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Conference, of which proceedings you have just opened, is 10" in line
of Diagnostics conferences, which became part of our professional life.

DIAGNOSTIKA '11

follows the traditions of the previous conferences. The main aim of the
conference is to interchange the experiences and to present the results of the
scientific activities of participants. Objective of the conference is to create
environment for creating new, and deepen current contacts of the colleagues
working in the area of diagnostics of electrical appliances, electrical material
science and other fields of electrotechnics.

This conference is priority event of the solved research project of Ministry
of Education, Youth and Sports of Czech Republic, MSM 4977751310 —
DIAGNOSTIC OF INTERACTIVE PROCESSES IN ELECTRICAL
ENGINEERING, solved by our department 7" year.

Conference is traditionally based on the cooperation of our department with
companies working in the area of electrotechnics. This year’s opening section
called ,,Cooperation in research”. Section is focused on presentation of R&D of
following companies: BRUSH SEM s.r.0., Plzen; COGEBI a. s., Tabor; CEPS
a.s., Praha; ETD Transformatory a. s., Plzefi; ORGREZ a.s., Brno; 1.SERVIS-
ENERGO s.r.0., Plzeii; SKODA Electric a.s., Plzeii; VUKI a.s., Bratislava;
technika s.r.o., Praha; Olympus, a.s., Praha; GHV Trading, s.r.0., Praha;
Amedis, s.r.0., Praha; LANGROVA s.r.0, Plzeii.

Printed proceedings contain all accepted papers for this year conference and
have got ISBN 978-80-261-0020-1. All the papers were reviewed by conference
advisory board.

DIAGNOSTIKA 11 1is held in the attractive environment of National Park
Sumava in hotel SUMAVA near Kasperské Hory town. I suppose, that you will
find this lovely place on the “Golden creek” nice and beauty of the Sumava
nature will contribute to the good atmosphere of the conference.

I am hoping that all of you, participants welcomed to the conference
DIAGNOSTIKA "11, will find something interesting in the conference program.
Something interesting, what gain your attention, what will be new, interesting
and inspiring for you in your future activities. I expect this year conference as
creative and friendly as in the last years.

ot
prof. Ing. Vaclav Mentlik, CSc.
Conference Chair
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Diagnosis of whiskers using expert system
Hajek J., Zak P., Tu¢an M., Kudlagéek I. — FEE CTU in Prague

Abstract

Many studies show that if an organization used to solve fundamental problems of analytical tools,
their solution is more efficient. Therefore, these instruments particularly in recent years become very
topical. Expert systems can be used to design solutions to the situation on the basis of observations
and hypotheses, where there is no solution using traditional algorithms. The condition for correct
functioning of an expert system, is entering the correct terms by human expert. In this paper, are
studied in detail the possibility of using expert systems in managing risks associated with the
formation of whiskersin industrial systems. Tin whiskers are electrically conductive thin single crystal
structure of spontaneously growing out of metal surfaces - often tin, cadmium and zinc. \Whiskers pose
a serious risk to the reiability of electrical equipment because of their conditions are not yet fully
specified. That iswhy there is another use of expert systems.

Motivation

Eutectic tin-lead (SnPb) solder has been duringy Itime the primary choice for
assembling electronics due to technological progeert especially low melting point.
However, concern over lead’s and its toxicity haesulted into restriction of its use — ROHS
directive in the EU and similar directives in otloeuntries. Although lead-free electronics is
environmentally friendly there are some difficuftigith their long-term stability — especially
tin whiskers.

Whisker failure modes
In practice, the whiskers can cause particulafdhewing failure modes:

1. Permanent electrical short circuit — a phenomeram accur in electrical circuits with
high impedance and low voltage (current flow doesaause melting and breaking of the
whisker).

2. Temporary short circuit — during the short circeliéctrical circuit’s parameters allow to
achieve the current that causes melting and brgabdrwhiskers. Short-circuit current
depends only on the parameters of the circuit asetlcoirrent protection.

3. Electric Arc — Electrical circuit parameters allowge passage of current, which causes
evaporation of the tin whisker phenomenon aftehartscircuit, and subsequent metal
vapor arc (MVA). Evaporation of the whisker can ®aan arc, which can pass current up
to hundreds of amperes. This electrical arc is lolgpaf maintaining for relatively long
period of time, which is mainly caused by a rele@®® of overcurrent protection and/or
external destructive influences of peripheral congmds (particularly wire mechanical
resistance). In this case, even the fire of equimmean not be excluded. The
extraordinary dangers of the phenomenon represergléctrical equipment operated at
reduced atmospheric pressure, where conditionsnontaining the arc is considerably
more favorable.

4. Whiskers fragments - whiskers loosed from tin layg@an move in the device
uncontrollably so that they can cause random etaettshorts or problems for MEMS.

All of above mentioned events represent directahte the reliability of the device
simply because the detection of whiskers is nopkndue to their small size so it requires
high-quality optical microscope and also some eepee. It is indisputable that in many



cases the so-called unexplained electrical faileees be attributed to in a certain portion to
tin whiskers as the primary cause. In addition,heat these phenomena leads to the
destruction.

Whisker mitigation methods

Long-term resistance of tin whiskers was observedhe deposited layer of eutectic
solder Sn60Pb. You can assume that the admixtuteaof was just a kind of retarder to
minimize mechanical stress in the layer.

The effect of metal underlayer as a whisker inbibwas also studied in this research.
The presence of electrodeposited metal interlagerdnly limited influence. In some cases,
the copper interlayer was used on the base matdrtal bronze. This layer has been proved
as a counterproductive, contrary this layer wasnating growth of tin whiskers. Nickel (Ni)
interlayer has very limited effectiveness, layertof2 + 3um are proving to be very porous so
they do not reduce the possibility of tin whiskexscurrence. It is possible that a further
increase in the thickness of the interlayer of eickould lead to reducing tin whiskers
occurrence.

Whisker
mitigation on
connectors

Are any connectors
with pure tin finish
used?

N No design
change

YES

Process shift
to non-pure YE
tin finish.

Can we use
nickel
underlayer?

Can we use
other
finish?

YE Design
-3 < change )

NO

Design
revision NO
needed.

Can we use
thick layer
of tin?

Can we use
annealing?

YES

Fig. 1: Flowchart diagram of most used mitigatisagbices

Whisker risk mitigation in existing installation

While it is possible to mitigate the risk presentsd whiskers by carefully choosing
technologies and materials, often we do not hawh suluxury available. Especially with
already existing devices and installations, it figm impossible to replace relevant parts. In
such case it is recommended to realize the riskepted by whiskers and to act accordingly.
First step is an optical check, which can be usedaat of standard maintenance procedures
or as an emergency check in case short-circuitsnthown origins start to appear in the
system.
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While whiskers are very thin and thus hard to s@aginaked eye, there are two basic
methods that can present them better. If the whsskee long enough, they can be seen if
shown against a bright background, such as plagiardource. In case this method cannot be
used, there is a chance of detecting them usimghblight source and changing the angle —
under right conditions, even small whiskers carrldpabrilliantly and thus announce their
presence.

Use of small handheld USB microscope is recommenagdt can show more details
than an eye. It also usually comes with its owntligg, so again it allows for changes of
angle and searching for brightly sparkling whiskers
In case whiskers are found in the installation #&nsl impossible to replace parts infested by
whiskers, it is possible to remove them. Utmosecaust be paid to the operation, though, so
that broken whiskers do not fall inside the devi€given part can be removed for cleaning,
it should be. Soft carbon brushes are usually eméoigemove whiskers, and it is advisable to
use a vacuum cleaner to remove all broken parghigkers. If the part cannot be removed,
the vacuum cleaner shall be used in all cases tandtake shall be placed as close to the
brush as possible to catch all breakaway whiskers.

Expert systems in practice

Expert systems have many practical uses. One oé mpossible application could be
using for estimation probability occurrence of wWass dependent on environmental
conditions. It could be application of conditionssdribed above. Expert system is decision
making mechanism based @ssumptions and observations. The assumption is true at
observation with some probability. The differencetvieen expert system and any other
computer program is that expert system has knowledgside a program source. Program is
done only result of observation. Expert system wank with uncertainty (e.g.: guess yes,
yes, don’t know, guess no, no) not only with bindegcision (yes, no). It can also work with
rules which are against self. Weakness of expestiesys is critical dependency of accuracy
knowledge base. In other words, how exactly thesgrerwho inputting knowledge data
(human expert) can define his knowledge, that mebhewsion criteria. An example how
could look a diagram of knowledge base for decisibsolution whisker mitigation is implied
on Fig. 2. It was created from flowchart diagramFog. 1.

Are any connectors with P(yes) =1 Can we use other
pure tin finish used? P(no) =0 finish?

Y

32y
e2l—A
s

Can we use nickel

under layer? \F’{ves} =0
P{no) =1

Can we use thick

layer of tin?
Piyes)=0
\ P{no) =1

Can we use

<Q =N anneling?
\‘12"'“ ~ 9
© @c\
Plyes) =0
P{no) =1
L L4

No design Design revision Process shift to
change needed non-pure tin finish

0

P(yes)
P(no) =1

1
0

P(yes)
P(no)

Design change

Fig. 2: Knowledge diagram



Conclusions

This article attempted to provide a brief overviefivboth current methods of whisker
mitigation and possibilites to use expert systeongHis purpose.

Whiskers represent reliability risk for electronmomponents and devices. Risk
assessment is needed in order to try to avoid tipewth. Expert systems present one
possibility how to make fast decision which solatis the best in a current situation. Use of
expert systems allows the user to avoid the needowofsulting specialists constantly.
Unfortunately, they do not present an absolute aptaee of avoiding the risk. They should,
however, give an additional tool for productionrpiang and problem solving.

In case of major problems caused by this phenomethaigh, it is usually better to
contact specialised research institutions and eyngleir knowledge and laboratory
background. This is accented if any large-scaleskéhi infestation appears even though all
the above mentioned mitigation steps and proceduees taken.
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Diagnostic of printed resinate paste
Hromadka K., Haméaé&ek A., Reboun J., DZugan T., Krpal O. — FEE UWB in Pilsen

Abstract

This paper deals with the diagnostic of conductive patter ns which are made by silver resinate paste on
a ceramic substrate. The aim of this paper isto compare printed patterns quality by various printing
parameters of resinate paste and select an optimum printing method. The quality of the final patternis
dependent on many printing machine parameters like: squeegee speed, squeegee pressure or screen
snap off. Several sets of samples were investigated in order to determine the appropriate printing
method. Each set is different in various patterns preparation parameters. The laser confocal
microscope LEXT OLS3000 from Olympus was used for visual checking and measurements. Next
objective was to measure electrical properties of printed patterns. The resistance of the conductive
paths was measured using Keithley multimeter, the insulation resistance between nearby conductive
patterns (IDE structure) was measured using Keithley electrometer.

Introduction
Screen printing is one of the most common methodsdditive creating of conductive

patterns [1]. The main goal is to create fine d@nd patterns. Thick film pastes usually used
in screen printing contains particles of precioustals of a certain size (usually tens of
microns) [4]. Precision metals normally used foe thick film paste are Ag, Au, Pt. The
screen size must be adapted to these particlespriited patterns dimensions are limited by
a maximal size of paste particles. Disadvantagesstahdard thick film paste can be
eliminated using resinate paste. The resinate pamtsists of an organic material which
contains a small amount of metal atoms in its mdex The main advantage of creating
patterns by the resinate paste is fine patterriipgnvith the thickness belowm. [2,3]

Test samples description

The test board design is proposed for the advatiedilm screen printing experiments
on the ceramic substrate with dimension of 4"x4’heT geometrical and electrical
measurements, adhesion, soldering, bonding andggtasts can be made on the designed test
board. Except this, the board includes the basictfan elements like:

e Horizontal and vertical lines with sharp 90° comefor edge resolution optical
investigation. The ratio of gaps / lines is 1:1eMidth of lines / gaps is 25, 50, 75, 100,
200um. (see Fig. 1)

e Conductive meanders with the active area 4 x 4 mhe width of lines is 50, 100,
200um. The meanders are situated in vertical and hot&alirection of printing. (see
Fig. 2)

e Interdigital electrodes (IDE) with gap / line ratial. The active area of IDE is 4 x 4 mm.
The lines / gaps width is 50, 100 and 2@®. The IDE are situated in vertical and
horizontal direction of printing. (see Fig. 3)

e Lines with constant number of squares are placedr@a 4. The number of squares is
7500. The width of lines is 25, 50, 100, and 28Q (see Fig. 4)

13
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Fig. 4: Lines with constant number of squares

Samples preparation
The test patterns were printed by a screen primtiaghine (Tab. 1) using silver resinate

paste on the ceramic substrate. The different patens of the printing were used. The
selected parameters of the screen printing maarmshown in Tab. 2.

Table 1: Screen printing process description

Printing machine: DEK Galaxy
Screen type: 325/24/45
Ambient temperature: 24,7 °C
Humidity: 30 %RH
Clean room level: 100000

Table 2: Printing parameters

Squeegee pressure (kg): 2-8
Snap off (mm): 1-2
Squeegee speed (mm / s): 10-50

At least 3 prints were printed for each combinatafrset parameters. The third print
represents steady process of printing and nextspshow similar results. The third sets of
print were used for drying, firing and testing. Tivented test boards were dried for at 90 °C
for 15 minutes and fired at 850 °C (peak) for 70-riiinutes with a total time of the firing
cycle at least 60 minutes.

14



Print diagnostic

The laser confocal microscope LEXT OLS3000 from r@ys was used for visual
checking and measurements. Pictures were scantiedh@imagnification of 120 times in the
colour mode. The best and the worst results bedack after firing are shown in Fig. 5 and
Fig. 6.

The investigation shows that the higher squeegesspre causes wider printing lines
but the minimal pressure level must be at leasyy.2Tke higher speed and higher snap off
cause narrower printed lines.

Fig. 5he wrst and the best print befe fies /as ith 100m)

Fi. : T rst and the best print after firiigds / gaps widt Oﬂm)

The Keithley 2700 multimeter was used for the eieat measuring of the conductive
meanders and lines with constant number of squteithley 6517A electrometer / high
resistance meter was used for electrical measwingDE. Conductive paths are short-
circuited for the width of the paths pn. Also IDE are short-circuited for the width 1Q6n.
These conductive patterns were not measured. Térage values are shown in Tab. 3.

Table 3: Average values of conductive patterns

Lines with constant
IDE Conductive meanders number of 7500
squares
L'”[eu"r;’l']dth 200 200 | 200/ 200 100  10( 200 100
Orientation I P I P I P I I
R [Q] 1,13@&2 | 1,15@X2 | 22,7 | 25.9| 89,6 69.3 126 202

l...lines in the direction of printing
P...lines perpendicular to the direction of prigtin

15



Conclusion

The optical and electrical testing shows that iasieg of squeegee pressure has
negative impact on the printed width of lines. Thigher pressure causes wider printed lines.
The minimal level of the squeegee pressure is A kgier pressures cause that the printed
lines are intermitted. The increasing of squeegm®ed has positive impact on the printed
width of lines. The higher speed causes narrowietgat lines. Increasing of the snap off has
slightly positive impact on the printed width ohdis. The higher snap off causes narrower
printed lines. The average insulation resistancenteirdigital electrodes with 200m gaps
width is 1,1 ). The average resistances of conductive meandénr2@@um lines width are
25Q and 80 for 100um lines width. The average resistances of linek W&00 squares are
126 Q for 200um lines width and 202 for 100um lines width. Next work in this area will
be focused on fine line printing of conductive pats with lines width bellow 100m.
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Lifetime vibration test of electronic parts
Hruby J., Tureéek O. — FEE UWB in Pilsen

Abstract

This paper deals with the lifetime vibration test preparation of THT electronic parts. The specification
of this test comes from Czech technical standards and from customer’s requirements. The swept
sinusoidal signal was used for this test instead of testing only on each resonant frequency (sinusoidal
dwell vibration test on resonant frequencies). Frequency correction was made according to the
measured data.

Introduction

The vibration tests are generally used for determination of mechanical resistance of the
tested samples and they should simulate dynamical mechanical stresses during the regular use
and during the transport. This testing method was created for testing of new produced
electronic parts. The specification of the vibration test comes from recommendation of Czech
technical standards (CSN EN 60068 - 2 - 6 [1] and CSN EN 60068 - 2 — 47 [2]) and from
customer’s requirements. The customer sets the following test conditions: number of
dynamical stress cycle, temperature, humidity, maximum level of magnetic field interference,
the position of the samples (in which axes inflicts the vibrations the sample) and the kind of
testing signal (vibrations amplitude and frequency range).

Description of testing method
Testing samples were mounted on the shaker with help of the aluminium fixture. This
material is better than steel, because the internal mechanical damping is higher than in the
steel and the propagation speed of the vibration is slower. These attributes reduce the
formation of self-oscillation of the fixture. The maximum size of the fixture must be smaller
than the quarter of minimum wavelength of the vibrations.
Vv A Vv

A=—; I<= = I<
4 4. f

max max

1)

It is very important to consider the geometrical structure of the fixture (it must be
sufficiently tough) and the placement of the accelerometer (for vibration measurement and
control).

According to the specification, the swept sinusoidal signal was used for vibration test.
The speed that a Sine wave can change in frequency is defined by a Sweep Rate (SR). The
logarithmic sweep rate is used instead of linear, because then is guaranteed uniform vibration
stresses (the same number of reversals cycles is on each frequency). The frequency is then
changing exponentially. (2)

f(t): fmin : ekt (2)
If the bandwidth (fmin and frax) and the sweep rate SR [oct/min] are known, it is possible
to estimate the number of reversal cycles during one sweeping cycle (fmin— fmax — fmin ), (3).

N _ (P = Ty ) -120 [, Hz,min/oct] ©)
log.(2)-SR
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a(t)=a,, sin(ft-e™)  wheret<—

N

(4)

a(t)=a,, sin(f, t-e®)  wheret>—

N | —

min

Where T is period of sweeping cycle and constant k corresponds to equation (1). On the
basis of previous equation, the audio file in *.wav format was generated with following
parameters: length of 11 min 18 s with sweep rate of 1 Oct./min and bandwidth from 10 Hz to
500 Hz (up and down).

Measurement

After fitting the fixture with testing samples on the shaker, the frequency response must
be checked, whether the amplitudes of acceleration are constant as the electrical control
signal. The curve shape of the acceleration can be affected by the own frequency
characteristic of the shaker, free oscillation of the fixture or by the frequency characteristic of
the amplifier. The frequency characteristic of acceleration in third octave bands is shown in
Fig. 1.
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Fig. 1: Acceleration dependence on frequency before equalization
The equalization of control signal (*.wav file) was accomplished according to

characteristic in Fig. 1. The final frequency characteristic is shown in Fig. 2 and the
equalization was made with help of software parametric equalizer.
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Fig. 2: Acceleration dependence on frequency after equalization

Conclusions

The main goal of this test method is to simulate the expected dynamical vibration
stresses of the electronic parts considering the expected lifetime period. The electrical
parameters of new produced parts were also tested.
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Magnetodielectric anisotropy in magnetic fluids in temperature interval
from 20 °C to 80 °C

Marton K., Cimbala R., Kolcunova L., Kiraly J. — FEEI TU in KoSice; Tomc¢o L. — FA
TU in KoSice; Timko M., Kopcansky P., Moléan, M. — IEP SAS KoSice

Abstract

Substitution of transformer oil as insulator medium by magnetic fluid in transformers requires
observation of electric properties of magnetic fluids at temperatures higher than 20 °C. That’s why
important physical quantities were measured at temperature in interval from 20 °C to 80 °C. The
magnetodielectric anisotropy was studied at the same temperature region. Two important quantities
have been measured. specific electric conductivity and dielectric breakdown strength of magnetic
Sfluids at volume concentrations from 0,185 % to 2 %. So the behavior of magnetic fluids as insulator
medium could be observed at working conditions of transformers.

Introduction

The application of magnetic fluids as insulator medium in transformers of high voltage
has not been done sufficiently deep so far. The structure of magnetic fluids themselves shows
that magnetic fluids are complex material consisting of three components: nonpolar
component — inhibited transformer oil as carrier liquid, polar component — oleic acid as
surfactant and solid magnetite nanoparticles of average diameter 10 nm. The still completed
measurements of electric properties have showed fair-sized differences of observed fluid
particularly when observed medium is placed into combined electric and magnetic fields at
two different orientations of used fields (E||H, E_LH).

The goal of this work was observation of magnetodielecric anisotropy of both dielectric
breakdown strength (Es) and specific electric conductivity [1] of magnetic fluids based on
transformer oil and observation temperature dependences of important quantities
characterizing electric properties of magnetic fluids. The experiments have proved the
presence of electrophoretic conductivity in magnetic fluids, too.

Theory
Complex physico-chemical character of the magnetic fluids requires investigation of
their properties:
* in DC and AC electric fields,
* in weak (below 10°V.m™") and strong electric fields (above 10’ V.m™),
* in "clean" - nonpolar insulating liquids, in polar liquids with surfactant and in
pigmented liquids by colloidal nanoparticles.
Based on the elementary Ohm's law in differential form di=y(E)dE | after a detailed
analysis we get this equation:

6 kT kT ) M
where b; is the ion mobility, that is also exponentially dependent on temperature 7 and it can
be expressed as:

v, 2 -w
5o ) @
where 8 is the distance of potential holes, v is the frequency (eg. 10'2-10" s™") and W, is the
activation energy.

b

exp (
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The coefficient b; in mineral oils, when weak electric fields are applied, reaches value of
10®*m”s".V"! and in strong fields it increases to 107 m*.s™".V™' (mobility of negatively charged
ions). When DC field (voltage) is applied on a magnetic fluid containing nanometer sized
particles of ferrites then it is expected that electrophoretic conductivity occurs in the inter-
electrode space, which is defined as follows:

2
e rny
= 3)
7=E 6y
where § is the electrokinetic potential, # is the dynamic viscosity, ¢ is the electric
permittivity and r is the particle radius. Electrical conductivity of liquid insulating material is

often associated with the viscosity # of the liquid, that is dependent on temperature, which can
be expressed as:

6kT W,
=3, exp () )
The equation (4) is a part of Walden's law that is applicable on nonpolar (or weakly-
polar) liquid insulators in the form:
y §=const. (5)
Relationship between the specific electrical conductivity and electrical stability can be
found from modelling of heat transition, when we come out from the model of a dielectric
(insulator) placed between two plane parallel electrodes. After creation of differential
equations that corresponds to balance state of energy, we get the equation [3]:
ar
_ ig |
where 4 is the coefficient of thermal conductivity of dielectric material (oil), y is the
equivalent conductivity of liquid media. The maximum intensity of electric field at a
generated temperature can be reached by another solution of the differential equation (6).

dr
z+dz +2‘E|z=yE2dZ (6)

Experiment and results

The specific conductivity measurements have been carried out with help of closed small
container that was armed with permanent magnets that were source of homogeneous magnetic
fields of value from 0 to 40 mT with possibility to change orientation of electric and magnetic
fields (E||H, ELH). The comparing of voltage decrement on measured resistor (magnetic
fluid) with normal resistor on base of Ohm’s law was used for determination of specific
conductivity. The experimental set up is illustrated in fig.1 [1].

Thermal proprammses

Eloittwmicter |

PRINT

Fig. 1: Experimental set up for specific conductivity measurements
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The experiments have been carried out with magnetic fluids of volume concentration of
magnetite particles from 0,185 % to 2 % at DC voltage from 200 V to 1000 V. The course of
dependencies y = f{T) with U as parameter showed the validity of equation (1). The
magnetodielectric anisotropy was more distinct at higher values of voltage.
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Fig. 2: The dependencies of specific conductivity on temperature at voltage of 200 V

The measurements of dielectric breakdown strength, i.e. dielectric stability of magnetic
fluids were carried out on the base on the STN norm. The sample of magnetic fluids was
placed into small container that was armed by Rogowski’s electrodes and permanent magnets
(NdFeB). Magnetic fluids temperature was controlled by ultra thermostat.

AC and DC
voltage source
Eleectrode
ol
P | [
Inductive probe i :l"' = E
— iy _Illl_ . | lll.]
Magnetic faid |
E Illlf
TMG | 100MG |

Digital oscilloscope

Permanent magnet

Fig. 3: Experimental set up for dielectric breakdown strength measurements [4]

Electric field intensities were higher than 107 V.m™, i.e. experiments were carried out in
strong electric field. The course of dependencies in fig.4 corresponds to the same dependency
for pure mineral oil that contains small amount of water (0,02 %) at low temperature. Water at
higher temperature changes from state of emulsion solution to molecular state and so
dielectric breakdown strength reaches lower values. This decrease is caused by increasing of
magnetic fluid conductivity. The observed maximum of dependency at perpendicular
orientation of magnetic and electric fields shifts to lower temperatures.
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Conclusions

It is interesting that on dependencies of conductivity on temperatures at various volume
concentrations (mainly at higher values) of magnetite particles in magnetic fluids could be
observed stair-like formations that were loaded down on exponential dependency of specific
conductivity for observed medium. It could be assumed that observed formation are caused by
arrangement effect of magnetite particles in magnetic fluids that is dependent on temperature.
This hypothesis is supported by courses of specific conductivity dependencies on
temperatures in magnetic fluids that have been measured at constant voltage of 100 V, during
200 sec at given temperatures.
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A new approach in partial discharge activity: Observing of the consecutive
pulses

Mraz P., Mentlik V., Pihera, J. - FEE UWB in Pilsen

Abstract

This paper describes a new view on partial discharge (PD) activity phenomenon. PD activity is
attended with a formation of the local space charge, especially in solid dielectrics like composite
insulating materials of rotating machines. It caused the change of the local field near the defect and
subsequent origin of PD activity. It means that the inception conditions for the consecutive discharge
were changed. A new diagnostic method called pulse sequence analysis considers the issue of
consecutive pulses and offer better view into the problematic of PD activity. The paper describes the
main principles of this method and the first experience with it.

Introduction

Nowadays the consumption of electrical energy increases all around the world. Because
of that it is very important to focus to the machines, which produces this kind of energy.
There are a lot of parameters which should be study and improve e.g. efficiency and
reliability. Diagnostic of electrical rotating (motors, generators) and non-rotating
(transformers, chokes) machines is well-known and using tool for determining the machine
state and condition. It is necessary to aim effort to the reliability these machines, which can
cause enormous financial losses and big problems in infrastructure function of state,
respectively all society if they stop working.

One of the very important diagnostic parameter is partial discharge (PD) activity
detection in insulating system of machines. Of course also in electro technical field the well-
known rule hold true - the system is reliable only as much as its weakest part. In case of
electrical rotating machines was find out that the weakest segment (in the reliability point of
view) is insulating system of stator. Question is why even we should deal with partial
discharge activity. History of PD investigation goes up to 1930s. However the important turn
arose at 1960s, when the fundamental change came in the insulating system of rotating
machines. Up to these days the compact tar insulating systems were used. But of course they
had several disadvantages e.g. moistening and low resistance to the higher temperatures.
When the new composite thermoset isolations based on epoxy polyesters come, the electrical
strength arises. However the new problem occurred. This problem is just partial discharge
activity. In case of tar mixtures the stator bars were filled perfectly. So the system was
perfectly compact and homogenous. Composite insulations are lighter and have higher
electrical strength, but despite modern technological processes it is almost impossible to
produce them without any air voids or nonuniformities in the structure of the material. These
cavities are source of partial discharges, which has negative impact on the lifetime of
insulating materials. The main problem is caused by the slot discharges, up to that times
unknown problem.

Detection and evaluation of PD activity helps during the designing new segments of
electrical machines (primarily insulating systems), but also it is suitable diagnostic tool
helping to determinate current state of the machine. Thanks to the PD detection it is possible
to prevent destructive changes in the machines and plan lay-offs and regular maintenance of
the machines.
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Partial Discharge activity evaluation

Nowadays there is no problem with detection of the PD activity. Measuring apparatus
are high sophisticated and sensitive and they are able to relatively good and precisely record
partial discharges. However current problem is evaluation of PD, in another words problem is
the right physically and logical interpretation of measured results.

Today there are evaluating some accumulation data captured during the long-term
measurements. These data have usual big statistical scatter. For example the values of
apparent charge fluctuate from tens to hundreds of pico-coulombs (pC). To evaluate these
data there are usually made some statistical operations, when the part of the measured data is
often left out — data are declared like statistical remote or they are deleted like the mistake of
measurement.

Because of this the very important information can be lost and the behaviour of partial
discharges is not able to be described in the right way and with sufficient quality. The pulse
sequence analysis offers the better view into the mechanism and influence of consecutive
pulses and tries to solve the problem mention above.

Nature of pulse sequence analysis

Because of the local overstress in the specific location of insulation, the partial
discharges occur. In this location arise an increasing accumulation of electrical charge. It
causes the change of the local field around the place. Because of that it is very probable that
just this location has a big influence to the follow discharge. The local space charge of the
previous pulse, which remains close to this location, influences the inception conditions of
consecutive pulses. Due to that it is not possible to evaluate only single pulses independently,
but it is necessary to take advance its mutual correlation.

Method pulse sequence analysis (PSA) evaluates the changes of the local field and its
space charge. Conventional parameters for evaluation of PD activity are apparent charge q,
count of pulses n and the range of phase angles between 0° and 360°. The well-known ®-q
and ®-qg-n diagrams are done. Against this, PSA method operates with the voltage change,
which occurs between the current and next discharge pulse, because the corresponding change
of the local electric field at the discharge site determines the ignition of the next pulse.

First experience with PSA method

There were done several measurements on the basic partial discharge arrangements to
see the behaviour of the PSA method. Test arrangements used for experimental measurement
of partial discharges are shown in table 1.

Table 1: Test arrangements

Corona g Gliding discharge 4
Needle plane with il ~
insulating material |
g e
Corona ﬂ]" ‘ . Internal discharge I
Needle-sphere L | ”
— ‘ :.' _"_\‘nw\auun
V= ]
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Figure 1 shows the PSA diagram of internal partial discharges. There are obvious strong
symmetrical triangles in the 1% and 3 quadrant. Needle-sphere arrangements shown in figure
2 obviously different PSA spread. In the 3™ quadrant is square which turns to the triangle and
in the 1% quadrant there is virtual triangle with two cathetus and no hypotenuse. Its specific
shape of PSA diagram, which can be seen in the figure 3 has also corona represented by
needle-insulating plane arrangement. It is typical with the square in the 1% quadrant and the
triangle in the 3" quadrant. Finally figure 4 describes the PSA diagram for gliding discharges.
There are two symmetrical shapes according to the axis y and also two cluster of points on the
axis X.
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Fig. 1: Internal partial discharges (20 kV)
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Fig. 2: Needle-sphere arrangement (5 kV)
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Fig. 3: Needle-insulating plane arrangement (8,87 kV)
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Fig. 4: Gliding discharge arrangement (9,31 kV)
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Conclusions

This paper describes a view on a new partial discharge evaluation method. The aim of
the paper was not to deeply explain the nature and principles of the pulse sequence analysis,
which deals with consecutive pulses, but only evoke the discussion about this relatively new
method and shown its basic principles and first experiences with the measurements using the
beta software of the PD measuring system PD SMART from Doble Lemke. It is necessary to
better understand of the principles of the PSA method and its evaluation. This will be the goal
of the next work. Next experiments will show if this method is suitable for the future
evaluation of PD activity. There was not a lot written and done in the middle and east Europe
about this method until now. This method looks interesting and meaningful so it is a pity to
ignore it.
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Weibull statistic in material diagnostics
Pihera J., Kupka L., Mraz. P, Sirii¢ek, M. —- FEE UWB in Pilsen

Abstract

This paper is focused on statistic behavior of thermally aged resin rich mica tapes, which are utilized
as a part of insulation system of large rotating machines like turbo or hydro generators. The first
tested specimen was mica composite material based on glass fibre and epoxy resin and the second one
was composite based on PET and epoxy resin as well.

For accelerating the aging process different temperature values (170 - 186°C) were chosen. The aging
time was determined for each temperature value. Specimens of tested material were performed and
cured as flat plate 100% 100 mm.

Introduction

The operational lifetime of electrical machines is primary influenced by the insulation
system quality. The operational lifetime of electrical insulating system is commonly
determined, estimated and predicted in terms of accelerated laboratory aging of tested
insulating materials. Accelerated aging could be applied as single factor aging like thermal or
electrical aging or multiple factor aging as well. During the multiple factor aging all factors
take effect together in the same time. Degradation of an insulation system occurs during the
accelerated aging. The degradation is related to the physical and chemical changes within
material structure. These changes are consequently detectable with physical or chemical test
methods.

The investigated mica resin rich composite based on glass fibre and epoxy resin was
thermally aged and the changes of its physical- and chemical properties were measured during
accelerated aging using the breakdown voltage measurement.

Breakdown voltage measurement

Breakdown voltage was measured according to the IEC 60243-1 [2]. The breakdown
occurs between 10 and 20 second after the moment the voltage was applied and linearly
increased. The breakdown was detected by a breakdown detector and the value of voltage was
stored. For each value of selected aging temperature and time 7 specimens were tested.

Weibull probability paper

In characterizing the distribution of life lengths or failure times of certain devices one
often employs the Weibull distribution. This is mainly due to its weakest link properties, but
other reasons are its increasing failure rate with device age and the variety of distribution
shapes that the Weibull density offers. The increasing failure rate accounts to some extent for
fatigue failures. Weibull plotting is a graphical method for informally checking on the
assumption of the Weibull distribution model and also for estimating the two Weibull
parameters. The method of Weibull plotting is explained and illustrated here only for
complete and type Il censored samples of failure times. In the latter case only the r lowest
lifetimes of a sample of size n are observed. This data scenario is useful when n items (e.g.,
ball bearings) are simultaneously put on test in a common test bed and cycled until the first r
fail, where r is a specified integer 2 < r <n. The requirement r > 2 is needed at a minimum in
order to get some sense of spread in the lifetime data, or in order to fit a line in the Weibull
probability plot, since there are an infinite number of lines through a single point. The case
r = n leads back to the complete sample situation. Other types of censoring (right censoring,
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interval censoring) are not considered here, although they could also benefit from using
Weibull probability paper.

It is assumed that the two-parameter Weibull distribution is a reasonable model for
describing the variability in the failure time data. If T represents the generic failure time of a
device, then the Weibull distribution function of T is given by:

R (t)=P(T st)zl—exp[—BD for t 0. @

The parameter « is called the scale parameter or characteristic life. The latter term is
motivated by the property Fr (o) = 1—exp(—1) = .632, regardless of the shape parameter }.
There are many ways for estimating the parameters « and f. One of the simplest is through the
method of Weibull plotting, which used to be very popular due to its simplicity, graphical
appeal, and its informal check on the Weibull model assumption. Such plotting and the
accompanying calculations could all be done by hand for small to moderately sized samples.
The availability of software and fast computing has changed all that. Thus this note is mainly
a link to the past.

The basic idea behind Weibull plotting is the relationship between the p-quantiles t, of
the Weibull distribution and p for 0 < p < 1. The p-quantile t, is defined by the following

property:
B
p=F(t,)=P(T Stp)—l—exp(—{t—p} }

o

, )
which leads to:
t, = 0‘[_ |Oge(1— p)]l/ﬁ 1 ©)
or taking decimal logs® on both sides:
1
Yy =log(t, )=10g;5(e) + - logo[- log, (1- p)}
p (4)

Thus logso(tp), when plotted against w(p) = logio [~loge (1 — p)] should follow a straight
line pattern with intercept a = logio(e) and slope b = 1/8. Thus a = 10% and g = 1/b. Plotting
w(p) against y, = logio(ty), as is usually done in a Weibull plot, one should see the following

linear relationship:
w(p)= ﬂlloglo(tp)_ Ioglo(a)J’ (5)
with slope B = # and intercept A = — logig(e). Thus =B and o = 10*%.

In place of the unknown logio-quantiles logio(t,) one uses the corresponding sample
quantiles. For a complete sample, T;. . .T,, these are obtained by ordering these T; from
smallest to largest to get T(1y <. .. < T and then associate with p; = (i — 0.5)/n the p;-quantile
estimate or i™ sample quantile T()- These sample quantiles tend to vary around the respective
population quantiles ty. For large sample sample sizes and for p; = (i — 0.5)/n = p with
0 < p < 1 this variation diminishes (i.e., the sample quantile T converges to t, in a sense not
made precise here). For p; close to 0 or 1 the sample quantiles Tg may still exhibit high
variability even in large samples. Thus one has to be careful in interpreting extreme sample
values in Weibull plots.

The idea of Weibull plotting for a complete sample is to plot
w(pi) = logio [~loge (1 — pi)] against logio(T(). Due to the variation of the T around t,; one
should, according to equation (5), then see a roughly linear pattern. The quality of this linear
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pattern should give us some indication whether the assumed Weibull model is reasonable or
not. For small samples such “linear” pattern can be quite ragged, even when the samples
come from a Weibull distribution. Thus one should not read too much into apparent
deviations from linearity. A formal test of fit is the more prudent way to proceed.

For type Il censored samples, where we only have the r lowest values Ty <. .. < T,

one simply plots only wy; against log:o(Tq) fori=1,...,r, i.e, the censored values are not
shown. They make their presence felt only through the denominator n in p; = (i — 0.5)/n.
This Weibull plotting is facilitated by Weibull probability paper with a logie-transformed
abscissa with untransformed labels and a transformed ordinate scale given by w(p) = logio
[—loge(1 — p)] with labels in terms of p. Sometimes this scale is labeled in percent (i.e., in
terms of 100p%). Three blank specimens of such Weibull probability paper are given at the
end of this note. They distinguish themselves by the number of logio cycles (1, 2, or 3) that
are provided on the abscissa in order to simultaneously accommodate 1, 2, or 3 orders of
magnitude.

For each plotting point (log:o(T),w(pi)) one locates or interpolates the label value of
T() on the abscissa and the label value p; on the ordinate, i.e., there is no need for the user to
perform the transformations logio(T ) and w(p;) = logio [~loge (1 — pi)].

Results
Breakdown Voltage Measurement

When the Weibull probability paper is constructed from the breakdown data the
differences are more evident as shown in Fig. 1. These pictures are built according to Weibull
probability with dependence on aging temperature.
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Fig. 1: Weibull Probability a) Glass; b) PETP

It is also possible to construct the probability paper with y-axis based on normal scale
values (the example for Glass is shown in Fig. 2). At this case all plots have not straight lines
except non-aged state. The lines profiles in this figure prove that the behavior of thermally
aged materials has attributes by Weibull distribution.

Conclusions

Besides the significant difference of median values the breakdown behaviour at the
given aging temperature values is different for investigated materials. In case of PET the
dispersion of measured values is smaller at the lowest temperature (170°C and 178°C) and
increases with higher temperature values (Fig.1b). These lines are also steeper than lines for
higher temperature (186°C and 194°C).
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In opposition to that for Glass fibre material the dispersion of the measured values is the

highest at the lowest temperature (Fig.1a). There is no significant dependence between
temperature and steepness of this material. That behaviour shows that during the thermal
aging process some different structural changes occur. For a more detailed explanation of the
described process a further investigation seems to be necessary.
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Electronic inductive probe for generator diagnostics
Pihera J., Svarny, J. - FEE UWB in Pilsen

Abstract

When the partial discharge within insulation system of generator stator occurs, there are several
methods to detect the signal of such dangerous discharge. First the global method detecting discharge
current impulse and second the method based on detecting the electro-magnetic energy emitted by
discharge. The indirect measuring of current discharge using inductive probe is described in this
paper. This method uses inductive probe which output is analyzed by digital oscilloscope technique
and software specially developed to partial discharge detailed analysis.

Instead of common global test there is necessary to use special localization method, as described
above, for analyzing the ratio of partial discharge activity within particular stator slot of electrical
rotating generator and its stator slots respectively.

Method of inductive probe in differential setup is very useful for this diagnostics of rotating machines

Introduction

Localization methods of partial discharges are useful for detailed survey of generator
condition diagnostics during it’s technical life. The localization method is thus necessary to be
implemented into common global partial discharge testing methods.

There exist several localization methods developed during last years which are used to
detect partial discharges in slots of generators. These on-line methods of partial discharge
detection are based on antenna type coupler (slot coupler) [1,2,3]. The disadvantage of slot
coupler is in necessity of built-up a coupler into the slot during manufacturing process. This
brings the problems during insulation system design and winding application technology and
of course another part, of serial-parallel reliability model of the generator, which could be
damaged and consequently break the engine.

The method of rotating inductive probe is based on off-line measurements of partial
discharges. It brings very detailed information about conditions from partial discharge point
of view of particular slot of electric generator and its stator respectively.

This probe is connected with device of precise rotation movement control. The
mechanism of measurement is described as indirect electrical method of partial discharge
diagnostics and is useful for localization of damaged bar or slot and its insulation system
respectively within stator winding of generators.

Basic principle of this method is based on inductive probe with ferrite core of “C” shape
[4,5]. The dimensions of core are equal to dimensions of slot width because if the core of
probe is directly above the slot the magnetic circuit of current transformer is built. There are
pulses in the secondary winding of this current transformer which corresponds to the partial
discharge activity of particular slot.

The method is based on two current transformers (each on one side of stator of
generator) which are in differential mode of connection. This setup eliminates disturbances
from ambient sources and amplifies the partial discharge pulses within the stator, particular
slot respectively.

Each slot of generator is investigated as the probe rotates in the stator. The results are in
the comparative method of diagnostics because the probe output is in mV scales. Therefore
there is not necessary (even impossible) to make the calibration of apparent charge q (pC)
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Inductive probe parameters

The meaning of the probe is to sense the response of a partial discharge, to amplify the
signal and transmit it over coaxial cable towards a measuring instrument (i.e. a broadband
oscilloscope for instance).

Some general requirements regard to the features of the probe was necessary to fulfil
during the design of the appliance:

a) Sensitivity: The signal to be measured is relatively week and should be amplified before
it is sent to oscilloscope. Otherwise, there is a danger of signal deterioration due to
electromagnetic interference and high level of noise. Experimentally, there was found
that satisfactory gain should be 10 or more.

b) Immunity to electromagnetic interference: In the application the probe will be exposed
to a broadband interference covering whole the frequency range from 50 Hz up to radio
broadcasting. That is why a great deal of attention should be paid to selectivity of the
device and proper shielding.

¢) Transmission over coaxial cable: The probe should be connected to the oscilloscope
using standard 50 Q cable. It supposes proper impedance matching at the side of the
probe output and at the side of the oscilloscope input as well. The high impedance
oscilloscope input (1MQ//20pF) can be matched simply using a broadband 50 Q
terminator. In case of the probe the matching of the output is a matter of circuit design.

d) Compact and lightweight implementation: The probe will be attached to the end of
rotating arm driven by stepper. That is why the weight of the probe should be as low as
possible. For easy installation the probe must be compact i.e. sensing coil and amplifier
must form integral unit.
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Fig.1. The circuit diagram of the probe

Generally, the probe is formed by an inductive sensor (sensing coil) equipped with a
high-impedance buffer and a line amplifier. The circuit is based on a broadband, ultra low
noise amplifier OPA847 [7]. The amplifier is powered by a non-symmetrical power supply
and works in non-inverting regime. The gain of the amplifier is set (by R8, R9 feedback
network) to 20. Because of very low output impedance of OPA847 it is possible to adjust the
output impedance matching by single serial resistor R10 of 47 Q. The value matches
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approximate value of the cable impedance. Unfortunately, the impedance matching is made at
the expense of additional power loses. The amplifier must drive not only 50 Q load of
transmission cable but also load of matching resistor. Consequently, the real gain observed at
the end of the cable is only 10. Stage U1 is AC coupled at its input and output as well (see C4,
C7). Low frequency cut-off is set by C7, R8 network.

The DC bias of the U1 stage is set by R6 and R7 resistors. Due to not-negligible input
currents of OPA847 the resistances of R6 and R7 must be relatively low. That applies for R8
and R9 values as well. Unhappily, it results in a low input impedance of the stage that
prevents direct connection to sensing coil. In order to achieve high impedance input of the
circuit the T1 transistor BF245B (N-channel FET) is used there at a first stage. Transistor T2,
2N3906 type, serves as a buffer driving the input of the U1 stage.

The sensing coil is wound on one-half of a toroid ferrite core. The middle diameter of
core is 30 mm. An inductance of the coil together with stray capacitance of the input of the
amplifier (around 5 pF) form resonance circuit. A number of turns necessary for optimal
performance of the probe were adjusted experimentally. The appliance was tested using a
turbo-alternator stator prototype and a calibrating pulse generator. The most powerful
response was received in case of tuning of resonance circuit to approximately 6.1 MHz. The
high-frequency cut-off of the U1 stage was additionally limited to around 30 MHz using C9
capacitor.

The sensing coil and the amplifying circuit form a compact unit. The whole appliance
was implemented on a single printed circuit board (40x65 mm). The unit is shielded by a tin-
plated steel box. The output (BNC) connector, the power input connector and the power LED
can be found at the rear panel of the probe. The probe is powered by external 9V battery.

M

ore.
(1of2)

Delete

Fig.2. The probe implementation Fig.3. Probe response to the
calibration signal

Conclusions

The device for partial discharge measurement and detailed analysis of the stator
winding partial discharge behavior bring to the technical diagnostics of rotating machines
modern and enhanced view to the evaluation of measured data and estimation of lifetime. The
precision localization of partial discharge source within generator winding and the
localization of damaged bars is very important for generator lifetime estimation and for repair
planning.
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Described method of partial discharge localization and identification using inductive

rotating probe is very powerful tool for service and maintenance of electrical rotating
machines and bring saves and safeness for generator owners.
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Change of dielectric parameters of low voltage cables within the thermal
and ionizing radiation degradations

Prochazka R., Ullman J., Hlavacek J. — FEE CTU in Prague

Abstract

The paper deals with measurements of degradation processes on low voltage cables which have
important role in supplying of control circuit in nuclear power stations. Two degradation processes
are taking into account the thermal degradation and ionizing radiation. Current practice is based on
application of mechanical tests which shows relatively good results and on their basis is possible to
evaluate the cable condition in the long-term. The main disadvantage is then needs of storing and
taking of samples of all used types of cables in the areas of nuclear reactor. It would be preferable to
use an electrical methods and change of dielectric parameters within the aging when is possible the
individual measurements perform on-site by nondestructive way directly on used cable sets.

Introduction

The low voltage cables have important role under the nuclear power plants conditions.
They primarily serve as cables for supplying of control circuits and they are characterized by
low frequency of operation. So they are not in continuous operation and they should ensure
supplying of control circuits in case of nonstandard operations (accidents) when they cannot
fail. Like any electrical equipment, those cables are exposed to degradation processes which
change electrical parameters of used insulation systems. The main degradation process is
thermal aging. In case of above mentioned control cables may not be a source of heat only the
current flow but also increased temperature of environment in which the cables are stored or
partly increased temperature around various steam-water pipe lines in a nuclear reactor. As
another important degradation factor which can be taking into account under the nuclear
power station conditions is influence of ionizing radiation when the control cables are long-
term exposed to increased level of radiation.

Due to above mentioned facts it is necessary to determined (estimate) the state of
insulation systems of cable sets or try to determine residual life time. Current practice is based
on application of mechanical tests which shows relatively good results and on their basis is
possible to evaluate the cable condition in the long-term. The main disadvantage is then of
course needs of storing and taking of samples of all used types of cables in the areas of
nuclear reactor. It would be preferable to use an electrical methods and change of dielectric
parameters within the aging when is possible the individual measurements perform on-site by
nondestructive way, directly on used cable sets. The influence of degradation processes on
some dielectric parameters of insulation systems was observed within the artificial aging by
using laboratory equipment of company UJV Rez, a.s. The results from measurements are
listed below.

Thermal Aging
The main degradation process under consideration is the aging caused by temperature
increasing be the cause current flow or increased temperature of environment in which the
cable is placed. To assess this degradation is most commonly used the Arrhenius model which
expresses the dependence of physical properties on change of temperature
E
((jj—I::—A-eRT-f(P) , (1)
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where the P is the observed physical property, A pre-exponential factor, E activation energy,
R gas constant, T absolute temperature and f(P) is a function, which respects the order of
reaction.

Based on this relationship has been established the degradation temperature of each
sample, so that within a defined time frame for measurement (few months) corresponded the
degradation of 50-60 years.

lonizing Radiation Aging
To assess the influence of ionizing radiation we use the quantities absorbed dose and
dose rate. Absorbed dose D is defined by

p_dE
dm
where the E is the mean energy deposited by ionizing radiation and m is mass.

)

Absorbed dose represents absorbed energy in unit mass of irradiated substance in
specific point. Dose rate is then given by form

p=90
dt
where the D is the absorbed dose and t is time.

3)

Dose rate expresses increment of absorbed dose per unit time. The degradation level is
determined on the base of the absorbed dose of each cable samples, when the degradation
time is selected the needed dose power can be determined.

Cable Samples and their Preparation

The degradation processes were performed on the cables type 0,5-CHFE-R 7x1,5
manufactured by Kablo Kladno company (nowadays NKT Cables). In case of thermal
degradation the samples were put on the drums in the oven, where the constant temperature
130°C was maintained. The value of temperature was calculated by using Arrhenius model
(1). The assumption was that at this temperature the cable aging time will match the cable
aging period 50-60 years of its operation in nuclear power plant. With such parameters the
time of degradation will be 50 days. The influence of current loading was simulated by using
of current sources when the part of samples was loaded by constant current. The insulation
system was then degraded by combined thermal heating, from inside and from outside as
well.

When exposed to ionizing radiation, individual samples were wound on drums and
inserted into the irradiation facility, where they were embedded in a cylindrical concrete
wells. In the center of the drum was inserted ®°Co gamma radiation emitter. The dose rate was
regulated by the depth of radiation emitter into the drum. The dose rate was maintained at
0.5 kGy/h. This value is again based on the same assumptions as in the case of thermal
degradation. Samples intended for current loading are again connected to a source of constant
current.

Measurement Description

The process of measurement consisted of two fundamental parts. In the first part
degradation processes took place, in the second part measurement of dielectric parameters.
The transition from first to second part of this process was carried out so that one day before
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the measurement of dielectric parameters were completed degradation processes of individual
samples. It means, measurements were realized with samples on steady ambient temperature.
Subsequently, the samples were inserted into the degradation environment.

An overview of the measured dielectric quantities is listed below.

Loss Factor and Capacitance
Measurement was realized at the frequency 50 Hz and voltage 1.5 kV. The automatic
measuring Schoring bridge from Tettex Instuments was used.

Capacitance

Measurement of capacitance was realized at frequencies 120 Hz, 1 kHz and 10 kHz.
The Agilent, type U1732B, was used in this case.

Insulation Resistance

The measurement duration was 15, 30 and 60 seconds with applied voltage 500 V. The
CHAVIN ARNOUX, type C.A 6543, resistance measuring instrument was used. The
insulation resistance was measured in two configurations: the middle insulated conductor
against shielding and yellow-green conductor against a blue conductor. All measured values
had similar waveforms. To achieve greater accuracy and measurement quality, the same
connection to the measuring device was kept. Yellow-green wire and shielding was connected
to the ground, resp. to negative electrode in all their configurations. Blue and middle wires
were connected to positive electrode, resp. to phase wire in all their configurations. When
measuring one quantity, the yellow-green wire and shielding were never connected. The same
goes for blue and middle wires.

Mechanical tests of the Tensibility

As a reference measurement in a two-week intervals were taken samples for mechanical
tests of tensibility. Samples for mechanical tests were tested with identical samples used for
electrical measurements. Samples stressed with current load in specified environment were
connected in series. The samples for mechanical tests were modified to make it possible to
measure the tensibility of the conductor insulation.

Mechanical tests were realized with the INSTRON 5543. The stretching speed was
200 mm/minute and the initial distance was 50 mm. The smooth steel jaws 12.5 x 38 mm
(width) were used to fix tested wire. The force which the samples were stretched was 1 kN.

Measured progression during thermal degradation
Measured waveforms of capacity, loss factor, insulation resistance and tensibility during
thermal degradation process are shown in Fig. 1 and Fig. 2.
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All measured values were related to the first measured value. Significant changes
occurred very quickly after ten days from the start of degradation processes and these
measured values did not change significantly after the ten-day initial degradation.

Measured progression during ionizing radiation degradation

Measured waveforms of capacity, loss factor, insulation resistance and tensibility during
ionizing radiation degradation process are shown in Fig. 3 and Fig. 4. During this degradation
process dielectric parameters changed significantly in whole the time range of measurement
and in some cases can be traced a trend.
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Conclusions

The measured results show that the thermal degradation of tested low voltage cables
leads to significant changes in dielectric parameters. However for each waveform cannot be
derived the remaining period of life, because after significant initial change, the values are
almost constant in the coming years. In the case of ionizing radiation degradation, dielectric
parameters change significantly during whole the time range of tests and there can be traced a
trend. After the improvement and verification of measurements, could be considered the
usage of measured values changes for determining the residual lifetime of cables.

The most appropriate method for determining the residual lifetime of cables for both
types of degradation processes seems to be a mechanical tensibility tests. Only for monitoring
the effects of ionizing radiation could be considered further experimentation with the
dielectric parameters.
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Comparison of infrared spectroscopy techniques for transformer oils
analysis

Prosr P., Polansky R. — FEE UWB in Pilsen

Abstract

Fourier transform infrared spectroscopy (FT-IR) is a suitable method for measuring of spectra of
liquid samples, which intensely absorb the infrared radiation. Based on absorbed frequency spectrum,
it is possible to detect aging processes. Two different measuring techniques of Infrared spectroscopy
(Attenuated Total Reflectance technique ATR and measuring in transmission mode) are compared and
their sensitivity on thermal ageing at 120 °C of regenerated mineral oil is presented in the paper.

Introduction

Infrared spectroscopy is a measuring technique using different material ability to absorb
the frequency of IR ray. Based on absorbed frequency spectrum, it is possible to determine
different chemical compounds, molecular structure in the sample and their changes as
consequence of ageing process.

Problems related to identification of different material components are considered to be
very important objective. For this purpose, Infrared Spectroscopy has been successfully used,
mainly in chemical industry, food processing industry, or in medicine.[1-4] This paper is
focused on application of Infrared Spectroscopy into electrical technology branch, to a
measurement and interpretation of insulating liquids spectra. In this manner, it is possible to
identify the beginning ageing process caused by thermal oxidation or nitration of the oil.

Infrared spectroscopy of insulating liquids

To the most widely known techniques of the infrared spectroscopy of liquid samples
belongs Attenuated Total Reflectance technique (ATR) and measuring in transmission mode.
Mentioned techniques were compared using sample of regenerated mineral oil. Spectra were
measured along an accelerated thermal ageing at 120 °C. During the ageing, the oil was
placed into glass vessels and stayed closed by reason of the partial restriction of air access. A
sampling was realized at times after 0, 200, 240, 300, 500, 650 and 750 hours of thermal
ageing.

Measuring of FT-IR spectra using Attenuated Total Reflectance technique (ATR)
Figure 1 shows a measuring principle of ATR technique, and ATR measurement setup.
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Fig. 1. Measuring principle of ATR technique and ATR measurement setup
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The sample is placed on a detection crystal when being measured. A part of the IR ray
aiming at the sample causes absorption in the sample when passing through the crystal-
sample interface (evanescent wave) and thus weakens this part in the final spectrum.

The measurement proceeded with ZnSe crystal, when 32 scans with a resolution of 4
cm™ were collected for each sample. Spectra were measured with count of 3 and subsequently
averaged using software OMNIC. An automatic correction of spectra baseline had been done
before the evaluation. The subsequent analysis of measured spectra was performed by
OMNIC software too. Figures 3 present the spectra from the ATR measurements.
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Fig. 2. ATR Spectrum of the aged regenerate oil

Measuring of FT- IR spectra in transmission mode

Measuring technique in transmission mode focuses on detection of IR ray passing
through the sample placed in a liquid cuvette (see Fig. 3). Optical path of the IR ray is chosen
according to the measured liquid in the range from 0,2 to 0,5 mm. KBr or NaCl are thought as
the most suitable materials for the cuvette, however they have inconvenient hygroscopic
properties. Hence it is necessary to prevent them from water or water vapour.

Measuring in transmission mode was proceeded with a resolution of 1 cm™ in BaF, cell
with thickness of 1 mm. The subsequent analysis of measured spectra was performed by
OMNIC software too. Figures 4 present the obtained spectra from the transmission mode of
measurement.

Fig. 3. Construction of an FT-IR transmission cell (demountable FT-IR liquid cell)
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Results and discussion

Focused on the insulating oil ageing, thermal oxidation and nitration are the most
important processes that can be detected by FT-IR technique.[5] Thermal oxidation, as a
reaction of oxygen and oil molecules resulting in degradation of the insulating oil properties,
is largely accelerated by increasing temperature. Spectral bands of oxidation are placed
around frequency of 1746 cm™. This carbonyl band is significant evidence of
transesterification of the free fatty acids. [6]

On the other hand nitration is a process when organic compounds turn into nitrogen
oxides (NO, NO, and N,O,) at increased temperature. These oxides are then in contact with
the oil, which results in organic nitrates. Analogous to oxidation, nitration effects the oil
quality, e.g. by viscosity increase or creation of insoluble substances and sediments [5].

As we can see from figures 3 and 4, sensitivity of the measuring in transmission mode is
much higher compared to ATR. Regarding to a spectral area of oxidation (1746 cm™)
technique ATR identify impact of aging markedly later in comparison of transmission mode
of measurement. Change of carbonyl group using ATR technique is detected from 300 hours
of ageing (at 120 °C), while using transmission mode of measurement is detectable for times
200 and 240 hours of ageing.
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Nitration products have an intensive absorbance from 1650 to 1600 cm™ (a band of
nitrate -O-NO; bonds). ATR technique is less sensitive compared to transmission mode — see
Fig. 2 and 4.

Conclusion

Thermal oxidation and nitration influence the insulating oil properties negatively. The
identification of these processes in mineral insulating oil is considered as very important
objective in power engineering. Oxidation products, mainly acids, support the increase of oil
acidity and thus contribute to the corrosive activity of the oil. Nitrates creating together with
the oxidation products affect the oil properties also very negatively.

Results of the experiment demonstrate the differences between measured techniques of
infrared spectroscopy. As obvious from obtained spectra, the technique of measuring in
transmission mode is expressively more sensitive compared to ATR method.

Acknowledgements

This article was carried out by the help of Ministry of Education, Youth and Sports of
Czech Republic, MSM 4977751310 — Diagnostics of Interactive Processes in Electrical
Engineering.

References

1. Downey G. Food and food ingredient authentication by mid-infrared spectroscopy and
chemometrics, rends in analytical chemismy. TrAC Trends in Analytical Chemistry, Vol.
No. 17, (August 1998), 418-424, ISSN 0165-9936.

2. Yan-ling Zhang; Jian-bo Chen; Yu Lei; Qun Zhou; Su-gin Sun; Isao Noda Discrimination
of different red wine by Fourier-transform infrared and two-dimensional infrared
correlation spectroscopy. Journal of Molecular Structure, Volume No. 974, (June 2010),
144-150, ISSN 0022-2860.

3. Jackson M.; Mantsch H. H. The medical challenge to infrared spectroscopy. Journal
of Molecular Structure, Vol., No. 408/409, (June 1997) 105-111, ISSN 0022-2860.

4. Jackson M.; Sowa M. G.; Mantsch H. H. Infrared spectroscopy: a new frontier in
medicine.  Biophysical Chemistry, Volume 68, (October 1997), 109-125,
ISSN 0301-4622.

5. Robinson N.; Hons B. Sc. Monitoring oil degradation with infrared spectroscopy,
Available from: http://www.wearcheck.com/literature/techdoc/WZA018.pdf Accessed:2011-01-17.

6. Liao R., Hao J.., Yang L.,Liang S., Yin J Improvement on the Anti-aging Properties of
Power Transformers by Using Mixed Insulating Oil High Voltage Engineering and
Application (ICHVE), 2010 International Conference, October 2010.

7. Heise, H.M.; Kupper L.; Butvina, L. N. Attenuated total reflection mid-infrared
spectroscopy for clinical chemistry applications using silver halide fibers. Sensors and
Actuators B Vol., No. 51, (August 1998) 84-91, ISSN 0925-4005.

Authors

Ing. Pavel Prosr, Ph.D., doc. Ing. Radek Polansky, Ph.D.; Department of Technologies and
Measurement, Faculty of Electrical Engineering, University of West Bohemia in Pilsen; Univerzitni 8,
306 14 Pilsen; e-mail: prosr@ket.zcu.cz, rpolansk@Kket.zcu.cz.

43



Diagnostic methods in the quality control system inthe production of
plastic materials for direct food contact

Samsonek J. — ITC Zlin, Vaculik L. - TESCOMA Zlin

Abstract

The assessment of the health safety of products for food is regulated by European legidation on
plastic materials and articles intended to come into contact with food. In plastic products, one of the
risk factors is heavy metals in the plastic matrix. The well-known analytical method for establishing
metal content in the plastic product is the technology of microwave decomposition of the plastic and
its evaluation using the ICP-OES or AAS analytical methods. Both methods provide results with an
accuracy of ug/kg, although in terms of time it takes several hours. However, for on-line control of the
manufacturing technology the critical parameters of the products need to be diagnosed within
minutes. Hence the requirement to introduce a faster diagnostic methods in the real time of the
manufacturing process. One of the possible solutions for screening the metal content in plastic
matricesis the application of X-ray fluorescence (XRF).

Introduction

The assessment of the health safety of productdoimd is regulated by European
legislature in Commission Regulation (EU) No.10/20dn plastic materials and articles
intended to come into contact with food, which Iee timplementing Regulation of the
European Parliament and the Council No. 1935/2004materials and articles intended to
come into contact with food and the repeal of glings 80/590/EEC and 89/109/EEC. In
Czech legislation these safety requirements anglasgl by decree of the Czech Ministry of
Health No. 38/2001 Col., which incorporates thevabquoted European law and in addition
stipulates requirements for materials that aregoréyg not regulated by European directives.

An important part of the consumer market for praduntended to come into contact
with food consists of plastics. In these produots of the risk factors iseavy metals that
may originate especially from unapproved pigmemtadditives. Currently, eight hazardous
metals (Pb, Cd, Hg, Cr, As, Se, Sb, Ba) are masmitoiThe final plastic product may be
contaminated by these elements in the form of galtise applied pigments, functional fillers,
etc.

Requirements for plastic materials intended to cométo contact with food in terms
of the content of toxic heavy metals are as follows
1) Requirements for the metal content in the pigmerttaet of up to 0.1M HCI,
expressed in per cent of pure pigment, see Appexdixl of Decree N0.38/2001 Col.
or Resolution of the Commission No. AP 89 (1).

Pigment mass
Metal limit
(mass %)
antimony 0.05
arsenic 0.01
barium 0.01
cadmium 0.01
chrome - except Cr(VI) 0.1
lead 0.01
mercury 0.005
selenium 0.01
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2) With regard to the legal requirement for colourargd printing on products intended
to come into contact with food it is not alloweduse colouring agents based on the
compounds of antimony, arsenic, hexavalent chroradmium, lead, mercury and
selenium.

The standard analytical method for establishingnie¢al content in a plastic product is
the technology of microwave decomposition of thetemal in a mixture of acids (HN§)
HCIl, HF, HSQ,), peroxides, etc. Commercially used plastics ugudecompose at
temperatures of up to 20& at a pressure of 2.5 MPa and within 30 minuté® fesulting
mineralisate is subsequently evaluated in termthefmetal content using the ICP-OES or
AAS analytical methods. Both methods provide reswith an accuracy afg/kg, but it takes
several hours. With regard to on-line control oé tmanufacturing technology the critical
parameters of the product need to be diagnosednwitinutes. Hence the requirement to
introduce a faster diagnostic method (if possibts-destructive) in the real time of the
manufacturing process.

One of the possible solutions for screening theamaintent in plastic matrices is the
application of X-ray fluorescence (XRF).

X-ray fluorescent spectrometry (XRF) is an anabjticnstrumental method taking
advantage of the spectral composition of X-ray iscent radiation to identify and establish
the quality of elements in solid and liquid samphsest often simpler XRF spectrometers are
employed in large production units, and they haeeoime something of a standard in cement
plants, oil refineries and geological laboratorigs.cement plants they are even used as
process analysers with feedback to the ratio ofdaematerials feed. Little or no processing
of the sample for the analysis and the speed ofctmeurrent measurement of dozens of
elements predetermine XRF as a fast diagnosticadethhe principle of the measurement is
the interaction between the sample and X-ray remtiaDnce X-ray radiation strikes the atom
the photon energy is sufficient for knock an elest(so-called photoelectron) out of one of
the orbits close to the nucleus (K, L, M). The atorakes a transition into an excited ionised
state which is unstable.

The return of the atom to the original state g/ tigration of an electron from higher
levels to the free position is accompanied by #woadary emission of a photon — so-called
fluorescence. The energy of the secondary photomwawelength) is clearly linked to atom
type. By analysing the spectrum of the fluoresgediation we can therefore determine the
composition of the sample in terms of the type aanthber of the represented atoms. Fig.1
shows the typical XRF spectrum of a plastic matortaminated by lead.

To ensure that the diagnostic method using XRFomparable with the precision ICP
and AAS analytical methods, our experience shoves the XRF apparatus for analysing
plastics needs to be calibrated for at least ttyjpes of matrix:

- hydrocarbon
- chlorinated (simulating PVC) — up to 50% chloriddghe matrix
- silicone (simulating polydimethylsiloxane - silicen

45



wm Tools Window  Help - &8 X

nDwEzRe|[rol|as|aala BEEDE E = _ E
| @ S BEmREEDR E TI—

& @) gy | [2010andreakovy v - | B | A, Am Ay IR oF B PT.

5500

S000

4500

4000

3800

3000

2600

2000

1800

1000

500

2 [ 8 10 12 T4 18 18 20 2 24 % 2B 33, 2 M 3k B 40 42

hannet504 Enemy 10506746 5945
5Py 0

USEG Status: Aeady 11: Cr, M, Fe. i, Cu. Zn. Nb. Mo,

Fig.1: XRF spectrum of a plastic matrix contamiaby lead

By unifying the matrix of the sample of the calitioa standard, measurement error is
reduced. The calibration range is at the 0-100 migkel for Pb, Cd, Hg, Cr, As, Se, Sb, Ba,
while this analysis is still considered to be soreg and positive results are confirmed by wet
methods (AAS, ICP). The reasons for this are thegotul matrix effects of, for example,
fillers that can essentially change responses ef itldividual analyses in real samples.
Nevertheless, for the confirmation of negative slampvith regard to the presence of toxic
heavy metals in plastic matrices this diagnosticehas quite sufficient, fast and efficient. In
addition to the confirmation of positive resultsIGP or AAS it was possible to carry out an
analysis of certified reference material ERM-EC6806&mmercially available from IRMM
with certified content of As, Br, Cd, CI, Cr, HghPS and Sb. Although the described method
is considered to be screening, the agreement afethdts with certified values is very good

(Fig.2).

m Standard value B Obtained value

Fig.2: Verification of the correctness of the XRiBghostic method for heavy metals in a
plastic matrix
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Conclusion

With regard to comparing the certified and the meas values of the content of heavy
metals using the XRF method it was found they wereeliable agreement. This makes the
method highly suitable for use in accordance whih good manufacturing practice principles
(see Directive of the EC N0.2023/2006) for materiahd articles intended to come into
contact with food. Consistent application of theatty metal diagnostics in the field of plastic
manufacturing brings a higher level of safety @& tharketed products.
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Program for prediction of the rest lifetime of rotary machine insulating
system

Trnka P., Svoboda M., Souéek J. — FEE UWB in Pilsen

Abstract

The working life of electrical machines is primary affected by the state of insulation system. There is a
lot of diagnostics methods, which helps to understand the momentary state of insulation and to avoid
the possible damage or breakdown of machines. This paper describes a way of prediction of rest
lifetime of electrical rotary machines on the basis of on-line diagnostic methods. Described procedure
is counting rest lifetime on the basis of only one degradation process. This methodology can be
extended to cover all degradation factors. Such expert system provides valuable information and
enables operators to lengthen intervals between off-line measurement, maintenance and/or outages.

Introduction

There is numerous of diagnostic techniques available in these days. In various situations
even economical view is not as important. However, the problems may occur while it comes
to interpretation of the results. It requires great experience and often also good knowledge of
tested machine. Operators use several diagnostic tests, they obtain and store large amount of
measured data. The difficulties they face are to interpret measured values and describe actual
state of a machine. For more effective outage planning a tool is needed which enables to
predict rest lifetime.

Background

When trying to count rest lifetime of a subsystem or device, it is necessary to begin with
choosing of key parameters, which gives relevant information. Generators doesn’t have the
only parameter which can represent the state of a machine. There is a plenty of parameters
which gives us partial information only. Therefore next step is to choose the weakest part of a
machine. It is definitely stator winding bar. The key parameter of stator winding might be
dissipation factor tan 6. There are measuring systems, which measures dissipation factor on-
line, however they are not used in Czech Republic in these days. Other parameters which can
be measured on-line and which gives a lot of information about the state of a machine can be
divided into three groups (with examples):

e Electrical parameters — voltage, current, partial discharge activity
e Mechanical parameters —shaft, bearing, stator and magnetic circuit vibration
e Thermal parameters — winding temperature, cooling medium temperature

Then it is necessary to find dependences of key parameters vs. time of aging. These
dependences are called curves of resistance against affecting load and they are measured in
laboratory usually on laboratory aged samples. By this procedure we can obtain dependences
of sample lifetime on load. These models and lifetime curves works well for high stresses. For
very small stresses some materials do not age, or age very slowly. This phenomenon must be
respected in these models. For counting rest lifetime of electrical machine, it is necessary to
know all degradation factors and to describe degradation processes with highest possible
accuracy.
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Access to problem solving

Recently, “a beta” version of this procedure is being programmed on Department of
technologies and measurement of University of West Bohemia. This program is respecting
thermal and electrical aging only. It can represent e.g. measuring of stator winding
temperature. This program uses several programming languages. Data are obtained from
digital thermometer by PHP scripts and stored in MySQL database. SQL language was
chosen because of its high modularity. Complete expert system must be modular, because
each rotary machine uses various diagnostic devices with various diagnostic signals.

This program is based on web programming languages. They offer great mobility and
the user interface can be displayed anywhere as a dynamic web page. There are no problems
with combination of different web languages in whole application. A big advantage of this
setup is a possibility of control of a numerous objects from one center. On the other hand for
this application the weakest part might be relatively low computing performance. It can be a
problem while using wide data stream, which are typical for example for vibrations measuring
or quadratic calculation over the database. This question must be discussed when designing
the complex expert system.

Calculation Off-line
loop diagnostics
input

()

requirements

answers

SQL database
Web server User
Object parameters Object monitoring Measuring

\'\@

Fig. 1: Program structure

Machine producer expect exact lifetime while designing the machine. This can be taken
as the beginning of the program. Next script is checking new records in database. If there is a
new record, the script rates the actual aging on the basis of actual load. The time between two
measuring is multiplied with resulting aging factor and subducted from rest lifetime. This
procedure is shown on Fig.2.
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As new data are obtained from measuring devices, consumed lifetime is counted. Of
course, there is a lot of important details which must be treated, e.g. averaging, sensor drop
out, signal loss or distortion. This procedure enables to observe values of measured
parameters, but also to observe first derivative of the progress, which means kurtosis of
change. This is very important for prediction of imminent failure.

Program uses flash scripts for dynamic charts drawing, so operation can see the state of
machine represented by observed parameters and actual load together almost in real time.
Next to reduce demands on operation a methodology for evaluating the state of rotary
machines is integrated to program [5]. This methodology uses five letters A — E for describing
actual state of machine. A stands for long-term working without a necessity of maintenance
and E means that machine has to be put out of operation immediately. So operation should
only monitor, whether the state is not changing. It gives only a brief overview about the state.
For deeper view there are the charts, mentioned above.

Next important aspect is off-line diagnostics input. The accuracy of actual state
diagnosis is limited by accuracy of models and number of monitored parameters. The aim of
this system is not to predict exact time of failure, but to observe the state of the diagnosed
device and to detect possible deterioration failures. Within outage it is necessary to revise and
check, whether the state estimated on basis of on-line diagnostics correspond also off-line
diagnostics results. Off-line diagnostics always has its importance, because all potential faults
cannot be found out by on-line diagnostics.

The accuracy of prediction is proportional to period between outages.

Experiments

For a proper description of the aging or degradation of a subsystem or component of an
electrical device it is necessary to have information about the degradation process. As an
example of such as results life time curves of the slot insulation are presented in Fig. 3.

The aging of the slot insulation material NEN was performed using both 50 Hz ac
voltage and high frequency square waveform voltage with parameters: rise time 65 ns, 6 kHz,
pulse width 10 ps. Various magnitudes were used to obtain life time curve of the tested
material. Time to breakdown of each sample was recorded in order to get life time data. Life
time curves have been established (Fig. 3).
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Fig. 3: Example of the material feature background for on-line rest life calculation

Measurement of time to breakdown is summarized in Fig. 3. Figure presents lifetime
curves compiled using simple exponential model. The principle of the lifetime curves is the
core of the proposed program. This program calculates an estimate of remaining life. Fig. 4
represents experimental setup for laboratory aging by 50 Hz AC voltage.
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Fig.4: Experimental setup for laboratory aging by 50 Hz AC voltage
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Conclusions

This access to the problem solving can give relatively good data about the rest lifetime
of observed device. It is however quest for the future to understand all the degradation
processes and have physically based life time curve for each degradation factor or have
multifactor aging description for such as stress. General, it is always more or less accurate
estimation. Expert system cannot fully replace experienced diagnostician. However it can be a
tool which can coordinate all diagnostic signals of an electrical machine, observe actual state
and compare it with history of the machine parameters and loads, estimate rest lifetime. This
could be very useful for machine operators. It can make the interval between outages longer
and reduce maintenance costs effectively.
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Detecting Non-Homogenity of Electrically ConductiveAdhesives
Tuéan M., Zak P., Urbanek J. — FEE CTU in Prague

Abstract

With a rapid expansion of temperature-sensitiv@netogies, such as Organic LED light sources and
displays, it is clear that a reliable and stablehaology is required to mount them safely on ctrcui
boards. From the obvious reason of thermal stredassic soldering is unusable, as peak
temperatures for these technologies are often b&@R{C.

This situation is usually solved by the use of fleally Conductive Adhesives (ECA), consisting of
resin (usually epoxy) matrix and conductive fillgisually silver). However, while this technology
solves the temperature problem, it still poses moosesignificant risks for reliability.

One of such risks is non-homogenity of the adhgsiMas was observed on numerous occassions and,
in some combinations of ECA and curing temperatiirappeared massively, endangering even the
basic dunctions of given circuits.

This paper shows the observed cases of seriousimmegenity of ECAs, as well as possible methods
to detect it and to set up manufacturing procesgperly.

Introduction

Joints made with electrically conductive adhesi{lESA) contain, in contrast to solder
joints, organic compounds that exhibit specific relsgeristics in the practical application in
the technological process of creating joints. Duitine process of curing, bubbles are formed
in the adhesive and they do not escape from thg bbthe joint due to adhesive’s viscosity.
The existence of these bubbles in the joint sigaiftly reduces the internal homogenity, and
thus their reliability and stability. The aim ofishstudy was to find procedures to minimize
these adverse effects.

Such inhomogenities can have mutliple effects. Altbe only positive effect would be
augmenting the mechanical strength of ECA jointawklver, negative effects prevail.
Inhomogenity reduces effective electrical contagface, leading to an increase of current
density and thus to higher heating of the jointbBles can readily absorb water vapor, the
absorbed water then acts to further degrade timé gliring temperature and climatic cycles.
Spreading of the adhesive below the component guniming also threatens to dangerously
diminish the isolation distance between contadbarutright create short-circuit.

Electrically conductive adhesive

Electrically conductive adhesives consist of twatpa- adhesive and filler. Basic
material — adhesive — is usually epoxy or acrydisim. Electrically conductive filler is most
often based on silver flakes. If we chose epoxinrébere are two major groups of adhesive
— one and two-component adhesives.

Application conditions are more favorable when cnaiponent ECA are used. When
using one-component adhesives, process qualityndepenly on technology of dispenser
filling by the adhesive, because we have to preteatintroduction of air bubbles into the
dispenser. Another possibility is to remove all bubbles from the filled dispenser with
vacuum. Adverse fact is that the one-component §€#Aerally have higher viscosity than the
two-component adhesives (650 000 - 750 000 cperfercomponent ECA [1] and 250 000 —
290 000 cps for mixed two-component ECA [2]).

Technologically, the situation is more complicatedase of two-component adhesives,
where it is necessary to mix both components. mesoases, the technological problem is to
avoid incorporation of air bubbles during the mgiprocess, particularly in relation to the
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actual viscosity. The viscosity of ECA changes #igantly during aging, even before the
ECA’s expiration date. For this reason, the maicusoof our experiment was aimed at
application technology of two-component adhesive.

Experiments

Experimental part was divided into three partsodder to minimize the cost of testing
the following experiments aimed at the issue of ingxwere made using standard epoxy
adhesive instead of ECA. For experiments with dispe filling, a two-component adhesive
was chosen and for experiments with the mixing @spstandard two-component phenolic
adhesive was chosen.

In the first phase, samples of epoxy resins froffeint manufacturers were used, in
the second phase, some samples of the resin wital filler were used. All the experiments
were designed to minimize an occurrence of air lasbim the joints during the application of
these adhesives.

In most samples of two-component adhesives witfilats the viscosity significantly
decreased temporarily after both components wexredriogether. This decrease in viscosity
was significant only for a limited period of timbut during this period, the spontaneous
release of air bubbles occurred and the vast ntgjofiair bubbles brought by mixing the
processed was released. Mixed adhesive was pilactrese of air bubbles before the use.

In the second part of the experiment, two sampieslbesive filled with steel dust were
tested. Temporary decrease in viscosity during mhiging process of two-component
adhesive with filler was proved too, but smallarthn the case of the filler-free epoxy.

The same is true for standard two-component ECArfphic ECA with 55 + 1% of Ag
filler) [2]. In addition, expired ECA has highersaosity. This is generally applicable to all
epoxy resins and thus the problem with the remof/alr bubbles increases.

We can say that the epoxy adhesive, not only thé\,EG usually technically
processable, even after the expiration period,vtht no guarantees of originally declared
parameters.

Long-term stability

According to previous studies, adverse results xgfeamental accelerated aging of
ECA joints are mainly caused by the gradual fororatf mechanical defects in the structure
of cured resin material. Underpressure is creatirgqvities of cured adhesive after the curing
and subsequent cooling that result in formatiomethanical stress in the structure of joints.
This tension is probably the primary cause of csaickthe joints that allow the corrosion in
microcracks in the joints. This hypothesis is supgm by decrease in ohmic resistance of
joint in early stage of aging in dry heat test #mel consequent increase in the damp heat test.
This phenomenon adversely affects the reliabilitgt aurrent-carring capacity of joints. [3]

Invasive detection of non-homogenity

Tests performed to this day to evaluate the nondwgmmnity of cured ECAs were
generally the same as tests during which the phenomwas first observed. Two branches
of destructive testing were used: optical analysis cross-sections and mechanical
measurement of shear strength of the ECA jointsuReare shown in following figures.

While the non-homogenity is clearly visible in tleeoss-sections and the shear-off
strength showed clearly how the non-homogenousmfdarmed by AX 20 ECA increased
shear strength, these tests were expensive anecanmsaiming. This limits their usefulness for
the industry.
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Fig. 2: Two-component adhesive AX 12 LVT (non-erpi).

Fig. 3: One-component adhesive AX 20.

Air bubbles reduce the effective cross-sectionasfduictive adhesive joint and increase
the current density and temperature in the joiminduthe passage of electrical current.

Air bubbles in combination with adhesive slumpingually increase the mechanical
bond strength, as measured during the shear dtrégjt This, however, increases the risk of
short circuit and lowers a long-term stability bétjoint (Fig. 1, Fig. 2).

The existence of bubbles in the ECA joints was icordd observing cross-sections
(Fig. 2,3).

Fig. 4: Two-component adhesive AX 12  Fig. 5: One-component adhesive AX 20.
LVT.
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This phenomenon will be the subject of further stigation and testing — especially the
utilization of vacuum during the technological pees.

Non-invasive detection method

During a research on ECAs conducted on the depattofeElectrotechnology, it was
found that the non-homogenity may be detected ssbaéy using non-invasive
measurement. The experiment used high-level cupalstes (100 A), with voltage on the
specimen being measured using an oscilloscope.

While in homogenous sample the pulse was cleah, mah-homogenous sample partial
discharges in the bubbles caused the pulse tofoemkd and affected by noise. This allowed
for quick sorting of homogenous and non-homogerspesimens.

While this method is yet crude and requires refinia be reliable and repeatable, it
would allow for a simpler and less time-consumingliminary separation of homogenous
and non-homogenous samples, not only in laborabaryprobably in real operation as well.

Conclusions

As shown, the ECAs are not the best substituté&sforb solders for its little resistance
to mechanical and climatic stress. Special casetbde given to the non-homogenities, as
they tend to augment any problems caused by clinmafluence and also change mechanical
properties of material and may lead to short-ctecuor may severely reduce maximal
sustainable power density. Partial discharges nsydeform any signal transmitted through
the joint.

However, ECAs are the only technically and ecomaily applicable connecting
materials for temperature-sensitive electronic congmts used in the electrotechnical
industry. Low-temperature solders may be an enu@mtally acceptable alternative in such
cases, but their price is usually higher than th&CAs and often their mechanical properties
may be found lacking.
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Measurement of railway traction transformer using by SFRA method —
part 1

Brandt, M., Michalik, J. — FEE UZ Zilina, Kuchta, J. — EVPU Nova Dubnica

Abstract

The paper deals with measurement of railway traction transformer using by Sweep Frequency
Response Analysis method (SFRA). This method was tested first time in this scope. In this paper are
given reference measurements as well as measurements after type test of new railway transformer.

Introduction

Single-phase railway traction transformer consaftsa primary winding designed to
voltage from 0 to 25 kV and of secondary winding ti@ction motors power supply. There
are also windings for auxiliary locomotive driveswer supply and for electrical heating
power supply (eventually for air condition) placed a common magnetic circuit. Traction
transformer is exposed during operation of theraad to frequent mechanical shocks and
vibrations. It may cause mechanical breakdowngasfsformer windings and core, such as
winding displacement (axial or radial), the releadethe core and turn-to-turn faults.
Detection of these types of failures of tractioansformer is possible only by its removal,
except the turn-to-turn faults (measurement of wigdesistance). Using the SFRA method
(Sweep frequency response analyse) to detect tiypss of traction transformer disorders
becomes hot topic, whereas the SFRA method detecsame types of faults on power
transformers used in distribution or transmissigsteams [1]. For frequency characteristics
measuring by SFRA method we have chosen a protobfpéhe traction transformer,
developed by EVPU Inc., Nova Dubnica in cooperatiwith ZOS Vratky Inc. The
measurement of traction transformer by SFRA methad been realised in the Slovak
Republic for the first time. There are publishedlyothe basic parameters of traction
transformer in the article. There is also publisttedmeasurement methodology, we designed
and implemented as well as the basic referencefaame of SFRA characteristics.

Traction transformer parameters and measurement mdtodology

Table 1: Basic traction transformer label data

U
2021 o, [ o 2un Power KVA | 4900
N2ro N2 Primary. VvV 25000
2012 o voltage
Secondary. V | 2x1700 / 2x150(4
voltage
2v22 2V12 Primary. A |196
2UC1 N 2UC11 current
W -, Secondary. | A |2x1226/2x233
current
vez o 2ve1z frequency Hz | 50

Fig. 1: Winding wiring diagram of traction transfioer prototype
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On the basis on the connection of traction tramséwrwindings, as shown in Fig. 1, we
set the open circuit and short circuit measuremethodology of all windings. Terminals 1U
and 1V are the primary winding, other terminals Hre secondary windings specifically
windings for motor (2U21 — 2V22, 2U11 — 2U12, 2U42V12) and windings for heating
(2UC1-2VC2, 2UC11-2VC12). Measurements of SFRAmafee characteristics were made
by measuring system DOBLE M5100 in the tractioms$farmers laboratory at company ZOS
Vrutky Inc. The process of the traction transformeeasurement is shown in Tab. 2. The
future measurement has to be also done accorditingstprocess.

Table 2: Measurement methodology of traction tramsér prototype
Open circuit tests

Testn. 1 Testn. 2 Testn. 3 Testn. 4 Testn. § estm. 6

1U-1v (D25 2U21-2V22| 2U11-2Ul12| 2U12-2Vv12 | 2UC1-2VC2 |2UC11 -2VC1Z
—DO0) (m1 —m2) (m5 —m4) (m4 — m3) (C1-C3) (C4 -Cb5)
Short circuit tests

Testn. 7 Testn. 8 Testn. 9 Test n. 1( Testn. 11 Testn. 12
D25 - DO ml — m2 m5 — m4 m4 — m3 Ci-C3 C4-C5
(entire (primary (primary (primary (primary (primary
secondary part winding winding winding winding shorted winding shorted
shorted) shorted D25 —| shorted D25 —| shorted D25 —-| D25 — D0) D25 - D0)
DO0) DO0) DO0)

Note: D25-D0 — primary winding (bushing sign on Tl to m5 — motor groups (bushing sign on TT), C3,
C4, C5 — heating (bushing sign on TT).

The measurement procedure (for test No. 1) is basedtandard conditions for the
power transformers. The reference signal from #nag DOBLE is fed to the first (input -
D25) bushing together with the connected shieldimge to the bottom of bushing
(conductive connected with container). The meassiguhl is recorded on the second (output
- DO) bushing, while the shielding wire is also nented on the bottom of bushing (filtering
of interfering signals). Similarly, further measoments are also carried out, however,
bushings of other winding terminals are dimensilpnamall and do not have a type of
construction for conductive connection of shieldmiges of input and output test loads. This
was solved by shielding wires always connected e hearest transformer container
tightening plug to the bushing. Fig. 2 shows a ttgyed prototype of the traction transformer.

Fig. 2: Railway traction transformer prototype. €yp1T-4900-25/2x1700 [2]
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Measured reference characteristics

The following figures show the reference wavefowhgraction transformer, which was
first measured by the method SFRA. These wavef@magart of the prototype tests, which
were performed on the transformer.

B

1 1 !
100 1K 10K 100K ™
frekvence, Hz

Fig. 3: Measured reference frequency charactesisti¢raction transformer by SFRA method
for open circuit measuring methodology

Amplituda

Ll

frekvence, Hz

Fig. 4: Measured reference frequency charactesisti¢raction transformer by SFRA method
for short circuit measuring methodology
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Conclusions

Using SFRA method for measuring traction transfarnsethe next application of
preventive diagnostic. Because of, we cannot deternmdividual types of failures, next
research in this area is needed. The continuity andlysis of the SFRA measured
characteristics of traction transformer after tyfests is given in the paper entitled
Measurement and analysis of railway traction ti@mser using by SFRA method 2., which
is also placed in this proceeding.
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Measurement and analysis of railway traction transbrmer using by SFRA
method — part 2

Brandt, M., Seewald, R., Sedlak, J., Faktorova, D- FEE UZ Zilina

Abstract

The paper is built on the article entitled Measurement of railway traction transformer using by Sveep
Frequency Response Analysis Method (SFRA). The analysis of measured frequency response is
described. The transformer was subjected to the type tests and to subsequent exchange of bushing on
the primary winding.

Introduction

As it was already mentioned in previous paper, dita is at measurements on a
prototype of the railway traction transformer, typET-4900-25/2x1700. The transformer was
subjected to all type tests, required for setthrgnt into operation. The tests were made in the
laboratory of traction transformers at ZOS Vritkyc.l and in laboratory of Electrical
Engineering Faculty and Computer Science at Sloe&hnical University in Bratislava
(SFEI STU Bratislava). After basic measurements hikeasurement of windings resistance,
measurement of insulation, open circuit measurensrt circuit measurement, and so on,
the transformer was measured by SFRA method ameterefe SFRA waveforms were
recorded. The bushing on the primary winding D25 wamaged during surge voltage test. It
was removed and superseded by a new one, whiclswisequently also tested. Transformer
was again transferred from laboratory in Bratislavi@ the laboratory in Vrutky and was
again subjected to SFRA tests.

Measurement and analysis of SFRA characteristics ahilway traction transformer after
type tests

The repeated measurement of SFRA characteristicsragtion transformer were
realized according to Table 1. Because of the toamer part damage (bushing on primary
winding D25) caused during the previous tests, ipdiecause of surge voltage test, it was
necessary to made a measurement of SFRA charéiceeagain, and find out how it affects
waveforms shape as well as to analyse if theredcoecur mechanical changes on the
transformer windings.

Table 1: Methodology of railway traction transfommeeasurement
Open circuit tests

Testn. 1 Testn. 2 Testn. 3 Testn. 4 Testn. 5 estm. 6
D25 -DO0 ml-—m2 m5 - m4 m4 — m3 Cl1-C3 C4-C5
Short circuit tests

Testn. 7 Testn. 8 Testn. 9 Test n. 1( Testn. 11 Testn.12
D25 - DO ml — m2 m5 — m4 m4 — m3 Ci-C3 C4-C5
(entire (primary (primary (primary (primary (primary
secondary part winding winding winding winding shorted winding shorted
shorted) shorted D25 —| shorted D25 —| shorted D25 —| D25 — D0) D25 - D0)
DO0) DO0) DO0)

Note: D25-D0 — primary winding (bushing sign on Ti1 to m5 — motor groups (bushing sign on TT), C3,
C4, C5 — heating (bushing sign on TT).
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Waveforms in Fig. 1 and 2 show the impact of thempry winding bushing D25
exchange on the shape of traction transformer SElRkacteristic. Due to the large number
of measured characteristics, we introduce only tbference waveforms and also the
waveforms from the primary winding tests D25 — D@t No. 1 and 7).

Zprava o méfeni SFRA

Transformator: Vyrobce: AVyrobni &islo: TVT R361

48

' ' ' |
100 K 10K 100K ™
frelovence. Hz

R3I61Dazum: B, 2. 2011 L0:13:00
25/1715

TVT R361Datsm: 23. 2. 2011 $:03:00
25/11

Fig. 1: SFRA characteristics of traction transform@pen circuit measurement (D25-D0)
[ Reference waveform [ wavefdrom type tests

Zprava o méfeni SFRA

Transformator: Vyrobce: AVyrobni Eislo: TVT R361

' 1 1 | i
100 1K 10K 100K ™
frekvence, Hz

Fig. 2: SFRA characteristics of traction transformeshort circuit measurement (D25-D0)
[ Reference waveform [l waveform froipetyests
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Fig. 3: Analysis of waveforms D25-DO0 (reference & type tests) for open circuit
measurement methodology using cross-correlatiefficent
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F|g4 Kﬁalysis of waveforms D25-DO0 (reference &mn type tests) for short circuit measurement
methodology usingross-correlation coefficient

In Fig. 3 and 4, the waveforms of the primary wirglicharacteristics analysis are
shown. The primary winding analysis was realizedchyss-correlation coefficients for the
reference measurements and for measurements gfter tests. The Cross-correlation
coefficients (CCFs) are used directly in Doble camgs software and are needed for the
exact interpretation of the measured waveforms raaeg to Table 1 with regard to defined
values of these coefficients according to Tabl&]2 [

CCFs are often used in industry, telecommunicatiaand where the exact signal
analysis is important. Application of Cross-cortela in the SFRA is of importance at two
waveforms analysis. If the computed values of doeffits are 1.0, it is an absolute
correlation and if values are 0.0, it is an absolubncorrelation. The negative correlation
coefficients are of no importance at assessme®HRA method [1].
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Table 2: Explanation of CCFs examples

CCF
good agreement 095-1.0
boundary agreement 0.90-0.94
bad agreement <0.89
discord <=0.0

CCFs are defined by equation:

> (x - %), -v)
CCF = = : (1)
VX (x - X -v)
where X; and Y; are two real series (or graphs in the case of SFevpared to every
individual frequency i, X andY are the axis of values. In the case of mathenmaigaal
processing, which is more complex, the coefficiaaities are between 1 and -1 still accurate
for the necessary conclusions. [1]

Conclusions

On the basis of the analysis of Fig. 3 and 4 arskdan automatic cross-correlation
coefficient calculation, we can specify that thplaeement of damaged bushing D25 had an
impact on the reference waveforms shape. Howeverajar waveform shape change do not
occurred and waveforms are within the allowableitBmas set out in Table 2. These
measurements confirmed that whatever mechanicalgehis represented by change in SFRA
characteristic shape. In our case, it was an exyghahone bushing, which was recorded as a
slight change in the waveform D25-D0 shape. Otheasurements also show that during tests
there was no other winding or core damage. And wepgse to consider the new
measurement after tests as a new reference oneh wili serve for comparing with other
waveforms, measured throughout the whole periodtha& operation of this traction
transformer prototype.
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Evaluation circuit for IDE sensor structures
Freisleben J., Ham&ek A., Reboun J. — FEE UWB in Pilsen

Abstract

This paper deals with impedance measuring of img@ad electrode (IDE) structures by

a microcontroller. The measuring system contairgdard of resistance, charging capacitor, IDE
sensor and microcontroller. The IDE sensor consi$tsvo gold electrodes on ceramic substrate and
organic active thin layer which is deposited oncelede’s surface. The aim of this paper is to fand
suitable measurement technique of IDE sensor strest The next objective is to design an
evaluation circuit for the measurement of IDE sersfoucture electrical parameters. The impedance
of this sensor decreases when the relative amibiemtidity increases. The principle of measuring
these changes is based on capacitor charging.rét, the capacitor is charged through standard of
resistance and then through the sensor element.tiffiee of charging from both measurements is
recorded and then the impedance of IDE sensor isutated as a result. The sensor impedance
determines the level of relative ambient humiditye whole measurement system and microcontroller
function will be presented in more detail.

Introduction

Sensors as a source of information about theweddl are a key element of all control
and measurement systems. Sensors represent aohaicelement of the input block
measuring scheme which is in direct contact wite theasured environment. Sensors
sometimes called detectors scan physical, chenocabiological parameters and then
transform these parameters into an electrical idieere are many types of sensors and their
operational principles, therefore more methodsaté ghrocessing from sensors exist.

Sensor Signal

Element Converter

Fig. 1: Block diagram of a basic sensor unit

The block diagram of basic sensor unit is showhignl and contains these main parts:
Sensor element— basic sensor structure responds to changes tfrnek conditions
(temperature, relative humidity, chemical speceds,) by variation of its specific electrical
parameters (U, I, R, Z, C, L,dgetc.).

Signal converter — impedance matching between the measuring sysmmnsensor is a
function of this module. The next function is angéormation of measured parameter into a
suitable form for the microcontroller. This modulen be omitted under certain conditions. It
would mean a reduction in price and size of thesseanit.

MCU — microcontroller unit can process the signal friva signal converter or directly from
the sensor element. This module allows for the @igmocessing of multiple sensors, e.g.
parallel measuring of temperature and relative klityni The number of functions of one
sensor unit depends on the applied microcontrodad type of connected sensors.
The size of the sensor unit and its price are thieeat limiting parameters. The next function
of this module is to provide data transmissiorhi® ¢entral microcontroller unit.
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Fig. 2: Block diagram of a complete sensor unit

Inside the central microcontroller unit more coropted calculations, data collection
from multiple sensor units, controlling of sensaiits, status representing on display can be
performed. Considering the minimization of the nemlof wires and mutual interference
serial buses were chosen as an optimal solutioddtar transfer.

Measurement method

The measurement technique which is discussed snpiaper is assigned to measuring
humidity sensors based on the interdigital ele@rsttucture. The sensor consists of two
interdigital electrodes on ceramic substrate andrganic active thin layer which is deposited
on the electrode’s surface.

I

Fig. 3: IDE structure sample and equivalent circuit

The measuring of sensor layer impedance can berpeztl with ohms, a bridge, or a
three voltmeters method. These methods are comtefie laboratory use due to high
accuracy but are unsuitable for large integratigstesns. For data evaluation of tiny sensor
units is best to use the integration comparativéhote because this method contains fewer
components than previously mentioned methods. Té&saring system contains standard of
resistance, charging capacitor, IDE sensor andmBisitocontroller Atmel AVR ATmegas8.
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Fig. 4: Evaluation circuit of integration compavatimethod and integration time relation
graph

The resistive part of sensor impedance dominatethisr measuring, so the sensor
capacity is neglected. The principle of integnatcmmparative method is based on capacitor
charging.

At first, the capacitor (omal IS charged through the standard of resistanggnRand
then through the sensor element resistange,s&& The time of charging from both
measurements is recorded by a microcontroller deoh the resistance of the sensor is
calculated as a result. Microcontroller unit margagjee capacitor charging through output
ports and detects voltage changes on input of tieedded analog comparator (Fig. 4). The
embedded reference voltage is connected on the aratmp positive input. The 16bit timer
was used for precise time measuring. The timetsstaunting at the beginning of charging.
When the voltage of negative input is bigger thasifive input the analog comparator stops
the counting of the timer. This situation is thengafor charging through Ngrmaand Rsensor
and the wholeharging process is fullyontrolled by a microcontroller. We can calculdte t
resistance of sensorsRKsofrom recorded time values,,TT; and from standard of resistance
Rnormal(See Fig. 4). This sensor resistance determindgvtieéof relative ambient humidity.

Conclusion

The alternate measuring is important for IDE semstructure because these sensors
show partially ion conductivity. Direct measuringuses an ion migration of sensor material
from one electrode to another. The organic mateaal start to transport itself from one side
to the other side and this causes a gradual ineleasnpedance. This situation is obviously
undesirable.

The integration comparative method is suitable|RE sensor structure because it is
based on alternate charging and discharging ofapacitor. The advantage of this method is
that it is not necessary to use an extra precigaat@r from the point of view of temperature
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stability, supply voltage fluctuations and long nterstability. These parameters are
compensated by the comparative measuring method. résultant accuracy depends on
standard of resistanceinaand ormicrocontroller parameters. For this measuringAtreel
AVR ATmega8 microcontroller was chosen because evy low input leakage current of
analog comparator A¢, ) which is only 50 nA.

The functionality of this method was tested on thevelopment board with the
microcontroller. The maximum measured value ofstesice is in the range of hundred&M
We can expect better result for the final desigi?GB, where short connections will reduce
the inductance and the interference will be minediz
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Use of Internet as an instrument for control of meaurement instruments in
materials diagnostic

Frk M., Rozsivalova Z. — FEEC BUT Brno

Abstract

The article discusses the use and inter connection of information technology and practical applications
of measurement in the diagnostic. It focuses primarily on the description of the laboratory network
allowing connection of any measurement instruments, which are equipped with data communication
interfaces. An integral part of the text is a description and a software support to ensure access and
control of measurement instruments over Internet.

Introduction
With the development of modern technologies and dkailability of high-speed

Internet is increasingly encountered with movingskdep applications to the Internet.
Individual applications are then accessible viaed Wrowser, which is part of any operating
system. In the same way it is possible to makessiloke not only theoretical information and
simulations in the form of a virtual laboratory,ttalso controlling of measuring instruments
and access to practical measuring applicationsgusire laboratory computer network.
Interconnection of information technology and pi@adt applications of measurement then
represents a complete e-learning tool that is widerin education [3].

On-line access to the measuring devices in matersatliagnostic

The idea of creating a remote access to measuawgeats over the Internet represents
the interconnection areas of information technolagy practical applications of diagnostic
methods. In the particular case it is a remoterobiof devices intended for diagnostics and
monitoring of the structure properties of dielextand semiconductor materials in the
following areas - "The influence of humidity anceduency components of the complex
permittivity Electrical Ceramics”, "Effects of threal stress on the courses of absorption
characteristics of insulating materials”, "Deteration of C-V characteristics of MOS
structures”, "Determination of temperature dependeonf the components of complex
permittivity of ferroelectric materials based onramics titanic" and "Analysis of the
properties of ferroelectric materials in an electreld"”.

Remote Desktop Connection

The scheme of initial connection and arrangemenimefsuring devices used for
selected diagnostic methods is shown in Figurehk gersonal computer is available within
each diagnostic method which is primarily intendedsoftware control a locally connected
measuring instrument. Each computer is then pluggedhe faculty computer network with
Internet access and has a fixed IP address. Th@estrway to provide remote access to such
measuring devices is to connect users to local ctenusing Remote Desktop, which is part
of the most common Windows XP and later versiohss then possible to use measuring
devices with software identical manner as if therwgas connected directly in the laboratory.
The solution allows to control measuring devicerothe Internet but in any case is about
remote access to the measuring equipment becauseddor access the Remote Desktop via
another computer. Besides the need for personalputars is a major disadvantage the
presence of measurement internal GPIB (Generalogarpnterface Bus) card or external
USB / GPIB interface and GPIB connecting cables.
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Fig. 1: Topology of measuring instruments connecfar use of access via remote desktop

Direct connection to the laboratory network

With the development and expansion of data comnatioic LAN not just in
computing and consumer technology but also in igfld bf measuring instruments and with
the advent of LXI standard (by now in version 1w&s also a possibility to use the direct
connection of instrumentation to the Internet [@urrently available on the market nearly
1,500 models of measuring devices, equipped witAM network connection and especially
certified LXI standard in various categories such raultimeters, oscilloscopes, power
supplies, impedance analyzers, etc. from a totdRokorld Agilent, Keithley, LeCroy, Rohde
& Schwarz, Tektronix, etc. (data valid at the eh@@10) [1].

The proposed concept of topological arrangemenheflaboratory network with full
access to the measuring devices over the Intesrggtawn in Figure 2. The philosophy of this
solution is based on the laboratory Ethernet nékw®®0 Mbps and 1 Gbps) representing a
widely used communication standard in the computetworks of LAN which are
implemented in an active network of communicatieatfires, such as GPIB / LAN gateway
and USB / LAN and RS232 / USB hubs. Basics netwarksbased on the hardware platform
Agilent instrumentation.
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Fig. 2: The concept of the structure and implementaof laboratory network including
communication devices and measuring instrumerits &ill integration into the Internet

The entrance portal to the selected measuring egvis the Web site located at
http:\\laboratore.uete.feec.vutbr.tmt is hosted on the server of electrical matetab.

Conclusion

Laboratory network for connecting measuring deviegsiipped with different data
communication bus has been created at the DepadnoérElectrotechnology Faculty of
Electrical Engineering and Communication UniversifyTechnology in Brno. An integral
part is a Web portal that provides valuable infaioraabout the operation of the laboratory
"Electrotechnical materials”. In all these casesisitthe full connection of measuring
instruments and video monitoring equipment to dwal network, connected via a gateway to
the Internet. Connections the measurement instrtsmga LAN bring economic savings,
increase efficiency of the measuring process atmvagasy sharing of instruments. The
potential of created laboratory network is condyaréxpanded and developed into a
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comprehensive system through which it will be plolestio control the complete management
of laboratory instruments.
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Dielectric absorption of insulating system generators in operation
Hajkova L., Petr J., Hajek J. - FEE CTU in Prague

Abstract

One of the important diagnostic methods used in insulating systems of large rotating electrical
machines is method for measuring charging currents, for which is the dominant part the absorption
currents. Charging currents are measured by diagnostic group CEZ nearly half a century. These
values were used for measurements of three hydrogenerators and two turbogenerators, for this study.
All used machines have insulation system in temperature class 155 °C. The results were compared
with measurement results for systems with temperature class 130 °C. This article contains graphic
processing of dielectric absorption for the insulation system temperature class 155 °C. This graphic
processing did not show a clear change neither during the thirty years of measuring insulating
systems of these machines.

Introduction

For the evaluation of insulation systems of large rotating machines are used different
diagnostic methods. One of the most important diagnostic methods is measuring of charging
current and this method is also used by diagnostic group CEZ. The theoretical basis of this
method was created in older types of insulation systems created by split mica, paper and
asphalt or shellac. For the newer types of insulation systems made from epoxy composite
(epoxy resin), glass fabric and regenerated mica, this diagnostic method has been loaned and
on the basis of laboratory measurements [2] confirmed by theoretical assumptions obtained by
examining the older types of insulation systems. Purpose of this study was to show the
behavior of absorption curves for new types of insulation systems using the values obtained
by measurements on factual large rotating machines. For purposes of this work were used
values of three hydrogenerators and two turbogenerators producing power for Czech
Republic. Measured values were taken from the protocols of measuring diagnostic group
CEZ.

Evaluation theory of absorption currents:

Charging currents are the sum of absorption currents and conduction current, and they
can be evaluated by various methods. It proceeds especially, the use of various indices and
constants or graphical representations. Because conductivity current in the real measurements
and dry insulation forms a negligible part, we can evaluate the charging currents as absorption
currents. This study converse of evaluating graphically plotted absorption curves, depending
on the time from the beginning of movement of the machine and time slope of the values k
and n constants that describes the machines isolation state.

The course of absorption current in the insulation system is the sum of exponentials
wide range of migration polarizations and it can be simply described by a power function:

i=k-t™ Q)
where i, is the absorption current, t is time and k and n are already mentioned constants.

To simplify evaluation the state of this isolation is a power function used in logarithmic
form:

logi = logk —n-logt. 2
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Time dependence of the absorption current is then displayed as a line, whereas the
constants k and n are describing the shift and course of lines. Constant k describes shift in
vertical direction and constant n relative angle to the x-axis.

Beyond absorption curves are there plotted time-dependences of constants k and n (at
the time of operation). These constants represent the absorption curves. Constant k describes
the magnitude of the absorption current and constant n describes the rate of decline of the
absorption current at the time of measurement.

In the evaluation of absorption currents are used graphical representations. It is
generally known (from practical measurements), that in the older types of insulation systems
are absorption curves staged in logarithmic coordinates as lines. With the aging of insulation
systems lines are moving up and slightly tilts against the x-axis. This tendency was confirmed
in laboratory conditions, even on samples of a new type of insulation system [2].

Graphical evaluation of the absorption currents curves:

There were plotted absorption curves in the first part of this study for all phases of three
machines examined DC charging voltage. On the picture Fig.1 is an example of dependence
of selected absorption curves for one of the surveyed machines (Dalesice TG3) for one phase
with a DC charging voltage of 5, 10 and 15 kV. The results were similar at the other
machines.

5 kv

Dalesice TG3: phase U

— 281978

—38.9.1885
12.10.1889

—18.5.1932
1.10.2007

absorption current [uA]

L I I . N T
1 2 3 4 a 6B 7 868 810
tirne [min]

10 kv 15 kY

absaorption current [uA]
w
absorption currant [uA]

1 1

n n L . L n . . . L
1 2 3 4 5 B 7 B 3810 1 2 3 4 £l B 7 8 910
time [min] time [min]

Fig. 1: Absorption current phase U hydrogenerator Dalesice TG3 for DC charging voltages 5
kV, 10 kV and 15 kV

In the second part of the study were plotted the time dependences of channels on the
time constants of the machine. The picture Fig.2 is an example of corresponding dependences
on the same machine for phase V.
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For all machines there were calculated correlations between constants k and n at DC
charging voltage of 10 kV. Evaluation of correlation was performed by using the sample
correlation coefficient [4]:

R= Tt XiVi-X Xit1 Vi 3)
JEm B ) (S v 3 5 )

where m is the number of measurements, x are values of the constant k and y are values of the
constant n. The statistical significance of the selection correlation coefficient R was then
determined from tables of critical values of the correlation coefficient given in [5].

The values of sample correlation coefficients for the investigated machines are listed
in the table Tab.1. For hydrogenerators was boundary of statistically significant linear
relationship determined by the value of the correlation coefficient 0.7. For turbogenerator
there is the small number of measurements, that’s why not the correlation coefficient R
statistically significant.

Tab. 1: The values of sample correlation coefficients for the investigated machines

Hydrogenerator Phase R Turbogenerator Phase R

U 0.92 U 0.97

DaleSice TG1 \Y 0.79 Tisova TG1 \Y% 0.96
W 0.99 w 0.89
U 0.76 U 0.68

Dalesice TG2 \Y 0.82 Tisova TG3 \Y 0.85
W 0.87 w 0.86
U 0.78

DaleSice TG3 \Y 0.96
W 0.94

Conclusions

The main goal of this study was to investigate behavior of absorption currents in newer
types of insulation systems and compare it with the results of measuring on machines with
older types of insulation. In older insulation systems, which were made of split mica, paper,
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asphalt or shellac, attend to disengaging layers during the life of isolation, and thus the
increase of constants k and n, namely, the absorption curves shift upward and to a slight tilt.
With the newer insulation systems, which are made of epoxy composite (epoxy resin, glass
fabric, mica regenerated), similar phenomenon apparently doesn’t happen. However, the
laboratory measurements were provided in [2] confirmed, that the newer types of insulation
with aging increase the value of the constants k and n again. On the processed values derived
from measurements of real insulation systems of generators this trend didn’t appear. The
question is, why is that so. There are several possible explanations. One of them is the fact
that the investigated insulation systems are not yet in a state where the aging has been
reflected on a state of isolation, and thus on the absorption curves.

The new insulation systems, showed an interesting tendency of absorption curves to
move up and down in the direction of the y-axis and rotate towards the x-axis without rules,
during machine operation. There can be many explanations for this behavior but this study did
not achieve a definite conclusion. So-called “treeing” (creating cracks in the insulation) was
discarded, because for this phenomenon there had to be some humidity, but in the machines,
which are measured out in practice, there isn’t any. Another option is the bursting of
macromolecular chains of epoxy. With creation of low-molecular substances, would happen
increment of absorption in the substance. Both of these phenomena, however, lead to
permanent changes, which can’t clearly confirm the results of measurements.

During comparison the time courses of constants k and n, strong linear relationship
between these waveforms, was noted. The match in rising or falling waveforms constants k
and n is occurred, at inconsiderable percentage of plotted graphs, almost perfectly. The only
difference is in magnitude of rate and value differences between consecutive values. Few
exceptions, selective correlation coefficient R ranges in values higher than 0.7, that indicates a
statistically significant linear relationship between the constants k and n.

The dependence of correlation between the courses of the constants k and n on the size
of charging voltage didn’t appear on the examined machines.
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Noise source identification using sound intensity measurement
Klasna J. — FEEL ZCU UWB in Pilsen

Abstract

This papers deals with noise source identification according to CSN ISO 9614-1 standard. This
method uses the sound intensity measurement in points of the measuring surface. The measuring
surface surrounds the measured device and is divided into the point’s grid. The sound intensity is then
measured in each point of the grid. For better understanding of the measured data it is suitable to
convert the data into the graphical representation. Typical representation of measured data is to
convert them to distribution map. To do this job, the graphical user interface was created in MATLAB.

Introduction

Noise source identification helps to find the main noise sources of the measured device.
The sources can represent individual components of the device and the localization of the
main sources enables reduction of total noise level. Another application of this method is to
find the damaged or defective components of the complex device.

The sound intensity | is vector representation of sound energy flow through a unit area.
It is given by instantaneous sound pressure p and the corresponding particle velocity u (1).

I=p®-d@) W-m?2) (1)

The value of sound intensity can be measured by sound intensity probe and the orientation of
the probe determinate the direction of the flow of the energy. Typically, the positive value of
sound intensity represents the energy flow from the measured source and the negative value
responds to energy flow to the source. Sound intensity is represented in most cases in level
expression. The measured value is then related with reference value and the dependence is
then logarithmic. The sound intensity level L, is given by (2) and the reference value Iy is

10 wW.m?,
I I
Ly =10 -loga =10-log =T (dB) @)

Sound intensity measurement according to CSN 1SO 9614-1 standard

The measured device must be surrounded by measuring surface. The shape choice of
the measuring surface depends on shape of the measured device. Typical measuring surfaces
are cuboid, hemisphere, cylinder and half-cylinder. The whole device must be inside the
measuring surface and the minimum distance between measuring surface and device must be
kept. After that is the measuring surface divided into the point’s grid (Fig. 1) and the sound
intensity is measured in each point of the grid. The distance between measuring points sets the
space resolution. The distance between points can be various — if it is necessary to have better
resolution in several places of the surface, the grid can be finer in this areas.

The sound intensity is used in this case for determination of sound power. Sound power
P is given by sum of partial sound powers P;. The partial power is defined as a multiplication
of sound intensity in one point I; and corresponding partial surface S; (3). Index n represents
number of measuring points on the surface.

P=Yr.P;P=I"S5, 3)
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Fig. 1: Typical measuring surface

Described method has several advantages in comparison with other methods of
determination of sound power. The main advantage allowed to measure the device in real
condition (in real placement — it is not necessary to move the device to the laboratory or to
modify the placement of the device). The measuring distance is relatively small (typically
from 0.5 meter — the measurement can be performed in the near filed). It is also possible to
measure individual parts of complex device.

Sound intensity distribution, rear side, f= 200 Hz (dB)
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Fig. 2: Sound intensity map of real device
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On the other side, there are several limitations of this method. The sound intensity probe
can measure in frequency range from 50 Hz to approximately 10 kHz (but not the whole
bandwidth at the same time — the bandwidth is divided into 3 bands). The noise source must
be stationary (because the whole measurement is relatively lengthy) and other requirements of
the standard must be kept to get reliable results.

Representation of measured results

The desired result of the measurement is hidden in large amount of numbers. For better
understanding of measured data it is suitable to convert the data into the graphical
representation. One of the possibilities is to create the distribution of sound intensity/sound
power on the surface (Fig. 2). The axis represents the size of the measuring surface. The color
bar is located on the right side of map and it shows the value of acoustic intensity. The black
points in the map represent the measuring points of the measured surface. The value of sound
intensity between points is interpolated because of softening of the changes. On this map is
very simple to find the main noise sources.

The software used for creation of the map on Fig. 2 uses MATLAB software for
calculations and displaying results. This software uses graphical user interface (GUI) and
allowed full control over the process of map creation and image export. Exported image with
adjusted transparency can be placed on picture of real device (Fig. 3). Unfortunately, this
program can’t perform this operation yet, so it must be done in other software. GUI offers
clearly arranged control components and is described in more details in [2].

Fig. 3: Sound intensity map placed on image of real device
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Conclusions

The described method of sound power determination allows localizing the main noise
sources on the measured device. This should be very helpful in case of searching the damaged
or destroyed part of complex device. Indisputable advantage of this method is the possibility
to measure the device in real placement in the company. The main disadvantages are the
frequency limitations (given by sound intensity probe and distance between probe and device)
and large time demand, so the noise must be in time continuous.

The sound intensity map is very useful graphical representation of the measured data,
because it illustrates the distribution of sound intensity on the surface. The developed GUI
simplifies the process of map creation and export.
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Fast controlled transfers process analysis of 6 kswitchgear in NPP
Maredek O., Kaska M. — TES s.r.o. Febi¢

Abstrakt

Fast controlled transfers of the 6 kV switchgears in NPPs are used especially for the reasons of the
reactor core cooling ensurance in case of the main power supply failure. This article contains fast
controlled transfers behaviour analysis in the event of a close short circuit in the electrical power
system. Proper information was obtained thanks to the monitoring and diagnostic system i mplemented
in the NPP.

Introduction

The 6 kV switchgear used for main coolant pump msofmower supply are equipped
with the fast controlled transfers in the TemeliRR The main coolant pumps are used for
heat transport from the reactor core. A power sgpphsfer from the main (normal) to stand-
by source is occurred in case of a failure of tl@npower supply system. It is not allowed to
activate reactor protections in this case as altresuhe power input decrease of the main
coolant pumps.

This fast controlled transfers were successfulbye@ during a commissioning period of
both NPP units.

A main transformer failure was occurred in 2004 (thain power supply system). The
fast controlled transfer failed and the changeneodtand-by power source was made by slow
relay automatics. It caused the reactor protediivation due to the power input decrease of
the main coolant pumps and finally to the reachart slown.

The whole event process was recorded by the mamiteystem MOSADB. Causes of
the fast controlled transfer failure were discodetbanks to detailed analysis of this
monitoring system records. Changes of the fastrothed transfer algorithm were designed
and implemented consequently.

Fast controlled transfer automatics of the 6 kV swichgear

The main power supply of the 6 kV switchgears (ideld switchgears equipped with
the fast controlled transfer) is implemented frdme #00 kV bulk power substation &a
through the block and tap-changing transformer® Stand-by (auxiliary) power supply of
the 6 kV switchgears is implemented from the 11000k power substation K@n through
the auxiliary transformers. The 400 kV and 110 ki lbars are coupled in the o switch
yard. Therefore it is possible to change the sufnoliyn the main to stand-by power source in
synchronism.

The 6 kV switchgears used for main coolant pumpeap@ipped with synchronization
relays BECO. This synchronization relay enablesnake power supply transfer by its fast
channels. If this channels work properly, the powepply transfers come through without
reactor protection activation.

The reactor protections are activated in case wfdower relays activation from three
of four main coolant pumps. The low-power relaytiegtis: power P < 0,5 Pn during time
t>0,9s.

The synchronization relay continuously evaluatekage amplitude, phase shift and
frequency difference between 6 kV switchgear vatapd stand-by power supply voltage.
This relay is equipped with three channels, twthein are fast and one slow:
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— FAST channel. If the synchronization relay actigatiis occurred (e.g. due to an
electrical protection activation) and the phaseft shetween voltages i< 30°,
synchronisation relay sends out a stand-by powarcsoswitch closing order. The
FAST channel time window is 200 ms.

— IN PHASE channel. If the synchronization relay aation is occurred (e.g. due to an
electrical protection activation) and the frequerdifference between voltages is
< 4,5 Hz, synchronisation relay sends out a stanghnyer source switch closing
order in time of zero phase shift. The IN PHASEmte time window is from 0,2 s to
2s.

— U2 channel. If the synchronization relay activatien occurred (e.g. due to an
electrical protection activation) and the switchgealtage drops on U < 0,3 Un,
synchronisation relay sends out a command to svafthall power consumers. The
stand-by power source switch closing order is sehafter 70 ms delay.

In addition, there is a slow independent relay enatics in every 6 kV switchgear:

— U1 channel. This relay automatics sends out a digngbower source switch closing
order in case of the switchgear voltage drops onOl4Un with delay 0,5 s. A low-
voltage automatics always switches off all powenstoners before the stand-by
power source switch is switched on.

Fast controlled transfer automatics of the 6 kV swithgear tests

Several tests evidencing proper function proceadiré kV switchgear fast controlled
transfers under load were realized in a commissgperiod. A test initiation was made by a
simulation of electrical protection activation o4@0 kV switch disconnection.

An analog and binary data obtained by MOSARonitoring system was successfully
used for test analysis.
Figure n. 1 shows voltage and current curves oféth® switchgear during FAST channel
test. The controlled transfer time was 80 ms. Tinasp shift between voltages was 13° in the
time of stand-by power source switching on.
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Fig. 1: Voltage and current curves of the 6 kV stwifear during FAST channel test
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Figure n. 2 shows voltage and current curves of @&/ switchgear during IN PHASE
channel test. The controlled transfer time was M20 The frequency difference between

voltages was 2,53 Hz in the time of stand-by posaerrce switching on (zero phase shift).
NPP Tameslin
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Fig. 2: Voltage and current curves of the 6 kV stwifear during IN PHASE channel test

Block transformer failure

The second unit was coupled into power system amded on the nominal power. A
failure of the third phase block transformer undasaoccurred. The generator and the power
line 400 kV was switched off . The controlled treamsto the stand-by power source of the
6 kV switchgears was occurred.

The fast controlled transfer failed and the chatogy¢he stand-by power source was
made by slow relay automatics. It caused to thetoegrotection activation due to the power
input decrease of the main coolant pumps and ¥irtalthe reactor shut down.

The whole event process was recorded by the mamijteystem MOSAD. Causes of
the fast controlled transfer failure were discodethanks to detailed analysis of this
monitoring system records:

— A sharp decrease of the 6 kV switchgear voltagehases L1 and L3 with negative-
phase sequence component signalling was occuriegl. nEgative-phase sequence
component signalling caused the external blockifigthe synchronization relay
activation due to the electrical protection aciwat

— The main 6 kV power supply switch was switcheddfe to the electrical protection
activation in 70 ms after the start of failure. Thmain 6 kV power supply switch
disconnection blocked the synchronization relayatbn.

The controlled transfer was not led through thechyonization relay fast channels but
only through the slow external relay Ul-channefufe No. 3 shows voltage and current
curves of the 6 kV switchgear during the controltehsfer by the Ul-channel. The whole
time of the controlled transfer was 2,47 s.
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Fig. 3: Voltage and current curves of the 6 kV shfear during the controlled transfer by the
Ul-channel

Fast controlled transfer automatics algorithm correction

The next fast controlled transfer automatics atbam correction in the 6 kV
switchgears equipped with synchronization relay€BEvas made due to the detailed failure
event analysis:

— The external blocking of the synchronization rekmtivation due to the negative-
phase sequence component signalling was cancdiledakes the synchronization
relay possible to work properly also in case ofyamsetrical failures in the main
power supply system.

— A delay of the main 6 kV power supply switching efas increased by 200 ms. The
priority of the main 6 kV power supply switchingf @ on the synchronization relay
activation now.

Conclusion

This paper shows an importance of detailed datdysisawhat enables information
obtained by the MOSAD monitoring system in case of operation or failekents in the
NPP.
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Energy audit and revisions of power equipments
Sebok M., Gutten M., Kuéera M., Koren&iak D. — FEE UZ Zilina

Abstract

Knowledge of problems of measurement in the infrared radiation allows us to use the thermovision
diagnostic methods more effectively and to localise the disturbance which determines the quality of
electrical wiring and egquipments in the inside distribution of electric energy. In carrying out repeated
surveys of professional and technical examination of selected technical equipment thermovision is an
important diagnostic method for determination in energy audits and revisions of power wiring and
equipment. Heated objects with higher temperature near measured objects influences value of
measured temper atur e of these examined electrical equipment.

Introduction

Radiation of hot sources acts like (in respectwfainding conditions), like visible
light. To display temperature fields we can useiaiization techniques used in optics. The
only differences are materials used for elementgsafalization systems, size of values which
are derived from the wavelength of radiation, alst aensitivity of sensors for recording the
signal. The surface of the measured object in & sihthermodynamic equilibrium emits
electromagnetic radiation and the radiated powpedds on the thermodynamic temperature
and properties of the surface object.

For thermovision diagnostics of infrared radiatiarthe inside distribution of electric
energy, we need to take into account many importaators affecting the accuracy of
measurement. Results of the measured values offispgectric contact are often biased by
measurement defects. In determining the classidicadf degrees to correct the defects, it is
necessary to correct measured values due to digswgdtects of other objects. [1]

Theory
Heating is defined by the relationshifz, wherea is the absorption coefficient of
energy ande is the emission coefficient (emissivity) of the asared body. [2] Ratio of
intensity radiation of actual body and ideal bldddy at the same temperature is defined by
spectral coefficient of emissivity: ()
_H,AT 1
£,(AT) He(T) 1)

It is clear that the coefficient of spectral emidlyiis equal to the spectral absorption
coefficient. The research on issues of radiatiorsafd bodies is based on knowledge of
absolute black body; an object which is able tdyfalbsorb the full spectrum of radiated
energy. By Kirchhoff's law the black body is an alemitter. Plank defines the spectrum of
black body radiation:

dH(A,T) _ 27{]1502/]'5 2)
dA E

Spectral radiant flux density of black body surfalemends on the length of the wave
and temperature. [2]

Plank’s law is a function of spectral distributiohvalues. Spectral distribution curves
dH(4,T)/dA entering at temperatufle (Fig.1) go through the maxima.

85



[Wm*sr'um’]

spectral intenzity radiation

i e 2l
0.1 1 10 100

wave lenght [um]

Fig.1: Curves of the spectral distribution

Win's law clearly defines the shift of visible amavisible body radiation (when it is
heated) to the side of the shorter waves. [3] &tBaltzmann’s law, as an integration of
Planck's law td, defines an integral radiant flux density of bladdlp at the temperatuiie

H, :T[dH (A.T)/dAdA = oT* (3)

6 = 5,67.1¢ W/m’K* — Boltzmann constant.
Derived Planck’s equation on temperatld€ we receive change of spectral flux
density emitted from black body as a function ohperature:

9(dH /dA _ (hc/k)e™ ™™ ~dH )
T AT 2|40 —1|" dj
Real objects generally do not behave as black botNe-black bodies absorb only a
part of a(2)® (incident radiation), part of the reflected ragiat (1)@ and partz(1)® is
transient radiation. If the system is in thermodwi@equilibrium (Fig.2), under the law of
conservation of energy reflected and transientgnisrequal to the energy absorbed. [3]

Incident Absorbed

i At radiation
radiation Transient

radiation

g WO,
Reflected &
radiation
p()® \4 ¢(2) emisivity

Fig.2: Distribution of the incident radiation

Emissivitye(1) (coefficient of radiation), compensates absorptioefficient a(1) then
e(A)=a(2). It follows that:
() + p(A) +1(1) =1 (5)
The result of object temperature measurenigntwhich is registered in the spectral
range of wavelengthsi (surface density of radiant flux), is the registeradiant flux density
Hreg

Hg = [ p.(D[dH (A,T,)/dAJdA + [ 7, D)[dH (A, T,)/ dAjA + [ £([dH (A, T,)dAjA (6)

When an object is transparefit) = 0 and ifTp is much larger thaf, , the first part of
the equation is very small. In this case the tas&asier and it is essential to kney{l).
Difficulties arise when the body is surrounded blyen objects, which have high temperature
and these temperatures are higher than the exaroisjedt. In this case, its own radiation
depends on thely, and g affected by reflected radiation error caused byagitc
(surrounding) objects with a temperatiiggand emissivitye. (Fig.3). [4]
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If the reflection coefficient is measured as - radiation error, then the part
characterizing the error is proportionalTtg ¢ andpe , T,

parasite measured

_—)
arasite object
objectTe,& (1-807 To.co,fo

To, €0

1
Thermovision
=[]

system

Fig.3 Influence of other radiating objects

For measures of this type it is necessary to kepandT, parameters and the number
of equations, which are equal to number of unknowRadiation of measured object is
formed by the sum of two parts; owh radiation and parasitiel, radiation in the infrared
spectral range:

H =S [ p.(Me,(DdH (A, T.)/dAJdA + [ £,(A)dH (1,T,)/ dAjaA (7)
AN Ay

S- geometric parameter which depends on the distahtwo objects and on their surfaces.

Experimental

Thermovision measurements warn us about the preigeesleterioration of transition
resistances of connections, about overheating atetidration of isolation systems condition,
machinery and electrical equipment (Fig.5). [5]

On the Fig.4 we can see the thermogram of measibjedt BR1 at a temperatufeg
and emisivitysp which we want to know (radiant breaker BR1 onl&fg and from the other
side we can see parasitic object with temperalyrevhich is larger thaf, (radiant breaker
BR2 on the right). Emissivitye of parasitic object is high and the distance fnror@asured
objectd is small. The temperature valligand emissivity, is unknown. The thermal camera
distinguishes this different temperature of objeats. temperature, which would have
absolutely black body in this spectral range.

a— 865

225

Fig.4: Termogram of breakers in electric Fig.Beimogram of electric wiring breaker
switchgear

The result of calculated equation is the tempeeatirparasite objecte = 361, 5°K.
Value of calculated temperatufg=361, 5°K is near to measured temperalyre 357.45 °K.
The size of radiation flux density of p&ita object BR24 = 0.96 and temperatuiig =

357.45 °K) is:
H, =&, [[dH (4,T,)/ dA]dA (8)

Ak

Then the radiant flux density of the measured dhbgec
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H =&, [[dH (A,T,)/dAJdA + (- £,)e.S [[dH (A, T.)/ dAJdA 9)
AA AA
radiation reflection
If S=1 then we have result calculated temperature afsomed object BRT;=303, 15K,
and for emisivity:

& = H ~H. = 075 (10)
j dH (A, = 36um, T, = 357,4°K) / dA
YN
Following data were calculated: BRI15 ¥ 303,15°K =43°C, &= 0,75
BR2: To = 361,5°K = 84°C, &~ 0,82

Conclusion

Comparing the results of calculated and measurétesawe see that real measured
temperature values are influenced by parasite bbjé® differences between the calculated
and measured values are illustrated on the graigh6jFOn the graph we see measured and
calculated temperature differences of breaker BRhecurrent load. Measured temperature
of BR1 is higher than calculated because closesfiarabject influences its temperature. As
we can see on the graph (Fig.6) temperature difeer® depend on the value of current load
(In). The results of experimental measurements antdemdtical calculations of temperature
differences for parasitic object we can see orgthph (Fig.7).

T[C] T [C]
100 100
80 /f" 80 4
60 60
40 / — 40
20 A%‘/X// 20 %
0 L X . . . . . . 0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
I —&— 1measured —&— 2calculated I In[%] I —&— 1 measured —— 2calculated I In[%]

Fig.6: Dependence of measured arkg.7: Dependence of measured and
recalculated warmingglto breaker BR1 calculated values of warming Te on breaker
BR2

In carrying out repeated surveys of pratesd and technical examinations of selected
technical equipments thermovision is an importaaguostic method for determination in
energy audits and revisions of power wiring andigaents. Heated objects with higher
temperature near measured objects influences valfiemeasured temperature of these
examined electrical equipment.
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Requirements for assessment of LOCA cables VUKI ideliveries for the
Mochovce NPP

Verbich O., Sulova J., Valach R. — VUKI, a.s., Braslava

Abstract
VUKI, a.s., experience in requirements for cable properties for NPP primary zones, their assessment
in deliveries and documentation.

The legislative requirements for quality assurasicelassified equipment for NPP’s are
as follows:

Act No. 541/2004 Collon peaceful uses of nuclear energy (Atomic Actke aht deals
with the conditions for operation of nuclear inEthabns and the performance of state
surveillance over their nuclear safety. Also p&ereof is Art. 25 Quality Assurance that
addresses the responsibility for determination red aompliance with the requirements for
quality of nuclear installations, classified equgmh their categorisation under safety classes
in the field of making use of nuclear energy, inlthg supplies of equipment and services.
Specific requirements for NPP equipment are sulestjugoverned byJD SR Decree No.
56/2006 Coll.laying down details of licensee quality system doentation requirements as
well as details of quality requirements for nucleetallations and details of the scope of their
approval. Specific requirements are addressed hy @ArQuality of Nuclear Installations
precisely defining the scope of accompanying docuat®n whereby the supplier is due to
demonstrate compliance with the requirements foaliu of NPP classified equipment,
specific results of testing to prove the nucleastatiation resistance to seismicity and
environment effects in all test, operational andsigie emergency conditions. These
requirements were encountered in our company wpikparing the supplies for NPP
Mochovce completion, specifically Units 3 and 4 AAER 440 reactors.

For VVER 440 reactors the minimum required lifetifoe cables is currently 40 years
for routine operating temperatures up to 60°C amergency temperatures up to 127°C.
Additionally, they have to comply with demandingdanequently contradictory requirements
such as being resistant to ionization radiationg-firoof and, if possible, halogen-free
(exceptions in particular the US and Russia), & $lame time with reduced moisture
absorption, and they have to satisfy the major Batident functionality requirements even
upon expiry of their use in the primary circuit o\ge period of 40 years. We were awarded
certificates for this type of power and signal esbin 2009 also at VUKI, a.s., with the
material and structural design of cables beingrésalt of the company’s own research. The
upper side to certificates awarded by VUJE, a.biclwvis the only authorized certification
body certifying products - classified equipment @entral European nuclear power plants, is
that the demonstration of the required 40-yeatitife in given conditions is unambiguous
and unquestionable which can be proved with theodahg results of close to two-year
assessment by the certification body of our caldlas. conditions for VVER 440 reactors are
as follows:

A. Normal operation environment:

Maximum operating temperature: 60°C

Minimum required functionality: 40 years at a tesrgiure up to 60°C
Pressure: atmospheric

Maximum relative humidity: 90 %

Integrated radiation dose: 280 kGy (installed lifame 40 years)
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B. Environment emergency conditions - Loss of Coofd Accident (LOCA)

Maximum relative humidity 100 %

Radiation conditions - dose rate 1 kGy/hr

Integrated gamma radiation dose:

(LOCA + post LOCA) 10 kGy

Chemical spray:

Start: 5 minutes into emergency conditions
Duration: 24 hours during prevailing emergency diions
Spray solution temperature: 45 - 60°C

Spray solution concentration: 13,7 g/keB®s; 2,7 g/lkg KOH; 0,2 g/kg PH4H0O
Overall integrated radiation dose: 319 kGy

(for normal and emergency conditions including safeargin +10 %)
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Fig. 1: Tensile strength of cable CHKE 4x2,5 LOCA Fig. 2: Ductility of cable CHKE 4x2.5 LOCA
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Fig. 3: Tensile strength of cable JE-H(St)H 2x2x0.8 Fig. 4: Ductility of cable JE-H(St)H 2x2x0.8 LOCA
LOCA following simulated radiation ageing (overall following simulated radiation ageing (overall dase
dose in 40 years 319 kGY) 40 years 319 kGY)

For the above requirements also VUKI, a.s., cablese tested, specifically the
representative of power cables CHKE-V 4x2.5 LOCAI #imt of signal cables JE-H(St)H-V
2x2x0.8 LOCA, and the following parameters werawieed in assessing their lifetime:

The cables thereafter withstood also the test destrabove, the LOCA simulation, with
virtually no change occurring in the cable appeegaand with only a minimum change in the
assessed functional properties.

Despite these provable results guaranteed by thificaion body performing regular
surveillance over the production of LOCA cablesVaiKl, a.s., it is necessary to further
demonstrate for the follow-up supplies their qyadhd conformity to the requirements for
particular reactors, which implies moreover exteastlocumentation and testing. This is
based on developing a Quality Assurance Progrartacong in addition to the supplier basic
data a precise specification of cables to be segplincluding certificates proving their
properties. The advantage of the certificates a$ the certificate-guaranteed properties need
not to be subsequently examined during the delieémgables e.g. for the Mochovce NPP. In
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addition to demonstrating the fitness for VVER 4¥WJE certificate as per STN IEC 60780,
|IEEE 323, IEEE 383), selected cable fire propetties also need to be demonstrated (EVPU
certificate of cable fire functionality acc. to IE€D331-21 and -23 for power and signal
cables, respectively). The other cable fire prapsrheed to be guaranteed as a minimum
through a report from an independent test shog.-E/PU on corrosion and burning flue gas
conductivity test§STN EN 50267-2-3), burning smoke density test (S9N 61034-2) and
flame propagation test (STN EN 50266-R-Eurthermore, the program shall include the
categorisation of cables under safety classes dmer @lements as required by UJD SR
Decree No. 56/2006 Coll., as well as a detailedmgtson of all those processes which might
affect the quality of specific supplies. These are:

e Cable production process control diagram
e Description of control activities
e Packing, delivery, transport and storage
e Method of waste disposal, safety, hygienic andriagulations
e Quality guaranteed for the customer
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Fig. 5: Insulation resistance of cables VUKI-LOCA Fig. 6: Loss factor of cables VUKI-LOCA following
following simulated radiation ageing (overall dase Simulated radiation ageing (overall dose in 40 gear
40 years 319 kGY) 319 kGY)

Fig. 8: Cables after simulated 40-year operatiothé
primary circuit (with no visible damage and chamnge
the sheath colour)

Fig. 7: Cables prior to testing, original state

The most interesting part of them is the descnptad control activities, and in
particular a list of tests and their periodicityrithg delivery. The table below shows a list of
tests which the supplier shall be obliged to derrates with reports on each length of cable
(single part tests) and delivery of cables (seledtests), as appropriate.
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List of cable testing

Type of test Scope Documentl
Wire active resistandg€/km] Single-Part Report
Diameter over insulation (max. valuenm| Single-Part Report
Cable diametgimm] Single-Part Report
Cable test with voltage of 4 kV AC / 50 Hz Single-Part Report
Cable continuity Single-Part Report
Test of short-circuits Single-Part Report
Sheath surface Single-Part Report
Sheath appearance Single-Part Report
Wire test with voltage of 18 kV AC / 50 Hz Selective* Record
Insulation resistance at room temperafi€] Selective* Record
Material tensile strengtfMP4g] Selective* Record
Breaking ductility] %] Selective* Record

* in change of materials (charges)

Some of the tests are also duplicate ones (eagnater over wire insulation or cable
sheath, as appropriate, is checked even continpoushe manufacture, as is wire insulation
continuity with voltage of 3 kV DC). Moreover, eadupplier sets aside also reference
samples just in case of a discrepancy for the whalde operation duration at NPP. In the
past, during the construction of Units 1 and 2 dls®investor (under VUJE co-ordination)
would have a sample of each type of cable kepttijrén the primary zone and exposed to
the conditions of a given environment on which @swable to demonstrate the stage of its
ageing at any point of reactor operation. The tesof 12 to 13-year operation and cable
checks have probably proved their quality satisigcbecause today these samples are not
required.

Conclusion:

The requirements for safety of nuclear reactoes warderstandable given the fatal
consequences of their failures. Under the givetuanstances, the demands for demonstrating
conformity to the requirements for the respectiable supplies cannot be deemed overrated,
either. However, the tests proper, their frequeacg documentation are significantly more
demanding over the usual manufacturer declarati@emformity on the respective supplies.

This paper has been supported by APVV under Contract No. VM SP-P-0041-09
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Epoxy-POSS nanocomposite for electro-insulating matials
Botek J., Mentlik V., Trnka P. — FEE UWB Pilsen, Matjka L. — IMCH AS CR Prague

Abstract

Three-composite insulating systems belong to the most widely used in the field of high-voltage
insulating technology. The composition of these materials is. synthetic-resin binder, carrier
component and filler (mica). Progress in nanotechnology gives new possibilities at hanocomposite
system with insulating properties. First experiments were performed with inorganic nanoparticles in
the world, especially TiO,, SO, and Al,Os. Later experiments were continued with more complex
particles, e.g. carbon tubes, spheres. Two types POSS (polyhedral oligomeric silsesquioxane) particles
were applied in our nanocomposite. Modified epoxy resin was used as a binder. Electric, structural
and mechanic measurements were performed. The first one includes polarization indexes, resistivity,
permitivity and a dependence tg ¢ on temperature. The next measurements are represented by
thermogravimetry (TG) and transmission electron microscopy (TEM). Evaluation of samples was done
with intention of power engineering.

Introduction

Composite materials with nanofillers are able tovpte excellent mechanical and
thermal properties, as well as a potential in aapion as electrical insulating material.
Although many polymer systems are under considerafe.g. polyethylene, polyamide,
polyimide), the most often polymeric systems arsellaon epoxy resins. Modified epoxy
resins are noted for their good mechanical properind high thermal stability in addition to
the electrical insulation and dielectric properties
Organic—inorganic polymer based nanodielectrics afettrical insulation systems have
already attracted attention in the last decadeHBppxy nanodielectrics are mainly based on
epoxy-anhydride or amine systems filled with nalle® such as layered silicates, silica,
TiO,, Al,O3 or ZnO nanoparticles. These nanocomposites we@tesl [2-5] to show good
electrical insulation, higher breakdown voltage aesistance to partial discharges compared
to neat epoxy networks or to the analogous systéled with microsized fillers. New types
of nanofillers — well defined nanobuilding block$ave appeared in the last time. Polyhedral
oligomeric silsesquioxane (POSS) is one of the mo®ninent representatives of this class of
nanofillers. Incorporation of POSS units in a pofymmatrix may result in a local
reinforcement of a polymer chain. The POSS comgimpolymer nanocomposites show an
improvement of mechanical and thermal propertieduced flammability and increased gas
permeability. According to particular conditionspeocan widely tune the properties. The
POSS cage can act in a polymer either as a reinfpfdler or a plasticizing agent, thus
increasing or decreasing @nd modulus of a nanocomposite.

Nanocomposite system

Diglycidyl ether of Bisphenol A (DGEBA), phenylglytyl ether (PGE), 3,30-dimethyl-
4,40- diaminocyclohexylmethane (Laromin C260) andlyp (oxypropylene) diamine
(Jeffamine D2000, molecular weight M = 2000) wesedi as received. POSS monomers
were obtained from Hybrid Plastics: glycidyloxypybpheptaphenyl POSS (PO&E1) and
octa(glycidyloxypropyl) POSS (POSS,E8). List of th&tudied glassy epoxy-POSS
nanocomposites, their composition and indication given in Table 1. Characterization of
the systems includes type and content of POSS atkfas weight fraction. In addition the
rubbery DGEBA-D2000-POSS,E8 hybrid was prepareaéonparison.
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Table 1: Epoxy nanocomposites with POSS filler

Nanocomposite system Content of filler | Symbol
[wt.%]
DGEBA-Laromin 0 DL
DGEBA-Laromin-POSS,E8 1.1 DLES8(1.1)
3.2 DLES8(3.2)
6.5 DLE8(6.5)
10 DLES8(10)
14 DLE8(14)
36 DLE8(36)
Laromin-POSS,E8 74 LE8(74)
DGEBA-Laromin-POS&E1 4 DLE1(4)
8 DLE1(8)
DGEBA-Laromin-PGE 1.3 DLP

Electric measurement methods

Both DC and AC evaluation methods were used forompiex classification of a
dielectric material in terms of dielectric propesgi DC electric measurements were performed
to study dielectric absorption and to determine appétion indexes, describing the
phenomena occurring in dielectrics in the eledigtd. Volume resistivity was calculated in
compliance withCSN IEC 93 and”SN IEC 250 standard. AC methods include measurement
of permitivity and a dependence &gon temperature. Last mentioned dependence is shown
at Figure 1.

q 5 __,. Fig. 1: Loss factor tafi measured at a
o %o ;1 frequency 50 Hz as a function of
006 Lo, temperature for th_e epoxy network DL
008 AL and nanocomposites DLE8 and DLE1
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Structural measurement methods

Structural measurement methods are representedniyit&eous Thermal Analysis
and Transmission Electron Microscopy (TEM). TEM rographs in Fig. 2a showed that
POSS crystallites of the size 100 nm —uh form loose agglomerates, while POSS,E8
monomer is well dispersed in the matrix forming Bng to 5-10 nm sized amorphous
domains (Fig. 2b). Postcuring did not change maaorevealing that a slightly incomplete
conversion and presence of the unbound POSS daffeot the nanocomposite morphology.

(@) (b) =

Fig. 2: TEM micrographs of the nanocomposite DGEB#&emin-POSS. (a) DLE1(8),
(b) DLEB(36)

TG was performed as a part of Simultaneous TheAnalysis with the analyzer SDT Q600
— TA Instruments. All samples were tested in amadphere at 5 °C/min temperature
increase. The evaluation criteria for samples teageelectrical insulators was set up as three
percent mass loss. A higher temperature in Tablmeans better thermal stability of
nanocomposite.

Table 2: Nanocomposite thermal stability — 3% mass

System T30 [°C]
DGEBA-Laromin 271
DGEBA-Laromin-POSS,E8
DLES8(1.1)-T150 299
DLE8(1.1)-T190 298
DLES8(3.2)-T150 299
DLE8(10)-T150 307
DLE8(14)-T150 301
DGEBA-Laromin-POS&E1
DLE1(4)-T150 263
DLE1(4)-T190 263
DLE1(8)-T150 229
DLE1(8)-T190 256

Heating rate 5 °C/min. T150 — curing at 150 °C, @ #Scuring at 190 °C.
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Conclusions

Some results were shown hereinbefore and a nexa@eontained only in conclusion
by reason in paper size. The octa-epoxy POSS man@#®@SS,E8) is well homogeneously
dispersed in the epoxy network as a polyhedraltjonc The homogeneous nanocomposite
DGEBA-Laromin-POSS,E8 exhibits significantly impex properties including the electrical
ones. While the thermomechanical properties, igeand rubbery modulus are getting better
gradually with increasing POSS content in the nangmosite, the improved electrical
behavior requires the optimum POSS amount in thgaal-10 wt.%. The best electrical
properties were achieved in the case of the hybadtaining 1.1-6.5 wt.% POSS. This
nanocomposite shows a high resistivity (~1>X®-m) and polarization index;(3.8), as well
as a low loss factor. Relatively low dielectric des at temperatures above 50 °C make the
system interesting as nanodielectrics for use git lemperatures. Tahfactor oversteps the
value 0.01 only at 136 °C. The selected nanocorgmsiith an optimal composition will be
subjected to the dielectric breakdown test to deitee the material dielectric strength in the
next stage of the study. The electrical properiesworse in the case of the hybrid network
DGEBA-Laromin-POS&E1 with pendant mono-epoxy POSS forming inhomogesigo
dispersed aggregates in the epoxy medium. Howekerdielectrical properties exhibit a
larger deterioration, i.e. the high loss factorinateasing temperature compared to the DLES8
nanocomposite. In addition, a low thermal stabildy electrotechnical application £}) and
a low Ty compared to DLE8 system make this system lesscabe.
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Investigation and Diagnostic of Magnetic Control of Cryogenic Heat Pipes
Cingros F., Kuba J. - FEE CTU in Prague

Abstract

This paper deals with heat pipes controlled by a static magnetic field. In our previous work we have
investigated possibilities of practical use of this method in several types of heat pipes. The major
problem seems to be a suitable working fluid with sufficient magnetic properties. An excellent one is
oxygen - a natural gas with exceptionally high magnetic susceptibility (in liquid state only). We have
already tested a gravitational type of heat pipe filled with oxygen before. In this case excellent
working and control possibilities were found out. Thus we have work out the research of oxygen filled
heat pipes, now with focus on types with a built in capillary structure (wick). Heat pipes with different
capillary structures were made by this work and their working capabilities and control possibilities
employing the magnetic field method were experimentally ascertained. Some results of the
measurement are written in the text.

Introduction

Heat pipes are excellent heat transport elements with extremely large effective thermal
conductance (of about three magnitudes larger when compared with copper at standard water
based heat pipe). Additionally they do not need any power supply and they are free of any
moving parts. Thus heat pipes show high reliability and long life. Heat pipes are commonly
used for cooling and heat transport in electronic devices, technological processes and in many
other types of equipment as well.

From the technical point of view, heat pipe is an evacuated tube filled with a small
amount of a working fluid (water, ethanol, nitrogen, sodium etc.). While heating one end of
the tube (evaporator) the fluid inside boils and is vaporized. Vapor streams very fast through
the tube and condensates on the wall at the colder opposite end (condenser). Return of the
condensed liquid back to the evaporator is realized usually by the gravity (gravitational type)
or using a wick (special capillary structure inside the heat pipe) and also in the wicked heat
pipes gravity can assist.

In our research we are developing a new control technique of heat pipes based on
exposition to a static magnetic field. In our previous experiments with a gravitational heat
pipe filled with pure oxygen a significant influence of the static magnetic field on heat
transport was observed.

Now we have realized similar experiments, but with a wicked heat pipe. Two types of
the wick were tested - sintered and screen type. As a working fluid pure oxygen was
employed again, because its magnetic properties in the liquid state are unique among all other
natural liquids (only synthetic ferrofluids are comparable, but they have another important
limitations). We have ascertained the influence of the static magnetic field on heat transport in
the tested heat pipes. The results of the measurement are presented in the following text.

Experimental Setup

We have experimentally tested the magnetic field influence on heat transport in the heat
pipes with various wicks - sintered and screen type. The experimental installation is shown in
the Fig 1. As a working fluid pure oxygen was chosen because of its suitable magnetic
properties. The magnetic susceptibility y of gaseous oxygen is 2:10° (at 300 K), but for liquid
oxygen y = 300-10° (at 50 K). This is enough to be possible to capture liquid oxygen by the
static magnetic field. So the liquid flow in the wick might be restricted and it will cause a
lower heat transport capability. Heat pipes with oxygen as a working fluid are able to work at
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very low temperatures only (from about 55 K to 105 K), so the tested heat pipes belong to a
cryogenic range. The condenser had to be cooled by a bath of liquid nitrogen (LN, - 77 K)
and the rest of the heat pipe was exposed to the forced convection of the room air (25 °C).

T1 T2 T3 T4

70 70 70
heat pipe 380 condenser
S| cooling bath
capillary
p

Fig. 1: Experimental installation presented schematically and in real

A part of the heat pipe (between temp. points T4 and T5) was exposed to a static
magnetic field, which should make a magnetic curtain for the liquid oxygen flow and
influence the heat pipe capability. The heat pipe performance and working characteristics
including the possible magnetic field effects were evaluated by measuring of temperature in
five points along the heat pipe and by monitoring of pressure inside. The experiments were
realized for various tilt angles of the heat pipe from the horizontal.

Two pieces of heat pipes were tested during this experiment. They were almost
identical, different only in the wick type - sintered or screen. Both were made by a
modification of standard water based heat pipes supplied by Thermacore, Inc. (made from a
copper tube 380 mm long, outside diameter 10 mm and wall thickness 1 mm). The ends of the
tube were compressively closed by copper plugs and copper capillaries were connected
through the plugs to both ends of the heat pipe. Capillaries made a connection of the heat pipe
with a filling device and with a manometer. The heat pipes were filled with pure oxygen on
the pressure 12,4 MPa at 25 °C (from the pressure vessel).

The static magnetic field was generated by two Nd-Fe-B permanent magnets
(dimensions in millimeters - 40x20x10) with the magnetic circuit. The magnetic induction B
was 0,5T in the middle of the air-gap and the magnetic field was approximately
homogeneous. The on/off regulation of the magnetic field affect was realized by positioning
of the permanent magnets (to the heat pipe and away).

The measurement of temperatures was realized by K-type thermocouples (calibrated for
low temperatures by a Pt-thermometer) fixed in five points out on the heat pipe wall. The
pressure was measured by a digital manometer connected to the heat pipe by the capillary. All
the measured values were continuously monitored and recorded by a data logger.
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Experimental Results

In the following results of above mentioned experiments are presented. We have
measured working performance of the heat pipes with two types of wick - sintered and screen.
The both tested types were measured at different tilt angles as seen in the Fig. 2. The
following graphs present temperature characteristics measured in five points along the heat
pipe (as seen in the Fig. 1), where the curves going in the graph from top to bottom belong to
points from T, to Ts. On the top of each graph time of magnetic field action is marked.

In the Fig. 3 there are temperature characteristics for the empty heat pipe without any
working fluid. So in this case heat was transported only by thermal conductance of the copper
container and the wick. Of course, no magnetic field action could be observed in this case.
Comparing other graphs with this one contribution of the heat pipe operation can be seen.

In the horizontal position (Fig. 4, 6) the heat pipes operated only partially and they
never became almost isothermal, as typical for the standard heat pipe operation. Their
performance was limited by the insufficient wick operation. And because there was only a
small (or even no one) liquid flow within, the magnetic field could not influence the thermal
capability. However, at the screen type (in the Fig. 6) some small magnetic field action on the
temperature characteristics can be remarked.

.. +30° B=05T B=0T _ _B=05T B=0T container
300 only

i LN,
S bath
T 250
0° .

Heat pipe 200

T1(K)
—T2(K)

T3 (K)
—T4(K)
—T5 (K)

T(K)

-30°
" 150
o 0 5 10 15 20 25
-90° )
t (min)

Fig. 2. Heat p.ipe positioning Fig. 3: Heat pipe without working fluid
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300 SINTERED 300 SINTERED
< 250 T1(K) < 250 T1(K)
= —T2(K) = —T2(K)
T3 (K} T3 (K}
200 —T4(K) 200 —T4(K)
—T5(K) —T5(K)
150 150
0 5 10 15 20 25 0 5 10 15 20 25
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Fig. 6: Horizontal position, screen wick

Fig. 4. Horizontal position, sinter wick Fig. 5: Gravity assisted heat pipe, sinter wick
B=05T B=0T _ B=05T B=0T 0° B205T B=0T | B=05T B=0T -30°
300 m SCREEN 300 SCREEN
< 250 T1(K) < 250 T1(K)
= —T2(K) = —T2(K)
T3 (K) T3 (K)
200 —T4(K) 200 —T4(K)
—T5 (K} —T5 (K}
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Fig. 7: Gravity assisted heat pipe, screen wick
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Other situation happened when the heat pipe was tilted down with the angle -30°
(Fig. 5, 7). Now gravity helped the wick to return the condensate to the evaporator section and
the standard operation mode was started. However, in the sintered one (Fig. 5) insufficiency
of the working fluid caused by a large wick saturation is clearly seen (no isothermal state).
The screen one heat pipe (Fig. 7) worked well in this case and became almost isothermal
without the magnetic field exposition. Now, at the both wick types, the magnetic field
influence on heat transport was significantly ascertained. The most dramatic effect was
observed at the screen type, where the temperature T (at the end of the evaporator) varies in
the range of about 110 K in dependence on the magnetic field exposition.

Conclusions

In this paper diagnostic of the special heat pipe control method based on the magnetic
field action is presented. Heat pipes with two types of capillary structures were investigated.
The both tested heat pipes were filled with pure oxygen having excellent magnetic properties,
so important for this control method. The results of the measurement are presented in the text.

We have found out only a poor wick capability at the both tested capillary structures
and thus the heat pipes did not work at an adverse tilt angle. We assume it might be caused by
a limited saturation of the wick and by some poor oxygen parameters which are important for
the wick capability. Also horizontally the wick performance was not reliable. However, the
screen one heat pipe seemed to partially work in this position. The return of the condensate
was sufficient only in the gravity assisted mode.

Unfortunately, because of the partial wick failure the magnetic field control effect could
be investigated only in part. The static magnetic field significantly affected heat flow mainly
in the gravity assisted mode. Heat transport was dramatically restricted in this case and results
of our previous experiments with gravitational heat pipes were verified. Some partial
influence of the magnetic field was observed also in horizontal position at the screen one heat
pipe. In other cases the adverse tilt angle disable the liquid flow in the wick and the magnetic
field could not act on it.

This paper is based on the research program no. MSM 6840770012 “Transdisciplinary
Research in the Area of Biomedical Engineering II” of the CTU in Prague and the student
grant SGS 2011 no. OHK3-015/11 “Magnetic Field Effects on Special Thermal Systems” of
the CTU in Prague.
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Moisture within transformer insulation system
Donéuk J., Mentlik V. — FEE UWB in Pilsen

Abstract

The purpose of this paper is to review moistura@vigtwithin the transformer insulation system.
Moisture in the insulation system reduces dielecstrength and accelerates the aging rate of the
insulation. Sources of water entering into the #sfmmmer insulation are residual moisture,
atmospheric water and aging decomposition of cefleland oil. Dangerous effects of water influence
the reliability and serviceability of the power tisformer. Monitoring of moisture in oil is a suitab
and sufficient diagnostic tool to determine thediban of the transformer insulation.

Introduction

The power transformer is one of the key devicestate infrastructure. The insulation
system is the most sensitive part of the powerstamer. The insulation system oil-paper
is, during its operation degraded by operating @ and other factors. One of the most
significant degrading factors is moisture which s=81 the main degradation of the
transformer insulation system. Other degradingofacare, for example; temperature, solid
particles and electric field. Oil and paper are mhainfluenced by moisture ingress and
it could lead to damage of the power transformer.

Water contamination

The insulation system of the power transformer @ngosed of oil and solid
components. Part of solid insulation is called tktructure. It is composed of the paper
insulation of turns, coils and pressboard barri€@emponents of thick structure are for
example, spacers and clamping ring. Most of thestage is stored in thin structure. Water
comes into thin structure after a few days or mentihereas moisture comes into thick
structure after a few years. Negligible conteniadisture is stored in thick structure. Thin
structure is an accumulator of large volume of mupes Oil is a water-transferring medium.
Moisture, migrating between oil and solid part, elegls on oil temperature.

There are three sources of water contaminatiohevtransformer insulation. One of the
sources of water contamination is residual moistirthe paper insulation that is caused by
poor drying during production. The main source reefwater is atmospheric moisture and
main ingress is through poor sealing of the tramsér. Aging decomposition of the cellulose
and oil is another source of water appearing intthesformer insulation. Aging produces
substantial content of water at high temperatures iarapidly reduces the lifetime of the
power transformer.

Distribution of moisture in the insulation is non#orm. The majority of moisture
is in solid components of the insulation system andlepends on the structure of the
cellulose, temperature and solubility of moisture the oil. Water amount in turns
is significantly lower than in pressboard due tghleir temperature. Non-uniform distribution
of moisture is also in paper layers and it is cdusg high temperature. Outer layers absorb
more water than inner layers.

Dangerous effect of degradation factors

The content of moisture in oil degrades the tramséy insulation. Electrical faults
caused by partial discharges can occur in the atisul system due to moisture. Bubbles are
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generated during overheating when moisture in papehanged into vapor. The appearance
of partial discharges is more probable due to keddBubbles evolution is problem of "hot"

transformer which is characterized by high tempeethigh content of moisture and the
presence of air.

Condition of the insulation system contaminated mpoisture is determined
by measuring of dielectric strength. Content of sturie reduces dielectric strength of the
insulation system. The decrease of dielectric gtfems obviously observed after exceeding
the level of moisture in paper by 2 %. A rapid ease of moisture in oil causes immediate
failure of the power transformer. The presence®d fvater in oil is mainly a problem caused
during turning-on the transformer with cold or feozoil e.g. in winter.

Water accelerates the decomposition of insulatiod aeellulose depolymerization.
Decomposition is directly proportional to the watsmntent in the insulation system and
it is more dangerous with the presence of acidsnd\@nd decomposition of the paper
insulation are chemical processes. Oxygen actipyyolysis and hydrolysis are mechanisms
which contribute to the aging of the insulationteys. Oxidation is a chemical reaction which
causes degradation of insulation by oxygen actiiyrolysis decomposes paper insulation
due to high temperature. Hydrolysis is processemodhposition of chemical substances due
to water activity. Hydrolysis is a dominant meclsmi of aging of the paper
up to temperatures between 110 - 120 °C. The pcesefiwater accelerates the rate of aging.
Figure 1 shows the impact of moisture on the irtsadasystem of the power transformer.

:

Qil and cellulose

| Free| |Vapor| aging products
Major Turns -
insulation coils
Y
[Bubble evolution|
A J y Y
|_,| Decreasing the Accelerating the
dielectric strength rate of aging

Fig. 1: Impact of moisture on the insulation sysiaf the power transformer [1]

Moisture monitoring

Off-line diagnostic method to detect the contentnodisture is the simple method
invented by Fisher. Nowadays on-line diagnosticseen are more applied for detection
of moisture in oil of the transformer. Moisture adsely affects the electrical parameters
of the insulation system, degrades paper insulatibecreases dielectric strength and
accelerates the aging rate of insulation. Moistamnitoring is a suitable on-line diagnostic
tool to understand and determine degradation psesewithin the insulation system. The
content of moisture in oil has to be taken into stdaration in connection with oil
temperature.

102



Moisture is detected by on-line sensors. The migjaf moisture sensors are based
on the principle of a thin-film capacitive senshtectrical properties of the thin-film depend
on the content of moisture which is accumulate@ ithtis-thin film structure. Capacitance
of the thin-film is changed with different contewf moisture in oil. The difference
of capacitance is measured and it is transferredaisture in oil in ppm (parts per million).

Moisture in paper is difficult to determine becaumseisture migrates between oil and
paper in dependence of temperature. Sensor forumegsmoisture in paper has not been
developed yet. The currently used calculation ofistaoe in paper is reasonable and
it is based on the measuring of moisture in oil,temperature and the application of the
Nielsen diagram. Figure 2 shows Nielsen diagrantvihepresents the dependence of paper
moisture on moisture in oil where the temperatureibis a parameter of this dependence.

Moisture in paper is determined in percent of moesicontent in the paper insulation.
20°C 30 °C 40 °C

=3
(=]

Qup (%) - content of moisture in paper
o - [ M @ F Y o o =1 m w

0 10 20 30 40 50 &0 70 80
Qv (ppm) - content of moisture in oil

Fig. 2: Nielsen diagram [3]

Results of moisture monitoring

m — temperature
m — moisture in oil
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Fig. 3: Moisture in oil in dependence on tempea®atu

Moisture in oil and oil temperature are measuredntjties by sensors in the power
transformer. Results shown in fig. 3 represent taoésin oil in dependence on temperature.
Moisture capacitive sensor detects higher contémhasture in oil at higher temperatures.
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Obtained results confirm theoretical assumptioas thajority of moisture is contained in oil
at higher temperatures. Assumptions are non-unifmorsture distribution in the insulation
system and moisture migration from paper to olligher temperatures.

Conclusions

This paper has shown that moisture activity infesnthe insulation system of the
power transformer. There are mentioned sourcesaténentering into the insulation system.
Dangerous effects and its impact on the insulasistem are presented and shown in fig. 1.
A brief principle of moisture sensors operationdescribed. Moisture in oil in dependence
on temperature is shown in fig. 3. Obtained resatiafirmed assumptions that moisture
content in oil is depending on temperature. Furthestigation of moisture in paper
calculation or measurement is recommended. It wbeldhteresting to compare experiences
of moisture in paper calculation with measuremdmoisture in oil.
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Radiation Ageing of Flame Retardant XLPE Cables
Durman V., Lelak J. — FEI SUT Bratislava

Abstract

The paper discusses the possihilities of using capacitance and tan d measurements in the range of very
low frequencies for investigation of the influence of radiation on the special LOCA cross-linked
polyethylene flame retardant cable dielectric. It was found that the measured and calculated
parameters depend significantly on the absorbed dose of radiation. The most probable reason of the
structural changes in cross-linked polyethylene exposed to radiation is an additional cross-linking.
The results also proved that the capacitance measurements in the very low frequency range could be
used in practice for estimation of the absorbed dose in polyethylene cables.

Introduction

Cross-linked polyethylene (XLPE) is used widelytire cables for transmission and
distribution purposes and also for other specialliagtions e.g. in flame retardant cables.
Because of its low permittivity and ta) XLPE is considered as an efficacious insulating
material. Like other materials, it undergoes suadtdegradation in humid environment. This
type of degradation has already been observed aadtified as well as the degradation
processes under the electric and the thermal sfddsBut there are not many results
concerning the XLPE behavior influenced by the gammadiation. The radiation can
worsen but also enhance the electrical properfies XLPE dielectric. Research in this field
is necessary for the future use of XLPE cablesucigar power stations.

Polymers for the cable applications

Polymer structure comprises long chains consistihthe dipoles with different size
and orientation. Each group of dipoles contribiitethe relaxation process by a separate part,
which appears as a peak in the frequency dependaentiee loss factor. The individual
relaxation processes are identified by the signg, y depending on the peak position in the
frequency or temperature scale. Tdrgprocess belongs to the peak at the lowest frequency
(for the constant-temperature measurements) dret@éak at the highest temperature (for the
constant-frequency measurements). We can clags#fygtoups of dipoles relative to their
placement in the polymer backbone and also acogrthnthe type of their motion in an
electric field. Two possibilities of a dipole planent toward the backbone exist: parallel and
perpendicular. The dipoles, which are not compaehthe backbone are arbitrary oriented.
As for the dipole motion, three possibilities cgppear: the localized motion (at the atom
level), the segmental motion (at the level of a mamwlecule part) and the chain motion
(motion of the whole molecule) [2].

Regarding the above classification it was found tih@ a-process is based on the
segmental motion. This type of the dielectric pssces a cooperative phenomenon, i.e. the
motion of a selected segment influences the neigiplast of the macromolecule and the
neighborhood in a feedback influences the origgggjment. The-process is caused mostly
by the dipoles with perpendicular orientation tosivélre backbone. The cooperative nature of
the a-process has an important consequence: the teraperdépendence of its relaxation
time does not obey the well-known Arrhenius law thé Vogel-Fulcher-Tammann (VFT)
equation. Except of the ordinaorprocess, a similar type of relaxation exists irypeers
comprising the dipoles with parallel orientationveard the backbone. It is called the normal

105



mode relaxation and it is based on the chain mofitie relaxation frequency of this process
appears below the frequency of tngprocess.

The second important relaxation process in polyneetie 3-process. It is connected
with the segmental motion of the dipoles in theesigoups. The relaxation frequency of this
process is higher comparing with thgrocess. The relaxation time obeys the Arrheraus |
The permittivity increment in the complex permittyvfunctions is less for thB-process than
the one for thex-process. The temperature coefficient of the ineneinis negative for thp-
process and positive for theeprocess. In relation with the structure of theesgtoups in
polymers, more than on@-process can be recognized in the relaxation gpactThese
processes are then denotedyas 6. We can distinguish these processes by their aadiv
energy. The approximate values of energies ar28%nd 5 kJ mdi for the p- y- and &
processes respectively. The degradation degreeowempcables during their operation is
obviously checked by the dissipation factor (fgnmeasurement. In the time domain the
absorption current or recovery voltage can be nreds{B8]. From these quantities some
derived parameters like polarization index are wlated for routine cable evaluation. The
parameters acquired by the diagnostic methods oradiabove can individually respond to
the changes caused by the long-term operation tiretehanges induced by artificial ageing.
In this paper the measurements of the complex dapae and ta®d in the range of very low
frequency is used for detecting of the cables dijran caused by irradiation.

Experiment

Specimens of the length 100 cm were cut from a-toue XLPE flame retardant cable
and irradiated to get define dose of radiation.rkebifierent doses were chosen (100, 200, 300
and 400 kGy). The source of radiation was a gammigter °°Co with the dose rate of 950
Gy h'. The irradiated specimens were compared with aimadiated specimen from the
same cable.

The three cores of each specimen were short cathéotcreate one electrode of the
system. The rest core created the second electtodemplex capacitance of this electrode
system was measured in the frequency range 5 mHizHz at temperatures from 3G to
90 °C by means of the complex capacitance meter bpiloh wur department. The voltage on
the specimens during these measurements was 2 V.

Results and discussion
The measured data of capacitance andtame in Figs. 1 - 6.
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Fig. 1. Capacitance of non-irradiated cable Fig. 2: Dissipation factor of non-irradiated
with temperature as parameter cable with temperature as parameter
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The frequency dependences of capacitance and alissipfactor in Figs. 1 - 4 are
typical for an ordinary relaxation process. Thekgeaf dissipation factor are shifted to the
higher frequency with increased temperature. Thaxation process is present both in the
non-irradiated specimen as well as in the specimetisvarious absorbed dose of radiation.
After analyzing the measured data we found thattéingperature dependence of relaxation
time follows the Arrhenius law. The calculated \ealof the activation energy of the process
was about 60 kJ mol Comparing this value with the data publishedtirature we can state,
that the observed process is of fiwype. As it is seen from Figs. 5 — 6, the polar@a
process is influenced by the absorbed dose of tradiaApparently, the dose does not shift
the frequency at which the peak of dissipationdaotcurs. In this way the activation energy
of the observed process undergoes only a very sthalhge with the absorbed dose. By
testing the equality of activation energy for vasodoses we found, that their changes have
no statistical significance. It means that the vatton energy of thg3-process does not
depend on the absorbed dose. On the other hané, itha great influence of the absorbed
dose on the peak value of dissipation factor. Thisie decreases with the dose. As the peak
value is determined by the permittivity incremehthe polarization process, the polarization
descends with the dose. A possible explanatiomisfdffect can be reduction of the number
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of movable dipoles in a unit volume. It is probakllyonsequence of new bonds created by
radiation (cross linking) [4].

Conclusions

The results of our measurements showed that tlaeatbn process of th@-type is
present in the XLPE cable already in the initi@tst The radiation weakens the process in
such a way, that the number of movable dipolesedsas probably as a consequence of an
additional cross-linking of the polymer chains. Thkeange of polarization during the
radiation ageing is not dangerous for insulatiatree polarization maximum is far from the
cables service frequency. In addition, the peakevalf dissipation factor decreases with the
absorbed dose. Anyway, the dissipation factor igoad indicator of ageing and also a
diagnostic tool. The results proved that the dieleecneasurements in the very low frequency
range could be used for estimation of the absoduesk in the cross-linked polyethylene
cables subjected to the radiation stress.

Relative higher value of dissipation factor is @bly caused by the presence of flame
inhibitors in cable insulation.
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Life Cycle Assessment of photovoltaic system in ielligent buildings
Hajek J., Zak P., Kudlagek |. — FEE CTU in Prague

Abstract

In May 2010, the European Commission and the Cbapgrroved an update of 2010/31/EU directive
— the Energy Performance of buildings EPBD II. Amasther things, this amendment defines
obligation for building zero energy consumptionlbinig in the EU's from the 31December 2020.
Photovoltaic panels are an essential part of passind zero buildings, those they help meet thet stri
criteria of building's energy performance. This paplescribes the life cycle assessment (LCA) for
photovoltaic (PV) power plants using eco inventabase. Several types of PV power plants used in
intelligent buildings were studied in climatic catmhs of the Czech Republic. LCA is an
internationally defined technique (ISO 14040 s@ries assessing the environmental aspects and
potential impacts associated with a product ovemihole life cycle. A full LCA is particularly uskf

if you need to evaluate the environmental impatesparoduct or system with a high level of accuracy
LCA is a time-consuming, because of the need teataletailed inventory data. Data form LCA can
be used in diagnostics of failures in these systems

Motivation

New and future buildings are focused to minimalszonption of electrical energy. For
these houses are very important internal sourceneifgy, like a photovoltaic panels, which
are installed on the roof$he enormous expansion of solar energy brings Hecige of an
economical disposal and recycling of used or brad@nponents of these solar systems. The
issue of recycling of photovoltaic panels and fiora@l components is currently technically
and legislatively rather on the peripheral inter@s$tis issue has not yet been systematically
addressed at the national or EU level nor at the@aan Commission. This paper aims at
accenting the most important points of this probkerd generally of the life-cycle assessment
of these products.

Energy Performance of Buildings Directive Il

As mentioned above an update of EPB Directive wagaved in May 2010. The
directive also gives Member States of EU the oliligaupon to include provisions in their
laws to 9 July 2012 [3]. EPBD Il also sets fortle thbligation upon the construction of the
houses with almost zero energy consumption singk Bec 2018 for buildings used and
owned by the state government and 31th Dec 202@&lfosther buildings [4]. To achieve
nearly zero power consumption buildings is not gmosimply to minimize energy needs for
heating, it is necessary to use renewable enengrga®, thus minimizing the consumption of
primary energy. The category of renewable energycgs including solar panels, which are
already very widely installed on the roofs, notyoaldministrative buildings. However, the
Directive does not provide any specific proceduredisposal of damaged or malfunctioning
photovoltaic panels. It only deals with energy awdnomic point of view. The transition to
zero energy consumption buildings or even energiyebuildings cannot be made abruptly,
and therefore it is predictable that the tendemcyde renewable resources will grow more
quickly.

Characteristics of photovoltaic power plants

Photovoltaic power plants composition varies acewydo the nature of the final
location and type of design. Each photovoltaic poplant must include the following basic
elements:

109



Photovoltaic panels

Inverters

Batteries (optional)

Wiring

The supporting structures and mechanical components
Buildings for the installation of electronic aneelrical components
Fencing and land recultivation (optional)

NookrwhE

Photovoltaic panels

Currently, different types of photovoltaic panel® aised. The first generation of
photovoltaic cells is the most common technologgdusn the market. These cells can
achieve relatively high efficiency from 16 % to ¥9in case of special structures even 24 %.
Its leaders are monocrystalline and polycrystalibels. Although their production is still
relatively expensive mainly due to crystallineln, in the following years they will be even
more likely to dominate the market. An effort taluee its cost savings of expensive silicon
was an impulse for the development of a secondrgaae of photovoltaic power plants.
Cells of the second generation compared to the oélthe first generation are of a hundred
thousand times thinner. Cells of the amorphous raraocrystalline silicon belong to this
group.

Expected lifetime of solar panels, according totipe of technology, and according to
the manufacturer is considered to be 20 years, wdemrease in efficiency can be at
maximum to the 80 % of the initial value.

Inverters

Convert DC current to AC current with the requirpdlity is a function of the inverter.
Further, the inverter can provide the maximum popant tracking, disconnection of supply
in case of failure, galvanic isolation, safe disoection or monitoring services.

Overheating is the most common failure mode of iitare. Guaranteed lifetime of
inverters, according to the type of technology, aodording to the manufacturer is 5 years.

Distribution transformer and wiring
A transformer transfers low voltage (0.4 kV) to tlewel of the distribution system
(22 kV, 110 kV, etc.).

Supporting structure

The support structures for photovoltaic panels bnsf foundations, skeletons, and
clamping elements. Mechanical components are ysuakde of steel, using welding
technology, possibly supplemented with screwed eotions.

Disposal and Recycling

The need of recycling of photovoltaic panels in &p& is currently at the level of
hundreds of tons per year. Forecast of the neledcycling is already in 2015 anticipated in
the range 35,000 tons of panels a year, then tbeease in 132,000 tons in 2030. The
manufacture of recyclable photovoltaic panels imdpeonsidered by many companies. Only
First Solar, Inc. and Deutsche Solar are the matufars who accept the photovoltaic panels
for recycling [1].

The development of disposal and recycling technetogs more and more focused on
environmental way - so to maximize the use of nalteobtained from recycling in order to
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save energy in the production of basic raw materighe recycling can be divided into two
approaches - the recycling of panels, regardlesisenf production technology and changes in
the design and production of panels in order tdifaie the final stage of their life cycle -
their recycling (similar efforts would be desiralftr manufacturers of other elements of
photovoltaic power)

Life cycle assessment

Life cycle assessment LCA is a technique often usedentifying possibilities of
improvement in the way of the environmental perfance. LCA is nowadays defined in ISO
14 040 standard. This technique can be used fopoehensive analysis of the environmental
consequences of a product system during its wifeleComplete LCA study is divided into
four phases:

a) the goal and scope definition phase,

b) the inventory analysis phase (LCI),

c) the impact assessment phase (LCIA), and

d) the interpretation phase.

From this point of view we have done only LCI instipart of study. For simulation we
used professional software for LCA called SimaHilee main objective of this study was to
compare energy consumption for the production adlsphotovoltaic power (4.6 kW). Five
types of photovoltaic power plants were comparadgue CA methodology — CIS, CdTe,
monocrystalline, polycrystalline and amorphousceiti photovoltaic panels. The main result
of our work can be seen on the figure 1. This chegtents the sum of energy needed for the
production of power plant using the technology.

100,0
90,0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
10,0

0,0

mc-Si pc-Si CIs CdTe a-Si

EsPb50% MsPh99% s vanadem
Fig. 1: Energy consumption of production of photitaic systems in MWh

Conclusions

EPBD Il should be included to CR law to half an 2@tith force since 2013. It brings
limits for new buildings which generating high ré@gments to energy consumption. In other
words, using photovoltaic panels in almost zerascomption buildings is now necesary. This
implies, that number of installed photovoltaic panis going to grow. In line with the
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objectives of the European Union, the total instltapacity of solar systems should reach
541 MW in the CR in 2020.

Controlled and legislatively well treated recycliregher than landfilling is the best way
to reuse all elements of the photovoltaic powentgaSolar panels contain mainly silicon,
whose consumption and thus costs is currently gigjuite rapidly. Under the appropriate
economic conditions, silver, aluminum and other atsetan be reused from photovoltaic
systems. The aim is to capture 60 % of panels aogcling them at the level of 80 %. Eg.
company First Solar is able to regain 95 % sendootor and 90 % glass.

The LCA method offers the opportunity to mitigaisks by helping the electronics
industry to identify the most environmentally fray types of photovoltaic technology. The
energy consumption is the key criteria in this gtuebor its calculation we used Cumulative
Energy Demand LCA method defined in SimaPro so#waihe results are presented in the
Fig. 1. As you can see, the most energy demandedhnblogy is technology of
monocrystalline silicon. Even so monocrystallineofalvoltaic panels are much more
environmentally friendly comparing to the coal poyéants (10,721 tons versus 75,252 tons
of CO,-eq.). Compared to the nuclear power plant, tharta is equivalent (11,554 tons
COx-eq.). In terms of energy consumption, CIS techgplds the best one, its energy
requirements is approximately half (5,237 tons,€@.). Recycling can positively influence
energy demands of new photovoltaic systems.
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Dielectric Properties of epoxy resins with TiO, nanofillers
Klampar M., Liedermann K. — FEEC BUT Brno

Abstract

The paper deals with dielectric properties of epoxy resins containing TiO: nanofiller and with the
potential use of dielectric spectroscopy for diagnostics of such nanocomposites. Epoxy
nanocomposites are considered as potential insulating materials in transformer stations and parts
replacement, as their use may lead to smaller dimensions of the electrical apparatus. Both positive
and negative features of TiO; nanofillers in the epoxy resins are examined. The paper also deals with
issues of operation time for these materials. This field of study is of great importance for practical
application of epoxy nanocomposites, as the long-time stability of nanocomposites has not yet been
established. Just on the contrary, the great number and surface area of interfaces between nanofiller
particles and the epoxy matrix itself suggests a larger number of weak points and defect sources,
which may contribute to a more rapid deterioration of nanocomposites as compared with classical
composites without nanoparticles.

Introduction

More stringent requirements on decreasing the dimensions of electrical appliances and
equipment with keeping or even improving their parameters simultaneously result in more
exacting requirements at the properties of their electrical insulation. One of such requirements
is the need for the replacement of SF; electrically insulating system in the 66 kV switchgear,
possibly even at increasing the operation voltage above this level.

One of the proposed solutions [1], [2] is the replacement of SFs with the combination of
vacuum and solid insulation manufactured from a nanocomposite consisting of an epoxy
resin, microparticles and nanoparticles.

Properties of these and analogous systems are currently under intense study. However,
owing to a short history of the research and development of nanocomposites, their long-term
lifetime and stability remain poorly known [3]. This is particularly annoying, as the lifetime
of some of the power engineering applications is expected to be 20 — 30 years. An electrically
insulating composite with nanoparticles contains due to its structure a large amount of
interfaces, which under a long-term electric field application might act as sources of defects.
The objective of our research is the study of electrical properties in the long-term horizon.
The long-term aging might be modeled by an accelerated ageing at increased temperatures.

Experimental part

The subject of our research are epoxy resins with the admixture of non-conducting TiO,
nanoparticles. Material samples were received from the Institute of Electrical and Electronic
Technologies, Faculty of Electrical Engineering and Communication, Brno University of
Technology.

Samples were cast in the special casting mold supplied by ABB, Brno. Prior to
manufacturing, epoxy resin, hardener, softener and curing accelerator were mixed together in
correct shares (by weight). The resulting mixture was stirred and heated to 60 °C, so that the
uncured epoxy resin would be thinner and could be better put in the casting mold. The weight
of the pure epoxy system is about 350 — 500 g and the share of nanoparticles was set to 5 %.
Once nanoparticles are added, they aggregate in the epoxy resin to form nodules, bind air and
hence they raise the density of the epoxy resin, which must be degassed. Nanoparticles were
admixed and stirred mechanically and by ultrasound for about 30 — 60 minutes. The degassing
is followed by the first phase of curing for some 2 to 3 hours at 80 — 90 °C. Once the epoxy
resin with nanoparticles added gets rubbery, the casting mold is disassembled, samples are
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removed, loaded and cured (hardened) in the second phase so as to make them suitable for the
three-electrode system. The second phase of curing takes about 10 — 12 hours at 140 °C.

In the nanocomposite manufacture, we used TiO, nanofiller supplied by Sigma Aldrich.
The TiO, nanofiller were produced by chemical calcinations. Its purity was 99.7 %, the mean
value of nanoparticle diameter is around 5 nm and the supplier guarantees that the diameter of
nanofiller particle in the powder supplied does not exceed the value of 25 nm.

Dimensions of nanocomposite samples provided were 2.5 mm x 30 mm x 2 mm, i.e.,
samples were too thick for the purpose of dielectric measurements. Therefore, samples were
thinned by grinding them away to the final thickness of 0.41 mm, so that the capacity of the
sample reached at least 10 pF. Samples were provided with graphite (or silver) electrodes.
Different connections of samples to the measurement system were possible. In the first case
samples were inserted into the commercial sample holder HP 16451B. This sample holder
was then connected to a standard impedance analyzer HP 4284A with frequency range
20 Hz — 1 MHz.

: 19.06648F
: .@161@2

Fig. 1: HP 16451B sample holder

In the second case samples with painted (or sputtered) electrodes attached to the cold
head in the cryostat and each sample was maintained in the thermal contact with the cold head
by means of the Apiezon H grease. The task of the Apiezon H grease is to secure a good
thermal contact between the cold head and the sample while keeping the cold head and the
sample electrically isolated from each other. The applied Apiezon H grease exhibits electrical
resistivity of the order 1,2 x 10" Qm, so that an electric contact between the cold head
Apiezon H grease and the nanocomposite seems to be virtually non-existent. The sample with
electrodes was therefore pressed onto the grease and kept in place by an insulating sticky tape
(Fig. 2). Outlets from the sample (4-point measurement) were lead to a small rack above the
cold head and from there they continued through the body of the cryostat down to the BNC
connectors in its bottom part. The BNC connectors were then further lead to the HP 4284A
impedance analyzer. The whole measurement, including the temperature control, was PC-
controlled.
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A separate part in the measurement of dielectric properties of the epoxy-TiO»
nanocomposites is performing the necessary calibrations and corrections. The HP 4284A
impedance analyzer provides three corrections. The first correction is denoted as “Open”, the
second one as “Short” and the third one as “Load”. In our measurement, we used only the
“Open”, and the “Short” correction. The “Open” correction consists in the adjustment of the
distance between the electrodes to such a value, which will be the same as later with the
sample inserted between them. The measuring apparatus performs a frequency sweep on the
“Open” electrodes, stores the values of impedances obtained during the sweep and thus
models the resistance and capacitance of disconnected electrodes. On the contrary, the “Short”
correction consists in the short-circuiting of electrodes, so that the electrodes touch each other.
After performing the frequency sweep in the same manner as before, the software in the HP
4284 A impedance analyzer detects the resistance of connecting wires and afterwards, deducts
this value from the measured one, when the sample is inserted between electrodes.
Corrections also necessitate setting other parameters, e.g. the length of connection cables.
Calibration is performed at the following frequencies: 20 Hz, 100 Hz, 1 kHz, 10 kHz, 100
kHz, 1 MHz and further at 25-, 30-, 40-, 50-, 60- and 80 multiples of these values plus at
frequencies 100, 120, 150 multiplied by 10'-10°. Generally, corrections should minimize the
effect of the sample environment upon the measurement results.

Results and discussion
Results of the measurement on the nanocomposite sample are shown in Fig. 3.

5% sample 10_0,41 mm

300K
280K
260K

5 14,1-240K

1E+02 1E+03 1E+04 1E+05

f [Hz]

Fig. 3: Loss number of the nanocomposite sample as a function of frequency at various
temperatures
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Conclusion

The observed dielectric spectrum features a single relaxation; the contribution of
electrical conductivity is not visible.

In our experiment we intended to compare dielectric properties of a sample without
nanofillers. Unfortunately, the sample without nanoparticles got broken when attempts were
made to grind it away to achieve smaller thickness. Hence, the samples could not be
compared and, therefore, only the dielectric spectrum of the single nanocomposite sample is
presented. Studies on more samples will be necessary so as to exclude a random scatter of
dielectric properties.
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Design and verification of properties of some components for magnetic
refrigeration near room temperature

Kuba J., Hron T. - FEE CTU in Prague

Abstract

A magnetocaloric effect (MCE ) exists in some solid state magnetic materials and can be effective
exploated for refrigeration aimes in the range of near room temperature. In principle MCE can be
characterized as a temperature change AT of the material caused by the external magnetic field
modification 4B under adiabatic conditions or during an isothermal variation with heat supply and
heat sink during the magnetic field variation. The big interest in the refrigeration technology was
enhanced by discovering several materials with “giant” MCE in medium cooling temperature range
without substances harmful for environment. The necessary strong static magnetic field was
generated by the system of two prismatic NdFeB permanent magnets in our case. We namely
engaged with the optimization of the arrangement of magnetic circuit of permanent magnet and pole
shoes for achievement of the maximum induction B of magnetic field round the special gadolinium
heat exchanger (active matrix). Our practical experiences and knowledges concerning of laboratory
experiments at design, manufacturing and testing of the selected components of the developed model
of the magnetic cooling device are written too.

Introduction

A well known magnetocaloric effect (MCE) exists in case of a number of solid state
magnetic materials and can be effective exploated for refrigeration aimes (magnetic cooling)
not only in the range of cryogenic temperatures, but in the range of near room temperatures as
well. In principle MCE can be characterized as a temperature change AT of the magnetic
material (active matrix) caused by the external magnetic field modification AB under
adiabatic conditions or during an isothermal variation with heat supply and heat sink during
the magnetic field variation. When we will be assume an influence of the external magnetic
field (MF ) with induction B on chosen magnetic material, its magnetization M can be
expressed as

M=% B, (1)

where y is magnetic susceptibility of material and o is permeability of vacuum. The changes
AB of MF in material induce the changes of its entropy AS ( magnetization - demagnetization
) and temperature changes AT. For isobaric and adiabatic processes we can express the
MCE by formula

SdT =—2-M -dB )

The change of temperature and amount of the transferred heat depends on the material
composition, absolute temperature, and level of magnetic field induction. The MCE is best
observable in the neighborhood of the magnetic phase transition temperature when a
ferromagnetic material changes into paramagnetic one and vice versa. Up to now, MCE was
widely used in various applications working with low and very low temperatures (for
temperatures below 1 K the method was considered standard). The big interest in the
magnetic cooling technology (MC) was enhanced by discovering several materials with
“giant” MCE in medium cooling temperature range (included the temperature range of near
ambient temperature) without substances harmful for environment. From this point of view
the pure gadolinium Gd and its alloys are the best material available today for MC near room
temperature. The MCE in pure Gd expressed as function AT= f(T) at different AB is shown
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in Fig. 1. The MCE of Gd alloys (GdDy, GdTb ...) can be considerably stronger. Recent
research on materials showed that exhibit a “giant” MCE, e.g. Gds(Six Gei1x)s, La(Fex
Si.x ) Hx and MnFeP.x Asyx alloys, are of the most promising substitutes for Ga and its
alloys. For instance the alloy GdsSi,Ge; is producing MCE about twice ( 3to 4 K/T ) that
shown by Gd. The useful operating temperature range of this compound is greater than that of
Gd and it was found that the operating temperature can be tailored from about 30 K to 290 K
by changing the ratio of Si to Ge in the alloy.
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Fig. 1. Magnetocaloric effect in gadolinium Fig. 2: Analogy of vapor compression
as function of absolute temperature and magnetic cooling cycle

Magnetic cooling is based on the reversible MCE and for its practical application it is

necessary to realize a series of repeated changes in a certain cycle. Generally, cooling is
achieved by a cyclic magnetization and demagnetization of material. Every cycle consists of
two changes: magnetization and demagnetization (during which heat is either released or
absorbed) and two more changes. The most suitable cycles for moderate cooling are those of
Ericsson and Brayton. Said cycles are predisposed for a good yield of cooling efficiency of
the magnetic materials. An analogy existing between a conventional vapor compression cycle
and magnetic cooling cycle is shown in Fig. 2.
The cyclic magnetizations and demagnetizations of magnetic material may be achieved by its
periodical movement (shift or rotation) inside and outside strong static magnetic field.
Generation of such magnetic fields may advantageously be realized by an appropriate
magnetic circuit excited by permanent magnets (PM). The mentioned system was performed
by two prismatic NdFeB permanent magnets in our case. We namely engaged with the
optimization of the arrangement of magnetic circuit of permanent magnet and pole shoes for
achievement of the maximum induction B of magnetic field in working gap round the special
heat exchanger (active matrix) made from pure Gd. Our practical experiences concerning of
laboratory experiments at design, manufacturing and testing of the selected components of
the developed model of the magnetic cooling device are written in other part of this paper.
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Design and verification of PM for MC device

Magnetic circuit with permanent magnets for realization of the MC device (in our case)
must contain a working chamber — air gap, where :
e magnetic field reaches sufficiently high values and is sufficiently uniform,
o allows linear motion of working magnetic material (active matrix).
The starting arrangement of such magnetic circuit with two NdFeB permanent magnets and
pole shoes is in Fig.3. To minimize magnetic leakage the 8 smaller additional PM were used.

<SP

Fig.3: The starting PM arrangement for MC device Fig.4: Two heat exchangers with Gd
active matrix in plastic case

An working magnetization space between the pole shoes had dimensions 13/15/60 mm
and are corresponding with real dimensions of Gd active matrix, see Fig.4 (central part of
them). The value of the calculated B was about 1,3 T in the magnetization space. The actual
measured magnetic induction B was lower, about 0,9 T. It means we were focusing to
develop of MF source array to increase the magnetic induction in the working gap. The
second arrangement of magnetic circuit with equal type of NdFeB magnets is shown in Fig.5.
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Fig.5: The second arrangement of magnetic Fig.6: The measured curve of B
circuit (2 x PM, 60/60/40 mm) in air gap forz=0 mm
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We measured the maximum value of B in air gap about 1 T in this case. In spite of the
fact that we had magnetized permanent magnets, we made attempt to increse of B by
additional magnetization the NdFeB permanent magnets. A special magnetization circuit
with capacitor batery and GTO thyristor was designed and made for that aims. In mentioned
procedure we were using the special transportable hydraulic gauging fixture for short-circuit
of magnetic circuit over the air gap and undirect indication of B changes in the magnetization
space. The volue of B was calculated from adhesive power of gauging fixture in this case. The
experiment shown no signs of incresing of the B. It means that PM was complete magnetized
to maximum during production.

Conclusions

An one from crucial parts of the developed model of the magnetic cooling device is a
source of the strong magnetic field or B in working gap respectively. By our calculations and
laboratory experiments it seams a conventional solution of magnetic circuits with PM is
limited and volume of B in relatively big working air gap is about 1 T. The Halbach
arrangement of PM can be appropriate solution in this case.
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Insulating materials and cryogenic temperatures
Kuéerova E., Matéjka F., Sebik P., Krpal O. — FEE UWB in Pilsen

Abstract

Cryogenic temperatures can significantly affect properties of some materials. Materials processed by
cryogenic temperatures show an improvement especially in mechanical properties, but also
improvement in thermal conductivity and dense microstructure. Effects of extremely low temperatures
are also used in low-voltage electrical components to improve the properties and cables. The aim of
our work is to verify the effect of cryogenic temperatures on electrical materials used in heavy-current
electrical engineering. As samples for this experiment were used cardboard, fibreglass and glass mica
composite. Changes in electrical properties of these materials were monitored after the exposure at
cryogenic temperatures.

Introduction

A method of processing a deep freezer cycle of materials, components and equipment is
known from the first half of the last century. This method concerns with metals and is based
on a change of surface or internal structure of the material caused by low temperatures. The
surface of such material is then harder, more resistant to an abrasion and therefore it has a
longer lifetime. These improvements can be accompanied by an increasing tensile strength,
toughness and stability coupled with the release of residual stresses. Not all materials respond
to the cryogenic processing. The improvements depend on the size of the material and total
time of the cooling cycle. Improved mechanical properties, such as increased resistance
against wear after cryogenic tempering in the range of the lowest temperatures — 192 °C, can
be up to 500 % [1].

The cryogenic processing of parts increases the thermal conductivity, condenses and
compresses the microstructure, reduces the mechanical stress of the material, improves the
operative area, toughness and dimensional stability, provides longer lifetime, lower fatigue,
removes breaking, cracking, etc.

An application can be also in low-voltage electrical engineering. Cryogenically
modified parts and components gain better performance due to reducing contact resistance,
improving conductivity and removing residual stresses. Such modified transformers, relays,
contacts, connectors, hi-fi supply and connecting cables, speakers, components, amplifiers,
printed circuit boards evince significantly better properties and improve sound and image
quality.

The aim of this study was to determine whether it is relevant to study cryogenic
temperatures in relation to insulating materials, especially to determine the influence of one,
two or three-component material that is exposed to low temperature exposure. We focused on
these materials: cardboard, Lamplex FR4, Relanex and Relastik [2]. Temperature cycle was
chosen the same which is used by Cryo-center KySice, which realizes low-temperature
exposure to metallic materials and components.

Realization and evaluation of the experiment

The samples for measuring were prepared from fibreglass Lamplex FR4 1,5 mm thick,
Relanex 0,48 mm thick, Relastik 0,3 mm thick and cardboard 0,5 mm thick. The size of all
the samples was 100 mm x 100 mm and measurement frequency was 10. The sample
thickness was measured as well as relative permittivity, tg & = f (U) for voltage at the range
from U =500 V to 3000 V. Also tg 6 = f (T) was measured for temperatures from T = 30 °C
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to T = 185 °C, electrical strength, absorption and resorption. These measurements were made
with a metal electrode system, which was attached in the measured samples with the size of
the inner electrode diameter of 50 mm gap between the electrodes 2 mm and width of the ring
shielding electrodes10 mm. A voltage electrode system electrode with a diameter of 20 mm
and ground electrodes 70 mm diameter in the oil lab was used for measurement of breakdown
voltage at 50 Hz.

The materials were exposed in the freezing temperature cycle environment: the
temperature was decreasing during 10 hours from an ambient temperature 22 °C to minus
184 °C, followed by endurance at this temperature for 24 hours and then the temperature was
increasing again within 10 hours back to a temperature of 22 °C.

Relative permittivity &,

After the exposure in the cryogenic temperatures the relative permittivity for fifteen
seconds and one minute polarization index is lower for all the materials. The relative
permittivity for ten minutes and hour polarization index is higher by Relanex and Relastik ,
lower by the cardboard and same by Lamplex FR4, see Table 1.

Table 1: Values of relative permittivity &, of monitored materials

Relative permittivity & ( -)
1577760 177107 10°/60° | 60°/100°
Lamplex FR4 | delivered state 2,4 2,6 1,7 1,2
after exposure 1,7 2,4 1,7 1,2
Cardboard delivered state 1,7 2,3 1,2 0,9
after exposure 1,7 1,9 0,9 0,8
Relanex delivered state 2,9 4,6 2,3 1,2
after exposure 2,3 3,8 2,4 1,3
Relastik delivered state 3,1 4,8 2,5 1,3
after exposure 2,3 4,0 2,8 1,4
Voltage dependence tgo

After the low temperature exposure the tgd at voltage = 1600V (partial discharge
appear in the test structure) is lower than before the exposure. At voltage U =800 V the tg & is
lower by Relanex and Relastik and higher by the cardboard and Lamplex FR4 (Fig. 1 to 4).
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From the measured temperature dependences is obvious that at a temperature of 130 °C
the value of tg o is increasing due to the exposure in the freezing environment by Lamplex
FR4, Relanex and Relastik. The cardboard is vice versa (Fig. 5 to 8).
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Fig. 5: Dependance of loss factor tg 6
on temperature for Lamplex FR4
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Measurement of absorption and resorption [3]

The values of the constants Agrrk found out of linear substitutions of relative absorptive
curves are mentioned in Table 2. This table shows that these values decrease after cryogenic
stress by Lamplex FR4, Relanex and Relastik. The constant ARRK rises by the cardboard.

Table 2: Arrk Values for tested materials

ARRK
delivered state | after exposure | after exposure (%)
Lamplex 0,72584 0,55441 76,4
Cardboard 0,49030 0,58128 118,6
Relanex 0,82141 0,70061 85,3
Relastik 0,84971 0,71245 83,8

Electric strength
The measured values of breakdown voltage of the test materials indicate that cryogenic
temperatures cause a slight increase of electric strength for all tested materials.

Table 3: Electrical strength of materials monitored before and after cryogenic stress

Electric strength E, (KV/mm
Lamplex Relanex Relastik Cardboard
delivered state 29,3 88,6 95,6 19,1
after cryo stress 29,4 94,4 103,6 19,8
Increase % 0,3 6,5 8,4 3,6

Conclusion

We can conclude that exposure in the cryogenic temperature, with respect to the initial
status, affects the properties of the tested materials, which are expressed by variations in the
measured values. Effect of given stress differs for a one (cardboard), two (Lamplex) or three-
component (Relanex, Relastik) material (Table 4). A positive value indicates improvement in
monitored properties in %, a negative value indicates deterioration in %.
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Table 4: Summary and evaluation of results obtained for the monitored properties

Material
cardboard | Lamplex | Relanex | Relastik
g 107 -17,4 -1,7 -17,4 -16,7
tg & = f(U) at U= 800 V 8,5 9,7 -18,0 -9,0
tg 6 =f(T) at T= 130 °C 6,0 -36,0 -19,7 -11,4
Absorption, resorption Agrrk 18,6 -25,6 -14.7 -16,2
Ep 3,6 0,3 6,5 8,4

The table shows that the effect of cryogenic temperatures on dielectric properties of
tested materials can be positive.
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Study on the Effect of Addition of Spherical Silver Nanoparticles into
Electrically Conductive Adhesives

Mach, P. - FEE CTU in Prague

Abstract

Electrical resistance and nonlinearity of current vs. voltage characteristic of adhesive joints formed of
electrically conductive adhesives modified with addition of spherical silver nanoparticles are
investigated. The resistance is measured using a four point method, the nonlinearity using a
modulation technique. Measurement of nonlinearity using a very pure sinusoidal current is discussed,
too. The samples are prepared by adhesive assembly of jumpers (resistors with the “zero” resistance)
of the type 1206 on a test board of FR4 covered with a copper foil with the thickness of 40 um.
Contact leads of jumpers have surface finish proper for adhesive assembly. No special surface finish
of pads is used. Adhesive is applied by dispensing, jumpers are placed using a semi-automatic pick
and place machine. The results of the measurement show that addition of spherical silver
nanoparticles into standard adhesive does not improve electrical conductivity of adhesive and
increase nonlinearity of a current vs. voltage characteristic of adhesive joints. The reason is increase
of number of contacts in conductive net in adhesive caused by added nanoparticles.

Introduction

Electrically conductive adhesives (ECA) are materials used for conductive joining in
electronics besides soldering. ECA are composed of two components: of insulating matrix
into which electrically conductive particles of filler are mixed. These particles are mostly
metal flakes with dimensions from 10 to 30 microns for adhesives with isotropic electrical
conductivity. The most frequently used material of flakes is silver. The concentration of filler
in adhesive is between 60 to 80 % b.w. Therefore the price of ECA is comparable with the
price of silver on the market. Other metals, such as gold, palladium or nickel are also used.

Epoxy, silicon or polyamide resin is used as an insulating matrix. The most frequently
used resin is epoxy. Silicon or polyamide resins are used for applications appointed for harder
climatic conditions [1].

With respect to the price of electrically conductive adhesives in comparison with lead-
free solders and with respect to the fact that contemporary electronics is mostly focused at
fabrication of low cost electronics, adhesive assembly is limited for some special applications
only. It is used for assembly of heat sensitive components, which could be damaged with the
temperature used for soldering and for assembly of integrated circuits with fine pitch
packages, where soldering causes bridging of neighbor component leads.

Properties of ECA are worst in comparison with properties of lead free solders. Climatic
resistivity, mechanical properties, stability of parameters, life time and many other parameters
of lead free solders are better. Electrical properties, especially the resistance of adhesive
joints, nonlinearity of these joints and their noise are higher than the same parameters of
soldered joints [2]. Therefore different ways are tested for improvement of these properties.
Addition of nanoparticles into standard adhesive filled with micron flakes is one of many
ways, which should be examined [3].

The paper shows results of a study of the resistance and nonlinearity of adhesive joints
formed of adhesive filled with micro-particles into which a small amount of spherical
nanoparticles is mixed. The method of the measurement of joint resistances as well as the
measurement of nonlinearity of adhesive joints is also presented.
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Experimental
Samples Preparation

Electrically conductive adhesive used for experiment is of an epoxy type (bis-phenol
epoxy). Electrical conductivity of adhesives is isotropic. Epoxy matrix is filled with silver

flakes in concentration of 75 % b.w.

Three types of spherical nanoparticles are used for modification of adhesives. Diameter

Fig. 1. Test board with assembled
jumpers

Pads for assembly of jumpers

| e .

0.9 2 0.0 ]

1.6

-+

/ ]
i

Fig. 2: Test board dimensions

Fig. 3: Adhesive joint. There is a part of
a component in the left top corner, basic
gray line is Cu. In the middle are silver
flakes of adhesive

of nanoparticles is 6 — 8 nm, 3 — 55 nm and 80 —
100 nm. Concentration of nanoparticles is 1 %,
3% and 5 % b.w.

Adhesive joints are formed by assembly of
jumpers of the type 1206 on a test board.
Adhesive is applied by dispensing. Jumpers with
surface finish for adhesive joining are used.
Jumpers are resistors, which should have the
“zero” resistance. The measured resistance of
jumpers is 14 mQ. The test board is of FR4 plated
with copper foil of the thickness 40 pum. The
layout makes the four point measurement
possible. No special surface finish is used for the
pads. The test board with assembled resistors is
shown in Fig. 1, the dimensions of the layout in
Fig. 2 and the structure of an adhesive joint in
Fig. 3.

Measurement

The resistance of adhesive joints is
measured using the four point probe (see Fig. 4).
Five measuring tips are used for the
measurement. They are labeled 1 to 5 in Fig. 4.
The first measurement is carried out in position Y
of the switch S. If it will be assumed that the
resistance between a measuring tip and a jumper
lead (this resistance is in the range of
0,24 to 0,86 mQ) is so small that it can be
neglected in comparison with the resistance of the
adhesive joint (the joint resistance is in the range
of 10 to 45 mQ), the measured voltage is:

UTIP5 = I(RJUMPER + RJOINT) (1)

If the switch S is switched in position X, the measured voltage has the value:

UTIP2 = I(RJUMPER + ZRJOINT) (2)
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The resistance of the adhesive joint is:
UTIPZ _UTIPS
Riont = 3)

Nonlinearity of the current vs. voltage characteristic can be measured by two ways:
using powering of a joint with a very pure sinusoidal current and measuring of third harmonic
of a periodical voltage, which occurs on the joint, or using a modulation technique. The
principle of the modulation technique is as follows:

A nonlinear component is powered with two sinusoidal signals with frequency f1 and 2
(see Fig. 5). Nonlinearity causes origin of intermodulation periodical signals with the
frequency:

f =nf, +mf, 4)

If the third harmonic is examined, then sum of parameters n and m must be equal to 3.
Following frequencies are used: f; = 150 kHz, n = 2, f, = 4,1062 MHz, m= 1, and
f=4,4062 MHz.

Because level of signal, which is measured, is in pV, the measuring system must be
carefully screened and grounded. It is necessary to avoid to earth loops.

Measured results and discussion

Measured results are shown in Fig. 6. Nine groups of samples are prepared and
measured — for every concentration of nanoparticles and for every type of nanoparticles.
Twenty eight values are measured for every combination.

Data are processed using mathematical smoothing. The simplest method of
mathematical smoothing is used — two maximum and two minimum values of data measured
for every combination nanoparticle type /concentration are deleted and average is calculated
of 24 values.

It is shown that addition of nanoparticles does not improve electrical conductivity of
adhesive joints. The reason is that nanoparticles do not create additional bridges between
neighboring silver flakes of filler, but they locate between flakes and increase number of
contacts in conductive net in adhesive.
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Electrical conductivity of
a balk is based on a phonon- e
electron interaction. The 100 i

conductive mechanism in a S s+
contact is based on two 2 0t
mechanisms: on a restriction g |
mechanism and on a tunneling. g © |
If flakes are USEd, % ° _I _;':-Etoncentration 5% b.w.
restriction mechanism can be v - /' Concentration 3 % b.w.
neglected. thrQO Qée '-é:-___hg_“""; Concentration 1 % b.w.
The tunneling mechanism .§°°& %f K4 &
Is usually taken as a dominant S & & &
one in contacts between flakes N N N
of ECA filler. The tunneling Fig. 6: Joint resistance for different concentrations and
resistance is higher in different types of added silver spherical nanoparticles

comparison with the resistance
of balk. Therefore the more is tunneling contacts in the conductive net; the higher is the
resistance of the adhesive joint.

Conclusions

The electrical resistance and nonlinearity of the current vs. voltage characteristic of
adhesive joints formed of electrically conductive adhesive modified with spherical silver
nanoparticles are investigated. It is found that addition of nanoparticles into adhesive does not
improve its electrical properties. The reason is an increase of the number of tunneling contacts
in conductive net in adhesive caused by nanoparticles.
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Partial discharges and breakdown voltage diagnostscduring thermal aging
of insulating materials

Pihera J., Mréaz P., Haller R., Mentlik V. — FEE UWBin Pilsen

Abstract

This paper is focused on thermal aging and acconepbpartial discharge diagnostics of two mainly
used resin rich mica tapes, which are utilized gmet of insulation system of large rotating maasn
like turbo or hydro generators. The first testegé@men was mica composite material based on glass
fibre and epoxy resin and the second one was categmsed on PET and epoxy resin as well.

The specimens were tested under laboratory comditi®he materials were thermally aged and the
changes of its physical and chemical propertieseweaeasured and evaluated. For accelerating the
aging process different temperature values (17086 $C) were chosen. The aging time was
determined for each temperature value. Specimetest#fd material were performed and cured as flat
plate 100x100 mm. The measuring of these specimasscarrying out by test voltage at special
electrode test setup. For comparing the aging psecef the investigated material the trends of
measured partial discharge (pd) parameters (inagptioltage, extinguish voltage, peak charge level)
were studied and described in dependence on expdsoe, temperature and applied voltage during
measurement.

Introduction

The operational lifetime of electrical machinegprgmary influenced by the insulation
system quality. The operational lifetime of elemti insulating system is commonly
determined, estimated and predicted in terms oklacated laboratory aging of tested
insulating materials. Accelerated aging could beliad as single factor aging like thermal or
electrical aging or multiple factor aging as wé@&uring the multiple factor aging all factors
take effect together in the same time. Degradatioan insulation system occurs during the
accelerated aging. The degradation is related ¢opthysical and chemical changes within
material structure. These changes are consequeéegtidectable with physical or chemical test
methods.

Partial discharge testing belongs to one of thé laigplicable test method of insulating
materials within electrical machines. This non-dedive test method allows to determine the
degradation ratio or homogeneity of insulation.

The investigated mica resin rich composite basedjlass fibre and epoxy resin was
thermally aged and the changes of its physical-cuanical properties were measured during
accelerated aging. Partial discharges (PD) weresuned as well. The characteristic
parameters according to IEC 20 670 as inceptiotagel (U)), extinguish voltage (L) and
apparent charge level & were measured and analyzed.

At first the preliminary thermally aging lifetimeuoves of tested materials were
performed. As a result of these tests the valuegyfg temperature and aging time for each
temperature level could be determined [1]. Two galeharacterize the preliminary lifetime
curve. First value is the maximal temperature; sdcone is the minimal endurance
temperature. Maximal endurance temperature is diyesight hours endurance test. Minimal
endurance temperature is given by temperature eladsy the material manufacturer who
declared lifetime of material for 30 years at thtésnperature. The eight hours maximal
temperature was determined by the fact that the fastor value was increased rapidly in
comparison to the virgin state or according touiseial changes of specimen (deformations,
delaminating, bending, deflection etc). The agiiget was determined according to the
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preliminary lifetime curves ([1], fig.1). The agingmperature values are chosen accordir
the expementally total duration and cost as w

Four aging temperature values for glass fibre madtét70, 175, 180, 186°C) and f
PET material (170, 178, 186, 194°C) were chosenfaterial accelerated aging (table
The aging time was determined for e temperature value ([1], fig.1, table

1.00E206 ;I'er;perature Aging tim(erzl )at given
v *_ °C temperature (hour
3 1O0E+05 Glass fibre
= 1,00£:04 186°C 2 [4 [6 |8 10
= 1 00F+03 180°C 8 16 |24 |32 | 48
:E’_,. 1 00E-02 175°C 48 | 9€ 144 | 192 | 240
E ' 170°C 192 | 28¢ | 384 | 480 | 600
'E 1,00E+01 r PET
™ 1,00e-00 : : . . 194°C 1 15 |2 25 | 3
150 160 170 180 190 || 186°C 2 1C |15 | 20 | 25
Aging Temperature (°C) 178°C 24 | 48 72 96 120
170°C 192 | 28¢ | 384 | 480 | 600
Fig. 1: Preliminary lifetime curv Table Aging temperature values and aging ti

TEST PROCEDURE
Partial discharge measuremer

The pd testing waperforme( using a commonly avabble test syste', which allowed
the measurement of the recommendEC- magnitudes included the (cribing of the pd
behaviour in a well known PRF- pattern. The speciems of tested material were formed
and cured as flat plateO@x100 mm, located in a special testup and measured in
standardized pd test circtiffig.2, fig.3). The impact force F to the upper attede was
realized by a spring and had a constant valuecit tesi

Coupling capacitor -
Insulating

PD detector oil

| Test o@_ |

Measuring
impedance

ol | Metal
Specimen
Test voltage y p : : electrode

- Partial discharge

Fig. 2: PD circuit Fig. 3: Test Setup

The measuringf partial discharges was performed according ® [BC 60270 3]
requirements with five specimens aged at one pdaticemperature and time. The followi
measuring procedure was carried out: The test g®ltmas increased up to the incepi
voltageU; .When the inception voltage was reached this vatae stored and the voltage w
again increased up to 112 (~14 kV). After 10 mintes at that value the test voltage \
decreased stepwisBld ~ 1kV) down to the extinguish voltacU. at each stefhe value Q.
was measured Then the test voltage was decreas2t % (~ 9 kV) and the same procedi

! LEMKE PD SMART
% the noise level was under 3 pC threshold
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as described was repeated. Because of the istatistiuation the procedure was repeated 7
times. It was assumed, that the electrical agirgqhduhese procedure can be neglected

Breakdown voltage measurement

Breakdown voltage was measured according to the@&213-1 [2]. The breakdown
occurs between 10 and 20 second after the momentditage was applied and linearly
increased. The breakdown was detected by a breakdetector and the value of voltage was
stored. For each value of selected aging temperatun time 7 specimens were tested.

RESULTS

Partial discharge behaviour

The pd behaviour of PET and glass fibre based maasfrows independent of the aging
process (temperature, time) some significant diffee. At low values of electrical intensity
the measured chargeiQof glass fibre are significant smaller than thadePET based
material (Fig. 4). If the electrical intensity ré®s a value of ~25 kV/mm, the measured
charge is rapidly increased and exceeds even tbe eathe PET material. In the same case
the PET specimen “started” at higher electricakmsity but with higher values of the
measured charge.

400
Giass Fibre

LT
m oo
= I =

200

150 /

BApparent charge Qiec

!

a 20 44 &0
Electric imtensity (kW mm]

Fig. 4: Value Qe versus electric intensity - results over the wragleng process
(temperature, time)

This behaviour is expressed also in the dependemdi¢he PD inception intensity at
different aging temperature (Fig. 5).

30 40
>
g 25 ._—-\ E 30
é =20 \%-7,- § T = —u
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Time of aging (hours) Time of aging (hours)
——Glass Fibre 170 —@=—PETP 170 —¢—Glass Fibre 186 ——PETP 186

Fig. 5: Inception intensity of Glass and PET at aging teraqpee 170°C and 186°C

® For a better generalizing of obtained results ¢hectrical intensity (U/d) was calculated (d => géen
thickness)
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The inception intensity over the aging time at loaging temperature (170 °C) shows a
typical behaviour over the time- after some high&ues the inception intensity decreases to
a local minimum, but after that increases agaimg.(Ba). It seems to be some structural
changes in the material could be occur. At higlggn@ temperature (186 °C) the inception
intensity is more and less constant over the tifig. (6b). In both cases the inception
intensity is significantly lower for glass fibre teaals. It shall be noticed, that the range of
the measured values related to the average valcasm of PET is much higher (=30 — 50 %)
than for glass fibre materials (15 — 25 %).

That means that the manufacturing process for HE materials should have a larger
complexity than the glass fibre insulation. Anotlwgrestion is the possible influence of
cumulated internal charges on the aging processatf be assumed, that the difference
between the inception and extinguish intensity isedain measure for internal cumulated
charge, so can be seen, that only in case of PH@riala a small change of charge intensity
could be measured over the aging time at diffeagimg temperature. At glass fibre materials
this difference does not occur.

The typical PRPD- pattern at 14 kV and 170 °C &@a in Fig. 6. At higher aging
temperature this pd- behaviour does not changgritgipal PRPD- characteristic, but their
charge values are increasing.

p———— (g |

s 180 =t E m Ell El 30 B -
Phase [] Frasel

Fig. 6: PRPD- pattern for PET and Glass Fiber at 14 kV

Breakdown Voltage Measurement

Breakdown voltage and electric strength resultpeesvely are presented in Fig. 7-9.
There are shown average breakdown values for phati@aging temperature and time in
Fig. 7 for glass and PET material. There are theegof average values for all measured data
and the values of . There is evident the data are in the range ob. fhis could be
represented as the breakdown voltage doesn’t simpwaging process within the material
during temperature aging. When the weibull probgbiplot is constructed from the
breakdown data the differences are more evideshawn in Fig. 9. These pictures are build
according to weibull probability with dependenceaging temperature.

There are shown other results of breakdown voliageig. 8. These pictures follow
life-time curves based on breakdown voltage. Thestaction of these curves is based on
measured data and quadratic model calculationddrqolar breakdown criteria. The criteria
is given as follows: Glass material — 90 kV/mm &%l material — 105 kV/mm.

The model is calculated for measured data and mofated for class temperature F
(155 °C). Comparing the two materials there iglent that PET based material has better
breakdown endurance and higher life-time. It is am@nt to realize that the lifetime curve
could be affected by “non-aging” process in breakdalata as described above and shown in
Fig.7.
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Conclusions

There was shown the experiment of aging of twoedgfiit materials in this article. The
results of measuring the partial discharge andkoi@an voltage was described and discussed
as well. There was shown the partial dischargesnavee sensitive to detect the changes
within material structure during thermal aging tliha breakdown voltage test.

When comparing the materials of the partial disgaand breakdown strength the PET
based material has higher values of breakdown gitietower partial discharges Qiec values
and higher inception intensity of partial dischag#/hen comparing the behavior during
aging, the inception intensity especially, the Pi&Bed material has significant decrease of
the values. Glass based material doesn’t showwlder® decrease of inception intensity and
the curves are flat during aging.

It was shown that the pd measurement could be ®meitive to detect the changes
within material structure during thermal aging tliha breakdown voltage test.

The obtained results show that the PET based rahtsrmore robust against thermal
aging than the glass fibre materials and, therefoe appropriate for using in the insulation
of large rotating machines. For better understanpaih aging process further investigation
seems to be necessary.
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Diagnostic system for cable insulation materials
Pinkerova, M., Mentlik, V. — FEE UWB in Pilsen

Abstract

This paper is focused on comparing insulation properties of two elastomeric compounds used in cable
industry as a cable insulation. Both insulation materials are based on EPDM rubber (ethylene
propylene diene monomer). The diagnostic system including electrical measurements such as
polarization and depolarization current measurement and measurement of relative permittivity and
dissipation factor is described. Statistical and graphic evaluation of both materials is shown.
Parameters used for comparison are polarization index, insulation resistance, volume resistivity,
dissipation factor and relative permittivity.

Introduction

Diagnostic system is a set of exactly defined procedures; it is possible to describe an
insulation state of each material thanks to the diagnostic system. In this case, the diagnostic
system is the set of measuring, counting and statistical methods. The result of this paper is a
choice from two measured insulation materials by evaluation of obtained values. The chosen
material would have better electrical properties and also it would be better applicable.

The objective of the work was to create the diagnostic system for comparison of
electrical properties of two insulation materials used as cable insulation. The first measured
material consists of silicon rubber, ethylene propylene diene monomer (EPDM) rubber and
additives. The second material consists of mainly EPDM rubber and micro milled mica. The
first one was named K30 and the second one EPDM for this paper.

Monitored parameters

The first step of creating the diagnostic system was to choose electrical parameters
available to comparing insulation materials. Materials would be characterized by insulation
resistance and volume resistivity, dissipation factor and relative permittivity. The polarization
index was selected as additional factor for its good ability to evaluate an insulation state of
material.

Polarization and depolarization current characteristics of materials determine
valuable information about their insulation state [1]. These characteristics represent the
processes, which are proceeding inside the dielectric material, which was inserted between
electrodes of capacitor after switching the direct voltage. The dielectric material is gradually
charged to the stabilised value and the similar situation is coming during its discharging. The
quick change doesn’t occur, the discharging is also gradual. This time variable electrical
charge is shown on the outside by time variable electrical current. Values of this current were
read in the periodically intervals during measurement. Additional characteristic parameters
were next calculated from obtained data.

Minute polarization index is polarization current in 15" second divided by
polarization current in 60" second (1% minute) after connection the direct voltage to the
sample (equation 1). Dry and undamaged materials have values of minute polarization index
greatly higher than 1. Other way round the materials with moist or damaged insulation have
calculated values of polarization index near to 1. It depends on amount of free charge carriers
in the measured material.

L (1)

60

136



Insulation resistance of the measuring sample is defined as the ratio of direct voltage
which is connected to the testing electrodes contacting measured sample and total current in
the certain time after connection voltage (equation 2).

U
R, = I“, [©] )

Volume resistivity expresses ratio of intensity of direct electric field and current
density inside the measured material. In this paper the volume resistivity were calculated
according to equation 3. R, represents the insulation resistance, A an area of electrode and

h a distance between electrodes.

p.=RL. fom] 3)

Relative permittivity describes behaviour of insulation materials in the electric field —
their ability to polarize itself. It is defined as ratio of the amount of electrical energy stored in
a material by an applied voltage, relative to that stored in a vacuum.

er{—:, [-] (4)

Dissipation factor is a key property of insulation materials application. It is important
for insulation material how much energy changes to other type of energy (usually unwanted
heat energy) during electric stress. This changed energy is named as dielectric losses. The
point of the energy change is effects occurred in the material structure while the material is
subjected to the electric field. The insulation material is heating because of these effects and it
IS necessary to ensure a drain of this heat. Or else it is danger to overheating of the material
and consequently its thermal breakdown. It would represent a loss of insulation abilities.
Dielectric losses are expressed by dissipation factor — tan 6. For good insulation materials the
tan & is much smaller than 1072

Applied methods

Measuring methods were selected according to the dimension possibilities of testing
samples. Statistical methods were used for evaluation of obtained data and thanks to them it
can easily assess (from variation coefficients) whether the measured data are reproducibly
enough.

Polarization and depolarization current measurement

The measurements were taken by classic Volt-Ampere method (the scheme is shown in
the [1]). This method needs a sufficiently stable voltage source. The voltage source Keithley
240 A and voltage level 500 V was applied. The electric current flowing through the sample
was measured by Keithley 610 C, its measuring range is up to 10™° A.
Measuring system was put in an aluminium box, which represents shielding from ambient
interfering effects. The shielding was used with aim to measure the most accurate values as is
possible. Ten testing samples from both materials were randomly selected for polarization and
depolarization current measuring. The values of polarization current were read in 15", 30"
and 60™ second, next in 2,3 4™ 5" 6" g" 10 15™ 20" 25" and 30™ minute as you can
see in the first table. In this moment the voltage source was unconnected and the measuring
process was repeated at the same way for depolarization current, but only to 5™ minute
(because depolarization is shorter than polarization effect). Obtained data of each sample were
plotted to the graph (Fig. 1).
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Fig. 1: Polarization and depolarization current of sample K30_A7

Measuring of relative permittivity and dissipation factor

The most widely used method for measuring dissipation factor and relative permittivity
in a diagnostics is a Schering Bridge. For these measurements was used PC-based measuring
system LDV-5; it is a product of Lemke Diagnostics GmbH. The principles of classic
Schering Bridge and this system are described in [1]. Next used equipment was three-
electrode system Tettex 2914 Y'Y and voltage source KPB INTRA VDO 38.

The dissipation factor and the relative permittivity were measured on all samples of
both materials (30 samples from material K30 and 30 samples from material EPDM. Average,
median, standard deviation and variation coefficient were calculated from obtained data. They
are shown in table 1.

Table 1: Values calculated from measuring by LDV-5

tan & [-] CulF] | R[MQ] | P[W] &r []
Average 531-10° | 8,79-10™ | 19,25 7,40-107 4,63
Median 529-10° | 8,84-10™ | 19,20 7,43-10” 4,66

Standard deviation 3,06:10° | 2,23-10" 0,88 5,88-10° 0,12
Variation coefficient 5,85 % 2,58 % 4,65 % 8,08 % 2,58 %

Obtained data were plotted to graphs, the example of this evaluation you can see in the
Fig. 2. In these graphs, the average value was marked by red line and levels of (X + o),
(X +20), (X +30) up and down from the average line by blue lines, where o represents a
standard deviation of measured data.

The standard deviation describes a rate of fluctuation of measuring parameter. All

values in all graphs were depicted in the interval from (X - 36) to (X + 36) which means
stabilized measuring process and good compactness of obtained data.
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Fig. 2: Example of graphic evaluation of tan delta values

Results and discussion

Two measured material were named as K30 (1" compound) and EPDM
(2" compound). Final comparison is in the table 3. The EPDM compound has better all of
measured parameters. The measurement confirmed that EPDM compound has better dielectric
properties.

Both materials show good results from statistical point of view according to variation
coefficient of measured data, which are completed in [2]. So the measured properties are well
reproducible. This also represents good quality of manufacturing, which means homogeneity
of their properties of both materials.

Table 3: Comparison of measuring parameters

parameters K30 EPDM
Ri [Q] 2,91-10" 7,88-10™
Pi1 [-] 1’87 2$56
py [Qm] 3,72-10" 4,61-10"
tg & [-] 531-107 3,29-107
&[] 4,63 1,80

Conclusion

The results from measuring of electrical properties of two elastomeric compounds used
as cable insulation were summarized. The paper describes properties and used measuring
methods. The results confirmed that set diagnostic system for measuring, evaluating and
comparing of parameters was selected well. The output of this work was research report [2]
and certification for new technology in cable manufacture — Innovation of cable sheaths. The
innovation consists of introduction of new material, which has, according to this work, better
properties, for the manufacturing. The material is based on EPDM rubber (ethylene propylene
diene monomer) filled with micromilled mica.
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Dielectric properties of a composite based on epoxgsin
Polsterova H. — FEEC BUT Brno

Abstract

The paper presents results of an experimental research of dielectric properties of a composite. In the
composite studied, the matrix is an epoxy resin and the filler is a finely ground mica in different
weight contents.

Introduction

In electrical engineering, epoxy resins rank amaftggn used materials, due in
particular to their excellent electrical, mechaherad thermal properties and also to their easy
forming and casting. Their natural properties ateromodified by adding various sorts of
fillers. Fillers are primarily inorganic fillers ithe form of a finely ground powder or tiny
flakes of mica or silicate sand. Inorganic powdéers are mostly ground mica, ground
guartz, talc, feldspar, quartz and marble powder @thers. Filled materials are used e.g. in
the preparation of casting materials for encasih@lectrical apparatuses and equipment,
especially in power engineering.

Experimental

A four-component casting epoxy resin that is ugsethe ABB Company, Brno, was
selected for the matrix. The filler was a finelygnd mica MU85F (muscovite) with average
grain size 40 um. The filler share in samples wascsed 0, 10, 20 and 30 % (by weight).
Higher filler content was not possible because dagting mixture was then too viscous to
allow for casting. Casting was carried out by usiagsteel mould, which allowed to
simultaneously prepare 10 samples in the shapedamfepparallel plates with dimensions
110 x 110 mm and thickness 2 mm. Prior to castimguld walls had to be carefully spread
with a separator, which in our case was a siliogmease. In order to be able to cast samples,
the mixture had to be heated up to 65 °C. Heatwegnixture lowered its viscosity and thus
the mixing was improved. When adding componenthefepoxy resin to the mixture and in
the course of subsequent adding the mica filldgrge volume of air got into the mixture,
from which the samples were cast. This made negesseareful evacuation of the mixture
prior to casting. After evacuation, the mixture wasured into the pre-heated mould and
evacuation was repeated so as to remove any aghwhight have gotten into the mixture
during pouring. The curing process had two stafyjest,a pre-curing at 90 °C and then final
curing at 140 °C for 10 hours. Manufactured samplese put in desiccators with zero
relative humidity.

The surface of samples was sufficiently even, simaoid plane parallel, so that it was
not necessary to use evaporated electrodes. lcdhese of measurements, samples were
mounted in the three-electrode press-on systemexX eét904. Measurements of electrical
properties were carried out on dried samples at rgative humidity. The closed space of the
measuring capacitor was filled with molecular sie¥ée sample was fetched from the
desiccator to the measuring capacitor always the lidore the measurement. Once the
sample was transferred from the desiccator to teasoring capacitor, the temperature in the
electrode system was raised for a short time toesdg® °C; in the course of the following
night, the temperature was lowered to the valueired for the experiment. The experiment
was carried out the next day.

141



The samples were measured for the following diglegroperties: relative permittivity
and dissipation factor at the frequency 50 Hz, maduresistivity (using megaohmmeter
Radiometer IM6) and breakdown strength (using Hf station 200 kV).

Results

Figure 1 and 2 show plots of relative permittivatiyd dissipation factor as a function of
mica filler content. The values presented were mreasat 50 Hz. The relative permittivity of
the pure epoxy resin is 3.5 and that of the midlarfis 5.5. The value of the relative
permittivity of the final composite exhibits a stigaincrease with increasing filler content,
which corresponds to theoretical assumptions.

The plot of the dissipation factor against fillemtents also exhibits an increasing trend.
In insulators, this effect is undesirable. The igig8on factor of a composite containing filler
in the amount of 30 % increased, compared withptlme epoxy resin, by almost an order of
magnitude.
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A further negative effect is a moderate decreasevaitime resistivity with the
increasing filler percentage; the pure epoxy resimple exhibited the value of 2Xt@m,
whereas the sample with 30 % filler content exkibithe value of 5x16Qm. A very
important property of casting epoxy resins is tledactric breakdown strength. The presence
of mica filler brings about a very substantial mase of its value as can be observed in Fig. 3.

Graphic plots show average values obtained by tegemeasurements. Permittivity
and dissipation factor were measured at 10 sanipiezach set, electric breakdown strength
on 5 samples for each set. Considering the miniracatter of measured values, both in case
of repeated measurements on the same sample aaddrof measurements done on different
samples belonging to the same set, the issue dt&tal evaluation of measurement errors
and uncertaintities did not have to be dealt wRbsults of the measurements also prove that
mica was always well and evenly dispersed in th&irmand, thus, that all samples of the
same set exhibit the identical behaviour.

Conclusions

The results established show that samples withehighica content exhibit worse
dielectric properties than epoxy resin alone. TiRislue to the fact that the basic (unfilled)
casting epoxy resin is already a high-quality matewith a low value of dissipation factor.
The positive impact of the filler appears mainlytie values of electric breakdown strength,
which show a marked improvement. A matrix with woidielectric properties is likely to
exhibit improved properties with the increasecefiltontent.
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Influence of Thermal degradation on Electrical Parameters of Winding
Insulating System of Power Transformers

Sirti¢ek M., Trnka P., Paslavsky B. — FEE UWB in Pilsen

Abstract

This paper is focused on problematic of thermal degradation of insulating systems. This factor has
together with electrical, mechanical and chemical stresses negative influences on key parameters of
the power transformers. Electrical degradation is caused especially by partial discharges. Therefore
measurement of certain parameters and partial discharges of insulating systems help to find faults and
improve reliability and working life of the transformers. Experiment was focused on thermal aging of
oil - paper insulating system and influence of hon-homogenous areas on partial discharge activities.
The two insulating liquids were used in the experiment. The first was mineral oil SHELL DIALA DX
and the second was environmental friendly oil ENVIROTEMP FR3.

Introduction

Power transformers are referred as transformer usstheen generator and the
distribution circuits [5]. Therefore they are imgant parts of each electricity supply system.
Insulating systems of transformers have signifiagaflience on their reliability and working
life. Usually power transformers use insulationteyss consisted of solid part and liquid
insulation. The solid part based on cellulose wasented by a paper (main insulation of
windings) and a transformerboard (spacer, windoigr etc.).Liquid insulation is necessary
for potential separation and transformer coolingriby transformer operation its insulating
system is degraded by different types of stressdsctfical, thermal, chemical and
mechanical). The main factor is heating due todsssspecially in a magnetic circuit and
winding [1]. Stress together with other factorgy(eaxidation, chemical degradation) causes
decomposition of a solid insulation (cellulose) ankiquid itself. If a thermal stress is applied
on insulation system for a long time polar and potar particles from liquid and cellulose
are segregated. The next consequences of thernmg age oxidation, increase content of
moisture and contaminants, chemical adduct (e, BH,, C;Hs, C;H4) and acid adduct
(e.g. petroleum acid, sulphuric acid, sulphurousl)adeterioration of the system causes
significant changes in electric and non-electriasameters.

Degradation products could be also created bygpatischarge (PD) activity and their
thermal degradation mechanism within insulation tesys too. They are created in
imperfections areas of insulating system stresseeléctrical field. Partial discharges can
contain sufficient energy for hydrocarbon stringssdciation causing degradation of
insulation. Study of PD activities vs. phase caovsh type of irregularities and accurately to
determine the causes of the disorder. Therefore nidasurement is one of important
diagnostic method.

Experiment

Experiment deals with measurements of importanttedal parameters of insulating
material used in a winding of a power transformbested parameters were Breakdown
voltage, Dissipation factor and Resistivity. Theyoypde information about electrical
endurance of system, its losses and about leMeb&bige current within system. Next aim of
experiment was to observe changes these elecparameters due to thermal aging. Two
insulating liquids were tested. The first was maheil DIALA DX consists of hydrocarbon
molecules and the second biologically easily degpbed oil FR3 with natural esters. The
experiment was divided into three parts.
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The first part was focused on measurement of thetrétal parameters of transformer
oil samples. The measurement was don€m&Z Oil Laboratory for new and thermal aged
(3000 h, 90 °C) oils. Breakdown voltage of oils wasasured on the end of the experiment
after 4000 h thermal aging.

The second part deals with measurement of Dissipditictor and Resistivity according
to CSN IEC 93 and 250. Samples of the oil-paper insujasystem at intervals of 25, 50,
125, 225, 500, 1000, 2000, 3000, 4000 h were medsufen transformerboards with
dimension 100 x 100 x 1 mm were placed in eachefil.

The last part of the experiment was a study PDviéigiin the areas with different sizes
of not-regularly overlapped insulating materiatefgularities may cause uneven distribution
of electric potential and partial discharges ocdime aim of the experiment was to proof that
a small irregularity causes a high partial dischaagtivity and reversely a large imperfection
causes only small one. The test sample was a cd@pewrapped by two layers of kraft
paper. Four samples were tested in both oils. @rstilid insulation were created two types of
irregularities. Measured arrangements were symaoatrinsulation and not-regularly
overlapped insulation with dimension 3-4 mm (Typg aad 1-2 mm (Type B). Ignition
voltages (V) were measured in each of insulation arrangemeninies. The next parameter
was values of the Apparent charg®idc) in 1. and 10. minutes. Measurements were
preformed for higher tested voltages too. Its veluere approximately 1.25 times higher
thanlV of the area.

a) J High voltage b)
| PC

(=

Type A Symmetrical

Copper bar Type B

/e

== 1 layers of paper == 2 layers of paper

Paper isolation

¢

Coupling
capacitance

Measuring =
impedance

Measure

Vo = electrode

bar

Partial
dischargespz
4 detector

Glass dish

Fig. 1: a) Test set-up, b) Insulation arrangemésample

Results

Table 1 shows parameters for new and thermal agedMineral oil compared with
FR3 achieved better values of tested parameteepeBreakdown voltage. Thermal aged oils
had parameters significantly changed, especiallg. BReakdown voltage of mineral oil fell
down approximately about 80 % due to degradatior-R3 oil was decrease in percentages
smaller by half (40 %).

Table 1: Electrical parameters of new and therrgabtails

OILS
PARAMETERS DIALA DX FR3
New Thermal Aged New Thermal Aged
Breakdown voltage [kV/2,5mm] 48,8 946 74,2 43,2
Dissipation factor for 90 °C [% ] 0,056 0,168 1,76 (0,05¥ 4,499
Resistivity [2.m.10 279,6 69 0,813 (30,0 0,345

™ Measured after 4000 h of thermal agiRgCatalogue value [3]
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Samples of oil-paper insulating system had deangasend of dissipation factor during
thermal aging. The value of dissipation factor daefmel on time when sufficiently
impregnation of samples by the oil occurred. Thesas in the FR3 oil were impregnated
faster (225 h) than in the mineral oil (500 h). Boils probably require a certain density, for
faster impregnation of the sample. Resistivityraulating system samples in new mineral oil
was 8,58 ®.m and in FR3 oil was 1,41Mm. Resistivity was increasing with time of
thermal aging. After 125 h stabilization of in sdagpimpregnated by FR3 oil occurred.
Samples in DIALA oil were fluctuating around 6,8Q2n. After 4000 h the resistivity
reached values 1,740m (FR3) and 42,2®.m (Technol).
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Fig. 2: Dissipation factor vs. Thermal aging (leResistivity vs. Thermal aging (right)

The examples of PD pattern with Type A and B asrasn Fig. 3-4. Between both oils
and insulation arrangements were significant diéfiees. The non-homogenous areas had
values ofQiec depend on values of the testing voltaglee Qiec of imperfection areas were
in range 5 + 290 pC in DIALA and 10 + 320 pC in ER®e symmetrical insulation values
were approximately 8 + 130 pC in DIALA and 3 + 1d0 in FR3 oil. Average values 6f
calculate from all measurement in DIALA and FR3a@hows Table 2.
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Fig. 3: PD pattern of Type B in DIALA oil — papersulating system
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Fig. 4: PD pattern of Type A in DIALA oil — papardulating system
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Table 2: Average values bf of tested arrangements

PARAMETER TYPE A TYPE B SYMMETRICAL
DIALA DX FR3 DIALA DX FR3 DIALA DX FR3
Average value
of IV [kV] 0,76 0,72 0,86 1 1,23 1,59
Conclusion

The differences between tested electrical parasetieoil-paper samples impregnated
by both thermal aged oils are not as significaninathe case of the liquid itself. Mineral oil
has only small changes in electrical parametergnguhe thermal degradation compared to
the FR3 oll.

Dimension of not-overlap areas in both oils haveanant influence especially on
Ignition voltages IV). In the symmetrical insulation areas were foumel highest values of
IV (mineral oil 1,23 kV and FR3 1,59 kV). In areaghwimperfection were ignition voltage
values significantly lower. Symmetrical areas coredawith non-homogenous areas (type A,
type B) have higher stability of Apparent charg€se€) with higher testing voltages. The
discharge activities are especially depending opsggeometry within the insulation.
Therefore is necessary ensuring of suitable dryamgl winding of insulation sample.
Hypothesis that a large imperfection can produsmall discharge activity were confirmed.

Acknowledgement

This research was funded by the Ministry of EduegtlYouth and Sports of the Czech
Republic, MSM 4977751310 — Diagnostics of Intersetrocesses in Electrical Engineering,
Students grant system SGS-2010-037. The authorsgrateful for the support of this
program.

References

1. Mentlik, V.; Trnka, P.; Pihera, J. “Transformer uhation on the threshold of new era.”
In IEEE Electrical Insulation Conference, 2009. Montreal : IEEE, 2009. pp. 129 - 132 .
ISBN 978-1-4244-3915-7.

2. Mentlik, V.; Prosr, P.; Trnka, P.; Pihera, J.; Paliey, R. “On-line diagnostics of power
transformers.” InConference record of the 2006 IEEE international symposium on
electrical insulation. Toronto : IEEE, 2006. pp. 546-549. ISBN 1-424843.

3. Data sheet Cooper Envirotemp FR3 [online], [cit1@®1-20], pistupny z WWW:
http://www.nttworldwide.com/docs/fr3brochure.pdf .

4. Stockton, D. P., Bland, Jr. J. R., McclanahanWilson, J., Harris, D. L.; Mcshane, P.
“Natural ester Transformer fluids: Safety, relitgiland environmental performance.” in
IEEE Petroleum and Chemical Industry Technical €mrice (PCIC 2007), Canada
(Calgary), pp. 1-7. ISBN: 978-1-4244-1140-5.

5. HARLOW, James HElectric power transformer engineering. USA : CRC Press, 2007.
388 s. ISBN 0-8493-1704-5.

Authors

Ing. Martin Sikcek, doc, Ing. Pavel Trnka, Ph.D.; Department of ihetogies and Measurement,
Faculty of Electrical Engineering, University of ¥dBohemia in Pilsen; Univerzitni 8, 30614 Pilsen;
e-mail: msirucek@ket.zcu.cz, pavel@ket.zcu.cz.

Ing. Bohumil Paslavsky; Department of Electric powagineering and Ecology, Faculty of electrical
Engineering, University of West Bohemia in PilseriJniverzitni 8, 30614 Pilsen;
e-mail: paslaboh@kee.zcu.cz

147



Software for stator bars design, 3D models of statdoars and 3D models of
jigs
Bezdkovsky J., Krupauer P. — BRUSH s.r.0. Plz#

Abstract

The target of this project is to automate stator bars design with help of software that has been already
made by Sator&Winding Engineering in BRUSH s.r.o.. The target is to simplify a complicated and
lengthy creation of bar models and models of all jigs for stator winding.

Introduction

In the 2D database program there are inserted #sic lparameters of machine
(inner/outer diameter, number of slots, number alegp, dimension of slot, length of core
etc.). Then other parameters are specified by #&mes (cone angle, clearances between
endwindings). The program can calculate shapesaimdings, shape of coils, the winding
diagram can be drawn, force between endwindingsheacalculated, shape of iron jigs). An
AutoCaddxf file can be generated for many views. Then is \aagy to finish the drawing
and launch the final AutoCativg file.

Calculation specification, |
Documentation from a customer ‘

]

Input data for database
program of winding

|

Design of winding
Parameters of slot, endwinding

Iron jigs,
Coils Bars Winding Diagram Calculation of forces,

Check of shape

| |
; Drawing, L : s
bt Drawing ‘ Data (XL File) for 3D model 3D Model of Bars Forming and pressing jizs

Fig. 1: Diagram of stator winding design

The database program (2D) has been developinglphDgrogramming software. New
functions and procedures can be added anytime. FHign2 we can see other necessary
parameters that define endwinding. It is possilles¢e the calculated end point of the
endwinding.
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Fig. 3 and Fig. 4: The displayed shapes can bedsawdxf file

In Fig. 3 it is possible to see a “path” of endwirgl for a stator bar. This path is
manually drawn on the cone, the metal forming §gadded on the cone and the copper is

formed by hand with a hammer.

It is possible to generate a control MS EXCEL (Xi&. This xls file can control the
already prepared 3D model of stator bar createfjutodesk Inventor. The coordinates of a

middle fiber is calculated in 2D SW.
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Fig. 5: View of a middle fibre that is an equidistdo cone; the middle fibre controls
the 3D pattern in Autodesk Inventor

Fig. 6: 3D model of stator bar including endwinding
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Fig. 7: 3D model of endwinding with metal jig; theetal jig is used for forming of the
endwinding; a different jig is used for pressingwdin wall insulation applied on endwinding

Conclusions

In Brush s.r.o. we can calculate the shape of th®rsbar with analytic 2D software.
This 2D software has been used for calculation@oduction of many stator windings. We
can say that the 2D software has been verifiedraxip. From the 2D shape we are able to
display 3D model of stator bar. The central moiivéo gain 3D coordinates of the middle
fiber form the endwinding path. With the middledibwe are ale to effectively use the 3D
Autodesk Inventor.

For the 3D model we are able to design specialljigtawhich are used for shaping of
conductor stack. The metal jigs are manufactured @NC machine. The input data for the
CNC machine are gained from the 3D model Autodesleritor. The huge benefit is an
absolutely conformity between calculated shape raatishape of the manufactured forming
jigs. It means that the quality of the pressedlatsan is always secured due to 3D model.

The 3D data gained from 3D model can be used fonifay of stator bar in CNC
forming machine. In future this CNC forming will @ple to substitute the labor consuming
hand forming with a hammer.
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Issues of flicker noise measurements on power semiwuctor devices
Hajek J., Papez V. — FEE CTU in Prague

Abstract

Flicker noise is one of the most important quality indicators of electronic devices. Quality of passive
elements is often evaluated according noise level, which is deeply affected by material ageing. Noise
measurement can be used for lifetime prediction and probability of failures. Concerning
semiconductor devices flicker noiseisa criterion of used production technology. Influence of ageing is
(contrary of passive devices) not so expressive. However, noise measurement allows to reveal latent
defects of diode reverse properties that are unidentified by means of standard in-process inspection.
Unlike other standard methods noise measurement requires perfect matching of analyzing circuit and
investigated device. Used equipment and method deeply affect results of measurement.

Introduction

Noise is a random non-periodical signal generatged lcommon accidental process.
There are two basic types of noise detectable batlpassive and active devices: thermal
noise and flicker noise. Flicker noise of low-poveetive electronic devices is the most often
studied type of noise. Researches on this fielddaxen by the need of using low signal and
low voltage supply. Then, the ratio between sigaatl noise level (S/N) is a critical
parameter of device’s applicability.

Thermal noise

In the case of thermal noise, we are thinking alsantiom current with zero average
value but nonzero power. It is caused by therm#fiuslon of carriers. These current
fluctuations last in order 1 s. It can be shown, that the spectrum functiothefmal noise
is in the range up to 100 GHz constant and contisu8pectrum function decreases to zero
above this range, because the total noise-powet Ipeua finite value. Level of thermal noise
depends only on absolute temperature of devig@rd on bandwidthB), where the noise is
investigated. Explicitly, thermal noise-powRy is given by equation:

Py =KTB, (2)

wherek is Boltzmann’s constant 1,38:30/K. ThereforekTB [W] is often used as unit for
noise power level. Thermal noise is not interestirgn the diagnostics point of view,
because it is always present and it is influencely by temperature [1]. That's why the
following text will be not focused on thermal naise

Flicker noise

Inhomogenities in material structure are the maanses of flicker (current) noise.
These inhomogenities can generate fast and rantb@amges of flowing DC current. Thanks
to the step current changes the spectrum denslityhave decreasing trend from units of Hz
up to units of kHz. The level of noise voltage tethto frequency band 1 Hz is given by the
equation:

U2(f)=K RTIZ §71 @
whereK is a proportional constant and exponeatsS describe measured device (usually
a, B = 2). Direct currentl] flows through the measured device (resistd®cd here are more
types of noise described according their origiateed to semiconductor devices [2]. The most
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important noise (especially for diagnostics of powemiconductor devices) is flicker noise
(1/f). It is connected with the capture of free carasenergy levels in the forbidden gap.
The presence of energy levels (traps) is influermedurface effects, especially with leakage
current. Reverse polarization is always necessamgition for creation flicker noise.

Techniques of noise measurement

Contrary to active electronic devices, it has nasseto measure noise figure on power
semiconductor devices. They are used for power @&sion, not for signal transmition. It is
useful to measure the level of flicker f(1/noise. Necessary prerequisites are: suitable
polarization of device and separation of noise, adgnce matching of analyzer and
reasonable frequency range in connection with thggrnoof noise.

Polarization of device

Power devices exhibit huge impedance under rev@ase(16 to 10 MQ). Therefore a
source of polarization voltage has to afford sugfnt voltage. Flicker noise is in a common
frequency band = f, — f; given by the equation:

f2
Uy = “KRzlzf’ldf = fKUZIn%:K'U, (3)
f, 2

so that it is proportional to polarization voltageolarization voltage reaches an order of
107 V to achieve current in order units of nA passimgugh device. Polarization voltage has
to be without ripple component. Voltage source #hdee low-noise and with minimum
internal resistance. Then the source will exhilwtést thermal noise. Ideal voltage source are
galvanic cells. It is suitable to connect in serggeral 4,5V or 9V battery of cell (the
second one has higher internal resistance and #hammse thanks to smaller surface of
electrodes). Polarization voltage can be regulbtechanging the number of cells.

Equivalent circuit
When measuring generated noise signal, the dewideruest (DUT) can be represented
by a current sourci,, which is over bridged by the crossing capa€tyand a very small
conductivity Gp. The capacity of pn junction is voltage-depende®y =U “¥?) and it is in
order 10 pF or 16 pF (depending on diameter of chip
_ CDJ_ Gor Cul Ry and reverse voltage). For example silicon diodeedsi
IN lVN 5 mm in diameter and with reverse voltage 2 kV have
T capacity 20-30 pF under reverse bias 100 V. Soafce
Fig. 1: Equivalent circuit of
DUT and measuring analyzer

noise currentiy has also its own internal resistance.

However, it cannot be measured anyway. Conductivity
Gp is temperature-dependent as the reverse volt-anper
characteristic (RVAC) depends on temperature. On
higher temperature reverse current increases, aonthise increases too. Afterwards, it is

guite a problem to separate flicker noise and engsting generation-recombination noise.

Heating process can be done e.g. in a siliconDdlT is connected to analyzing circuit (see

Fig. 1), which can be substituted by parallel congpbf input resistancBz, and capacitLy.

Reasonable frequency range

From point of view of the frequency spectrum, tlemeyrated noise matches the white
noise that is filtered by an RC low-pass filter tbe 1st order. There exists its cut-off
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frequencyf.. The spectral functioR(f ) has a constant value below this cut-off frequesiog

it has a course recontouringf Hbove it. Typical real spectral function measuosd pn
junction is shown on the Fig. 2 (curve marked “R)Y St is necessary to choose frequency
range where the noise will be investigated for mesment optimizing. Measurement should
be carried out in frequency range, where the redithhis the highest.

While the levels of signal and noise are constaah texists a frequency range where is
the ration of S/N constant and frequency independemmm the point of view of a signal
evaluation technique, it is advisable to chooseaaimum frequency band, because then the
power of the processed signal is maximized.
We choose the lower limit of band at
frequency where the increasing noise of
analyzer doesn’t matter and the S/N ration
increases. We are avoiding measurements at
lowest frequencies (<10 Hz), where the
signal is distorted by non-linearity of
analyzer and where the measurement is too
long. An upper limit is chosen at frequency
where the level of signals falls down and the

! 10 100 f(Hz) 1000  gyaijlable ratio S/N decreases as well.

Matching is optimal if the maximal noise
Fig. 2: Spectrum of flicker noise (RTS) andyower generated by the DUT in the range of
system noise of analyzer the measured frequency band is led to the
analyzer. Regarding to equivalent circuit of
DUT (Fig. 1) it is useful to set the input resistaR; of analyzer as high as it is possible. This
simplification is valid only when a RC low-passtdil consisting of capacities and resistors
will have its cut-off frequenci, given by the equation:

1,E-04 -

1,E-05 4

1,E-06 4

1,E-07 4

_ GD +1/ RZ (4)
2m(Cp +Cy)

m

higher than the highest frequency of the processgulal. Otherwise, for optimdR; value
equation f,, = f. is approximately valid.

Principle of measurement

Investigated semiconductor device is polarized Iy iltage source); with series
resistorR;. This resistor prevent to short out noise curigrthrough the voltage sourdd,
which seems to be (for noise signal) a short-cirdResistorR; should be low-noise and its
resistivity comparable with DUT’s impedance. Capadt; provides galvanic separation
between polarizing source and analyzing circuit. NG signal can pass through this
capacitor. RC filter consisting fronC{, C,, R;) works as a high-pass filter and it gives the
lowest frequency of noise that can be measuredciwent values on Fig. 3 (left) it is about
0,5 Hz. Otherwise, the capacity of measured pntjoncCp and resistor®;, R, in parallel
create a low-pass filter with a cut-off frequendyoat 1,5 kHz. It is impossible to observe
noise at higher frequency. Low-noise linear am@lifivith a high input resistance is used as a
matching circuit between DUT and spectrum analy2esource follower with a transistor
J-FET J 310 has the input resistance 10,Moltage gain is near to 1 and a noise figure is
from 4 dB to 6 dB. The cut-off frequendgy is approximately 400 Hz (with the chip capacity
Cp of 30 pF) and roughly matches the cut-off frequenicthe measured signal.
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Dynamic Signal Analyzer HP 35670 is used for meaguand statistic processing of
noise voltage. Analyzer should have (for optimalwpp matching) the highest input
resistance. But, there are almost no analyzers lgther input resistance than IQMexcept
of parametric tube amplifiers. DC separation betwaeralyzer and amplifier is provided by
capacityCs. Antiparallel diodes protect signal analyzer agaimpulse overvoltage that can
spread from polarized DUT through capacitizsaandC..

low-pass

+Us
R C filter No. 1
I:

20M M1 polarized low-noise low-pass selective
l DUT

dynamic DUT > amplifier ; filter No. 2
Fig. 3: Principal diagram of measuring circuit {(Jeprocessing by analog technique (right)

A

V-meter

signal
analyzer
HP 35670

(N
-1

low-pass
> filter No. n

Described method assumes analyzing of noise sigpameans of dynamic signal
analyzer. However, signal can be processed by gn@ohnique (see Fig. 3 right). Let
connect amplifier's output parallel to a set ofgas filters. Then we can simply analyze the
noise on filter's output using selective voltmeterscope. This solution enables to recognize
flicker noise of DUT and external disturbing signaimpulse disturbance does not create an
expressive distortion of measured signal when a@npftocessing is used. Analog processing
unit has much more bigger dynamic range than digitacessing unit.

Besides circuit design, measurement is affecteda gt of external factors. Proper
shielding of units processing low-level signal i®cassary. Sources of DC voltage
(polarization of DUT, supply voltages) should be without a ripple component; be aware of
frequency 50 Hz and its multiples. Outer lightingnccause negative influence on reverse
current passing through DUT. Due to photo effectumeovered silicon surface undesired
signals can be reveal especially near 100 Hz andultiples frequencies.

Conclusions

Article is focused on practical aspects of noiseasneement on power semiconductor
devices. Described methods are usable first oinatiroduction process, testing and quality
control or by prediction of reliability and lifetienof power devices. In comparison with other
diagnostic methods, noise measurements are noudist and are carried out on safety low
voltage. Methods described in this article werecsasfully tested during investigation of
unstable RVAC on power diodes [3]. This article wsspported by research project
MSM 6840770017 Development, safety and reliabditglectrical equipments.
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The distribution of voltage on the inductor during surge testing (RSO)
J. Labadi, Z. Krelovec — 1.SERVIS-ENERGO, s.r.0.

Abstract

The aim of this article is to check the distribution of voltage on the inductor (for example a rotor or a
stator coil) during surgetesting. The surge testing of motor coils has been used since Feb 1926.

The article the principle of surge testing, the reason for surge test, voltage distribution during testing
and examples of damaged insulation.

The principle of surge testing
If a rapidly increasing current is applied to alcwoltage will be generated across the
coil by the principle of induction. The voltage ass the colil is given by:

i
v_Laj—t (1)

Where V is the terminal voltage across the caill,
L is the coil’s inductance, and
di/dt is the time rate of change of current pulse

The terminal voltage V at the leads of the coihisummation of the induced voltage
created between individual loops in the coil. & thsulation separating adjacent coils is weak
and if the induced voltage is higher than the dieie strength of the weak insulation, an arc
will form between the coils. Surge testing equipisrdesigned to create the induced voltage
between adjacent coils and detect the arcing itideaf weak or failing insulation.

The internal capacitor is charged to a known vathy the power supply. At a specific
time, a high voltage switch closes, which transteescharge from the capacitor through the
windings to the coil. If the resistances and losthe entire circuit are such that the system is
underdamped, the charge will be able to flow thiotlge inductor and on to the other side of
the capacitor, which will result in an oscillatiohhis process of oscillation will repeat until
the resistances and losses in the circuit completetorb all of the energy that was originally
on the capacitor. The terminal voltage on the ewiltime gives the surge waveform, which is
a record of the changes in damped oscillation. [1]

The reason to use surge testing
» simple and quick, easy to use between two oper&tsis
* easy to reach high voltage (for example 30 V pgi)Meen loops
* easy to repeat
* numerical evaluation of results (shows the diffeeshetween waveforms or EAR)

Voltage distribution during testing

The aim of the experiment is to check the distidybf voltage on the inductor. The
output from a surge generator is connected to dactior and across the inductor we record
the waveform voltage between adjacent loops of coll

These waveforms are measured on the first andettwnd loop of inductor, on the 10th
and the 11th and so forth up to the 67th and tlle B®p — we thus save eight waveforms to
compare.
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This paragraph describes the measuring of the gelthstribution on the inductor. At
first, it seems that the voltage distribution betwdoops is nonlinear, where the maximum
value is near the inlet thread and the minimum easuone at the outlet, which is grounded.
This is partially true, but the voltage measurimgtioe tested coil (a rotor pole with 69 loops)
showed different results. In figure 1, there arev@farms measured between loops to which
the voltage of 1400 V (ca. 20 volts per loop) wppleed. Figure 1 shows initial surge shock.
In figure 2 the whole waveform (the initial of sergnd response) is shown. Figure 3 shows
the differences in voltage on all measured loopptesy i.e. the distribution voltage on the

inductor.
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Fig. 1: Oscilogram of voltage between coil loopgseginning of the waveform
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Fig. 2: Oscilogram of voltage between coil loophe entire waveform
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The distribution of voltage on the inductor
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Fig. 3: Oscilogram of voltage between coil loophe entire waveform

Examples of damaged insulations

Figure 4 shows waveforms measured on coil with ralyadded faults in between coil
insulation. The first wave is a waveform with catreesponse and other ones are with faults
in loops.

Comparison without fault and with fault
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Fig. 4: Oscilogram with faults
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Conclusion

After applying surge testing, we found out that thstribution of voltage on the
inductor is nonlinear. But there is little diffe@between differential loops on the coil. The
maximum difference between the edge and the miofdiee coil is approximately 2 %. There
is no difference in voltage between inlet thread grounded outlet. Figure 4 shows damage
located anywhere on the coil can be easily diaghdSerge testing can make the diagnosis of
problem on a colil fast with very precise resultsige testing allows for reaching high voltage
between loops without using an additional sourceotthige.
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Seebeck effect of ECA
Koblizek V. — FEE CTU in Prague

Abstract

The paper is focused on the Electrically Conductive Adhesive (ECA) that means to the material used
mostly in electronics for surface mounting of microchips on printed circuits boards. With clear plan
the author fixated to the unusual ECA property- the thermoelectric behavior. For that purpose the flat
thermoelectric couples of five types have been created. The thermoelectric voltage in dependence on
the temperature difference between cold and warm end of all these thermocouples was measured.
From obtained dependences the thermoel ectric (Seebeck) coefficient for every thermocouple has been
calculated.

Introduction

ECA (Electrically conductive adhesive) is heteragmums system consists from two
parts: very small particles of silver and epoxyime§he material takes its characteristics
properties by means of temperature hardening. Bdfos process the ECA behaves as paste
and is fit for application. After hardening (warrginthe ECA behaves as a solid with good
electrical conductance. The main sphere of ECAisise electronics, above all as the soft
solder substitution [1], [2]. Electrically conduati adhesives have, except for high electrical
conductivity, also good thermal conductance anekaaat adhesion to most solid surfaces.

As the author of paper is concerned with the playgooperties of ECA - in order to get
an idea of theirs other applications, have focusedhermoelectric phenomenon because it
takes important position among physical properties.

Sample preparation

The thermocouples, that one component part is &Ww&A, were created on glass fiber
reinforced plastic strips with dimension 200x15xé&hnThe second component part was made
in the form of strip (Fig. 1) by evaporation of e@ednt metal or metal alloys using flash
method. The ECA strip was applied ordinarily by meaf single purpose device. The next
step was hardening of the adhesive in the oveenagpeérature of 150 °C.

Fig. 1: Design of thermocouples
a) Evaporated metal layer (1) on laminate (2) vp#sted Ag strip (3) in order to create
contact with ECA
b) Creating of ECA strip (4).
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ECA specification: Eco Solder AX 20 of producer AMEX. Content of Silver
particles: 75 % by weight [3].

Metal component parts: CuNi (Constantan), Ni, Ni€e, Ag. These materials have
been chosen in accordance with thermoelectric ssaléhat the thermoelectric coefficient
valuesa were both positive and negative compare with silve

Measuring device and set up

The centre of measuring work place is measuringcdewhich enables the sample
connect to measuring circuits, generates the Jaridemperature difference and also
stabilizes the sample on unchangeable position. degséggn concept of the device is made
slightly by Fig. 2.

HPI
Pt100

[t =
77//'/ /%,/7 ﬁfi \
fm_\ :
' PE X
CM

Fig. 2: Measuring device
H — heating, HPI — heated plate, S — sample, C&loled plate, Pt100 — temperature sensor
(platinum resistor 10@), PE — Peltier cooling elements, F — fan, CM -nahum cooling
module.

A

M~

The block diagram of measuring work place is shawfig.3.

Fig. 3: The arrangement of measuring working place
HPI — heated plate, H — heating; N, — temperature meters, S — sample;, TKC, —
temperature controllers, Pt100 — temperature seRsorP, — Peltier cooling bateries, F — fan,
S, & - sources.
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Obtained data and their evaluation

Thermoelectric voltage versus temperature diffeeeoc all five thermocouples is given
in Tab.1 and Fig.4.The temperature of cooled plais kept at value of 15°C by temperature

controller TG.The result of experiment can be evaluated so that:

a) The thermoelectric voltage of couple ECA — siheso small , so that the thermoelectric

ECA behavior can be substituted by the one of silve

b) The thermoelectric curves (Fig.4) were obtainefeitthat the ECA layer was connected
with the negative clamp of meter. Therefore the Camdl Ni behave, from thermoelectric

point of view, negatively against ECA, and vicesgeFe and NiCr are positive

¢) The thermoelectric coefficients iW/K, have been calculated from the linearized carve

of voltage within the range of temperature differefrom 0°C to 100°C, are:
-27,2VIK
-14,8V/K

7,8V/IK

- for couple
- for couple
- for couple
- for couple
- for couple

ECA — CuNi
ECA — Ni
ECA — NiCr
ECA - Fe
ECA — Ag

3V/K

-0,24V/K

Table 1: The voltage U vs. temperature diferen€aneasured at the five unusual
thermocouples created from the parts: ECA — nametdim

CuNi Ni NiCr Fe Ag
AT U AT U AT U AT U AT U
K mV K mV K mV K mV K mV
0 0 0 0 0 0 0 0 0 0
155| -0,33| 13,9 -0,14 19 0,11 148 0,04 1B,3 -0,004
25 | -0,61| 25,6 -0,3] 30,f 0,2 26|18 0,09 24,7 -0,006
35 -09( 349 -043 41,1 0,29 357 0,13 3,7 -0,009
46,5 -1,19| 46,14 -059 49p 0,37 459 0,7 46,5 1D|0
55 | -1,45| 56,3 -0,74 60, 0,4p 558 2 56,2 -0,p14
66,5| -1,76| 65| -0,8§ 698 05 648 0,24 65 -0,016
75 -2 75,2 -1,04 80,2 0,61 748 0,27 749 -0,p19
85 -2,3 | 86,2 -1,21 90,8 0,7 85|9 B 8%1 -0,021
955 26| 953 -1,3¢6 100 O,7y 949 0,83 9p,1 -0,023
105 -2,9| 105,2 -1,53| 110,4 0,87 | 105,4 0,36 | 105,4 -0,026
115,2) -1,7 | 119( 0,94| 115,60,39 | 114,49 -0,027
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Fig. 4: Plots of thermoelectric voltage are presérnn Tab. 1

Conclusions
There have been proved the contact between ECAagbittary metal composition part can
give rise to thermoelectric force even if the cehtarises only overlapping the metallic part
by ECA.
- If the couple ECA - an metallic part is created AGehaves as silver.
- The polarity of the thermoelectric voltage of vaisometallic (alloys) components
against ECA (silver) corresponds to thermoelectaltage table [4]. But the level of
the voltage has been measured lower.
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Diagnostics of electrical equipment as a tool forisk management measures
Kopéa M., Vary M. — FEI SUT Bratislava

Abstract
The contribution is devoted to analyzng the effects of early and correct diagnostics of electrical safety
status for an objective risk measure in the operation of electrical equipment.

Introduction

Electrical equipment accounts for a large grouptedthnical equipment with an
increased risk of operation. This is mainly becahseelectricity they use for their activities
by their very nature represents a objective riskgerators and their surroundings.

They are mainly the effects of flowing electricalirent that is passing through the
physiological system and can impairg®per function andcause damage and even death

Alongside this objective risks resulting from tleelinical level and the current status of
the electrical equipment is in operation of eleakiequipment non-negligible in terms of the
hazards also the human factor, which isubjective risk in the operation of electrical
equipment.

Despite increasingly stringent measures, it shd@doted that the absolute safety of
technical equipment is in the technical practicattainable goal , one can directly say that it
is wishful thinking - a myth or a chimera. Howevtrere are tried and tested procedures for
the identification, assessment and subsequent radlction collectively forming system
- risk management system

Risk
The risks, according to the consequences (impaetyisually divided into four groups -
categories:
» Impact on the individual #ndividual consequences
» Impact on a group of employeexensequences resulting from occupation.
» Total impact on the public social consequences
» Impact on business, the application of penaltipsoperty damage

In the literature (economic, security, technicaduycan find many definitions of risk,
each of which has its typical characteristics, btdd to the field. In practice, the technical
definition of risk assessment levels are usuallalidg with the effects ofunintended
consequencesn conjunction with thdikelihood of such adverse effects may occuiThis
situation can be described by:

RISK = unwanteceffectl probability of itsoccurance (1)
However, the threat is possible to suppress thrainghintroduction of preventive

measures. On this basis, perhaps at first sigherajuite simple mathematically definition
risk ca be stated as follows:

RISK = ' threat(danger) )
protection(preventiemeasures)

This definition implies series of risk factors ttwe practice very important but often
underrated and not always correctly applied:

1. Correct identification of risk reduces risk.
2. Risk can be reduced by increasing the effectiveaepseventive measures.
3. Itis not possible in technical practice to achieeeo risk.
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The risk analysisis a process of identification and risk assessni@nindividuals,
property and environment, which are typical for thiowing activities:
a) Risk identification (detection and description loé trisk situation).
b) Analysis of the frequency (how often this situat@an occur).
c) Analysis of the consequences (which may be anyezprences).

Basic methods of risk analysissuitable for most technical devices aredified
standard reliability analysis methods (STN IEC 6030-3-1), especially when it comes to
specific, so called critical fault, or critical fare state. They are mainly:

1) HAZOP - Hazard and Operability Study.

2) FMEA - Fault Modes and Effect Analysis

3) FMECA - Fault Modes Effects and Critically Analysis.

4) FTA - Fault Tree Analysis

5) ETA - Events Tree Analysis. It is so called black-amkite analysis, because it
operates only with trouble-free and faulty state.

6) PHA - Preliminary Hazard Analysis. This type of anaéyis inductive, where does the
identification of hazards, hazardous situations amdnts in an activity that could
cause damage or injury. Processes the list of Hazand so called generic
(threatening) situations, taking into account thatemals used or produced, used
equipment, terms of use, spatial distribution antdrfaces (links) between elements of
the system. It is this method successfully usedhoust of diagnosis of electrical
equipment condition.

7) HRA - Human reliability Assesment. It consists in gs#gg the impact of operator on
systems function in order to assess the possibtetefof human mistakes and errors
for safety and continuity of production. This systhas several steps:

* TA -Task analysis.
* HEI - Human error identification.
* HQR - Human reliability quantification.

Consequently, the risks after their analysis analuation of the above methods, one can
divide them by size into two groups:

1. The acceptable level of risk.

2. Non-acceptable level of risk

Diagnostics

Safe operation of electrical equipment, thereforggractice requires in addition to the
performance of security checks before starting ajpmn -initial diagnosis (including initial
review) also periodic monitoring of their conditiorregular checkups (regular review)and
sometimes on the basis of its results also subséquaintenance, repair or even their
replacement.

In case of unexpected incidents (accidents of etattequipment, operator injury) is
necessary, especially in the expert business,adpty different methods of determining the
specific methods of determining their causesvestigative diagnosis(examination of
condition of electrical after equipment failures, &cidents, trauma).

The correct application of prescribed standardsasftrol (diagnostic) methods [1,2]
however, require in addition to the necessary teethnequipment also considerable
knowledge of electrical theory and measurementrigctes and practical experience of the
entity performing such activity.

In practice, however, in terms of ensuring heatitd safety at work in the operation of
electrical equipment is necessary for the abovearslysis to be also followed by measures,

165



which are drawing on knowledge of the elementsabéty equipment level, but also on the
level of operator.

Therefore, also current legislation on OSH (occiopal safety and health) as part of
risk management by its provisions puts particutapkasis on prevention as a tool to reduce
the risk already in pre-operational stages - desigwelopment, design and manufacture of
selected technical facilities or directly at theemgdion, whether by the requirements on
relevantprofessional qualification of operator, but also in the operation by obligations for
regular assessment of their condition in termseotigty (evision - initial and periodic).

Revisions as a diagnostic tool to reduce the objéat risk
Basic concepts

Electrical safety of electrical equipmentis the abilitynot to endangerby electrical
current, voltage or caused phenomena human hedaltm animals or property and the
surrounding environment under given operating ciomk.

Revision of electrical equipmentis an activity carried out on electrical equipment
which the inspection, measurement and testing nhterthe status of electrical equipment
in terms of itssafety. Part of the revision is@port on the revision.

The initial revision is the revision, carried out onew or refurbished electrical
equipmenprior to putting it into service.

Regular revisionis the revision of operating electrical equipmesgularlyperformed
in due time.

Conclusion

In the EU is the legislative basis for risk assemsirframeworkCouncil Directive
89/391/EEC of 1989 on measures to encourage impraovents in the safety and health of
workers. The directive says that the employer must be @bldentify and assess the risks
affecting the health and safety to specify and endhe implementation the necessary
measures.

This directive does not in its provision contairtadled rules and procedures to the
method of risk assessment (the identification arayribsis) and this was intentionally a
legislative space to perform this framework diregtiits main provisiongransfer — implant,
into the national legislation of EU member states.

Therefore, also in Slovakia valid legislation in IDSas part of risk management
through its provisions implants requirementafective, by creating the necessary space to
prevent, as a tool to reduce the risk already exqperational stages - design, development,
design and manufacture of selected technical feslor directly at their operation, including
requirements on the necessary qualification of atpes and directly in operation of electrical
appliances by prescribing the duties of reguladuateon (diagnostics) of their condition in
terms of safety by requirements for revision.
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A new ERM winding impregnation quality assessment method
Kotlarik B., Vankova R., Filova Z. - VUKI a. s., Bratislava

Abstract
A comparison of ERM winding impregnation quality assessment methods with an emphasis put on the
new knowledge from the assessment of electrical properties, in particular capacity measurement.

Introduction

The impregnating compound function is to reinforce the motor or transformer winding.
Impregnating compounds are therefore monitored primarily for their capacity to reinforce the
winding applying internationally recognised methods as per IEC STN 61033. However a
number of factors affect the winding reinforcement. In addition to the capacity of the
impregnator to reinforce the winding, its quantity in the winding and the motor groove is also
of importance. The impregnating resin quantity is affected by its viscosity, reactivity and
surface stress at impregnation and hardening temperatures. The impregnation viscosity has to
be low enough for perfect impregnation of the winding and subsequently perfect draining to
take place but at the hardening temperature the highest possible impregnating resin quantity
has to remain in the winding, therefore the hardening temperature viscosity cannot be so low
that the impregnating agent flows out of the winding. A shorter gel time also makes for a
reduced impregnating resin outflow from the winding during the hardening.

The material balance method has been used to monitor the impregnating resin quantity
which gets into the motor in the impregnation, the impregnating resin quantity which flows
out of the motor during the hardening and the impregnating resin quantity that evaporates in
the impregnation.

A new impregnation quality assessment method

The new impregnation quality assessment method is based on measuring the capacity
between the respective winding phases, between the respective phases and the frame, and
between all the star-connected phases and the frame. The method is based on the fact that
prior to the impregnation a dielectric is formed between the aforesaid electrodes by the
individual insulation materials and air. Following the impregnation, the air or its part is
replaced with an impregnating resin which has a permittivity higher than air and therefore the
capacity measured between the respective measuring points increases. A resulting capacity to
initial capacity ratio is used to assess the winding impregnation quality. This is an
impregnation quality assessment method substantially simpler than the complex material
balance measurement. While comparing the impregnation quality for various impregnating
resin, one should bear in mind that the results are influenced by a different relative
permittivity of the impregnating agents. The higher relative permittivity the impregnating
agent has, the higher increase in capacity will be, with the same quantity of impregnating
resin in the winding. Still, this method is beneficial in comparing the impregnation quality
affected by the impregnation technology and the impregnating agent hardening. The merit of
this methodology over the material balance is that the capacity increase is not affected by the
quantity of impregnating resin which remains on the frame. This has to be removed mostly
before the motor is assembled because many times prevents the rotor from moving (the gap
between the rotor and the frame) and on the frame surface it its fitting into the aluminium
casting.
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The drawback of this methodology in assessing different types of impregnating resin is
the following facts:
¢ The relative permittivity of various impregnating resin is different.
e The relative permittivity also depends on the degree of their hardening. The more
polar the material is, the greater charge induces therein by the voltage applied to the

electrodes.

The relative permittivity of the material strongly depends on temperature.
The relative permittivity depends on frequency.

Experimental part

We compared nine impregnating resin of three different bases and various viscosities. Their

processing properties are shown in Table 1.

Tablel: Processing properties of used impregnating resin

Impregnating resin Viscosity at 25°C Gel time at Gel time at Gel time at
120°C 130°C 150°C
1K-90 87* 4 min 45 sec 3 min 1 min 45 sec
1K-90 87* 4 min 45 sec 3 min 1 min 45 sec
1K-30 34* 4 min 30 sec 3 min 1 min 45 sec
1K Epoxy 576 25 min15sec |10 min 45 sec
1K-NAH/7VT 1,403.5 mPa.sec 17 min 6 min 2 min 15 sec
1K-NAH/12.5VT 866.7 mPa.sec 15 min 5 min 45 sec 2 min
K-NAH 99/7VTR 1,403.5 mPa.sec 17 min 6 min 2 min 15 sec
1K-NAH/12.5VTR 866.7 mPa.sec 15 min 5 min 45 sec 2 min
K-NAH 99/7VTRL 1,403.5 mPa.sec 17 min 6 min 2 min 15 sec
*DIN 4/23°C
Table 2: Conditions for impregnating stators
Motor Motor Temp:frature Dipping Draining Hardening start | Post-hardening | Pre-hardening After-
No. | temperature impregnation time time temperature temperature time hardening time
4 Ambient t. Ambient t. 18 min 18 min 150°C 160°C 1lhr 15hrs
5 Ambient t. Ambient t. 18 min 18 min 140°C 160°C 15hrs 1,5hrs
6 Ambient t. Ambient t. 18 min 18 min 125°C 160°C 1.5hrs 1.5hrs
7 43°C/34°C 32°C 18 min 18 min 160°C 160°C 1.5 hrs 15 hrs
8 43°C/34°C 32°C 18 min 18 min 130°C 160°C 1hr 2 hrs
9 47°C/30°C 32°C 18 min 18 min 130°C 160°C 1hr 2 hrs
10 | 37°C/36°C 35°C 18 min 18 min 130°C 160°C 1hr 2 hrs
11 | 40°C/30°C 32°C 18 min 18 min 130°C 160°C 1hr 2 hrs
12 | 60°C/42°C 33°C 16 min 22 min 130°C 160°C 1hr 2 hrs

For impregnations we made a material balance set out in Table 3.
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Table 3: Material balance of impregnations

. Post-
Impregnating resin _Wet :(rens?r:eigr]]r;?;;% SvEROELen | O impngr]?\-ation impEe(;Sr:z-ition IECUETITY) | ey
increase in motor s s motor weight | motor weight VTeOig::t e
1K-90 0.328 0.149 0.0979 0.179 18.043 18.371 18.192 0.0811
1K-90 0.323 0.149 0.09259 0.174 18.04 18.363 18.189 0.08141
1K-30 0.2623 0.1153 0.08856 0.147 18.0497 18.312 18.165 0.05844
1K Epoxy 0.302 0.109 0.013 0.193 18.053 18.355 18.162 0.18
1K-NAH/7TVT 0.409 0.14 0.0513 0.269 18.007 18.416 18.147 0.2177
1K-NAH/12.5VT 0.3719 0.1367 0.0865 0.2352 18.0428 18.4147 18.1795 0.1487
K-NAH 99/7VTR 0.4111 0.1183 0.0603 0.2928 18.0589 18.47 18.1772 0.2325
1K-NAH/12.5VTR 0.589 0.1204 0.0578 0.2385 18.0548 18.4137 18.1752 0.1807
K-NAH 99/7VTRL 0.38945 | 0.1222 0.05245 0.26725 | 18.0437 18.43315 18.1659 0.2148
The values are set out for comparison in Fig. 1.
Material balance
0,45
0.4 [ [] —
0,35 7— _ 1 OWetincrease%
= 0.3 1 . ] B increase in motor%
= 0,25 1
02 || O Evaporationlosses%
0,15 | L] O Overalllosses%
0,1 u —
0,05 I: ] I: 1
o -+ T T T T
N T S
FEF S
Sl & \k_:@"
Type ofresin
Fig. 1: Values of material balance
Table 4: Percentage material balance
Motor . . SIAGEI Evaporation | Overall losses
Impregnating resin | Increase % losses . .
No. % losses % %
4 1K-90 45.42683 24.72561 29.847561 54.573171
5 1K-90 46.13003 25.204334 | 28.665635 53.869969
6 1K-30 43.9573 22.279832 |33.762867 56.042699
7 1K Epoxy 36.09272 59.602649 |4.3046358 63.907285
8 1K-NAH/7VT 34.22983 53.227384 |12.542787 65.770171
9 1K-NAH/12.5VT 36.75719 39.983867 |23.258941 63.242807
10 K-NAH 99/7VTR 28.77645 56.555583 |14.667964 71.223547
11 1K-NAH/12.5VTR 33.54695 50.348286 |16.104765 66.453051
12 K-NAH 99/7VTRL 31.37758 55.154705 |13.467711 68.622416
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Fig. 2: Material balance

The first three are polyesterimid resins in styrene. The forth is a single-component
epoxy impregnating resin. Other are polyesterimid resins in acrylate modified with vinyl
toluene, eventually with modified flowing properties. We impregnated with these
impregnating resin stators of two-pole motors 132 mm in axial height, 115 mm in length,
wound with four parallel conductors 0.6 mm in diameter, with Class H insulation. Table 2 sets
out conditions for impregnating individual stators.

The percentage values are set out in Table 4. The material balance is also shown in Fig.
2. After the impregnating we cooled the stators down to the room temperature and measured
their capacity. The pre-impregnation capacity values are set out in Table 5.

Table 5: Pre-impregnation capacity values

Ll SIEL U-frame |V-frame |W-frame |U.V U-w V-W
No. frame

4 3.32 1.416 1.425 1.59 0.76 0.958 0.934
5 3.32 1.412 1.415 1.616 0.748 0.941 0.943
6 3.38 1.376 1.399 1.592 0.779 0.971 0.91
7 3.32 1.396 1.445 1.626 0.766 0.986 0.936
8 3.27 1.392 1.407 1.564 0.755 0.958 0.922
9 3.4 1.459 1.423 1.644 0.768 0.949 0.968
10 3.36 1.397 1.407 1.584 0.746 0.913 0.917
11 3.31 1.431 1.405 1.618 0.766 0.957 0.971
12 3.35 1,442 1.455 1.685 0.783 0.995 0.956
7 3.32 1.396 1.445 1.626 0.766 0.986 0.936

The post-impregnation capacities are set out in Table 6.
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Table 6: post-impregnation capacities are set out in Table 6

Impregnation Motor No. frsz:rzmi;e U-frame V-frame W-frame u.v U-w V-W
1K-90 4 3.9 1.78 1.79 2.04 1.02 1.29 131
1K-90 5 3.93 1.77 1.77 2.05 1.02 1.31 131
1K-30 6 3.96 1.72 1.74 2 0.99 1.23 1.27
1K Epoxy 7 4.02 181 1.86 2.15 1.06 1.39 1.34
1K-NAH/7VT 8 4.05 1.83 1.85 2.07 1.04 13 1.34
1K-NAH/12.5VT 9 4.06 1.83 18 2.09 1.04 1.34 1.29
K-NAH 99/7VTR 10 4.06 1.79 18 2.06 1.019 1.28 1.26
1K-NAH/12.5VTR 11 4.02 1.83 18 21 1.04 1.34 1.3
K-NAH 99/7VTRL 12 3.99 1.8 1.8 2.05 1.02 13 131
1K Epoxy 7 3.8 1.72 1,75 2 0.99 1.25 1.28
. Following 15-hour after-hardening at
160°C
The percentage capacity increases are set out in Table 7.
Table 7: Percentage capacity increases
Impregnation mgtor Star frame | U-frame | V-frame W-frame | U.V U-w V-W ﬁ]\éféggg %)
1K-90 4 17.46988 | 25.70621 | 25.61404 28.30189 | 34.21053 | 34.65553 |40.25696 | 29.45929
1K-90 5 18.37349 | 25.35411 | 25.08834 26.85644 | 36.36364 | 39.2136 38.91835 | 30.02399
1K-30 6 17.15976 | 25 24.37455 25.62814 | 27.08601 | 26.67353 |39.56044 | 26.49749
1K Epoxy 7 21.08434 29,65616 | 28.71972 32.22632 | 38.3812 40.97363 | 43.16239 | 33.45768
1K-NAH/7VT 8 23.85321 | 31.46552 |31.48543 32.35294 | 37.74834 |35.69937 |45.33623 | 33.99158
1K-NAH/12.5VT 9 19.41176 | 25.42838 | 26.49332 27.12895 |35.41667 |41.20126 |33.26446 |29.76354
K-NAH 99/7VTR 10 20.83333 28.13171 | 27.93177 30.05051 |36.59517 |40.19715 | 37.40458 |31.59203
1K-NAH/12.5VTR 11 21.45015 27.8826 28.11388 29.78986 | 35.77023 | 40.0209 33.8826 30.98717
K-NAH 99/7VTRL | 12 19.10448 24.82663 | 23.71134 21.66172 | 30.2682 30.65327 | 37.02929 | 26.7507
1K Epoxy 7 14.45783 23.20917 | 21.10727 23.00123 | 29.24282 | 26.77485 |36.75214 | 24.93504
* Following 15-hour hardening at 160°C

The capacity increases are also shown in Fig. 3.
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Fig. 3: Capacity increase after impregnation of stators
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Evaluation and conclusion

While choosing the type of impregnating resin, the manufacturer will not do without the
material balance evaluation. Only it will show effectiveness of impregnating resin usage -
impregnating resin quantity that will get into the motor and losses incurred through hardening
and evaporation. These data along with the impregnating resin price will point out the
material costs of impregnation. The hardening temperatures and times are a guide to the
evaluation of energy costs and impregnation productivity. The values of winding mechanical
reinforcement at temperatures of 23 to 180°C, the post-hardening quantity of impregnating
resin in the motor and the post-impregnation capacity increase can be used to assess the
quality of impregnation. In assessing the impregnating resin quantity in the stator also the
thickness of the film formed on the stator frame should be taken account of. In the case of a
high increase this needs to be removed, thereby incurring additional costs.

In the motor reverse tests, coil-to-coil short-circuits occur in the event of poor
impregnating resin -based reinforcement. These occur particularly in the winding end faces.
We therefore think that it is most important that more impregnating resin stay in the winding
than in the motor groove. This is the reason for which in monitoring the quality of
impregnation we would put a greater accent on the capacity increase between the respective
phases than between the phases and the frame. The capacity increase between the winding and
the frame tells more of the groove impregnating resin content. It is important to know the
degree of impregnating resin hardening. For a motor impregnated with a single-component
epoxy impregnating resin, it is pointed out that in the case of an insufficiently hardened
impregnating resin the impregnating resin relative permittivity is higher than with a well-
hardened impregnating resin at which time the capacity increase values for a non-hardened
impregnating resin are higher than those for a hardened impregnating resin.
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Less common used methods of DOE
Motycka M., Timova O. — FEE UWB in Pilsen

Abstract

This paper deals with less commonly used methods of Design of Experiments (DOE). There will be
described methods that are not so usually applied. However, in certain situations, these methods
are much better than for instance commonly used factorial design. There will be described the
basic principles of the hierarchical experiments, Taguchi design and D-optimal plan.

Introduction

Many research institutions cannot work without vocational experimental design (DOE
methodology is one of the quality management tools). What the DOE methodology means
and what options we have?

Each stage of the design can be summarized in the following chain: planning of the
experiment — creation of the model — the ideological and technical preparation — the
experiment — the analysis of the experiment — conclusion and application of the results. If the
experiment is comprehensive, time—consuming and expensive, it’s recommended to do
so-called preliminary (pilot) experiment with the less number of levels and repetitions. This
pilot experiment should point out if the ranges of quantities we want to examine are incorrect.

Factorial design

Factorial experiments, in which all factors have the same weight (rows, columns and
layers — it is possible to change the order before analysis), are nowadays one of the classic
methods of DOE and we can obtain the results (conclusions about the factor effects and its
iterations) using commonly available software. The disadvantage of factorial design is the
considerable rising of the number of experiments with rising number of factors its levels and
repetition.

Experiments with one factor (type /), two factors (type / x J) or with three factors
(I x J x K) can be without or with repetition P > 2 (if we want to determine a possible iteration
between different factors). Selected factors can have 2 levels (usually labeled -1, +1),
3 levels (labeled -1, 0, +1) or more levels (usually labeled by the order of the level).
Experiment type 2" indicates N-factor experiment, where each factor has only two levels.
Type 3" is similarly N-factor experiment, three levels each.

The randomized block design, the balanced incomplete block design, the Latin square

design or Graeco-Latin square design belongs to factorial design. Through that these methods
have lower number of experiments than the full factorial design; these methods can provide
competent information.
The hierarchical design is one of the newer methods of factorial design. In this experiment,
each value (or assignment) of a factor occurs in  conjunction with only one level of
another factor. Individual factors are not on the same level, and therefore it cannot be
arbitrarily interchangeable. Hierarchical experiments are mainly used to study the influence of
sources of variability that can occur over time.

Example no. 1: For measurement systems, where sources of variability have not yet
been investigated, it is recommended the three level DOE. This model is especially
recommended for calibration and verification of measurement system and for determination
of measurement uncertainty.
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e 1% level — is the lowest level. The measurements are done in the short time
period (during one day, or one shift) and it is observed in particular to
repeatability of measurements. It includes J repeated measurements.

e 2" level — The measurement are done during few days (or similar time period),
and it includes the time period of K days (or similar).

e 3" level — is the highest level. The iterations are separated by the months. It is
includes L — iterations during this time period.

3" evel

2™ Jevel

i1 rri1r I'[Ihl I'[I_|

Fig. 1: The hierarchical design balanced and unbalanced

1* level

The measurement response model for hierarchical experiment is:

Y = p+ v+ 6 +ey,, (1)
where u is the true value, ¥, is the effect of " iteration, &y is the effect of different days, e is
a random error effect (jth repetition in the k™ day, when the measurement is repeated for the
1™ iteration).

Table 1: ANOVA for hierarchical experiment

Source of Sum of Degrees of freedom | Mean Square MS Expected Mean
variability Squares SS DF Square
Iterations SS L-1 MS ) ) :
R R o+ JO +JKO,
Day (iterations) SSp k) L(K-1) MSp ) o'+ jo!
D
Error SSg LK J-1) MSg o
Total SSt - -

Where the variance of random error is &2, &5 is the variance of days and &% is the variance of
iterations.

If we compare the ANOVA table in the standard factorial experiments with table no. 1,
we find out differences in the determination of degrees of freedom and in the related mean
square calculations. The expected values of variations for individual effects (factors) will be
also different. It is obvious that in hierarchical experiments we cannot arbitrary order
individual levels, because the results will not be correct.

Taguchi approach of DOE

How it was noted above, in the full factorial design is necessary to carry out the large
number of experiments. It’s obvious, that it isn’t acceptable in the common usage. The main
idea of the Taguchi approach is the reduction of number of experiments. So called
Orthogonal Arrays are used for this purpose. These arrays define the setting of particular
factors for each experiment. These orthogonal arrays are the basic knowledge of Taguchi
approach of DOE.
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Tab. 2: L-9 A o
ab 9 Array We can demonstrate the application of orthogonal arrays on

A |B |C |D | L-9array. This array is determined for 4 factors, 3 levels each. The
11|11 |1 columns represent effecting factors and the rows represent
2 1112 |2 |2 individual experiments with level setting of each factor. The
3111313 |3 number 9 in the title of the orthogonal array means the number of
4121112 |3 tests in the experiment. If we would use the full factorial design, it
> |2 12 |3 |1 will be necessary to carry out 3* (81) tests.

612 |3 |1 ]2 The key aspect of Taguchi approach is the correct choice of
713 11 13 ]2 | the orthogonal array. For the simple situation, there are special
81312 |1 13 | tables for this purpose. The overview of these tables, we can find
913 (|3 ]2 |1 in the specialized literature, e.g. [1]. It’s obvious that there can’t be

table for every type of experiment. For these cases there are proceedings for modifications
these arrays to according our requirements. These modifications are beyond this paper
subject.

For the analysis of experiments the Taguchi approach uses ANOVA. This can be
disadvantage of this approach. ANOVA is used for factors that shouldn’t have a normal
distribution of probability. This is the basic presumption of ANOVA. This method also
disregarded the high-level iteration. These iterations are in the most of the cases statistically
insignificant. Another argument against Taguchi approach is the deliberate ignoring of the
iterations between controllable and noise factors.

D-optimal plans

The D-optimal plans are based on the full factorial design. This full design is organized
into the matrix of candidate point &, where N is the overall number of experiments. Then
design matrix X is compiled from the matrix of candidate points &
To compile the design matrix is necessary to know the mathematical model of experiment.
A simple linear model of the experiment might look like this:

v =0y +Byxy + Byxy + Bypxqx; e, (2)

where y is a response, x; is an independent variable, f; is a coefficient of the model for each
variable, e is a random error.

The next step is to choose the number of experiments. This depend only on our
judgment, nowhere is exactly defined how many experiments should be performed. The
minimum is determined by the number of elements in the model, in our case in the equation
(1) it is 4 experiments. The maximum then depends on the consideration of the experimenter
according to the complexity in terms of financial, time or required accuracy. However, any
change in the number of experiments is crucial for how many design matrices can we pick
from the candidate matrix.

The design matrix X is then adjusted according to the mathematical model. The best
design matrix X is the called optimal design. There are several criteria to determine
optimality. We are interested in the so called D — optimality criterion:

det(X*TX*) = max det(XTX), 3)

where X is any design matrix, X" is transposition of this matrix, X is optimal design matrix,
X1 is transposition of this optimal matrix.
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The product of XTX is called the information matrix. The experiment design is called
D-optimal, if the determinant of information matrix is maximal. Computational complexity of
this analytic method is very large. E.g. for 3 factors, 3 levels each and 10 tests it is
c. 8.5 million combinations of design matrix. From that reason different numerical methods
are used.

Conclusions

The paper deals with specific methods of DOE. In the conclusion will follow a short
comparison of these methods.

The hierarchical experiments do not reduce the number of attempts, but their advantage
lies in the fact that they respect the distribution of factors level in the experiment. Factors at
lower levels are a part of the factor at higher level and thus it can be freely interchange.

The Taguchi approach is a standardized methodology. For a given type of experiment is
precisely defined the setting of each factor in each test. This is the main advantage of this
method.

D-optimal plans are one of the newer methodologies. This method is included in the
standard VDA 5. The main advantage of this method is the choice of the number of tests in
the experiment at our discretion. On the other hand this is a considerable disadvantage. To
low number of test may invalidate the experiment. When the number of test is too high, the
experiment can be economically unacceptable. In order to properly design this type
of experiment, it is necessary to have considerable knowledge about the analyzed process.
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Analysis of induction machine reliability by meansof FRA method
Poliak, J., Gutten, M. — FEE UZ Zilina

Abstract
This article deals with a description of methods of an experimental analysis - SFRA method concern-
ing the actual reliability of windings and magnetic circuit of the induction machine.

Introduction
Reliability of a technical device cannot be setwan absolute certainty. Reliability can
be considered as a quality time fragment whichfiected by technological discipline and
a level of personnel qualification.
In all applications we can see that decreasing leveliability comes with:
* higher levels of sophistication of an equipment,
* harsh work environment.

In current practise of prophylactics of power tfansiers dominate methods evaluating
dielectric-electric parameters focused on insutaigstem or on induction machine winding.
From a theoretical analysis a probability of faag operation can be defined by means
of fault intensity as follows:
~[A(t)at
R(t):e ° (1)
where:A — fault intensityt — time in operation.
In a period of random faults of a system, if assdittet is constant, formula (1) can
be simplified to
R(t):e/lt (2)
Presumption stemming from formulas (1) and (2) aaational basis. Valug is af-
fected by physical, mechanical, chemical and teldgical factors, under which influende
can exponentially change. To solve this probleia garticularly suitable to apply analysis of
current passing through windings which cause losses

Induction motors are a critical component of manguistrial processes and are fre-
guently integrated in commercially available equgmiand industrial processes.

The studies of induction motor behaviour during@bmal conditions and the possibil-
ity to diagnose these conditions have been a ciwllg topic for many electrical machine
researchers. The major faults of electrical machoan broadly be classified as the following
[2], [3]:

« stator faults resulting in the opening or shortiigone or more of a stator phase wind-
ings,
« abnormal connection of the stator windings,
» broken rotor bar or cracked rotor endings,
» static and/or dynamic air-gap irregularities,
* bent shaft (akin to dynamic eccentricity) which casult in a rub between the rotor
and stator, causing serious damage to stator corgvandings.

In recent years, intensive research [3], [4] efftas been focused on the technique of
monitoring and diagnosis of electrical machines eawd be summarized as follows:
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» time and frequency domain analysis (e.g. FRA méthod

» time domain analysis of the electromagnetic torape flux phasor,

* temperature measurement, infrared recognitionporadguency (RF) emission moni-
toring,

* motor current signature analysis (MCSA),

» detection by space vector angular fluctuation (SYAF

* noise and vibration monitoring,

* acoustic noise measurements,

* harmonic analysis of motor torque and speed,

* model, artificial intelligence and neural netwoiksled techniques.

Of all the above techniques, MCSA and FRA methadgstze best possible option: it is
non-intrusive and uses the stator winding as tlaeckecoil; it is not affected by the type of
load and other asymmetries.

Diagnostics of electric machines by FRA method

FRA method belongs to current most effective aresyand allows to detect the influ-
ences of short-circuit currents, overcurrents atiteroeffects damaging either winding or
magnetic circuit of the electric machines. This @h be performed without a necessity of
decomposition of device and subsequent winding dentketermination, which is very time
consuming. [5]

The method of the high-frequency analysis (FrequeResponse Analyzer —FRA) is
also one of the methods of undisassembling diagrsost electric machines (above all for
transformers). No intervention to the constructadntested device is demanded, the whole
measurement is performed on detached device (m#@ruhe voltage).

Measuring principles

The frequency response characteristics of windaagsbe obtained using either the im-
pulse frequency response analysis (IFRA) methatieértime domain or the sweep frequency
response analysis (SFRA) method in the frequenaoyadio

In principle the two methods give the same resifilthke same connection method is
used. However a frequency domain measurement asmgthod which records the ratio of
the input and output voltages over the frequenogeaby using a sequence of narrow band
spot measurements has been found to be particidaitigble for obtaining measurements in
an electrically noisy environment. Making a semésarrow band measurements increases
the signal to noise ratio and the dynamic rangéaa. Measuring only at the exciting fre-
quency also prevents any non-linearity of the tdgéct (not usually a problem at the small
signal levels employed) from affecting measurementgifferent frequencies. The measure-
ment using this technique is conveniently made gusimetwork analyser or similar instru-
ment. This produces a frequency-varying sinusordétbge signal, applied to one terminal of
the test winding with the input voltage being meadlby a separate cable at that terminal and
the response to this input measured at anotheirtatn6]

Behaviours of induction motor winding responses bypFRA method

According to [7] SFRA method determines the machiegponses in a time or fre-
guency area. The time response measurement prosisies determination of the time re-
sponse to the specific voltage impulse applied imdimg input connection. The frequency
response measurement consists in determinatiompfitade eventually phase response to
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the harmonic voltage of variable frequency appt@ainding input. While the time response
is the record of time behaviour of voltage, frequeresponse is the amplitude response de-
pendence on frequency.

The machine measurement requires a setting upedfeélquency range from 10 Hz to 2
MHz (Fig.2), whereas there is necessary to follae tight measuring technique to prevent
various inaccuracies and faults. Input parameten@dsuring system is voltage with value 10
V and its output parameter is current response@#) to change impedance for respective
default frequency.

The behaviour of induction motor winding responsfiects e.g. electromagnetic cou-
plings between the stator winding and frame, betwidbe windings of particular phases or
between turns themselves of particular windings.

If induction motor is disconnected from three-phastworks (measurement is exer-
cised at disconnected machine), i.e. speed rotagnetic fields and rotor are null, is not pos-
sible to diagnose rotor winding by this one method.

The connection of induction motor with squirrel-eag is can follow for fig.1. Single
amplitude and phase responses of stator windingsrrace displayed for fig.2.
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Fig.1:  Wiring scheme of system M5100 and measataibr winding
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The application of analysis of phase attenuatigredding on frequency (fig.2b) is suit-
able for more complete evaluation of winding coldit This analysis enables to assess the
processes of stator winding damages during thécpkat operation influences.

Conclusion

A relation between the response and the windinglition is definite, otherwise it is
complicated. It is impossible to expect the assessmf concrete damage of winding from
differences in response behaviors. The measurerasults lead us only to a statement of the
fact that some change of winding condition realtgwrred. Such test results are very helpful
to decide, whether it is unavoidable to open andeethe transformer or not.
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Relation of electro insulating fluids to the environment
Trnka P., Soucek J., Svoboda M. — FEE UWB in Pilsen

Abstract

The most used insulating liquid in electrical engineering is mineral based oil. Mineral oil has
undesirable effect on the human organism and the environment. Careless handling and transport may
results in environmental disaster. The oil pollution relates to water, air and soil. This paper is focused
on negative impact of oils on the environment. Mineral oils are poorly biodegradable. From these
considerations it is necessary to replace mineral oils in the future. Vegetable oils and synthetic
organic esters are described as an alternative to mineral oils. These oils biodegradate fast and fully.
The effects of these oils on the human organism are described in this paper.

Introduction

Consumption of oil in the world is enormous. It is about 80 million barrels per day.
There are many predictions of the exhaustion of oil reserves. This prediction is dealt
geophysicist M. King Hubbert of Shell Oil. Hubbert devised the theory of peak oil. Graph of
peak oil describes the production of oil in million barrels per 1 day. This graph is shown in
Fig. 1[1, 2, 3].
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Fig. 1: Hubbert Peak Oil [1]

Peak oil consumption in this graph occurs around year 2014. For 150 years is mined
about 1 trillion barrels of oil and 1 trillion barrels is likely left. Hubbert's theory suggests that
oil will be exhausted in about 100 years. This theory does not claim to be infallible. However,
it is necessary to look for alternatives to oil today [1, 2, 3].

Mineral oils

The basis for the production of mineral oil is crude petroleum. Oil is a flammable liquid
that is extracted from underground oil deposits. Mineral oils are mixtures of saturated and
unsaturated hydrocarbons. The quality of mineral oils is dependent on the quality of mined oil
[2, 4].

Each of hydrocarbons act on the human organism and the environment in different
ways. Careless handling and transport may cause leakage of oil, which can have effects on
the environment and human health.
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Air pollution is caused by the refining, storage and manipulation with oil. These
processes are released into the atmosphere volatile hydrocarbon vapors. These vapors pollute
air and deplete the ozone layer of Earth [2, 3, 6].

Contamination of water is most often caused by accidents of oil rigs and tankers. Into
the water is spilled thousands tons of oil in case of oil disaster. Leaked oil has significant
consequences for the ecosystem. Oil floating on the water creates a film that defends supply
oxygen into the water. This has resulted in suffocation of animals living under water. Oil also
affects the protective film of sea birds.

Soil contamination is caused by incorrect handling or accidents of pipelines. From
cracked pipelines can get into surrounding soil up to a thousand tons of oil. Oil spill can be
sized to several square kilometers. Leaked oil disrupts air ratio in the soil. This oil also
contaminates groundwater. The oil creates a greasy film on the soil surface. This results in
lower intake of air and water into the soil. For this reason, plants and animals die [2, 3, 6].

Oil also has undesirable effects on the human organism. Saturated hydrocarbons are not
toxic, but in certain quantities can cause adverse effects to humans. These hydrocarbons have
mainly narcotic effects, which means that it is changing human behavior. Inhalation of vapors
can damage the respiratory tract. In the liquid state may be absorbed into human skin and
cause allergic reactions [2, 4].

Unsaturated hydrocarbons are significantly more toxic than saturated hydrocarbons. The
most damaging are aromatic hydrocarbons. These hydrocarbons are highly carcinogenic. The
aromatic hydrocarbons can also negatively affect the human liver, kidneys or heart.
Unsaturated hydrocarbons also produce toxic ground-level ozone [2, 4, 5].

Biodegradability of mineral oil is very low. Biodegradability means degradation by
microorganisms. Microorganisms which are separated from oil deposits could be used for oil
decomposing process. The reaction of oil with microorganisms depends on the presence of
oxygen. Biodegradability is undesirable in storage. Microorganisms react with oil and while
producing organic acids. These acids can cause oxidative processes. Biodegradability of
hydrocarbons is described in the Tab. 1 [4].

Tab. 1: Biodegradability of hydrocarbons [4]

Hydrocarbon type Biodegradability
: Very easily
Alcans, izoalcans degradable

Cycloalcanes with 1, 2, 5 and 6 cycles,

Arenes with 1 core Easily degradable

Cycloalcanes with 3 a 4 cycles, Medium easily
Arenes with 2 and 3 cores degradable

Arenes with 4 cores Resistant

Arenes with 5 or more cores Very strongly resistant

Vegetable oils and synthetic organic esters

As an alternative to mineral oil is now used vegetable oil as well. Vegetable oils consist
of mixtures of glycerol, esters, unsaturated and saturated fatty acids. These oils are extracted
from oleaginous plants. The seeds are pressed to obtain vegetable oil. This pressing is
performed by cold or hot pressing process. Pressed oil is refined to remove unwanted
substances. Refining can be done by neutralization, distillation and esterification [2].

182



Neutralization removes the free fatty acids. These acids increase the acidity of the oil.
Neutralization of free fatty acids can be made using sodium hydroxide. This reaction creates
the salt of acid and water. This reaction is described in (1) [2, 7].

R-COOH + NaOH — R-COONa + H,0 1)

Synthetic organic esters consist of organic esters. Organic esters are obtained by
esterification. These oils have a similar composition as vegetable oils. Thanks esterification,
oils getting better qualities than vegetable oils. The basis for the production of synthetic esters
are fatty acids (saturated and unsaturated). Acids are obtained from plants or animal fat. Acid
react with alcohol to form esters and water. This reaction is described in (2) [2, 7].

Acid + Alcohol — Ester + Water (2)

These oils consist of mixtures of unsaturated and saturated fatty acids. Each of these
acids has different properties. The composition of oils is described in Tab. 2.

Tab. 2: The composition of oils [2]

Name of acid | Rapeseed oil | Palm oil | Soybean oil | Coconut oil
palmitic 5% 45 % 10 % 9%
stearic 1,5% 5% 4 % 2,5 %
oleic 60 % 38 % 23 % 6 %
linoleic 20 % 10 % 51 % 1,5 %
linolenic 10 % - 8 % -
myristic - 1% - 18 %
lauric - - - 48 %

These substances haven't undesirable effect on the human organism and the
environment. Some substances are beneficial to the human organism.

Palmitic acid has an effect on the regulation of hormones and on the immune system of
the human organism. Myristic acid has an effect on the immunity of human body and
regulates the availability of polysaturated fatty acids. Lauric acid is able to synthesize omega-
3 fatty acids. Oleic acid supports healthy skin, hair and reduces blood pressure. Linoleic acid
influences metabolism of fats and reduces cholesterol in the body [2].

These oils haven't undesirable effect on the environment. Oils of this type are perfectly
biodegradable. However, e.g. palm oil has also negative impact on the environment. This oil
is extracted from the oil palm. This plant is part of the rainforest. Cutting down the rainforest
destroys the space for many species of animals and plants. Large numbers of most endangered
species (as well primates) suffers from destroying the rainforest. Cutting down rainforests has
also negative impact on the global climate [2].

These oils have excellent biodegradability. Esters of fatty acids have periodically
organized carbon atoms in the molecule which chain can be easily decomposed by
microorganisms. Microorganisms decompose these oils simple to the water and carbon
dioxide. Biodegradability of these oils is typically 21 days (based CEC L-33-A-93). However,
biodegradability is undesirable during the operation or storage, additives are used to stabilize
the oil. These additives reduce the biodegradability about 2-3 % [2].
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Conclusions

Mineral oil has an undesirable effect on the environment and the human organism.
From this perspective it is appropriate to replace the petroleum based insulating oils.
Alternative solutions are vegetable oils and synthetic organic esters. These oils haven't such as
harmful effects on the environment and the human organism. Biodegradability of these oils is
approximately 21 days.

The price of vegetable oils is about 1.25 to 1.3 times the price of traditional mineral oils.
The disadvantage of these oils is higher acid value. This acidity has however no effects on the
paper in a transformer. Acidity also affects the oil life. It is necessary to focus research on
additives developing. The price of synthetic organic esters is about 4 to 8 times the price of
traditional mineral oils. This is a huge disadvantage. Therefore it is necessary to focus on
developing of new technologies of production of these oils.
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Is FMEA a risk?
Tamova O. — FEE UWB in Pilsen, Netolicky P. — WITTE Njdek, spol. s r.o.

Abstract

This paper deals with the predictive method forat®lity analysis - FMEA (Failure mode and effect
analysis). Briefly describes the basic charact@asstind different types of this method, its impocta
and customer requirements for this method. It isuéed on the applications of this method. It
evaluates the possible advantages and disadvantagesng. In regard to the practical use is cadie
out the consideration about possible recommendationuse in real applications.

Introduction

FMEA is the shortcut for the Failure Mode and Effeénalysis (in Czech analyza
zpusohi a disledki poruch, in German Fehler-Méglichkeits- und Einflasalyse) and
includes the team's analysis of possible failurel@soof the design, evaluating their risks and
the proposal and implementation of countermeasiaresnproving design quality [1]. This
methodology is an instrument of quality and depéiiia planning. In the field of predictive
analysis of the quality and dependability is usedétect failure mode before the real failure
mode is present. This eliminates the high costsinduthe running period. Various
information sources (for example [1], but otheroalsefer to the survey, that this tool can
prevent up to 90% failures during the running perid-or this reason, the FMEA
methodology is often used and in some branchés issage compulsory.

For the first time ever was FMEA methodology pufdid in the United States of
America in the military standard MIL-P-1629 in 199. In the aviation industry was used in
1963 for Project Apollo [3]. After that the methddgy started to spread into other sectors -
1975 Nuclear Industry, 1977 automotive industryr{ffoThe methodology of risk analysis
currently can be found in other areas - for examplenedical technology, food industry
(instrument known as HACCP system), constructiomipgent, software development.
FMEA methodology is standardized in the generahdaad CSN EN 60812:2007 Analysis
techniques for system reliability - Procedure failiie Mode and Effects Analysis (FMEA)

[4].

In this area, there are standards specific for daimch of activity. The FMEA
methodology is a compulsory part of the developmaneach product in the automotive
industry (a compulsory part of the product develeptnprocess according to methodology
VDAA4 or APQP). This methodology is standardizedwy basic documents:

FMEA reference manual for suppliers to companiesi Fohrysler and GM (U.S. auto
market) [5] and
- VDA Guide, Volume 4 — Ensures quality before massdpction to suppliers in the
German car manufacturers (Volkswagen, Audi, e8].) [
- In addition to these there are other standardgHerprocess FMEA, which are no
longer valid in general and relate to one custoffiee. examples include:
- Design Review Based on Failure Mode (DRBFM) fronydia or
AMDEC - modified version used by the French car afaaturers, etc.
In addltlon Ford has elaborated a general referapdde FMEA [5] in their follow-up
manual [6] Basis of the methodology is always thaes, differences are in some details, such
as the system development sequence, proceduralysanimplementation, etc.
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Types of FMEA'’s
All of the above mentioned publications differetdiwo basic types of FMEA's:
1) design FMEA (KFMEA) and
2) process FMEA (PFMEA).

The main objective of KFMEA is failure analysis ar@bmponent or system
construction risks minimization. There are analyteel different aspects / requirements for
the design of component / equipment. The desigheesponsible for this FMEA. Inputs to
KFMEA are customer requirements, which are furthereloped, such as using QFD (Quality
Function Deployment). Important inputs to KFMEA &he following information:

- object border (component/ system),

- analysis of relationships with others (the mechanitterface, the signal flow),

- component / system failures.
For the component / system failures can be usethantools of dependability analysis, such
as fault tree analysis (FTA) according@8N EN 61025:2007 [7].

The main objective of PFMEA is failure analysis argk minimization in the process
of component or equipment manufacturing. There amalyzed the different aspects /
requirements for the production of component / eayst The production engineer is
responsible for this FMEA. Inputs to PFMEA are tbkkowing information:

- bill of material,

- flowchart and

- requirements for quality assurance of the procesgs from KFMEA or from customer
requirements).

On the basis of the previous types of FMEA's candfened other types, which differs
only in the subject of analysis.

The types derived from KFMEA can include:

- FMEA concept - KFMEA of component / equipment fbe concept of component /
equipment (Simplified KFMEA), environmental FMEAKFMEA component / equipment
for the environmental aspects of design, FMEA fguipment - KFMEA for equipment and
assembly parts and FMEA software - KFMEA focusedaoitware development.

The types derived from PFMEA can include - FMEA ogpt - production process
PFMEA for the concept of component / equipment (Bified PFMEA), Service FMEA -
PFMEA focused to service activities and EnvironmeRMEA - production process PFMEA
focused on the environmental aspects.

FMEA can be used for unit production too. PFMEA dan used for manufacturing
processes as well as for other business procesmés as circulation of invoices, input
checking process etc.

The creation of FMEA procedure

The creation of FMEA can be described in four setjaksteps:

1) Planning and preparation,
2) Risk Analysis,

3) Risk assessment and

4) Minimize the risk.

In the first step - the planning and preparatiorFMEA - is carried out preparatory
work prior to implementation of FMEA — a multidiptinary team is established, the analyzed
object is defined, gather information are collectpahlitative information from the history are
evaluated, Fault tree analysis (FTA) is performBuae coordinator FMEA has the important
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role. He is a member of the team, the team's muamterarovides formal (substantive) know-
how.

The risk analysis is looking for potential failureékseir consequences and causes. Then
are mentioned the current prevention and detectieasures. The exact sequence of activities
in this step is dependent on customer specificirements.

The numeric value is connected to the failure maddeng risk assessment step. Each
failure mode is evaluated by three parameters:

1) Severity of failure mode (S),

2) Occurrence of failure mode (O) and

3) Detection of failure mode (D).
Range for evaluation of each parameter is from 1QoThe higher is the number, the more
severe is the parameter. Usually, the range olatiah of each parameter is defined and it is
dependent on customer specific requirements. Tédtneg risk RPN (risk priority number) is
the product of individual parameters, ie. RPN ©SD.

In the last step - minimize the risk - is carrieat an evaluation of the results and if
necessary, countermeasures to minimize the riskrnéded - to reduce the occurrence of
failures or increase the detection of failuresteZia for the identification of countermeasures
can be (can be often used in combination):

- severity is high, f.e. S =9, 10 (typically evadrtiis, that any legal requirement are not
fullfilled),

- occurrence and / or detection is high, f.ex®and / or D> 8,

- multiplication S . O is high (as criticality knowny

- RPN number is high than 100 (disputed and debattmtiam).

Risk Assessment in the implementation of FMEA

If you want to perform FMEA, it is appropriate take into account some of the risks
that are associated with the FMEA.

One of the risks is the failure or neglect of thstfstep FMEA process - planning and
preparation. Not established or wrong establisleaantis an important step that cannot be
ignored. It must not be neglected role of FMEA aboator. This man brings specific know-
how to FMEA - such as work organization, a listsohilar problems on other projects, a
specialist in the methodology. FMEA coordinatooigside the risk analysis, moderates the
discussion and gives additional (and sometimesfdty questions to find the root cause of
the potential issue.

Description and setting of range for evaluationesiy, occurrence and detection is
recommended activity in the steps of planning areparation. Range of evaluation is often
defined by the customer. There are also cases vithisreossible to create a problem for the
self-evaluation scale. This range of evaluationtrhase clearly defined criteria.

Next risk is the neglect of thorough preparatiofobethe start of the FMEA. If it is not
well defined object FMEA and its interface (componéequipment or process), addressing
the issues arising primary purpose of analysis &tvéxactly do you do?"). It is also desirable
to have as much relevant historical data, becaws@navent solutions to solved problems.
Therefore, an FMEA is referred to as know-how @& tompany.

For this reason it is also worth considering how #MEA data to processed and
archived. If there is small number of FMEA analysisthe company, there is no need to
address how to handle, such as MS Excel is sufiticié there is a lot of FMEA analysis in
the company, it is good to have some specializévace, with which it is then possible to
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draw data across FMEA. It is also appropriate tindehow the entry of certain items, which
is useful during searching or document translation.

Do not forget the fact that the FMEA is a livingadionent and that it should be taken
into account all the current problems. Just thesusss that the FMEA database of knowledge
and experience.

Conclusion

To successfully and effectively avoid risks assdawith reliability and quality of
component / equipment or process, the FMEA is frapriate tool. It is a useful tool that
easily reveals the potential risks and uses thd mmgeortant selection criteria. For those then
suggest appropriate countermeasures to eliminater@nce or to increase detection of the
risk. To avoid the risks associated with the usee previous text - is a good idea when
FMEA is used. Then there is no formal document, &tbol, which can lead to significant
cost reductions in the later stages of the project.

References

1. PLURA, Jii. Planovani a neustéalé zlepSovani jakoBtiaha : Computer Press, 2001. 244
S. ISBN 80-7226-543-1.

2. internet: http://de.wikipedia.org/wiki/FMEA, stat8s6.2011

3. VDA 4 - Zaji$ovani kvality ped sériovou vyrobowPraha Ceska spol&nost pro jakost,
2007.

4. CSN EN 60812Techniky analyzy bezporuchovosti systérPostup analyzy zgohi a
disledk: poruch (FMEA) Praha Cesky normalizéni institut, 2007. 44 s.

5. DaimlerChrysler Corporation, Ford Motor Company, né@l Motors Corporation.
Analyza moznych #poh: a disledii poruch (FMEA) Praha :Ceska spolkénost pro
jakost, 2008. 143 s. ISBN 978-80-02-02101-8.

6. Ford Motor CompanyFMEA Handbook Version 4.Dearborn: Ford Motor Company,
2004. 290 s.

7. CSN EN 61025Analyza stromu poruchovych stagFTA). Praha Cesky normalizéni
institut, 2007. 48 s.

Authors

doc. Ing. Olga Wimova, CSc.; Department of Technologies and Measemgnfraculty of Electrical
Engineering, University of West Bohemia in PilseriJniverzitni 8, 30614 Pilsen;
e-mail: tumova@Kket.zcu.cz.

Ing. Petr Netolicky, Ph.D.; WITTE Nejdek, spol. 9. Rooseveltova 1299, 362 21 Nejdek;
e-mail: petr.netolicky @witte-automotive.cz.

188



What will be the evolution of International Systemof Units after the year
20117

Tamova O., Kupka L. — FEE UWB in Pilsen

Abstract

This paper is focused on the evaluation of International System of Unitsin future. It describes current
state of this area and shows the way of new possibilities of its evaluation. Each S unit is described
fromthe current state and all problems with current standards are identified.

Introduction

Currently, the international system values 1SQ aodesponding international system
of Sl units is used. The unit is a certain amounthe selected variables which are used to
express the value of any variable of the same typgart or multiple. The choice of basic
variables in the system should theoretically be sehoso that these variables were
independent. But in the system ISQ it is not conahyedone [1]

International System of Units divide variables itthe base variables - meter, kilogram,
second, ampere, kelvin, mole and candela - andateminits. The units were ever derived
from the attributes of the human body or the owtsadrld, then from the properties of the
Earth. The basis of modern metrology (quantitied anits) was created in the late 19th
century, when the Metre Convention was approved amgphed. The more accurate
measurements were found during the 20th Centuryesd@hmeasurements proved that
repeatability and reproducibility of certain valumsd standards is not ensured enough if we
use only the natural phenomena or properties. Ttrereat present, the evaluation process of
the definitions of units and values of fundamewtahstants, which should be primarily used
to define the basic unit quantities, is in progress

Overview of some fundamental constants

- speed of light in vacuum

«  Cp=299 792 458 nis
- Planck constant

« h=6,62606896.10"Js
- elementary electron charge

« e=1,602176487.16°C
- Avogadro's constant

e Na=6,02214179.18mol™
- Bolzmann's constant

« ks =1,3806504.13° JK*
- magnetic constant — permeability

e u,=4n.107 Hm* 1)
- electrical constant — permittivity

. & = M, .c;? =8,854187818 .10*Fm™ (2)
- Josephson's constant

e K, g :% = 483 597,891 GHzV 3)
- von Klitzing's constant

h
* Rig =§ = 25812,807 5512 4)
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The current definitions of base variables
The length

The definition of length unit is since 1983 relatedhe speed of lighty which is one of
the fundamental constants. If in the future, pecseasurements will show that the current
standard of speed of light has not the constanteyahere would be a standard adjusted to
follow the speed of light. [1]

The weight

The definition of weight unit depends on the vatdiénternational Pt-Ir standard which
is stored in the International Institute in Séewnesr Paris. Even with the careful operation of
storage, this standard is not quite stable anahduts comparison with its copy there is some
deviation, because while the international stané@aimecoming a little lighter, a copy of the 6
pieces, on the contrary is slightly heavier. Staé methods can not be applied for definition
the unit of weight, which should guarantee the isigiit repeatability and reproducibility.
Currently, there is the redefinition of the kilogrgprepared. They are now two international
scientific researches proceeded to prepare thdiméos of this unit. The search for more
optimal definition of the kilogram is continuingjtieer using the Avogadro's constant or
Planck’s constant. [3]

The time

The current standard, the cesium clock as the staedard has the high stability and
accuracy 18%. This is the reason that the current time uritésd" is likely to remain, and
its definition derived from the operation of thesizen clock will not change. [1]

The electric current
The current definition of the electric current Eng magnetic effects of electric current,
and therefore this unit is dependent on the waigiit

For the interaction of 3 constants, this equatsovailid:
HoEoCo =1, (5)

where 4, = vacuum permeability,

Co = constant speed of light in vacuum,
£, = permittivity of vacuum.

Because of the weight unit redefinition is in pregeon which is the unit of electric
current also depended, the professional discussioarrently in process whether to keep the
electric current definition based on magnetic foeffects (and keep a constgmi and &,) or

define the electric current as the amount of ch&nayesferred per time unit.

Previously, the author of this article mentioned thetrological triangle for measuring
electric variables. In foreign research laboramgribe standard of electric current is prepared
on the principle of the use of additional fundamaérdonstant of the elementary electric
charge of electrons - so-called electron turnstile.

The triangle of electrical quantities (Fig.1) regeets two views. Macroscopic view
expresses the correlation of electrical paramdtmiage, current and resistance) by Ohm's
law, from the two known variables you can determine third one. On the contrary, the
microscopic view now shows three independent qumanfinenomena that lead to three
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different constants. This involves the possibibfycreating a new standard of electric current.

[2]

Fig. 1: The triangle of electrical quantities [2]

) h
U=nK?,.f=n—.f 6
J-90 2e ( )
U =Ry, =i.R().! =£2I @)
€
I=fe 8)

The temperature

The kelvin unit will be redefined as well. The reass that the temperature of the triple
point of chemically pure water is not constant ldépends slightly on the isotopic
composition of water. Therefore, for the new deiom will be used Boltzmann's constdat
and the relationship between temperature and endgtlgye used.

E= kBT (9)

where kg Bolzmann's constant
T temperature in degrees Kelvin

Amount of substance
The mole unit will be also redefined, the AvogasirobnstantN, to be used, and
thereby it will eliminate its dependence on theghei[1]

Brightness
The candela unit will not be redefined. [1]

Conclusion

There is a tendency that all new definitions of timés were set that way to minimize
the change of original basic unit, while repeatgbend reproducibility would maintain the
best possible parameters. This corresponds toitigeterm trends, for example: the definition
of the meter or the development of a second.

At the General Conference of Weights and Measunethis year there will be the
discussion of redefinition of the kilogram, ampekelvin and mole. Czech Republic is an
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important part in all these activities — the 461IMC meeting will be held on 10 — 14 October,
2011 in Prague. [4]
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Estimation of Weibull Distribution Parameters for Reliability
74k P., Tu¢an M., Kudlaéek |. — FEE CTU in Prague

Abstract

The Weibull distribution is commonly used as difife distribution in reliability test. The Weibull
distribution is so often used because of its highability - Weibull distribution can represent a
decreasing, constant or increasing failure ratetvd®en the most commonly used methods we can
include: least squares and maximum likelihood.His paper we present the results of experiments
aim at assessment of accuracy of these statististination methods. In two-step test we used test
data sets containing generated random values artd dantaining measured values of electrical
resistance of electrically conductive adhesivesrimduthe experiments we found that graphical
method - Weibull plot and Weibull hazard plot - astatively easily constructible and sometimes
more accurate than the maximum likelihood methogibWl plot and Weibull hazard plot give better
results especially when datasets with censored al&analyzed.

Weibull Analysis

The Weibull distribution is often used as a lifetindistribution in reliability. The
Weibull distribution is so frequently used becao$ets variability - two-parameter Weibull
distribution can represent all the three partshef $o-called bathtub curve. In this paper, we
compare methods for estimating the parameters obWaelistribution. We tested two basic
methods: least squares and maximum likelihood.wlo-gtep test we used test data sets
containing generated random values and data camgaimeasured values of electrical
resistance of electrically conductive adhesivesAEC

Weibull Distribution

Weibull distribution is very flexible life distribidn model often used in reliability. This
distribution can be found with two or three para@ngt The probability density function of
a two-parameter Weibull random variable t is:

LY
f(t A1) :EH el ®
n\n
Where >0 is the shape parametey,>0 is the scale parameter (in reliability also
called Weibull characteristic life) andis in reliability most often time to failure, cyd to
failures etc. The shape parameter is in reliabdyimportant because it indicates the rate of
change of the instantaneous failure rate with ti@aracteristic life/7, is the time at which

63,2 % of the tested items are expected to fail.

Data types
When the times to failure of each item are exaottgerved, the data are said to be
complete. When analyzing life data, it is often essary to include data of those items that
have not already failed (censored data), or haveatready failed by a failure mode we
analyzing (suspended data) as well. Censored datae divided into these two groups [1]:
» Right censored data — data sets that contain tivdtshave not already failed by the end
of the test.
» Interval censored data. This type of data freqyetimes from reliability tests where
the objects of interest are not continuously maeido
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» Left censored data. In left censored data, a twakiture is only known to be before
a certain point of interest.

When censored or suspended data are present, paramstimation is more
complicated because standard techniques are retabeal with these data.

Parameter Estimation

Weibull parameter estimation can be done using tgcap method via probability
plotting paper and hazard plotting, or analyticallging maximum likelihood method.
Graphical analysis consists of plotting the timddaiture data on Weibull probability paper,
fitting a line through these data, interpreting tilet and estimating the parameters using
transformation of the Weibull equation into a linéarm.

To make the Weibull plot we need to rank the timdailures data from the lowest to
the highest. To calculate ranking position we usglioom rank that can be generated in any
spreadsheet program using the Beta inverse cumelldisitribution function via:

MR=F'(pi N—=i+l) (2)
where p is the confidence level, is the rank order andN is the sample size. Ifitis

not possible to calculate median ranks using thi&a Bestribution, we can use the Benard’s
approximation.
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Fig. 1: Example of the Weibull plot (time-to- Fig. 2: Example of the Weibull hazard plot

failures of two types of ECAs measured
during a dump heat - low temperature cycles
test)

(time-to-failures of two types of ECAs
measured during a dump heat - low
temperature cycles test)

This ranking defines the plotting positions for tirae-to failures. Now the plot can be
constructed using three different methods:
Plotting directly to the Weibull probability papeWeibull parameters are estimating

graphically from the plot.

Plotting Weibull probability plot using computerggram - Weibull parameters are

estimating numerically using the method of leasiasgs.

Example of Weibull plot can be seeen in the figlréVeibull hazard plotting is also
good method for determining goodness-of-fit, butah be also used for Weibull parameter
estimation. The hazard plotting technique contamfsploting the estimated cumulative
hazards against the time-to-failure on the Weiba#tard paper (In-In paper) (figure 2).
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The maximum likelihood is the last used method. phieciple of maximum likelihood
parameter estimation (MLE) is to determine the peters that maximize the probability
(likelihood) of the sample data. Statistical backgrd can be found in many publications for
example in [2].

The goodness-of-fit

After all parameters are estimated, the goodnes$s-f needed. If MLE technique is
used, we can quantify uncertainty through configebounds. In the cases of graphical
estimation methods we can use graphical methodimenical method. If time-to-failure data
are distributed around a straight line in a proligtplot or in a hazard plot, it is evidence that
data are represented by the estimated distribution.

Design of experiment
To compare these three estimation techniques we ts& data sets containing

generated random values as well as data contamn@agured values of electrical resistance of
electrically conductive adhesives. The first methad the advantage that we know the target
value of Weibull parameters so we can assess theaaay of the estimation technique. The
second method is more realistic because it is plestd evaluate the variations of estimated
parameters on the actual measured data from trebitey area of electrically conductive
adhesives. Test data sets were generated usingagena random numbers from the Weibull
distribution with specified parameters. When getiegatest data set we take into account
three key parameters:

* Sample sizes.

* Number of censored data.

* Weibull shape parameter.

The first test data set thus consists of 27 contioing of tested parameters. To be the
test more reliable, always 10 sets of generatagegalvith the combination of parameters was
tested. 270 test files were tested in this paexperiment. The second test data set consists of
two time-to failure data from reliability test madeour department. Both test files consist of
21 time-to-failures with censored data. For theppge of this analysis a m-file in Matlab was
programed.

Conclusion

The results of the first part of experiment witindamly generated data sets are shown
in table 1, where the most accurate method for éath set is reported and in parentheses is
the percentage of its success. As we can see Im 1alfor 0 % of censored observation and
any combination of other parameters, the most ateunethod is the MLE. However, for
data files which contain censored data, MLE is @etays the most accurate methodology.
Especially for small data files containing censoobdervations, the Weibull hazard plot gives
the best results. For larger data sets, the Wepdotl gives more accurate estimations. From
the figure 3 we can see that Weibull plot tendsverestimate the shape parameter. The slope
of the Weibull plot is often too steep.
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Table 1: Table of the most accurate method in ¢éastied group

Sample size(-) Censorec data (%) Weibull parameterb (-) | Most accurate methode
0.5 MLE (80 %)
0 1 MLE (60 %)
2 MLE (50 %)
0.5 Q-Q plot (80 %)
10 10 1 Hazard plot (70 %)
2 Hazard plot (60 %)
0.5 Q-Q plot (80 %)
20 1 Hazard plot (60 %)
2 Hazard plot (60 %)
0.5 MLE (60 %)
0 1 MLE (70 %)
2 MLE (80 %)
0.5 Q-Q plot (60 %)
20 10 1 MLE (70 %)
2 Hazard plot (40 %)
0.5 Q-Q plot (60 %)
20 1 MLE (70 %)
2 Q-Q plot (50 %)
0.5 MLE (60 %)
0 1 MLE (50 %)
2 MLE (60 %)
0.5 Q-Q plot (60 %)
40 10 1 MLE (50 %)
2 Hazard plot (50 %)
0.5 Q-Q plot (90 %)
20 1 MLE (40 %)
2 Hazard plot (50 %)
49 [EEVLELC 1Wbi plot B Hazar_n_I_EI_qﬁ.
4.
35 —
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.25
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Fig. 3: Weibull shape parameter estimation accuodjfferent estimation method shown on
real data sets
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The general rules for choosing the most appropnagéhodology can not be defined.
When choosing a method of parameter estimationersessary to take into account the
particular nature of the analyzed data - in paldiGuhe size of the test file, ratio of censored
data and also the expected value of the Weibulpeshgarameter. Another aspect that
influences the choice of methodology are the camakt under which we analyze the data. If
the data analysis is performed with the aid of mgater, using all three methods at once does
not pose a serious problem. On the other handse gest a first outline is needed, as is often
the case in the industry, simple graphical metravdreferable.
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Contribution to the study of lead-free technologyn terms of LCA
Zak P., Tuéan M., Kudlaéek |. — FEE CTU in Prague

Abstract

The enormous expansion of |ead-free soldering was initiated by the EU RoHS Directive 2002/95/EC.
The purpose of this directive is to contribute to the protection of human health and the
environmentally friendly recovery and disposal of waste electrical and electronic equipment.
However, these changes brought also significant challenges into the electronics industry. Lead-free
technol ogies often have to use more corrosive materials, or have less environmental stability. Another
often encountered problemis higher temperature used in order to make reliable bonds.

The aim of this paper is to describe advantages and disadvantages of technological shift to lead-free
technology in terms of life cycle assessment and also from the point of view of reliability prediction
and diagnostics.

Motivation

Eutectic tin-lead (SnPb) solder has been duringy ltime the primary choice for
assembling electronics due to technological progeert- especially low melting point.
However, concern over lead’s and its toxicity hassultedinto restriction of its use — RoHS
directive (2002/95/EC) in the EU and similar direes in other countries. Although the
technological performance of lead-free has beenlietiy their life-cycle environmental
impacts have not yet been evaluated in details.

In this paper first result of life cycle assessm@@A) of model printed circuit board
assembled using lead-free a SnPb solder are pegesafe tried to compare both lead-based
and lead-free solder alternatives and we focusisdptdrt of study on impacts on energy use,
human toxicity, and ecological toxicity during th@oduction phase.The results form
LCAmethodologycanalso beusedtooptimizethe religfofi the finalproductas well asto
finderrorsin the manufacturingprocess.

Life cycle assessment

LCA is often used to identifying possibilities tmprove the environmental performance
of certain product at various points in its lifects LCA is a methodology defined in ISO
14 040 standard that can be used for comprehensnadysis of the environmental
consequences of a product system during its whigelh this paper we present results of
investigation focused on a product's life cyclenfroaw material acquisition to production
(cradle-to-gate system). Complete LCA study isdbd into four phases:

a) Goal and scope definition phase,

b) Inventory analysis phase (LCI),

c) Impact assessment phase (LCIA), and

d) Interpretation phase.

From this point of view we have done only LCI. Famulation we used professional
software for LCA called SimaPro. As a functionaitume defined a model case — ¥ of
standard PCB.

The technology of Soldering
In this paper we evaluated the process of refloldesong not the process of wave
soldering. Soldering paste is in this mounting textbgy deposited on a printed circuits board
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Fig. 2: Product system of lead-free soldering psoce

(PCB) using stencil print. It is then processechgsgieflow soldering in a reflow oven with

usually IR or hot air heating system.

The main difference between classic soldering aatl-free is higher temperature
required for proper soldering of the latter. ThiSedence usually ranges from 20°C to 30°C
more and requires, among others, parts and fludested to the new technology. Especially
the fluxes have to be more aggressive and mayibaterto corrosion of electronic devices.
For simulation we used life cycle inventory datd&eoinvent Database in version 2.1.
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Life-Cycle Inventory

Life-cycle inventory (LCI) includes identifying andjuantifying all material and
resource inputs, and all emission and product dsipbinal product system of Sn/Pb
soldering can be seen in the figure 1 and leaddoddering in the figure 2. In order to make
these uncluttered we used cut-off criteria at #neell of 20 % i.e. these figures show only
processes that consume more than 20 % of totaggneBoth product systems are very
similar the main difference between these prodystesn is in their total energy consumption.

Conclusion

Decision of the EU RoHS Directive 2002/95/EC, whinas been valid since June 2006,
appears to be somewhat premature and contradiatmyrding to experience in the use of
lead-free solders. Implementation of lead-free aatd) technology brings a number of new
demands, such as:

e Higher energy requirements

e Change of parts

e Change of flux

e Change of materials for wave soldering machinery
e Change of cleaning technology

As seen above, the changes concern many aspebts @ectronic production and often
bring in serious problems. The LCA method offere tpportunity to mitigate risks by
helping the electronics industry to identify leadd solders that are less toxic and less energy
consuming.

Energy use impact scores are the sum of electandl fuel energy inputs. For its
calculation we used Cumulative Energy Demand LCAhwoe defined in SimaPro software.
Electricity use in the reflow application processthie main driver for this impact category.
According to table 1 SAC solder has the highestachscore in these categories especially
due to the energy used during silver extraction@modessing. The second consuming part of
mounting technology is a reflow process. Reflowgess is due to higher melting temperature
of SAC solder more power consuming in case of leae-solders.

Tab. 1: Table of the most accurate method in eested group.
Impact category Unit Pb-free | SnPb
Non renewable, fossil MJ-kigyalent | 95.25 79.65
Non-renewable, nuclear MJ- Equivalent  33.06 26.p0
Renewable, biomass MJ- Equivalgnt 5.04 4.76
Renewable, wind, solar, geothea| MJ- Equivalent| 0.58 0.46
Renewable, water MJ- Equivalent  5.17 4.183
Sum MJ- Equivalent 139.10 115.119

The impact scores for the effects of global warmangl climate change are calculated
using the mass of a greenhouse gases releasad neodified by a global warming potential
equivalency factor. Global warming impacts folldke trend observed for the energy use
category (i.e., SAC is driven by the upstream st&g@Pb and SnCu are driven by the
use/application stage) due to the large amounéteatrical energy used over the life-cycle of
these solders. Electricity generation producessidenable amounts of carbon dioxide, a
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global warming gas. Unlike the paste solders whiee global warming impacts are
dominated by the use/application stage, both thstre@m and use/application stages
contribute significantly to the global warming ingt& for each of the bar solders. This is
because the reflow process uses more energy tleawdhe process and thus dominates the
impacts for paste solder.

2,
2,1

I i s

© = W

Human Health Ecosystem Quality

I Pb-free [ Pb assembly
Comparing 1 p Pb-free’ with 1 p 'Pb assembly’; Method: Eco-indicator 99 (H) V2.06 / Europe EI 99 H/H / weighting

Fig. 3: Bar chart of impact on different impactegaries.
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