B&H Electrical Engineering Volume 13 January/December 2019 JEEEEX]

$§ sciendo DOI: 10.2478/bhee-2019-0004

Original scientific paper /lzvorni nauc¢ni rad

DESIGN, DEVELOPMENT AND IMPLEMENTATION OF
A DISTRIBUTED MEASUREMENT SYSTEM FOR
NO-LOAD PRESSURE MEASUREMENT IN HIGH

VOLTAGE CIRCUIT BREAKERS

DIZAJIN, RAZVOJ | IMPLEMENTACIJA DISTRIBUIRANOG
MJERNOG SISTEMA ZA MJERENJE PRITISKA U
VISOKONAPONSKIM PREKIDACIMA TOKOM
NO-LOAD OPERACIJA

Emir Soki¢', Mahir Muratovi¢?, Samim Konijicija', Amer Smajki¢', Sead Deli¢?

Abstract: This paper presents the design and development of a distributed measurement system for measuring pressure in high voltage
circuit breakers (HV CB) and other switching apparatuses, during no-load operations. Instead of using traditional pressure transducers
which require significant installation space, additional data acquisition cards and often demand for complex wiring, an in-house solution
of pressure measurement is proposed. The system consists of miniature sensors, accompanied with a suitable amplifier, microcontroller
unit and communication module, which may be distributed inside the interrupter unit in convenient locations. Due to the fact that the
measurement values are transmitted digitally, measurement noise is significantly reduced while the wiring of the system is additionally
simplified. The proposed measurement system is tested using two different interrupters (HV CB and a load break switch). The experimen-
tal results have demonstrated that the developed system is applicable, accurate, cost-effective, flexible and simple to use.
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Sazetak: U ovome radu predstavljen je dizajn i razvoj distribuiranog mjernog sistema za mjerenje pritiska u visokonaponskim prekidacima i
drugim sklopnim aparatima tokom no-load operacija. Umjesto koriStenja tradicionalnih pretvaraca pritiska koji zahtijevaju znaCajan prostor za
instalaciju, dodatne akviziciono-mjerne kartice i ¢esto zahtijevaju kompleksnija oZicenja, predlozeno je koriStenje vlastitog sistema za mjeren-
je pritiska. Sistem se sastoji od minijaturnih senzora, odgovarajuceg pojacala, mikrokontrolerske jedinice i komunikacijskih modula koji mogu
obiti rasporedeni na pogodan nacin unutar komora sklopnog elementa. Sobzirom da se mjerene vrijednosti prenose u digitalnoj formi, mjerni
Sum je zna€ajno umanjen, a ozicavanje kompletnog sistema je zna€ajno pojednostavljeno. Mjerni sistem je testiran na dva razli¢ita sklopna
elementa (visokonaponski prekidac i srednjenaponska sklopka). Eksperimentalni rezultati su pokazali da je razvijeni sistem primjenjiv, tacan,
jeftin, fleksibilan i jednostavan za koriStenje.

Kljuéne rijeci: distribuirani mjerni sistem, mjerenje pritiska, mikrokontroler, komunikacija, visokonaponski prekidac¢

INTRODUCTION

Over the past years, the design process of high-volt-
age (HV) circuit breakers (CB) has become unthink-
able without computer simulations [1]. The simulations
are based on different mathematical models, which
describe physical processes inside CB interrupter
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chambers. Although the models can be of different
complexity, most of them provide flexibility in terms of
design parameter changes and analysis of influence
on different physical quantities. This leads to fewer
necessary development tests and therefore significant
cost reduction. In order to simulate opening/closing
operations of a CB, many physical input parameters
are required. Some of them can only be determined
in an empirical way, by combining simulations, experi-
ments and measurements on real CB. Such measure-
ments are also used in the design and optimization
process of HV CB [2].

Experiments based on no-load operations often suffice for
specific HV CB analysis. Thus, for experimental analysis,
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real prototypes can be replaced with more cost-effective
models of CB, which still adequately represent the actual
HV CB [2]-[4]. In addition, measuring physical quantities,
such as pressure, during no-load operations is much sim-
pler than during on-load. By using a custom designed
measurement system [4], simultaneous measurements of
contacts travel, coil current, oscillations of elements in the
kinematic chain and pressure measurements in chambers
of the interrupter unit can be conducted.

Currently, there is an increased interest in development
of SF6-free high voltage substations with CO, and CO,
based mixtures [5]-[7], as per Kyoto Protocol of 1997 in
order to reduce SF6 emissions. The analysis of the gas
flow and pressure changes inside specific volumes of the
interrupter unit (HV CB or load break switch) during and
after the arc quenching process is of upmost importance
for the constructors of these devices, both for SF6 and
SF6 alternatives.

Dynamical changes of pressure are of special importance
at some typical locations inside the interrupter unit of HV
CB, such as [8]: inside the compression chamber (CC),
inside the heating chamber (HC), the chambers used for
cooling the gas and along the nozzle, as illustrated in
Figure 1. In one of the previous papers [9], the authors
have introduced a pressure transducer for pressure mea-
surement inside HV circuit breaker model, developed ex-
clusively for no-load operation. The pressure transducers
were designed and manufactured in collaboration with
EnergoBos ILJIN d.o.0., Faculty of Mechanical Engineer-
ing and Faculty of Electrical Engineering Sarajevo. The
transducers were embedded in the existing measurement
system [4] for the HV CB model installed in “EnergoBos
laboratory for experimental testing on models and proto-
types of high-voltage SF6 circuit breakers”. The carried
out tests have confirmed that the developed transducers,
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in spite of their cost-efficiency and simplicity, still satisfy
the technical requirements.

Some of the drawbacks of the implemented system were

identified as part of the future work [9], namely:

- the existing dead-zone of the sensor measurement
should be reduced, in order to measure pressure un-
der 1.4 [bar] absolute,

- measurement noise should be reduced,

- investigate the possibility to embed the in HV CB
model components e.g. in a HV CB nozzle, which
would require additional reduction of transducer di-
mension,

- reduce a number of wires inside the HV CB model.

In this paper, the aforementioned issues have been ad-
dressed. Firstly, the dimensions of the sensors have been
reduced so that they may be installed in the HV CB noz-
zle. According to the authors’ best knowledge, there are
not many papers [8]-[10] dealing with the pressure mea-
surement along the nozzle. Secondly, a unique distributed
measurement system has been proposed and developed.
In the current setup, the transducers do not require a data
acquisition card (DAQ), but each sensor has its own small
DAQ system as part of the accompanying microcontroller
unit. Therefore, the number of wires is reduced due to the
fact that now each sensor system is connected to the
2-wire communication bus. Lastly, the amplifier design is
modified in a way that both the dead zone and of the am-
plifier measurement noise are reduced.

The paper is structured as follows. The first section pres-
ents the proposed distributed design system. The exper-
imental results and the introduced improvements are dis-
cussed in the second section. Conclusion and guidelines
for future work are given in the last section.
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Figure 1: Pressure measurement in the HV CB model - previous measurements [9] were conducted inside Compression and Heating
Chamber (CC and HC), marked with red dots. Current measurements require installing pressure sensors within a limited space (along
the nozzle), marked with green dots.



1. PROPOSED SOLUTION
1.1. Analog pressure transducer

In one of our previous paper [9] we have proposed the

analog transducer for pressure measurement in HV CB.

This transducer had the following properties:

- pressure range 0-20 [bar] range (absolute),

- ability to operate in vacuum (with sustained load),

- short response time ( <4 [bar/ms]),

- accuracy better than 0.05-0.1 [bar],

- medium: air/SF6 gas,

- working temperature up to 50 °C,

- cost-effective solution,

- ability of installation and operation of the transducer
inside the HV CB model with permanent operating
pressure of 7 [bar].

The response time and cost-effectiveness were stressed
out as the most important factors by the investor. The
measurement range 0-20 [bar] was not mandatory since
the expected measurements were inside the 5-12 [bar]
range. However, it was important for the transducer to be
capable to withstand vacuum as well as higher pressures,
which occur either during the filling of the model with SF6
gas or in normal operation. In addition, unlike most com-
mercial solutions, the transducer should be able to mea-
sure pressure even in scenarios when its housing is inside
the HV CB model (or other switching apparatus), which
means it is under measuring pressure as well.

The miniature resistive bridge based pressure sensor
Smartec SPD300ABto05 [11] was chosen as the main
element of the developed pressure transducer. This sen-
sor property (measurement relative to an inside vacuum
chamber) allows to design a pressure transducer which
may withstand non-atmospheric pressure and vacuum.

Integrated industrial voltage amplifier Analog Microelec-
tronics AM401 [12] was used for amplifying small voltage
signals from the bridge. Figure 2 provides the designed
electronic schematic. The whole sensor and printed cir-
cuit board (PCB) are enclosed into M16 and M20 screws.
The corresponding technical drawings and 3D models are
shown in Figure 3.

The sensors were calibrated, tested, installed and used for
pressure measurement inside HV CB model in EnerogoBos
laboratory. More details about the implementation and ex-
perimental results can be found in our previous paper [9)].

One of the challenges of the implemented system [9] was
how to transfer electrical signals and lay the wires inside
the pressurized HV CB model. Each transducer required at
least three wires (GND, VCC and VOUT), thus, for example
5 transducers require 15 wires, or at least 7 wires if VCC
and GND signals are common for all sensors. Another chal-
lenge was that the designed transducer (although rather
small) is too large to install along the HV CB nozzle. To this
end, we proposed a novel distributed measurement sys-
tem, which will be explained within the next section.
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Figure 2: Schematic of the previously proposed analog pressure
transducer. [9]

Figure 3: Cross-section and 3D model of the previously proposed
pressure transducer. [9]

1.2. Distributed measurement system

Due to the fact that the chosen sensor SPD300AB-
to05 [11] is relatively small (around 10mm in diameter)
it can be easily installed into HV CB nozzle. Unfor-
tunately, the voltage generated on the powered re-
sistance bridge is only a few millvolts, therefore it is
impossible to transfer these electrical signals by more
than a few centimeters without inducing a significant
amount of measurement noise. This means that the
amplifier needs to be as close to the sensor as pos-
sible. The standard filtering methods (either hardware
or software) are challenging to implement because the
dynamic response of the transducer is equally import-
ant. Common software-based or hardware-based fil-
tering, for example using digital or analog low-pass
filters, is unacceptable due to the fact that the actual
pressure measurement dynamics has to be preserved
and should not be affected by filtering methods.
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The best way to acquire and transmit the pressure mea-
surement signal without noise is to convert the analog sig-
nal to a digital value. This means that the sensor should
be close to the amplifier and the analog-to-digital (AD)
converter at the same time. Having this in mind, as well
as the dimensional constraints of the interrupter unit, we
proposed and designed a device named DSP-Box. A
DSP-Box is a small interface between the sensor on one
side and a personal computer (PC) on the other side of
the communication channel. The DSP-Box architecture is
presented in Figure 4.a). It is essentially based on a micro-
controller (MCU) and a communication module. The MCU
acts like a miniature data acquisition (DAQ) device, which
samples and converts the analog data into digital, com-
municates with the PC and transfers the acquired data.

The fact that the sensors should be able to measure the
pressure using 10 kHz sampling frequency, would imply
significant communication bandwidth to transfer all the
samples in real time. For example, 10.000 16-bit sam-
ples per second (ksps), for 5 sensors connected on the
same communication bus, would require a bandwidth of
at least 800 kb/s. Additional sensors require bandwidth
of a few Mb/s. However, for applications such as mea-
suring pressure during opening/closing operation of the
HV CB model or load break switch, the operations never
last more than one second. Therefore the acquired data
does not need to be transmitted immediately, but could
be saved locally in MCU RAM memory, and transmitted
to the PC when needed. This implies that a slower and
more robust communication protocol could be used, but
the MCU should be able to locally save the temporary
measurement data.

As for the MCU, NXP ARM Cortex-MO+ based MKL17Z-
256VLH4 was chosen [13]. It has 32KB of RAM memory;,
which allows storing 16.000 of 16-bit analog samples.
Since one part of RAM should be free for normal operation
of the MCU, only 20KB of RAM is reserved for immediate
storage of 10.000 two-byte samples. The MCU has an
embedded 16-bit AD converter (max sampling frequency
818 ksps), 12-bit DA converter, and a (low power) UART
communication module.

RS485 was chosen as the communication interface. It is
widely used in industrial applications for its robustness
in presence of noise, and it is simple to implement on a
number of platforms, ranging from small MCUs to PC. [14]

In order to unify the power supply rails, and reduce the
power supply noise, each of the DSP-Boxes is equipped
with voltage regulators, providing 3.3V for the MCU and
communication module, and 8.3V for pressure transducer
amplifier. The architecture of the DSP-Box is illustrated in
Figure 4.a), the complete schematic is shown in Figure
4.b), while the actual physical implementation is given in
Figure 4.c).

— 12V PWR

RS485

A RS485

Vreg 8.3V

MCU

Vreg 3.3V

Amplifier

Sensor

0

Figure 4: DSP-Box: a) architecture, b) schematic, c) physical

implementation
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1.3. Control module

One of the most important challenges in the design of
such distributed measurement system was to synchro-
nize all the DSP-Boxes. The first obstacle was that the
quartz crystal which is commonly used for providing
system ticks for the MCUs cannot be used in pressur-
ized chambers (such as HV CB). Moreover, due to im-
perfections of the crystals and relatively high operating
frequency of the MCU (48 MHz), multiple systems could
operate in slightly different time and the measurements
would not be perfectly synchronized, even under atmo-
spheric pressure.

One of the options was to use the internal RC clock of
the MCU, but this clock source is not reliable for accu-
rate operation [13]. Accurate sampling time is important
for acquiring the analog measurements using the desired
10 kHz sampling rate. If an external reference clock was
used, it would have been required to increase the number
of wires for connecting the system.

12V PWR
S RS485
Trigger input
. LED — DSP-Box Encoder input
indication
GPIO
AC/DC USB to
converter serial
| |
230 VAC PC
a)

b)

Figure 5: Control module: a) architecture, b) physical
implementation

To this end, we propose the use of RS485 communica-
tion lines both for generating the ticks for the AD con-
version, as well as for the communication and transfer of
the measurement data. Unfortunately, the measurement
system is planned to be used mostly on Windows oper-
ating machines, therefore accurate real-time acquisition

with PC generated ticks could not be used. The solution
was to reconfigure one of the DSP-Boxes to be a mas-
ter, crystal-driven tick generator, called Control Module
(CM). The CM is used to generate synchronization ticks
to the DSP-Boxes on the communication lines, and actu-
ally represents a differently configured and programmed
DSP-Box. The simplified structure of the Control Module
is depicted in Figure 5.a). In addition to the DSP-Box,
with dedicated inputs/outputs for external components,
it contains an AC/DC converter and an USB to TTL serial
converter. The actual physical implementation of the CM
is shown in Figure 5.b).

The complete architecture of the distributed measurement
system is presented in Figure 6. It consists of the PC, a
Control Module, and multiple DSP-Boxes distributed on a
communication and power supply bus.

As all the other DSP-Boxes, the Control Module can be
conveniently used for the configuration of the acquisition
parameters of the system, and for interacting with exter-
nal signals (trigger inputs, encoders etc.).

The software structure of the DSP-Boxes and Control
Module will be explained in the next section.

DSP-Box DSP-Box |______ DSP-Box
-A- -B- -H-
inside HVCB

£ 12V PWR
] l A RS485
Control USB to
Module RS485
PC

Figure 6: Complete distributed measurement system
architecture

1.4. Software implementation

The operation of the system consists of three parts:
- application on the DSP-Boxes,

- application on the Control Module,

- application on the PC.

Each of aforementioned applications will be briefly explained.
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The application on the DSP-Boxes consists of the follow-
ing core parts: configuration of the input/output pins, com-
munication interface, AD and DA converters. A single char
unigue address is assigned to each of the DSP-Boxes (from
A to H). Each of the DSP-Boxes listens the communication
bus and, if it is addressed, it interprets the command and
provide a suitable reaction. There are few commands that a
DSP-Box understands: unlock, prepare for acquisition, ac-
quire, send the data from the buffer. Each of the DSP-Box-
es after power-up waits for its configuration, hamely how
many samples it is supposed to acquire. Then, it waits for
the signal to prepare for the acquisition, after which it waits
for character-ticks on the communication bus. Each tick
starts an AD conversion and the result is stored in internal
RAM memory of the MCU. After a desired number of sam-
ples is acquired, the DSP-Box stops acquiring new sam-
ples, and waits for the master to query for the acquired
data. To prevent accidental reaction of other DSP-Boxes
during measurement data transfer, each of the DSP-Boxes
need to be “unlocked” by a unique sequence of 10 char-
acters before it starts interpreting the command. Address
Z represents a broadcast address, and all DSP-Boxes will
react to it. This address, however, should be only used to
start the acquisition on all DSP-Boxes simultaneously.

The Control Module is programmed mostly using timer inter-
rupt routines to guarantee accurate real-time performance. It
receives the input commands from the PC regarding the op-
erating mode (number of samples ranging from 1 to 10.000,
and sampling frequency ranging from 1 Hz to 10.000 Hz).
Then it waits for the “prepare” signal from the PC. After the
“prepare” signal is received, everything is ready for acqui-
sition. Acquisition starts after an external interrupt signal is
set - it could be the trip coil voltage signal, or pressing a
pushbutton, depending if the measurements needs to be
synchronized with another process or not. During the ac-
quisition, the Control Module sends a character on the com-
munication bus each T=1f, =100 ps (in case of =10 kHz
sampling), which is used to synchronize the acquisition on all
DSP-Boxes. In addition, the Control Module may be used to
acquire other measurement signals simultaneously, such as
encoder measurements.

The PC application is used to coordinate the measurements
between the operator, Control Module, and DSP-Boxes. Its
graphical user interface is shown in Figure 7. It is used for
configuring the communication with the CM and DSP-Box-
es, using RS485 (baud rate 500ksps), configures the CM
and DSP-Boxes (sample rate and number of samples),
triggers the acquisition, and retrieves measurement results.
Each measurement result is stored in a file with date and
time stamp, and it is convenient for additional visualization
and processing. Moreover, the measurement files are com-
patible with HV CB Simulation software [15].
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Figure 7: PC application GUI

2. EXPERIMENTAL RESULTS
2.1. Experimental setup nr.1

All the sensors were calibrated and tested using similar
procedure as shown in [9]. Afterwards, six sensors were
embedded within the HVY CB model nozzle in EnergoBos
Laboratory (Figure 8.a)). They were distributed alongside
the nozzle as shown in Figure 8.b).

Unfortunately, due to a bad mechanical connections, three
of the sensors were damaged during first operation of HV
CB model, thus Figure 8.c) shows only the captured pres-
sure measurements of sensors E, D and G during opening
operation in no-load condition. Taking into the consider-
ation that the main topic of this paper is the distributed
measurement system, and is not the analysis of pressure
measurement, all the pressure measurements will not be
presented. After repairing and reinstalling the sensors, a
more elaborate discussion on the actual measurement re-
sult on pressure measurement alongside the HV CB noz-
zle will be provided, as part of our future papers.

Figure 8.c) shows that the distributed measurement sys-
tem operated as expected. Although the measurements
are clearly readable due to the fact that pressure fluctu-
ations are large (a quarter of the measurement range), a
close inspection of the diagram reveals that the noise level
is not insignificant (+20 [mbar]).

2.2. Experimental setup nr.2

EnergoBos Laboratory required pressure measurements
inside chambers of a different switching apparatus. The
analysis and modelling of pressure variation of air, instead
of normally used SF6, inside the load break switch was
needed. The load break switch and the measurement
configuration are illustrated in Figure 9.
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It is important to notice that in this setup, the DSP-Boxes

are mounted at the exterior of the mechanical system and

do not endure higher pressure. However, a few modifica-

tions were required for DSP-Boxes:

- the dead-zone should be minimized because in this
setup sensors need to measure pressures lower than
1 [bar] absolute,

- the measuring pressure range should be reduced to
0-4 [bar] absolute,

- the noise should be reduced as much as possible.

The dead zone is eliminated by adding a voltage drift to
the operational amplifier, as shown in Figure 4.b). A small,
low-impedance reference voltage (approx. 300mV) need-
ed to be introduced to the pin ZA (zero-adjustment) of
the AM401. The best approach was to use the existing
digital to analog converter (DA) on the MCU to generate
the required voltage.
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Figure 9: Distributed measurement system installed on load
break switch (courtesy of G&W Electric)

The pressure range was easily maodified by changing the
values of the resistors R, and R, (Figure 4.b)), which deter-
mine the amplification of the signal at the second amplifier
stage.

Due to the fact that the amplification is increased, the noise
was amplified as well. In order to reduce the noise, several
approaches were tested, implemented and analyzed. The
effects are discussed in Table I. After addressing all the
improvements given in Table |, the noise is significantly
reduced, as it can be seen comparing Figure 10.a) and
Figure 10.b). The SNR is significantly increased so the
noise is within the 5 [mbar] range, which is satisfactory
for this type of measurement.
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Figure 10: Pressure measurement a) before, b) after reducing
measurement noise
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Table |: Effects of different actions to measurement noise
reduction

Action Effect
Using 12V battery supply instead of
s _ o Y Extremely significant
switching power supply
Shortening up wires from sensors to Low
amplifiers
Shielding wires from sensors to
» Moderate
amplifiers
Separately twisting up signal and pow-
er supply wires from sensors to ampli- Moderate
fiers
Adding additional capacitors to power
g g . Significant
supply lines (MCU and amplifier)
Replacing a ferrite bead between Vcc Low
and Vref lines
Lowering resistance at output of first o
Extremely significant

amplifier stage

The results in Figure 10 illustrate the pressure changes in-
side the chambers of the load break switch shown in Fig-
ure 9 during the closing operation. Due to the fact that the
actual pressure measurements for the load break switch (in
Figure 9) are confidential, pressure and encoder measure-
ment are presented in normalized values.

The simulation conducted in HV CB Simulation [15] for the
load break switch shows very good concurrence of simulation
and measurement. Small disparity noticeable in Figure 10 can
be attributed to small error in travel measurement. Namely, the
travel/velocity measurements are not perfectly accurate, thus
the pressure computations have induced errors.

3. CONCLUSION AND GUIDELINES FOR FUTURE WORK

The paper presented the procedure of the design, de-
velopment, testing and implementation of a distributed
measurement system for pressure measurement, specifi-
cally developed for pressure measurements inside HV CB
model chambers and alongside nozzle in no-load oper-
ations. We have improved one of our previous designs
[9] by reducing the number of wires, dimensions of the
sensors, the induced noise, removing the dead-zone. In
addition, the proposed measurement system can be con-
sidered standalone, because it does not require additional
DAQ cards.

The experimental results have demonstrated that the de-
veloped system is cost-effective, miniature, flexible and
simple to use. Nevertheless, due to the fact that every
sensor and amplifier has different characteristics each
transducer must be treated separately, which could pose
a problem when there is a need for production of large
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number of transducers. In addition, the research labora-
tory must provide at least the minimum requirements for
production, calibration and testing of such sensors.

As a part of the future work, we plan to develop a semiau-
tomatic calibration system which would enable automat-
ic sensor calibration using existing pressure references,
and further investigate temperature effects. Although the
transducers operate mostly on room temperature, it is not
yet clear whether the temperature variation will significant-
ly affect transducer measurements. Moreover, we plan to
use the distributed system to analyze the pressure fluctu-
ation along the nozzle during no-load operation of an HV
CB model, using different gases (SF6, CO, etc.).

Due to the fact that the DSP-Boxes are a versatile solu-
tion, they can be easily configured to measure other phys-
ical quantities using different sensors. Thus, as part of our
future research, we plan to measure mechanical strains of
HV CB model parts using strain gauges, as well as try to
use pressure sensors with higher sensitivity.

ACKNOWLEDGEMENTS

The research presented in this paper is partially funded
by the Ministry of Civil Affairs Bosnia and Herzegovina as
support for H2020 project preparation “Envi-Break — Al-
ternative Concepts for Environmentally Compatible Gas
Circuit Breakers”.

REFERENCES

[11 A. Ahmethodzi¢, M. Kapetanovi¢, Z. Gaji¢: Comput-
er Simulation of High Voltage SF6 Circuit Breakers:
Approach to modeling and Application Results, IEEE
Transactions on Dielectrics and Electrical Insulation,
Vol. 18, No. 4, pp. 1314-1322, August 2011

[2] A.Smajki¢, M. H. Kim, M. Muratovi¢, A. Hajdarovic,
R. Gacganovi¢: Mehanicka ispitivanja pouzdanosti
mehanizma za dvostruko kretanje kontakata VN pre-
kidaca, Bosanskohercegovacka elektrotehnika, broj
9, pp. 20-25, 2015

[3] M. Kapetanovi¢, M. Muratovi¢, B. Bosovi¢, D. Beslija:
Pressure measurement testing of 420 kV GCB with
no-load, EnergoBos ILJIN d.o0.0. Sarajevo — internal
technical paper (unpublished), February 2016

[4] V. Bedirovi¢, D. Beslija, A. Smajki¢, E. Soki¢, M. Ka-
petanovi¢: System for simultaneous measurement of
multiple travel records in a high voltage circuit break-
er kinematic chain, 12. Savjetovanje Bosanskoherce-
govackog komiteta CIGRE, Neum, Bosnia and Her-
zegovina, October 2015

5] D. Tehlar, T. Diggelmann, P. Muller, R. Buehler, N.
Ranjan, C. Doiron: Ketone based alternative insula-
tion medium in a 170 kV pilot installation, CIGRE Na-
goya colloquium, 2015

[6] C. Linder, D. Gautschi: Application of a fluoronitrile
gas in a 123 kV GIS pilot substation, CIGRE Paper
B3-107, 2018



Volume 13 January/December 2019 B}

[7] M. Seeger et. al.: Recent development and inter-
rupting performance with SF6 alternative gases, SC
A3 workshop on SF6 alternatives jointly with Current
Zero Club, CIGRE Reference Paper, Electra No. 29,
pp. 26-29, 2017

[8] Y.Guan, G. Yue, J. X. He, W. Liu, J. Wu, J. Wu: Pres-
sure Measurement and Characteristic Analysis on a
252 kV Puffer Type SF6 Circuit Breaker, IEEE PES
Transactions on Power Delivery, Vol. 28, No. 4, pp.
2616-2622, 2013

[9] E. Soki¢, V. Bedirovi¢, A. Smajki¢, D. Beslija, M. Mu-
ratovi¢, B. Bosovi¢, M. Kapetanovi¢: Design, de-
velopment and implementation of a pressure mea-
surement sensory system for a high voltage circuit
breaker model, Bosanskohercegovacka elektrotehni-
ka, broj 10, pp.46-55, 2016

[10] M. Muratovi¢, S. Deli¢, A. Hajdarovi¢, M. Kapeta-
novi¢, Y. Guan: Pressure distribution along the nozzle
of a HV SF6 circuit breaker, IEEE International Power
Modulator and High Voltage Conference (IPMHVC),
pp. 470-473, Santa Fe, USA, 2014

[11] SPD300ABto05 Datasheet, Smartec BV, https://cdn.
sos.sk/productdata/al/79/60bfcd95/spd-300-ab-
t005-spd300abto05.pdf accessed: October 20,
2019

[12] AM401 Datasheet, Analog Microelectronics Gm-
Bh,https://www.analog-micro.com/_pages/ics /
am401/am401-datasheet.pdf accessed: October
20, 2019

[138] KL17 Sub-Family Reference Manual, Document,
NXP, Number: KL17P64M48SFERM, Rev. 5.1,
07/2016

[14] S. Konjicija, E. Soki¢: Ugradbeni sistemi: Hardverski
aspekti, Univerzitet u Sarajevu, ISBN 978-9958-629-
77-8, Sarajevo, 2019

[15] M. Kapetanovi¢, A. Ahmethodzi¢: The computer pro-
gram for SF6 HV circuit breaker operation’s simula-
tion, Conf. Bosnian Committee of CIGRE Neum, in
Bosnian, Paper R13.01, 1999

BIOGRAPHY

Emir Soki¢ was born in Visoko in 1985. He graduated
and obtained his master’s and doctoral degree at the De-
partment of Automatic Control and Electronics, Faculty
of Electrical Engineering Sarajevo, University of Saraje-
vo in 2008, 2011, and 2015 respectively. He is currently
employed as Assistant professor on Faculty of Electrical
Engineering Sarajevo and Consultant at EnergoBos ILJIN
doo. His professional interests are focused on signal and
image processing and acquisition, embedded systems
and electronic structures.

Mahir Muratovi¢ was born in 1987 in Sarajevo. He com-
pleted his Bachelor and Master studies in 2009 and 2011,
respectively. He defended his PhD thesis at the Faculty of
Electrical Engineering in Sarajevo in 2018. Since 2011,
he has been working at EnergoBos ILJIN d.o.0. Sarajevo,
being actively involved in the development of 145 kV, 245
kV and 420 kV circuit breakers. He has been engaged

with the Faculty of Electrical Engineering in Sarajevo as
an expert from the industry for the past nine years, and
with Sarajevo School of Science and Technology as an in-
dustry expert lecturer since 2018. Dr. Muratovic has been
a member of national CIGRE committee of Bosnia and
Herzegovina since 2011.

Samim Konjicija received his PhD degree from Universi-
ty of Sarajevo, Bosnia and Herzegovina in 2007. Currently,
he is a Professor at the Department of Automatic Control
and Electronics, Faculty of Electrical Engineering, Univer-
sity of Sarajevo. During his engagement at the Faculty of
Electrical Engineering, Prof. Konjicija served as a Dean of
the Faculty, and as a Head of the Department of Com-
puting and Informatics. His research interests encompass
embedded systems, optimization theory, heuristic algo-
rithms, computational intelligence and their application in
solving control problems. He participated in several inter-
national projects, and published more than 50 conference
and journal papers, three books and three book chapters.
Prof. Konjicija has been a member of IEEE since 2003.

Amer Smajki¢ was born in Mostar, Bosnia and Her-
zegoving, in 1990. He received his MSc degree for re-
search work on HV circuit breakers with double motion
mechanism from the University of Sarajevo, Bosnia and
Herzegovina, in 2013. Currently, he is pursuing the Ph.D.
degree. His first employment experience was as R&D en-
gineer at EnergoBos ILJIN where he worked at develop-
ment of new HV circuit breakers up to 420 kV. Currently
he works as Teaching assistant at Faculty of Electrical En-
gineering, University of Sarajevo. His fields of interests are
design and modeling of HV circuit breakers. Amer Smaj-
kic is a student member of IEEE since 2018 and member
of national CIGRE committee of Bosnia and Herzegovina
since 2013.

Sead Deli¢ obtained the Bachelor degree from Tuzla Uni-
versity in 1997 and the Master degree from the Sarajevo
University in 2008, both in the field of electrical engineer-
ing. He obtained his Ph.D. degree in the subject of Anal-
ysis of the Dielectric Characteristics of the Contact Gap
in a High Voltage SF6 Circuit Breaker During Opening, at
the University of Sarajevo in 2018. He worked for the En-
ergoinvest Electric Power Institute (IRCE) in Sarajevo from
1997 to 2011. Since 2011, he has been a Manager of
the EnergoBos ILJIN Sarajevo Company. Since 2008, he
has been a Teaching assistant and Tutor at the Faculty of
Electrical Engineering, University of Sarajevo, Bosnia and
Herzegovina. His special fields of interests are comput-
er simulations of high voltage circuit breaker behaviour
during switching, dielectric strength of contact gap of cir-
cuit breaker during and after arcing, electric field calcu-
lation. He has been a Regular Member of CIGRE Study
Committee A3 (HV equipment) from 2012.



