the most severe forms of corrosion occurring on
a metal surface. Specifically, alloys such as stainless steels,
which are generally resistant to uniform corrosion, may undergo
pitting in harsh environments (Khatak and Raj, 2002; Linhardt et
al., 2005; Metals Handbook, 1990; Sedriks, 1996). In aqueous
NaCl solutions at concentration of about 3 %, austenitic stainless
steels easily undergo damage by formation of pitting on the
surface (Linhardt et al., 2005; Hryniewicz et al., 2009; Hryniewicz
etal., 2008; Pistorius and Burstein, 1992; Rokosz and Hryniewicz,
2010). Also, in case of biomaterials such as, e.g. AISI 304L
and/or AISI 316L, which normally should operate for a long time
in a human body, pitting may occur (Hryniewicz et al., 2009;
Hryniewicz et al., 2008; Pistorius and Burstein, 1992; Rokosz
and Hryniewicz, 2010; Hryniewicz et al., 2008; Hryniewicz et al.,
2009). It is known that human fluids such as Ringer’s or Hanks’
solutions among others contain about 0.9 % NaCl.

The paper aims at comparison of different methods of
measurements and visualisation of pitting corrosion regarding
both 2D and 3D techniques.

Material and methods

For the studies, the following techniques have been taken into
account: (a) 2D surface scanning, (b) 2D and 3D pictures using
TALYSURF CLI 2000 by Taylor Hobson, (c) SEM imaging of

pits (performed by Scanning Electron Microscopy), (d) 3D
pictures using advanced optical microscopy techniques (Blunt
and Jiang, 2003; Shuman, 2005; Cristea, 2009; Stout, 2000). In
the last one the InfiniteFocus device was used (Cristea, 2009).
Its operating principle combines the small depth of focus of an
optical system with vertical scanning.

Two stainless steels were used for corrosion examination
and pits measurements, AISI 304L and 316L. The steel
samples were prepared by three surface finishing methods: (a)
abrasive polishing using SiC #1000 emery paper, (b)
a standard electropolishing EP, and (c) magnetoelectropolishing
MEP (Rokicki, 2009; Hryniewicz and Rokicki, 2006; Hryniewicz
et al.,, 2007; Rokosz and Hryniewicz, 2011). Samples were
immersed in 3 % NaCl solution and/or in the Ringer’s solution in
room temperature until pits on their surface appeared.

Results and discussion

Surface scanning

Some examples of 2D surface scanning of pits are presented in
Figure 1. The samples were prepared from AIS| 316L stainless
steel using three methods: MP — abrasive polishing, EP —
standard electropolishing, and MEP — magnetoelectropolishing.
Pitting corrosion on the samples was caused by electrolytic
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Figure 1

Pitting on AISI 316L SS after immersion in Ringer’s (~0.9 % NaCl) solution. Samples prepared by: (a) MP — abrasive polishing, (b) EP —

standard electropolishing, and (c) MEP — magnetoelectropolishing. 2D scanning method was used to obtain the images

Obrazok 2

Jamkova kordzia na nehrdzavejticej oceli AISI 316L po ponoreni do Ringerovho roztoku (~0.9 % NaCl). Vzorky pripravené tromi metédami: (a)

MP - leStenie brdsenim, (b) EP —$tandardné elektrolytické leStenie a (c) MEP —magnetoelektrolytické leStenie. Obrazy boli pripravené metddou

snimania 2D

reaction after immersion in the Ringer's (about 0.9 % NacCl)
solution.

The method of 2D surface scanning enables documenting
generally the distribution, number and size of pits. One may
easily calculate the number of pits referred to a determined
surface area regarding each method of surface treatment, MP,
EP, and MEP (Fig. 1).

Pictures of TALYSURF CLI 2000

For this visualisation study, the stainless steel surface after a
finishing operation by abrasive polishing was assumed (Fig. 2).

The surface parameters are presented in Fig. 2a, b, with 3D
image presented in Fig. 2c, and texture given in Fig. 2d.

The pits on AISI 304 steel surface after corrosion studies in
3 % NaCl aqueous solution are presented in Fig. 3. They may
be identified as: 1 — shallow and broad (Fig. 3a), 2 — conical
shallow or deep (Fig. 3b), and/or 3 — shallow or deep with
cog/protrusion in the middle of the pit (Fig. 3c). Moreover,
characteristic features of the pits concerning (a) dimensions,
(b) angles, and (c) protrusions in two perpendicular directions
have been determined. All of the pits may be referred, e.g. to
the time of immersion in a solution.

ISO 25178

Sa = 0.0923 pm
Sa: Arithmetic Mean Deviation of the Surface.
Sq = 0.139 um
Sg: Root-Mean-Square (RMS) Deviation of the Surface.
Sp = 0.929 um
Sp: Maximum height of summits.
Sv = 1.68 um
Sv: Maximum depth of wvalleys.
st - 2.61 um
St: total height of the surface.
Ssk = -1.09
Ssk: Skewness of the Topography Height Distributiom.
sSku = 10.1
(b) Sku: Kurtosis of the Topography Height Distributiom.
()
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Figure 2 AISI 304L steel surface characteristics after MP: (a) ISO 2D parameters, (b) ISO 3D parameters, (c) 3D image, (d) texture (Taylor Hobson)

Obrazok 2  Charakteristiky povrchu ocele AISI 304L po MP: (a) parametre 1SO 2D, (b) parametre ISO 3D, (c) obraz 3D, (d) Struktira (Taylor Hobson)
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Figure 3 Pits identified on AISI 304 SS as: (a) shallow and broad, (b)
conical deep, (c) shallow or deep with cog/protrusion in the
middle of the pit

Obrazok 3  Jamky identifikované na nehrdzavejicej oceli AISI 304 ako:

(a) plytké a rozfahlé, (b) kuzelové hiboké, (c) plytké alebo hl-
boké s vy¢nelkom v strede jamky

A broad, large and shallow pit, presented as a 3D image
taken on the same TALYSURF CLI 2000 device, has been
presented in Figure 4. Its dimensions in the rectangular prism
413 pm long, 181 um wide and 86.8 um high are given in the
picture.

Tadeusz HRYNIEVICZ, Krzysziof ROKOSZ, Elena Anca CRISTEA

Figure 4 3D image of a spacious and large pit on AISI 304 SS with
dimensions determining its range
Obrazok 4 Obraz 3D rozlahlej a velkej jamky na nehrdzavejicej oceli AlSI

304 s rozmermi definujtcimi jej rozsah

SEM images

Results of measurements of pitting corrosion (Cristea, 2009) in
the Ringer's solution on the samples of AISI 316L SS are
presented in Fig. 5. Some of the pits presented on samples A,
B, C and indications 1, 2, 3 have been studied using scanning
electron microscopy.

Figure 5  Samples (A, B, C) of AISI 316L SS after electropolishing and
keeping them immersed in the Ringer’s solution: 1, 2, 3 — pits
subjected to further studies

Obréazok 5 Vzorky (A, B, C) nehrdzavejticej ocele AISI 316L po elektroly-
tickom leSteni a ponoreni do Ringerovho roztoku: 1, 2, 3 —
jamky podrobené dalSiemu skiimaniu

Figure 6 SEM images of pits (1, 2) on samples A, B of AISI 316L SS
(for reference see also Fig. 5)

Obrézok 6 Obrazy jamiek (1, 2) ziskané rastrovacou elektrénovou mikro-

skopiou (SEM) na vzorkdch A, B nehrdzavejicej ocele AlSI
316L (pre porovnanie pozri aj Obr. 5)
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(a)

(b)

(c)

(d)

Figure 7

Obrazok 7
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Pit in sample (A in Fig. 5) of AISI 316L stainless steel after
electropolishing and following immersion in 0.9 % NaCl
solution: (a) 3D pit (1 in Fig. 5A), (b) measurement path, (c)
pit corrosion profile with the dimensions, (d) 3D view for
volume measurement

Jamka na vzorke (A na Obr. 5) nehrdzavejicej ocele AISI 316L
po elektrolytickom leSteni a po ponoreni do roztoku 0.9 %
NaCl: (a) jamka 3D (1 na Obr. 5A), (b) trajektdria merania, (c)
profil jamkovej kordzie s rozmermi, (d) pohfad 3D pre meranie
objemu

Acta technologica agriculturae 3/2012

Two of the three pits indicated in Fig. 5 were subjected to
SEM studies; they are presented in Fig. 6. Differentiation in
shadow indicates development of pits 1, 2.

Infinite Focus Imaging

The InfiniteFocus device is a measurement system of Alicona
(Cristea, 2009) which provides capabilities to realize different
tasks and measure surfaces (Blunt and Jiang, 2003; Shuman,
2005; Cristea, 2009; Stout, 2000). The surface of the sample
can be measured with a high degree of repeatability. Steep
flanks and inhomogeneous parts of the surface could be
measured using polarized light.

Documenting forms and dimensions of deep pits which are
forming on a material surface during a corrosion process is one
of the tasks of corrosion scientists. Good example of a device
for solving problems is the InfiniteFocus measurement system
(Cristea, 2009). The optical device contains the infinite focus for
3D surface measurement. Its operating principle combines the

(a)
(b)
(c)
Figure 8 Pit in sample (C in Fig. 5) of AISI 316L stainless steel after
electropolishing and following immersion in 0.9 % NaCl
solution: (a) 3D pit (3 in Fig. 5C), (b) measurement path, (c)
pit corrosion profile with the dimensions
Obrazok 8 Jamka navzorke (C na Obr. 5) nehrdzavejticej ocele AISI 316L

po elektrolytickom leSteni a po ponoreni do roztoku 0.9 %
NaCl: (a) jamka 3D (3 na Obr. 5C), (b) trajektdria merania, (c)
profil jamkovej korézie s rozmermi
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small depth of focus of an optical system with vertical scanning
to provide topographical and colour information from the
validation of focus.

Here are two examples (Figs. 7 and 8) of the three deep pits
indicated in the sample presented in Fig. 5. The device is able
to measure geometric forms out of 3D data sets; thus the
corrosion pits’ width and depth can be measured. Moreover,
the pit’s volume measurement is possible in order to determine
volumes of voids or protrusions in a comfortable manner. The
example of selected 3D view of a pit with volume measurement
is presented in Fig. 7d. The projected area of the documented
pit was 680,272 um?, and the volume was more than 1 mm?®
(108,780,100 um®) (Cristea, 2009).

The second example (Fig. 8) was selected of the three
samples visible in Fig. 5C in view of revealing the development
of multiple pits joined into one quite spacious (Fig. 8a). One
may conclude that at the beginning of immersion the corrosion
started with at least three independent points on the sample
surface to come out as one large corrosion pit.

Conclusions

In the summary, it is worth noting that corrosion pits may be
studied and documented using different devices; hence, 2D
and 3D images may be obtained. The most common
microscopes and other techniques (e.g. SEM) allow showing
only shallow pits in the form of 2D image. The work is to prove
that recent advancement in microscopic techniques allows
presenting 3D images of corrosion pits, together with the
stereometric data concerning pit's shape, volume, width and
depth in selected cross-sections of the corrosion pit
(Hryniewicz et al., 2009; Blunt and Jiang, 2003; Shuman, 2005;
Cristea, 2009).

Siihrn

Clanok sa zameriava na rdzne vizudlne zobrazenia miest pos-
tihnutych kordziou, ktoré sa vytvaraju na nehrdzavejucich oce-
liach. Urover rovnomermej kordzie oceli je velmi nizka, preto ju
mozno povazovaf za zanedbatelnd. Jamkova kordzia sa vSak
moZe objavovat v naro€nom halogénnom prostredi, ako su
vodné roztoky NaCl. Jamkova korézia bola pozorovana a me-
rana pri skumani dvoch typov oceli (AISI 304 a AlSI 316L). Pra-
ca sa zameriava na metédy zobrazenia jamkovej korézie, a to
od najjednoduchs$ej az po najzlozitejSiu formu. Porovnanie ja-
miek je uvedené z hladiska ich najlep$ej charakteristiky a vizu-
alizacie.

Klacové slova: nehrdzavejlca ocel, jamkova korézia, mera-
nia, vizualizacia
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MATHEMATICAL MODEL OF SUSPENSION OF A TECHNOLOGICAL VEHICLE
MATEMATICKY MODEL PRUZENIA TECHNOLOGICKEHO VOZIDLA

Veronika VALIKOVA, Marian KUCERA
Slovak University of Agriculture in Nitra, Slovak Republic

In this contribution, we are dealing with simulation possibilities of chosen technical parameters of an agricultural technological vehicle in the
Matlab® environment. We have created a simple planar vehicle model, which is described by the system of motion equations that are based
on Lagrange’s equation. The chosen agricultural vehicle was a systemic tool carrier MT8-046 with a front-end rotary mover SP 2-212. The
systemic carrier is from the family of MT8 series carriers that are used mainly for working in mountain and foothill areas. We simulated the
motion of the vehicle on a flat ground, where the vehicle encounters a 0.06 m high obstacle in the sixth second of simulation. The total
simulation time was 10 s. Results obtained from simulation are presented in a graphic way.

Keywords: mathematical modelling, suspension modelling, vehicle dynamics, technological vehicle

The design and development of prototypes of agricultural
mechanisms is a process in which it is necessary that designed
technical parameters of a machine are preliminarily verified and
optimised on the basis of operating requirements. A suitable
procedure for implementation of authentication outputs is
practical tests. As long as the process of design is in the phase
of development, the most suitable alternative of parameter
verification and optimisation is simulation. Considering vehicle
construction complexity, it is necessary to simplify the
mathematical model to the lowest admissible rate. A satisfactory
alternative of complicated spatial models is simple planar
models. Absorption of impact effects in an off-road vehicle is
primarily dependent on vehicle structural characteristics and
secondarily on the nature of kinematic excitement of the terrain
(ground). Larson and Liljedahl (1971) dealt with vehicle stability
when the vehicle encounters an obstacle while it moves on the
slope. Relations between the off-road vehicle tyre and ground
were analysed by Sesték et al. (1998). For small acceleration of
a vehicle chassis, it is proven that the increment of control
comfort with minimum damping can be expected to increase.
There is also an increase in contact between the tyre and
terrain, the result of which is a more efficient traction and better
adhesion of the tyre to the ground. The starting of the off-road
vehicle and its behaviour were simulated and analysed by
Sestak et al. (2001). If there is an intention to examine running
characteristics, or the effect of obstacles on running stability,
eventually the effect of braking performance on running
stability, suitable simulation tools are different CAD/CAM
programs such as MathCAD, Matlab, Modelica, and ADAMS. In
some cases, it is more advantageous to form a simple planar
mathematical model and to perform the required simulation on
it, as published by Sestak et al. (2002a) who simulated the
running of the vehicle on an uneven terrain. By using the
mentioned CAD/CAM programs it is possible to implement
motion and kinematic equations directly into the program
environment and solve them numerically (MathCAD, ADAMS,
Modelica), or use simulation modules which can be arranged
into a logic unit without extra equation implementation (Matlab
— Simulink). The ability of good manoeuvrability of the off-road
vehicle ensures both the avoidance of obstacles during
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technological operation and vehicle safe operation. The
assessment of manoeuvrability was addressed by Sestak and
Rédl (2002b). As long as the vehicle is moving on an uneven
ground, there are unwanted dynamic effects which can lead to
critical angular velocities. Rédl (2007) deals with such
influences in his work. A simple spatial model of motion of the
systemic tool carrier with a mounted aggregate was prepared
by Rédl and Kro€ko (2007). They examined the influence of
centripetal components of lateral forces having an effect on the
vehicle wheels. A complex assessment of dynamic drive
effects on safe operation of the technological vehicle is
addressed by Rédl (2008). The dynamics of tractor lateral
overturn on slopes under the influence of position disturbances
was introduced by Ahmadi (2011).

Materials and methods

Problem formulation

In this contribution, we use a model in which reactions of the
terrain under the front and rear axle have carriers parallel with
the z axis of the coordinate system, with the origin in the centre
of gravity. Further simulated behaviour of the vehicle on an
uneven terrain will respect three degrees of freedom as follows:
¢ displacement of the vehicle centre of gravity in the direction
of the X axis of the inertial system fixed to the terrain;

e vertical displacement in the direction of the Z axis;

e angular rotation in the direction of the Y axis.

In the following equations, we suppose that wheels offset
by tyres are modelled by linear springs, the axes of which are
parallel with the z axis of the vehicle. The reaction place of
action is in the intersection point of the spring axis with the
ground. Solution errors are small because vehicle rotation
shows a small angle, and the smallest wavelength of uneven
terrain is bigger than the vehicle wheel base.

Mathematical model of the vehicle

The model of the vehicle was the systemic tool carrier MT8-046
with the aggregated front-end rotary mover SP 2-212. The
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systemic tool carrier is shown in Fig. 1. In terms of construction,
the vehicles MT8-046, MT8-222, and MT8-322 are all the same
because they are of one series. They have tough, unsprung
axles with steered rear-end wheels. Experimental
measurements with chosen systemic tools carriers were made
by Sestak et al. (1993).

Figure 1
Obrazok 1

Systemic tool carrier MT8-046
Systémovy nosi¢ naradia MT8-046

The model of the systemic tool carrier with a mounted
aggregate is shown in Figure 2.

The tyres that were wused during experimental
measurements are of a Terra type. The profile of the tyre is
shown in Figure 3.

The parameters of the machine and tyres are in Table 1.
The values of tyre performance were taken from Sesték et al.
(1990).

Basic motion equations valid for vehicle motion in the
space and in the plane were taken from Pacejka (2005).

Veronika VALIKOVA, Marian KUGERA

Figure 3 Tyre profile
Source: http://www.tradekey.com
Obrazok 3  Profil pneumatiky

Zdroj: http://www.tradekey.com

Lagrange’s equations were employed to derive the equations
of motions. For a system with n degrees of freedom, there are
selected the coordinates g;, which are sufficient to completely
describe the motion while possible kinematic constrains
remain preserved. The Lagrange’s equation for the coordinate
giis as follows:

dor_oT ou_, (1)
dtog, dq, oq, '

where:

T — kinetic energy possessed by the moving system

U — potential energy possessed by the moving system

Q, — external generalised forces associated with

generalised coordinates g;

1-coordinate of the centre of gravity from the front axle, 2 — coordinate of the centre of gravity from the rear axle, 3 — height of the axle axis, 4 — height of the centre
of gravity from the axle axis, 5 — rear moment, 6 — front moment, 7 — angular acceleration, 8 —angular velocity, 9 — angular rotation, 10 — vector of translational
velocity, 11 — vector of translational acceleration, 12 — direction of movement, 13 —front frame, 14 — mounted tools, 15 — front wheel, 16 — rear wheel, 17 — rear

Figure 2 Machine model with the aggregate
frame, 18 — axial pin, 19 — centre of gravity, 20 — cabin, 21 — obstacle
Obrazok2 Model stroja s pripojenym agregatom

1-—slradnica taZiska od prednej ndpravy, 2 —stiradnica taZiska od zadnej ndpravy, 3 —vy$ka osi napravy, 4 — vy$ka taziska od osi néapravy, 5—zadny moment,
6 — predny moment, 7 — uhlové zrychlenie, 8 — uhlova rychlost, 9 — uhlové pootocenie, 10 —vektor translacnej rychlosti, 11 — vektor translaéného zrychlenia, 12 — smer
pohybu, 13 —predny ram, 14 —nesené naradie, 15— predné koleso, 16 —zadné koleso, 17 —zadny rdm, 18 —axiélny ¢ap, 19 —tazisko, 20 — kabina, 21 — prekdzka
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Table 1 Technical parameters of the systemic machine and tyres
Parameter (1) Description (2) Unit (3) Value (4)
my body mass (5) kg 1,173
Z5 height of the centre of gravity to the rear axle (6) mm 174
h height of the rear axle axis (7) mm 300
Zt height of the centre of gravity (8) mm 474
Xe coordinate of the centre of gravity from the front axle (9) mm -810
RXG coordinate of the centre of gravity from the rear axle (10) mm 800
- tyre type (11) - 6.15/155-4
- tyre stiffness (12) kN.m! 3575
- tyre damping (13) N.s.m’ 2,600
p working pressure of the tyre (14) kPa 80
Ly moment of inertia with respect to the y axis (15) kg.m? 518.9
- front-end supported aggregate (16) - SP2-212

Tabulka 1 Technické parametre stroja a pneumatik

(1) parameter, (2) popis, (3) jednotka, (4) hodnota, (5) hmotnost, (6) vyska taZiska k zadnej néprave, (7) vy$ka osi zadnej ndpravy, (8) vySka taZiska, (9) stradnica
taZiska od prednej népravy, (10) stiradnica taZiska od zadnej napravy, (11) typ pneumatiky, (12) tuhost pneumatiky, (13) timenie pneumatiky, (14) pracovny tlak
pneumatiky, (15) moment zotrvaénosti vogi osi y, (16) vpredu neseny agregét

Forces Q; may act on the system and do work W. Internal
forces acting from dampers on the system structure may be
regarded as external forces taking part in the total work W.

Proper coordinates for the description of vehicle motion are
the Cartesian coordinates X and Y of the reference point A,
where:

W - yaw angle of the moving x axis with respect to the
internal X axis
[0) — roll angle about the roll axis

Equation (1) is adequate to derive the equations of motion
in case the motions are near the X axis where yaw angles are
small. In case of higher values of v, it is preferred to use
modified equations (e.g. when moving along a circular path).
In addition to the coordinate ¢, there are used the velocities v,
u and r of the moving coordinate system as generalised
motion variables. The relations between the two sets of
variables are:

u=Xcosy+ Ycosy
v =-Xsiny + Ycosy )
r=y

We can express the kinetic energy in terms of u, vand r.
Preparation of the first terms of Equation (1) for the coordinates
X, Yand y yields:

oT aTau oTov _oT oT
— oS\ ——siny
e auax ovoX  ou ov
oT aTau oT ov _ aT oT (3)
siny + —cosy
ay 6uaY ovay ou ov
or _or
oy or
or_ot, ot
oy ou  ov

Now, we can eliminate the yaw angle \ by multiplying the
final equation for X and Y with cos y and sin v, and by their
subsequent adding and subtracting. We obtain the following set
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of modified Lagrange’s equations for the first three variables v,
v and r, and subsequently for the remaining real coordinates
(for this system only ¢):

dor_oT_o
dtou  ov
daT+raT Q, (4)
at ov ou

dor_ oT o _,

dt or ou 6v §

doT aT ou

dt o9 6(p oo °

From virtual work:

4
3W = YQ,3q, ®)
j=1

there can be found generalised forces with g; referring to the
quasi coordinates x and y and to the coordinates y and ¢. The
term ‘quasi’ coordinate is used because x and y cannot be
obtained from integrating the u and v. For virtual work as
a result of virtual displacements 8x, 8y and ¢, we find:

W =Y Fox+ Y Foy+ Y Moy+ Y M, (6)

where apparently:

Q, =Y F =F,

Q, = ) F, =F,,sind—F, cosd+F,,

-1 COS 3 — F ,8ind+ F,

(7)

Q = ZMZ = aF,,sind + al-_y1COS5+ M, - bez +M,,

Q=2 M, =k, ,+ k)¢

We assume that longitudinal forces are the same on the left
and right wheels. The effect of additional steer angles v, is
neglected here. The resulting linear moments about the roll
axes with damping coefficients k, at the front and rear angles
represent shock absorbers in wheel suspensions.
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With the roll angle ¢ and the roll axis, the inclination angle
0, ~(h,— h)/1is assumed low, the kinetic energy becomes:

T=1/2m{u- hor)? + (v+ hp)*}+1/21,6% + (8)
+1/21 ,(pn? +1/21,(r* = 9*r® + 20,19) = 1,,r ¢

Potential energy U is created in the suspension springs and
through the height of the centre of gravity. For low angles, it holds:

1
U= E(C“" +C,,)0° —1/2mghe? ©)

The equations of motion are finally established by using
Equations (7), (8) and (9) in Equations (4). They will be
linearized at first in low angles ¢ and 3. For variables u, v, rand
¢, we have obtained the following relations:

mu—rv - hof —2hre) = F,, ~F, 3+ F, (10)
mv—ru—h¢ - hrig)=F,8-F, +F, (11)
I,r+(1,6,)¢ —mh(u—rv)p = aF, 6+ M,, - bF,, +M,, (12)

(@, + mh*)o + mh(v+ru)+ (1,8, — 1) — (18)
—(mh* + 1, —1,)r%¢ +(k,,+ k,,)¢ +(c,, + C,, —mgh)p = 0

In the determination of force components, we neglected the
low additional roll and compliance with steer angles ;. Tyre side
forces are dependent on the slip and camber angle front and
rear, and on tyre vertical loads. Longitudinal forces can be given
in two ways — the first one, as a result of brake effort or imposed
propulsion torque; the second one, when they depend on wheel
longitudinal slip which results from the wheel speed of revolution
requiring four additional wheel rotational degrees of freedom.

Simplified expressions of the preceding equations used for
the 2D model created in the simulation program Matlab® are
written herein below (Equations (14) — (17)). These equations
are solved simultaneously by using Matlab®.

The spring effect of tyres was modelled by a classic
spring-damper model according to Fig. 4. Basic relations for
evaluation of damping and stiffness were taken from Ewins and
Rao (2002). We used the spring-damper model with two
degrees of freedom.

Fﬂl
o =

Figure 4 Spring-damper model
1 - damping, 2 - stiffness, 3 —force, 4 — spring, 5 — damper
Obrazok 4  Model pruZina — timic¢

1 —tlmenie, 2 —tuhost, 3 - sila, 4 — pruZina, 5 —timi¢

The values of damping and stiffness were taken from Dixon
(1991).
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Modelling software

To create the simulation of chosen technical parameters, we
have used the environment of the CAD/CAM product Matlab®.
Matlab® is a registered trademark of MathWorks, Inc. The
model of suspension of the systemic tool carrier MT8-046
created in this software is shown in Fig. 5. This suspension
model has two inputs — the first one is the obstacle height (road
height), and the second one is horizontal force (acting through
the centre of the wheels) that results from braking or
acceleration manoeuvres. The second input appears only as
a moment about the pitch axis because the longitudinal body
motion is not modelled.

Figure 5 Model of suspension of MT8 — 046

1 — pitch moment My induced by vehicle acceleration, 2 — sum —
adding or subtracting of signals, 3 — gain — multiplying the signal by
the matrix, 4 — integrator, 5 — mux — multiplex scalar or vector signals,
6 — front suspension, 7 — front pitch moment, 8 — front force, 9 — rear
force, 10 — rear pitch moment, 11 — rear suspension, 12 — obstacle
(road height), 13 — ho, 14 — acceleration due to gravity

Model pruZenia MT8 -046

1 —moment My v dosledku akcelerdcie, 2 — s¢itanie a od¢itanie signa-
lov, 3 —gain —ndsobenie signélu s maticou, 4 —integrétor, 5 - zbernica
skalarnych a vektorovych signélov, 6 — predny timi¢, 7 — moment vpre-
du, 8 —reakcia vpredu, 9 - reakcia vzadu, 10 —moment vzadu 11 - zad-
ny timi¢, 12 — prekézka, 13 — hy, 14 — tiaZzové zrychlenie

Obrazok 5

This model includes an independent front and rear vertical
suspension. It shows how simulation can be used to investigate
running characteristics. By using vector algebra blocks we can
implement a full model with six degrees of freedom to perform
axis transformations and force/displacement/velocity calculations.
The front suspension influences the bounce — vertical degree of
freedom according to the following equation:

Frmnt = 2K,(L,9 -2)+ ZCI(LIG - 2) (14)
where:
wone Frear — UpWard force on the body from front/rear suspen-
sion
K. K, - constant of front and rear spring suspension
C,C, - front and rear suspension damping rate
L, L, - horizontal distance from the centre of gravity to
front/rear suspension
0,6 — pitch (rotational) angle and its angular velocity
z,z - vertical displacement and velocity with respect to

the z axis.

The relation for pitch contribution to front suspension is:

Mfront =- Lfront‘ Ffront (15)

(pitch moment due to front suspension).
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Rear suspension can be calculated according to the
following equation:

Frear= '2K,(L,6 + Z) - QCr(L,é + Z)

Mrear =L Frear (1 6)

(pitch moment due to rear suspension).

Forces and moments result in body motion according to
Newton’s second law:

m,Z2 =F, +Fren— Mg

front? re:

I,V,Ve = Mfrant’+Mrear - My (1 7)
where:
m, - body mass
My - pitch moment induced by vehicle acceleration
1 - body moment of inertia about the gravity centre

)24

Results and discussion

We have performed the 2D model simulation in the Matlab®
environment. We simulated chosen parameters of the
technologic vehicle MT8-046, which is known as the systemic
tool carrier designed for working in mountain and foothill areas.
The systemic tool carrier MT8-046 had the front-end rotary
mover SP2-212. The technical parameters of the systemic
machine and tyres are written in Table 1.

0.09 -

0.08k -

o
@
-
al
@

Time, s

Figure 6 Obstacle height
Obrazok 6 Vyska prekazky

Time, s

Figure 7 Velocity in the z axis
Obrazok 7 Rychlost v osi z
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Equations (1) to (12) were derived by using Lagrange’s
equations. Their subsequent simplification gave us Equations
(14) to (17) which were used in model simulation in Matlab®.
The results of suspension model simulation are displayed in
Fig. 6 to 10.

As we can see in Fig. 6, the vehicle encounters the obstacle
in the sixth second of executed simulation. The height of the
obstacle was 0.06 m.

In Fig. 7, there is shown the velocity in the z axis during
simulation. In the sixth second of the time interval, when the
vehicle encounters the obstacle, we observe a change in the
velocity in the z axis. When the vehicle encounters the
obstacle, energy is absorbed into the tyre and into the whole
axle. It depends on tyre damping.

Deviation in the continuances of angular velocity in time,
when the vehicle encounters the obstacle, is depicted in Fig. 8.
We can also see a change which is stabilised after a short time at
a constant value because of tough, unsprung axle of the vehicle,
where damping is absorbed by the tyre and the whole axle.

The vehicle moves on a flat ground. This is illustrated in Fig.
9, with a depicted reaction force at the front wheel. Damping
vanishes due to tough, unsprung axles of the vehicle. The
reaction at the front wheel is linear until the vehicle encounters
the obstacle. After that, we can observe a change in the
reaction force at the front wheel, where the maximum amplitude
is from -4.6 N to 4.6 N. Under the influence of the whole axle
stiffness, oscillation is absorbed, and the reaction stabilises at a
constant value.

The continuance of pitch moment induced by vehicle
acceleration/deceleration is depicted in Fig. 10. In the first
seconds of simulation, the vehicle is starting, and then the
moment is stabilised at a constant value.

0, rad.s
2

0. L L L L L L L s L

Time, s

Figure 8 Angular velocity
Obrazok 8 Uhlovd rychlost

5
%10

o
L

Fion, N

1 1 1 I L 1 I 1 L
o 1 2 3 4 & L 7 L] 9 10

Time, s

Figure 9 Reaction force at the front wheel
Obrazok 9  Reakcia na prednom kolese
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Time, s

Figure 10  Moment due to vehicle acceleration/deceleration
Obrazok 10 Moment v dosledku akcelerdcie/decelerécie

Conclusion

In this contribution, we have used the Matlab® environment, in
which we performed the simulation of chosen parameters of the
agricultural technological vehicle. The chosen type of the
vehicle was the systemic tool carrier MT8-046 with the
front-end rotary mover SP 2-212. During experimental
measurements, we used the tyres of the Terra type with the
profile shown in Fig. 3. The working pressure of the tyre was
80 kPa, tyre stiffness was 357.5 kN.m™, and tyre damping was
2,600 N.s.m™'. Lagrange’s equations were used to derive the
basic motion equations for vehicle motion in the space. The
corresponding relations and expressions are written in
Equations (1) to (12). The system of Equations (1) to (12) was
solved numerically, using the method of Dormand-Prince
ODEA45. We used simplified expressions — Equations (14) to
(17) to perform simulation for the 2D model created in the
Matlab® simulation program. Simulation consists of running on
a flat ground. In the sixth second of simulation, the vehicle
encounters the obstacle. The height of the obstacle was
0.06 m, and the total time of simulation was 10 s. The results of
simulations are shown in Fig. 6 to 10. In these figures, it is
possible to observe that at the time when the vehicle
encounters the obstacle, there are changes in continuances of
simulated parameters. Damping vanishes due to tough,
unsprung axles of the vehicle, and it can be seen that values
are stabilised at constant values after a certain time from the
moment when the vehicle encounters the obstacle.

Sihrn

V prispevku sa zaoberdme moznostami simulacie vybranych
technickych parametrov pofnohospodarskeho technologického
vozidla v prostredi systému Matlab®. Zostavili sme jednoduchy
rovinny model vozidla, ktory je popisany sustavou pohybovych
rovnic, ktoré su odvodené z Lagrangeovych pohybovych rovnic.
Zvolenym polnohospodarskym vozidlom bol systémovy nosi¢
naradia MT8-046 s vpredu nesenou rotacnou Zacou listou SP
2-212. Systémovy nosi¢ je zo série nosiCov MT8, ktoré su urée-
né na vykonavanie prac hlavne v horskych a podhorskych ob-
lastiach. Simulovali sme jazdy vozidla po rovnej podlozke, kde
v Siestej sekunde simulacie vozidlo narazi na prekdzku vysoku
0,06 m. Celkovy &as simulécie bol 10 s. Vysledky, ktoré sme
ziskali simulaciou, su prezentované v grafickej forme.

Klucové slova: matematické modelovanie, model pruZenia,
dynamika vozidla, technologické vozidlo

Veronika VALIKOVA, Marian KUGERA
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Date and venue: 5 November 2012
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Contact, email, website: dektf@uniag.sk; http://www.tf.uniag.sk

The objective of this international scientific conference organised in connection with the 60" anniversary of
establishment of the Slovak University of Agriculture in Nitra and within the European Week of Science was to present
results of scientific research activities of workplaces, creative workers and PhD. students of the Faculty of
Engineering as well as the sharing of experience in the field of technological progress, renewable energy sources and
environmental protection with invited specialists from domestic and foreign institutions.

Contributions and posters were targeted at achieving a higher level of mutual information on running and prepared
research projects. They were focused on Agricultural Engineering, Quality of Products, Production Engineering, and
Transport and Handling Machines.

The output of this conference was the quality assessment of obtained scientific outputs, the actual state of equipment
and research capacities, the level of cooperation with entities from practice, higher education institutions and
research institutes, as well as proposals for further orientations and enhancement of scientific research activities at
individual workplaces of the Faculty of Engineering in the following period.

Also out-of-faculty members of the Scientific Committee of the Faculty of Engineering and invitees delivered their
experience and ideas.

For the Organising Committee: doc. Ing. Stefan Pogran, CSc.
Ing. Katarina Kollarova, PhD.
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