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Abstract: This paper describes and analyzes the phenomena that occur in the case of a current
interruption due to faults in the high voltage circuit breaker. That happens during connection of a
generator to the network without meeting the synchronization conditions. This paper also describes and
analyzes the important factors that have to be considered during the specification of SF6 circuit breakers
for high voltage generators. A high direct current component in the fault current poses a major problem
during such interruptions. To investigate this problem and propose possible solutions, simulations
were performed on a power network model completed with the network’s data, using software such as
EMTP-ATE, PSS-E and MATLAB. Various modes of operation were simulated, which are important for
analyzing the strain on circuit breakers near the generator. Based on the performed simulations, it can
be concluded that circuit breakers with rapid reactions in interrupting the fault current in an energy
system are not always a favorable solution due to the high value of the direct current component in the
fault current, which prevents the current from passing through zero within a short time.

Keywords: direct current component; alternating current component; asynchronous connection;
circuit breaker; generator; energy system

1. Introduction

The consequences of a short circuit occurring near a synchronous generator depend on the starting
moment of the short circuit (SC) and the state of excitation and operation before the fault occurs, In such
cases, the transient direct current (DC) component of the fault current may exceed the alternating
current (AC) component, and/or the sub-transient AC component may decay faster than the DC
component, resulting in the SC current not crossing zero for several cycles [1,2].

The motivation for this paper derived from a concrete problem that occurred during a specific case,
as well as consideration of the advantages and disadvantages of circuit breakers (CBs) with rapid reaction
(with SF6 gas in some cases). Many studies have been carried out on this phenomenon. Some research
dealing with a similar phenomenon that occurred in the energy system of the Republic of Kosovo (Kosovo
is located in the center of the Balkans) has been provided in the references of this paper [1-5].

A mis-synchronization event of a generator on the network is one of the worst types of fault for a
synchronous generator; it has negative effects both on the generator itself and on the elements of the
equipment that are connected to the generator [1,3].

The intensity and severity of the consequences of activating a non-synchronized generator on a
network depend on a large number of influencing parameters.

The most dominant influence is the value of the phase angle & between the generator’s rotor and
the magnetic axes of the individual phases of the stator at the moment of inclusion.

Enereies 2020, 13. 3608: doi:10.3390/en13143608 www.mdpi.com/iournal/energies
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This phase angle determines the value of the fault current that contains a DC component.
The generator and the network elements must be protected against the high current that occurs during
such an incident, so the circuit breakers (CBs) in the network must interrupt the total fault current as
quickly as possible.

The non-zero-crossing of the current can be attributed to an asymmetrical current containing a
DC offset. As a result, the circuit breaker has to wait for the current to reach the zero-crossing point for
an interruption to take place. This will delay the total clearing time until the current’s zero-crossing
is achieved. This non-zero-crossing phenomenon can delay the clearing process and can expose
generating units to more stress by prolonging the duration of high current flow.

Further, this paper analyzes the effects of a mis-synchronized generator on a network that does
not fulfill the necessary synchronization conditions. Special attention is given to the possibility of
using a high-voltage (HV) CB to disconnect the failure currents [2,3].

An analysis was made on the power network model prepared with real data of the power
network elements integrated into the electromagnetic transients program (EMTP), ATP. It is a universal
software program system for digital simulation of transient phenomena of electromagnetic as well as
electromechanical nature (EMTP-ATP). The simulation results were compared with real-time measured
data obtained from the described real event.

The obtained results for different input parameters show a significant presence of the DC
component of the current, which caused delays in the current crossing zero. As a consequence, the CBs
could not disconnect the failure current beyond the time for which they were designed.

Appropriate measures are proposed to prevent such situations in case of an accidental non-synchronized
activating of the generator on the network [1,2]. Therefore, various electrical relay protection systems for this
kind of phenomenon have been developed to protect equipment in this mode of operation. The existence of
any differences during the process of activating the generator on the network causes instant or cumulative
damage to the turbine, generator, or other elements of the network [3,4].

Thus, the absence of these differences in the frequency, magnitude, and angle voltage phase is
the basic condition that has to be met before activating the generator on the network [5]. When these
requirements are achieved, the generator is synchronized and ready for connection to the network.

The CB must be dimensioned so that it can switch off all symmetric and asymmetric fault currents.
In addition, consideration must be given to the possibility of presence of a DC component of the fault
current, which plays a very important role in determining the rated values of the CB [1].

The following is a mathematical model that describes the asymmetry of the SC current due to the
presence of a DC component, which makes it impossible to interrupt the fault current.

Based on Figure 1, which represents the alternating component and degree of asymmetry upon
separation, in reference to the standard IEC/TEEE 62271-100 [6], 14, and I, can be calculated according
to Equation (1):

e 109 - M 90 §)
Lac MN

In Equation (1) AA’ and BB’ are envelopes of a current wave; CC’ is the shift of the zero lines of
the current wave at any time; EE’ is the moment of disjunction of contacts (the moment of ignition of
the electric arc); Iy is the shock current of SC; I is the peak value of the AC component at the time of
EE’; Iy is the DC component of the current at EE’; ON is the sum of I, and I4. at the instant of contact
separation; OM is the value of the envelope of the current-wave at the instant of contact separation;
and MN is the sum of the envelope of the current-wave ON and OM at the instant of contact separation.
The SC current is characterized by two values [6-9]:

The root means square (rms) value of the AC, known as I

The time constant T of the DC component of the SC current.
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Figure 1. Alternating component and degree of asymmetry upon separation.

From the example depicted in Figure 1, I‘% is the rms value of the AC of current, I, the instant

of contact, l“—\?‘is- is the rms value of the DC of the current, and Agycs is the degree of asymmetry at the
instant the contacts separate; see Equation (2):

I
Ay =1000)-85% )
accs
The DC component time function I, (t) is characterized by the sub-transient, transient,
and steady-state currents during the sub-transient and transient time periods. These time periods are
defined by the direct-axis sub-transient and transient time constants T”q and T'g; refer to Equation (3):

T4 4 Ly (3)

Iac (t) = I”kd o I’kde

The initial sub-transient and transient values of the three-phase short-circuit currents, I"14 and

I'vd, can be evaluated using the active voltages behind the respective impedance by applying Equations

(4) and (5) (Iiq = I, which is the steady-state short-circuit current, the value of which should generally
be obtained from the manufacturer).

)1/2

I”kd = E”qﬂ/znd = E”qO/(Rg S X”g (4)

)1/2

Irka = Erqo/Zrg = Ergo/ (R2 + X2 (5)

The active voltages E”q9 and E”g depend upon the preloaded current and can be evaluated using
Equations (6) and (7):

U M "

B0 = [(-geos + Ro)” + (5@ +X"alo)['/2 ®)
Up .

Ergo = [( %COS@+R&IG)2+ (T%Sm®+xfdlu)2]1/2 @

The DC component ig, () can be evaluated from Equation (8):
idc(t) = V2(I"ia(t) — Tosin &g )e ™/ Tee (8)

The peak value of the short-circuit current occurs between time t = 0 and t = T/2 of the short-circuit
condition. The exact time depends on the preload conditions, the generator impedance, and the
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time constants. However, it is acceptable to calculate ip at time T/2, i.e., at the first half-cycle of the
short-circuit condition, using Equation (9):

ip(t) = V2ae(t) ~ Lae(t) ©)

The breaker should be capable of breaking any short-circuit current up to its rated short-circuit
breaking current containing any AC component up to its rated value and, likewise, any percentage DC
component up to the specified rating [9].

The DC component value as a percentage (dc%) at the moment of CB contact separation can be
calculated according to Equation (10):

dc% = 100 e (Top+Tr) /T (10)

where Top presents the time of CB contact opening, which is provided by the manufacturer; T, is the
time needed for the protection relay to operate, and 7 is the decay time constant of the DC component.

For the CB with a rated SC breaking current I, the DC component Iy at the instant of contact
separation (Top + Tr) can be calculated according to Equation (11):

Tack = I e (Top+To)/ (11)

Thus, the DC component that the CB is capable of breaking during the test is determined according
to the decay time constant Ty, on the premise that the maximum DC component equals the peak AC
component at 0 s.

The standard TEC/IEEE 62271-37-013 defines a 133 ms time constant (Figure 2) for the DC
component of the rated system-source SC current. Referring to Figure 2, the 133 ms constant
corresponds to roughly 68% of the value of the asymmetry at the moment when the contacts are
separated, e.g., at 50 ms [6].

D oot s S S S
a0 \,_.__
s \\
£ 704= - , \Q\
E. Zg Time constant () = 138 ms —‘-“\\i{:
S 40 -
B
2 20
[ Uy 1 s S, SO e = i =
03 20 40 60 80 100

Time after fault starts (ms)

Figure 2. Degree of asymmetry depending on the time after the fault starts.

The time constant T can be calculated according to Equation (12):

X
= gﬁ (12)
where Xis the equivalent reactance of the system for the medium voltage (MV) side of the transformer,
R s the equivalent resistance for the same point, @ equals 27tf (with system frequency f), and T remains
the instant at which the CB contacts separate [6-8].
The scientific novelty of the paper is a thorough analysis of the case: the connection of the
non-synchronized network generator to the energy system. Although this phenomenon occurs rarely
under normal operating conditions, it can be caused due to failure in CB control systems.
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A real case of SC current asymmetry due to the presence of a DC component has taken place in
the energy system of Kosovo. Causes and consequences of such a phenomenon and the appropriate
analysis is given in following sections.

2. Materials and Methods

The energy system of the Republic of Kosovo is connected to international transmission lines
with the neighboring countries of Albania, Montenegro, North Macedonia, and Serbia, using high
voltage transmission lines with high transmission capacities of 400 kV, 220 kV, and 110 kV. This solid
connection of the transmission network with the surrounding networks makes the energy system
of Kosovo one of the most important electrical nodes in the region [4]. In the transmission system,
various power CBs were installed by different manufacturers. In terms of the type of dielectric arc
extinguishing medium, CBs with SF6 gas are the most common.

The protection relays are distant relays (Siemens (75A612)) along with an over-current relay
(75]612). These relays are installed in the generator field in substation 400/220 KV near the thermal
power plant (TPP), “Kosovo B”. The protection devices used in this case are numerical relays to protect
the short line that connects the generator to the transmission network [10-14].

During the case under consideration, real-time measurements of the current and voltage were
made and recorded on the SIEMENS digital relays at the moment when the generator was connected
to the network. Measurements of the DC component were also made when the CBs were switched off.

Figure 3 provides a simplified single line diagram where the main units of the generator in the
TPP “Kosovo A and B” are connected. The critical circuit breaker (CB1) is also shown for when the
observed event occurred [13,14].

e - . S0
400 KV _
e B L2
CB1 o
AT-1 AT2 AT3 TIKOSOVA'B! T2 KOSOVA 'B'
Y Sn=400 MVA Sn=400 MVA
KOSOVAB KOSOVAB KOSOVA B e i T2 v P
X=0209 T X=0209
H=292 | n=292
0EV l }
)| * * UKV » MRV —p—
3 4 TS G1KOSOVA 'B' G2KOSOVA'B'
KOSOVA ‘A’ KOSOVA'A' KOSOVA ‘A’
| |

i |
+ 4+ +
© ©
GIKOSOVA'A' G4 KOSOVA'A" G5 KOSOVA A"

Figure 3. A simplified single line diagram where the main units of the generator in the TPP “Kosovo A
and B” are connected.To connect the generator to a 400 kV network, a 420 kV SF6 circuit breaker (CB1)
was installed, manufactured by Areva, type: GL 316, with rated current 3150 A, and short-circuit breaking
current of 40 kA. The data for transformers, generators and lines from Figure 3 are given in Tables 1-3.

Table 1 shows the data for generator units in TPP Kosovo A and Kosovo B.

Table 1. Generator data for TPP Kosovo A and Kosovo B.

G3 G4 G5 G1 G2

Rated Power (MVA) 235.3 2353 235.3 399 399

Power Factor 0.85 0.85 0.85 0.85 0.85
Rated Voltage of 15.75 15.75 15.75 24 24

Stator
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Table 2 shows the data for transformer in TPP Kosovo A and Kosovo B.

Table 2. Transformer data for TPP Kosovo A and Kosovo B.

T-3 T-4 T-5 AT-1 AT-2 AT-3
Manufacturer Hyundai Hyundai Kongéar Alstom  Siemens  Konéar
Rated Power (MVA) 240 240 240 400 400 48
High Voltage (kV) 230 230 230 410 410 220
Low Voltage (kV) 15.75 15.75 15.75 24 24 0.66
Short-Circuit Voltage (%) 11.34 11.39 11.34 13 13 9.45

Table 3 shows the data for the transmission line from 400 kV substation to the generator where
the study was planned.

Table 3. Transmission line data from the 400 kV substation to the generator.

L Un Section Ry Xq By R, Xo B,
(km) (kV) (mm?) ()fphase  ()/phase us/phase  ()/phase Q/phase  us/phase
L-1 11 400 3 % 2 % 490/65 0.033 0.384 3.452 0.325 0.935 2973
L-2 1.1 400 3 % 2 x 490/65 0.033 0.384 3.452 2973 2.973 2973

The following power network model that describes the asymmetry of the short-circuit current
due to the presence of the DC component, which is the cause of the impossibility of interrupting the
fault current.

Simulation data for the equivalent network (SC power at 400 kV, I3 = 20 kA, Iy = 21 kA) were
taken from the simulation with PSS-E of the regional energy system of southeast Europe. In particular,
simulation data were taken from short circuits in 400 kV bus-bars in the substation Kosovo B located in
the energy system of Kosovo as shown in Figure 4. A SC was simulated with PSS-E on the 400 kV
bus-bars where the generator is connected.

AYe

I 7\ R ' By = B0 A eq_nvalent
1 II ll ~ ll - I' '[ II — regional
I I L L Ta=21kA network data
G24kV T 41024 kV
339 MVA 400 MVA 400 kV
cos¢p= 0.85

Auxiliary transformer
Sn: 40/20/20 MVA
24/6.6/6.6 kV

Figure 4. The simulation model scheme.

Network data for simulating an equivalent network: Sy3 = 13,856 MVA, S, = 14,549 MVA
(Ik3 = 20 kA, Ty = 21 kA). SC impedance data in substation Kosovo B is Zy = 2.61 + 17.97) (3, whereas
X/R = 6.88499. The X/R ratio is simply the ratio of the system reactance to the system resistance;
the X/R ratio affects the level of SC current which CB is required to interrupt. Other simulation data
include the generator data: U, = 24 kV, S, =399 MVA, earthing resistor of generator r = 950 (), step-up
transformer: S, = 400 MVA, uk% = 11%, 24/400 kV/kV, and auxiliary transformer: Sn = 40/20/20 MVA,
24 kV/6.6/6.6 kV [14]. The SC data (in real time) was taken from transmission system operator (TSO).

The TSO uses PSS-E software for SC calculation. These data allow us to determine the equivalent
network impedance that will be used for simulations with the EMTP-ATP software (Figure 4).

The scheme that is used for simulation is presented in Figure 4 [14].
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For the validation of the power network model, the comparative methodology of the data recorded
during the real event is used, with the data obtained from the power network model constructed with
real network data at the moment when the event occurred.

Case Study

The event under review occurred on the substation of TPP Kosovo B, where mis-synchronization
of the generator with the energy system of Kosovo occurred.

To explore this phenomenon, an example featuring a situation of the random inclusion of a
non-synchronized generator in Kosovo's energy system with a CB of over 400 kV is analyzed in
this paper.

This situation shows that there can be significant damage to the CB [14]. The observed fault
occurred in the command circuits of the generator CB, at a load of 1050 MW.

There may be damage to the control cables if the generator is switched off and then immediately
switched on to the network without fulfilling the synchronization conditions [14-17].

Table 4 shows the values recorded during a time of 60 ms for Iy (effective value of the current)
depending on the time during the considered case [14].

Table 4. The effective value of current (Irms) depending on the time obtained from the relays.

T (ms) Itms (kA)
-10 39
0 4,18
10 3.49
20 3.41
30 2.8
40 2.76

The case investigated occurred on 23 August 2011. This case was the result of accidental activation
of the CB with SF6 gas without synchronizing the generator with the network due to some problems in
the control circuits (failure in the generator CB control circuit). The DC component had a significant
effect on the CBs and caused difficulties during the shutdown process. Switching off the current for
less than 50 ms under high voltage, without the current passing through zero, can lead to damage of
the CB, as CBs are not designed to break at such faults [14].

With the operation of the relay protection system, the 400 kV CB in the step-up transformer
receives an exclusion order in such a case.

Phases B and C through the I, and 1. current were interrupted at the zero crossing 3 cycles after
the incident’s initiation. Unlike phase A, the trace I, current cleared in 5-6 cycles due to its delay in
reaching the zero crossing. This non-zero-crossing phenomenon can delay the clearing process and
expose the generating unit to more stress by prolonging the duration of the high current flow.

Switching off and current interruption occur in two phases (B and C). In phase A, the current
interruption is absent because the first passage of the current through zero occurs only after the end of
the shutdown operation and the arc-extinguishing attempt (Figure 5).

To explain the event, we performed simulations using a simplified simulation model, where the
origin, development, and nature of the overall phenomenon are presented [14].

The DC component and its quenching depend on the time constants of the circuit at the moment of
failure. For example, its quenching depends on the R/L parameters that are generated for the resistance
(R) and inductance (L) of the power lines, transformers, and generators in a transmission system.

The R/L ratios determine the proper DC component decay time constants of various elements,
and the overall decay of the DC components when a fault occurs depends on the combined time
constants of all fault sources [14,18-20]. The presence of a high DC component value ensures that
the current in phase A does not pass through zero for approximately 100 ms (the DC component and
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its shutdown depend on the time constants of the circuit at the moment of failure, i.e., its shutdown
depends on the generated parameters R/L).

From the recorded events of the relay shown in Figure 5, it can be seen that the current in phases
B and C was switched off successfully from the CB. The oscillogram occurrence of the event, according
to the record of the relay protection system in the 400 kV step-up transformer, is shown in Figure 5 [14].
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Figure 5. The over-current relay record.

Due to the failure of this CB to turn off the electric arc, there was an explosion in the CB (Figure 6),
which caused great environmental damage to the neighboring elements of the substation [14]. As a
result of this fault and the explosion of the CB, the following damage occurred:

®  The generator was out of operation for 8 h.

¢  There was damage to the main contacts in a single 400 kV CB chamber.

*  There was damage to three supporting isolators of the CB on adjacent transformer bays.

o There was reduction of the safe operation of the substation due to using the last generator from
the generator reserve.

Figure 6 shows the damage to the main contact in a single 400 kV CB chamber [14].

The measured data show asymmetry, which was the cause of the DC component occurrence at
each phase. In phase A (Figure 5), the DC component is very large, which causes the AC component to
move on the x-axis.

Therefore, due to the presence of high-value DC components, the current in phase A does not
pass through zero in approximately 100 ms. The type of fault and the conditions in which it occurs
determine the DC component value.

The activation of a non-synchronized generator on the network causes high-current failures,
such as SC current failure. Transient electrical and mechanical processes are dependent on the angle of
the rotor, causing considerable stress on the generator [19-23]. The DC component of the fault current,
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which occurs at that moment, causes the appearance of highly asymmetrical currents between the
phases, making it difficult to break the fault current and thus extinguish the electric arc [5].

This leads to the appearance of high temperatures or even an explosion in the CB pole chambers.
The state of the current as a result of accidental activation consists of two elements: periodic (AC component)

and aperiodic (DC component). The aperiodic component has a high value and is particularly prominent
in phase A [14].

Figure 6. Damage to the main contact in the circuit breaker (CB) chamber.
3. Resultis

A simulation power network model was developed in the EMTP-ATP and Power System Simulator
for Engineering (PSS-E) software package to monitor the behavior of the generator during the activation
of a non-synchronized generator on the energy system at different angles between the generator and
the network. The model was developed and tested based on real-time events [14,18].

To simplify the model, an equivalent network was modeled with the generator.

To validate the power network model, a simulation was used for the same phase angle of 114°
(angle of 114° has been taken from the SIEMENS digital relays data), under which the activation of
a non-synchronized generator in the network occurred. The simulations of these cases are given in
Figures 7-12 [14,23-25].

The simulation of the critical angle of 114° (under which the non-synchronized generator is
connected on the network) is based on the specific case that occurred, whereas the other angles (50°, 90°,
and 0°) were taken randomly to reveal what happens in those cases (for analytical purposes only).

In Figures 7-9, simulations are provided that show the oscillations of the generator network during
the activation of a non-synchronized generator at a 114° angle separated for each phase. At the time of
the non-synchronized activation of the generator to a voltage level of 400 kV on the generator side,
the angle was 59°; at that time the network had a phase shift of —55° [14]. In this case, the difference
between the angle of —55° and the angle of 59° was 114°.

Thus, the 400 kV CB was switched on between these two vectors:

e  —55° on the side of the strong network;
®  59° on the side of the generator, yielding an angle of 114° between the two sides of the CB.
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Figure 7. The curve form after the simulation of the 114° angle (Phase A).
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Energies 2020, 13, 3608

Current (A)

0.0 0.1 0.2 0.3 0.4 0.5 0.6
Time (s)

Figure 10. The curve form after the simulation of the 50° angle.
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Figure 12. The curve form after the simulation of the 0° angle.
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The results of several simulations using the implemented model show a good correlation with the

results recorded during the considered event in real-time.

By analyzing the curves shown in Figures 7-9, it can be seen that the oscillation duration is
approximately the same as that in Figure 5. The shape of the curve is the same as that of the DC

component (very high in both cases, including the time constant).
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The delay in passing the current through zero is caused mainly by the rapid movement of the
rotor from the initial phase angle § = 0. In this case, the constant of the inertia of the generator-turbine
group has a decisive influence on this phenomenon.

Notably, the current, due to the presence of a DC component, does not pass through zero (as seen
in Figures 5 and 7) for a long period of time, thus presenting a problem for the AC CB during the
deactivation of this current, except where the angle is zero (Figure 12) [26,27].

Table 5 shows the values determined by the EMTP-ATP. These values were extracted in MATLAB
to calculate the Iy (effective value of current) for an angle of 114°.

Table 5. The effective value of the current (Tims) depending on time.

T (ms) Iims (kA)
-10 346
0 4.24
10 3.62
20 3.6
30 3.21
40 3.26

The times during the real events and simulations were synchronized concurrently to compare the
obtained values. The results obtained with EMTP-ATP and the effective value of the current calculated
with the MATLAB software (Figure 13, Table 5) are very close to the true recorded values (real-time events,
Table 4) [2]. Table 6 gives the comparative error values in percent for the I, of the values obtained
during the real event and the values obtained using a simulation with an equivalent model, as shown in
Figure 13. A single line diagram of the simulation network with EMTP-ATP is shown in Figure 14.
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Figure 13. Effective current value for an angle of 114°,

Table 6. Comparative table.

T (ms) Values Recorded during the  Values Determined by the EMTP-ATP

Considered Case Ims (kA) and MATLAB Iy (kA) Error [%]
-10 3.46 3.46 11
0 4.24 4.24 1
10 3.62 3.62 4
= 3.6 3.6 5
30 321 3.21 15

40 3.26 3.26 18
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Figure 14. Single line diagram of the simulation network.

The equivalent model provides good results, as can be seen by comparing Figure 5 (real event)
with Figures 7-9 (obtained through simulations) [14,25-27].

4. Discussion

This paper presents an analysis of the phenomena that accompany the process of switching on
a non-synchronized generator on a network from the perspective of the occurrence of current and
voltage. Special attention has been given to the event that took place in the energy system of Kosovo
on 23 August 2011—more specifically, in the TPP Kosovo B.

This phenomenon rarely occurs in practice but can also occur as a result of various faults in the
CB control and command circuits. As a result of this activation, the consequences can vary, depending
on how and when a non-synchronized activation took place. These oscillations are characteristic of the
shape of the curve with the presence of a high DC component of the current, which affects the time
delay of the alternating current component to pass through zero.

The scientific novelty of the work is its all-encompassing analysis of a specific case: the connection
of a non-synchronized network generator to a power system. Although this situation rarely occurs
under normal operating conditions, it can be caused due to a failure in circuit breaker control systems.

The consequences at the substation can be significant. Therefore, it is necessary to analyze the
phenomena that occur in such a case to provide input data for the adequate selection of equipment.

In this paper, we analyzed the effects of the rapid shutdown of a generator from the system and
the possibility of applying time delays for the operation of the CBs in these specific cases, which have
an impact on the elimination of the DC components and the passage of the fault current through zero.

Thus, we presented the advantages and disadvantages of applying the time delay to disconnect
the circuit breaker in these circumstances of device failure.

An additional contribution is our development of a model that provides results comparable to the

real data recorded during the real event and can be used to analyze different cases for the selection of
CBs in the energy system.

5. Conclusions

Recordings of behavior during this event show the presence of a DC component with a large
value. This does not allow the SC current to pass through zero for several tens of ms, which resulted in
serious damage to one pole of the CB.

This non-zero-crossing phenomenon can delay the clearing process and expose the generating
units to more stress by prolonging the duration of high current flow.
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A detailed analysis of the behavior of the generator on the network during various failures is
very important to determine an appropriate CB to cover all the conditions that can occur in the system
during various faults, to protect the elements of the power system.,

High-voltage CBs with SF6 gas that are used for generators have special requirements compared
to other CBs. In particular, they must be able to interrupt the fault currents that do not pass through
zero in several cycles.

By comparing the time shapes of the SC currents in the case of non-synchronous switching, it can
be seen that the currents have very high amplitudes, where the waveform of the current depends on
the angle of the generator compared to the network.

In the case where the voltage angles of the generator and the network are zero, the direct current
component rapidly declines, and all three-phase currents pass through zero, which allows for the rapid
shutdown of the electric arc.

Other angles are different because, due to the presence of a direct current component of high-value
currents in certain phases, the passage through zero is delayed. In our case, the time delay was 200 ms
which caused the electric arc in the CB, which could cause damage to the CB in some cases.

If the CB is installed to connect the power plant to the network, then a higher time constant should
be used. Thus, a breaker with a higher permissible DC component percentage of the SC current or a
CB with a higher braking power should be selected.

The consequences of adding this delay should be further analyzed in the context of their effects
on other elements of the system, including transient stability.

The quick deactivation of relay protection by generator switches is not an advantage in all
situations, which should also be taken into account. In the observed case, for example, a switch-off
delay would have allowed the DC component to pass through zero, allowing the switch to deactivate
this fault without any problems during the activation of a non-synchronized generator in the network.
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The description and analysis of phenomena that occur in case of disconnection of fault currents with generator circuit breakers after asynchronous
cannecnonlof a generator and difficulties encountered during the process of disconnection are given in the paper. Generally, the biggest problems occur

passing of AC current through zero. For the generator the most important is detail analysis of behaviour of the generator in network in order to specify
proper circuit breaker that can cover all circumstances that can happen in the system so to be able to protect the generator, step up transformer and other

equipment.
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Struja kvara uslijed asinkronog prikljutka generatora na mrezu i njen utjecaj na visokonaponski prekidaé s plinom SF6

lzvovorni znanstveni &anak

U radu su dani opis i analiza fenomena koji se dogadaju u slutaju iskljutenja struje kvara generatorskim prekidacima nakon asinhronog prikljudenja
generatora i poteSko¢ama tokom procesa iskljucenja. Opcenito, najveci problemi se Javljaju tokom prekida kvara kada je komponenta istosmjerne struje
(DC) vrlo visoka. Vrijednost DC komponente ovisi o vrsti i uvjetima kvara. U cilju analize ovog fenomena, u radu je analizirana situacija slutajnog

asinhronog prikljuéenja generatora preko 400 kV prekidada u clektroenerg
analize, ovaj slugaj je modeliran u softverskim paketima EMTP/ATP i PSS/
sustavu nije uvijek prednost za omogucavanje uspjesnog iskljutenja kvara p

etskom sustavu Kosova koja je dovela do oftecenja prekidada. Za potrebe
E. Vazno je napomenuti da uporaba brzih AC prekidaga u elektroenergetskom
omocu visokonaponskog prekidaga, zbog prisustva DC komponente s visokim

vrijednostima i zakanjenja prolaza AC struje kroz nulu. Za generatore je najvaZnija detaljna analiza ponalanja u mreZi kako bi se odredile optimalne
karakteristike prekidaga u svim okolnostima koje se mogu dogoditi u sustavu, kako bi se omogucila pravilna zadtita generatora, step up transformatora i

druge opreme.

Kljucne rijeci: asinkrono prikljucenje; generatorski prekidac visokog napona; komponenta istosmjerne struje kvara (DC); komponenta izmjenicne strje

(AC); kratki spoj

1 Introduction

During certain faults in the power system there are
cases where fault currents delay passing through zero.
This occurs when the value of DC current component of
the fault current is high and with the long time delay.
Furthermore the high values of DC component of current
occur also in cases of generator connection to the grid
without fulfilling synchronization conditions. The
connection of the generator to the grid without meeting
synchronization conditions happens very rarely. So,
connection without synchronizing condition is accidental
and among other things can be a result of failure on
control circuits which enable connection of the generator
to the grid. Consequences of asynchronous connection of
generator to the grid can be different depending on how
and in which time has been a closing. Various analyses
regarding the phenomenon of appearance of DC
component and problems that appear during tripping of
the circuit breaker are dealt with in the chapters bellow.

This paper presents analysis of the performance of
circuit breaker in disconnection of the failure currents that
appear as a result of asynchronous connection of the
generator on the grid. The analysis was focused on a real
case of presence of DC component of current during
asynchronous connection of generator to the network. In
addition, the changes of the voltage and current values for
further investigation of such problems are recorded.

The work is based on the case of accidental closing of
the circuit breaker without synchronization of generator
the network, because of failure on the control circuits of
generator circuit breaker. This event took place in Kosovo
power system. Detailed characteristics will be given in the
following chapters. Furthermore the case is modeled
using ATP and PSS/E software and results are compared
with values recorded in real time of the voltages and
currents. The simulation was conducted with ATP and
PSS/E software. Furthermore the behavior of the
generator during asynchronous connection to the network
will be proven from different angles. At the end of the
paper the conclusions and recommendations are given,

[1].

2 Asynchronous Connection of Generator-Theoretical
Background

In the power system, synchronization of the generator
to network is the process of matching the voltage,
frequency and angles of a generator and network. There
are three conditions that must be met before the
synchronization process takes place, [2].

Synchronous conditions should be attained with the
minimization of the following parameters:

« Frequency difference between the two so called

"slips"
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* Voltage difference in voltage magnitude between the
two sources

* Voltage difference in phase angle between voltages
of the two sources

If the synchronization conditions are not met then the
damages can happen such as:

* The damages that occur to turbine, generators as
results of faulty synchronizing can be either
immediate or cumulative (loss of life)

+ The excessive slip in frequencies even with zero
phase angle and voltage amplitudes, causes power to
flow in or out of the generator. The direction of the
power flow will be out of the machine if its frequency
is greater than the network, or into machine if its
frequency is less than the network. The amount of
power flow increases as the mismatch increases. This
type of oscillation can have consequences in shaft
fatigue, bearing failure, fillet and keyway failure,
turbine blade root streets, overheating due to high
stator currents etc.

* A large voltage difference between sources will cause
a flow of reactive power with direction of the flow
depending on the relative voltage from the higher to
the lower voltage.

Any case when switching on without prior fulfilling
of the abovementioned criteria is considered as switching
without synchronization. These cases can happen if there
is any fault on control circuit, accidental operation etc.

2.1 Synchronization with Phase Discrepancy of the
Generator into the Grid

In the following are given equations which describe
changing of DC and AC (alternative current) components
of the current during asynchronous connection of the
generator to the network. In this case the AC and DC
component of the current changes as per Eqs. (1), (2) and

3):

LS

2u =
Ige = . sin (6“"‘"‘ J-e atot (1)

x"d +x;,-, +JCN P
A =$—sin LA )
X'y +xg, +xy 2

Where /4. is the value of the dc component at any
instant, and 7, is the value of the ac component at any
instant.

Time constant of DC:

Xy + X, +.7CN
(ra+r'1"r +rN)2JI n

(3)

atot —

The component of AC current is reduced by change
of rotor angle. The circuit breaker has to be able to
disconnect all symmetrical and asymmetrical currents
associated with presence of high DC current component.

In this context, the very important component of
faults current is the DC component. Therefore, it is

important to model and determine the DC component of
current that needs to be considered in the system so that
all types of failures can be covered in order to avoid
causing of any damages to breakers, generator and
network, as presented in [2, 3, 13].

2.2 Impact of Asynchronous Connection of Generator into
the Grid.

During connection of large generators to the network
transient electrical and mechanical processes appear. The
electromechanical transient processes can cause stress on
the generator. If the generator is connected to the network
accidentally  without  respecting synchronization
conditions, currents can be very high in range of short
circuits. The DC component of current will appear and
this can cause high asymmetry of currents between
phases. The magnitude of magnetic flux inside generator
depends on the position of the rotor’s angle against the
stator. Since the generator runs with different regimes
before failure happens in the moment of failure the flux
that occurs does not change immediately. Depending on
the type of the failure, the DC component of current can

vary.
200
Assymetrical
150

R

-100
Figure 1 DC component of asymmetrical current on generator-sourced
during failure

S-C current

However, DC component is present also during short
circuits. In case of short circuit between the generator-
sourced in general the current changes as per the graph
provided in Fig. 1 and it is given by Eq. (4). The
magnitude of DC component of the failure depends on the
type of the failure as well as on the moment when the
failure occurs, respectively, on the position of the rotor’s
angle against the stator [4, 9, 10, 11].

The asymmetric current is expressed with Eq. (4):

f
PV2 b b
=—=ul|———e ¥ +
scgen I/‘\/E ¥ x’d
4)
+(—3-—L} T 4 — |.cospt——e
XYa Xg Xa d

*  Lsegen - short circuit current
+ The first term is normal-frequency decaying sub
transient current
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* The second term is normal-frequency decaying
transient current

»  The third term is steady-state short-circuit current

»  The forth term is asymmetric decaying dc current.

e x"s x'y, x; are direct axis sub transient, transient and
synchronous reactance of system.

. "o T4 T, are sub transient, transient and
synchronous Time constants of system

The DC current component is given by Eq. (5):

i

[dc 2(\/5'[50331.1)'8_? (5)

In Fig. 2 is presented the DC component of current
generator-source during short-circuit current for leading
or lagging load current (before failure the system is
working under inductive/capacitive load) prior to short-
circuit,

A
Current i

te
Figure 2 DC component of current in generator during short-circuit for
inductive/capacitive load current prior to failure

On the generator side the maximum asymmetric
current is reached when the generator is working under
excitation before the failure occurs. In these conditions
the DC component could be higher than the symmetric
short circuit component, hence it influences the delay of
the general current short circuit to pass through zero, [3,
14].

2.3 Comparison of required interrupting capability in case
of failures

2.3.1 Required Generator-source Asymmetrical Interrupting
Capability for Three-phase Faults

For three-phase faults, the required asymmetrical
generator-source interrupting capability of a generator
circuit breaker at rated maximum voltage and for the rated
duty cycle is composed of the rms generator-source
symmetrical current and a DC component. The value of
the DC component is 110 % of the peak value of the
symmetrical generator source short-circuits current for all
generator circuit breaker primary arcing contact parting
times. The primary arcing contact parting time shall be
considered equal to the sum of 1/2 cycle plus the
minimum opening time of the particular generator circuit
breaker [4, 5, 12].

2.3.2 Required Generator-source Asymmetrical Interrupting
Capability for Maximum Required Degree of
Asymmetry

Interruption of current from circuit breaker in
different circumstances including also a transient
condition is presented in the IEC 62271-100, High-
voltage switch gear and control gear-Part 100: High-
voltage alternating-current circuit-breakers, [4, 5, 6]. The
rated short-circuit breaking current is characterized by
two values:

(1) The rms value of its symmetrical component; the
DC time constant of the rated short-circuit breaking
current which results in a percentage of DC component at
contact separation.

(2) The symmetrical component and the percentage
of DC component at any time following current initiation,
is presented in Fig. 3, the DC component at contact
separation is determined by Eq. (6):

Tr +Ty

I.=I,eT (6)

Where: T, is minimum opening time declared by the
manufacturer; 7, is relay time (0.5 cycle; 10 ms for 50 Hz
and 8.3 ms for 60 Hz); t-DC is time constant of the rated
short-circuit current (45, 60, 75 or 120 ms), IAC-peak
value of symmetrical current [7, 8, 15].

3 Case Study

In the year 2011 in substation Kosovo B there was an
asynchronous connection of the generator to the grid. The
generator was operating normally until the moment the
accident occurred. As a result of the faults of the control
circuits that control the high voltage 400 kV circuit
breaker between the unit — generator- transformer in the
network, there was tripping of the circuit breaker. The
reconnection was done without respecting
synchronization conditions.

The generator is connected to the network by accident
under the changing angle of 114°. In these circumstances
the maximum value of asymmetric current is 130 % of the
peak value of symmetric on this case. In table 1 are given
the values recorded during the time of 70 ms. Every 10
ms the size of the currents is measured, respectively AC
and DC current component.

Table 1 AC and DC component of current depending on time

T Current

) [ TGA) | Toc®A) [ DC) | Tl
=20 0.44 0.15 72 0.21
—10 3.9 2.81 110.9 2.54

0 4.18 3.6 169 213
10 3.49 3.11 198.3 L57
20 3.41 3.07 205.9 1.49
30 2.8 2.61 260 1.0
40 2.76 2.6 278 0.93
50 2.28 2.21 406 0.54

The symmetrical component of the short-circuit
current under the condition of maximum degree of
asymmetry is only 74 % of the value of the required
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generator-source  symmetrical interrupting capability
based on recorded measurement which is presented in
Tab. 1.

The variation of value of the DC component depends
on the time constant of the circuit 7,=X’ "#R,, as presented
in Fig. 3 [9].

AA
it

g

Figure 3 IEC 62271-100, Determination of short-circuit making and
breaking currents, and of percentage DC component

3.1 Overview of Power System of Kosovo

Power System of Kosovo is a small power system,
strongly interconnected with other part of the South East
Network of Europe. Geographic position and
configuration of the network makes the Kosovo Network
very important for the Power System in the region. The
main units of generation are connected to the same node
(Fig. 4). Because of the size and stability, electrical
generators are mainly connected to the substation (SS)

Kosovo B at 400 kV level. High voltage circuit breakers
that are in general use in the Kosovo Power System at HV
level are circuit breakers with gas SF6. Before the fault
happened, the generator operated with the load around
270 MW. The fault happened in the generator circuit
breaker (CB1 in Fig. 4) on HV voltage side. The wave of
current and voltages was recorded by electronic
intelligent devices (IED) type Siemens 7SA621 and
78J612 located in the SS 400/220 kV on generator bay of
TPP Kosovo B, as presented by the single line diagram in
Fig. 4, [16].

Equivalent Network ﬁ:"’z‘;"gm Rgx‘::‘;;:s
Bt - iy = 1214,
400 kV
e [
) T1Kosova B T2Kosova B
A A2 3. IS Sn=400MVA Sn=400MVA &~
Kosova B KosovaB | Kosova B Pmax=33oMW 7/ Pmas=33oMw \/
| X=0.209 ’ x0209 |
H=2.92 H=2.92
2306 267 J |
220 kV 1 24kV o 24kV
IR TS SRRV P S
| ® ©
3KosovaA |T2KosovaA |T5 KosovaA G1 Kosova B G2 Kosova B
Rk -/ L%
}\ :
P
® @ @

G3KosovaA  GZKosovaA G5 KosovaA
Figure 4 The simplified scheme of connection of the main generators in
Power system of Kosovo

Following are the tables with parameters lines and
generators in the TPP Kosovo A and B.

Table 2 Dynamic parameters of Turbo generators 399 MVA. 24 kV in Power station Kosovo B

Shazs Zg(p.u) TDO0 T"DO0 T'Q0 T"Q0 H Bm XD XQ
400 0.005+j0.209 6.5 0.041 0.27 0.032 2.92 1 2.214 2.093
X'D X'Q X’D XL S(1.0) S(1.2)
0.356 0.54 0.209 0.13 0.03 0.4
Table 3 Dynamic parameters of TPP Kosova A3, A4 and A5 generators

Spaze Zg(p.u) T'DO T"D0 T'Q0 T"Q0 H Bm XD XQ
240 0.005+j0.188 6.8 0.15 0.032 0.032 2.98 1 1.93 1.62
XD X'Q XD XL S(1.0) S(1.2)

0.31 0.47 0.188 0.15 0.03 0.4

Table 4 Parameter of Overhead Power Lines (OHL) 220 kV

Line Number Zd (Rd+Xd) Q Zo (Ro+Xo0) Q

Line 2306 -220 kV 0.22+4y1.527 1.02+3.08

Line 267 -220 kV 0.208+j1.443 0.964+j2.910

3.2 Critical Event

Before closing the generator to the network any event
or any fault were recorded on the system. The failure was
due to fault on control circuits used for switching control
of high voltage generator circuit breaker. Due to control
cable damage, the generator tripped respectively HV
circuit breaker of generator switched off and switched on
immediately respectively connected the generator to
network  without respecting the synchronization
conditions and tripped again from protection device. The
time between two sequences of open — close of circuit
breaker was around 170 ms. Final process opening
contact of circuit breaker is presented in Fig. 6. As a

consequence, due to this asynchronous connection and the
wide voltage angles between the generator and the power
system, extremely high transient currents comparable to
fault currents during short circuits.

From the oscilographic recording in Fig. 5 it can be
concluded that currents on phases LI, L2 and L3 are
asymmetric. Asymmetry is caused due to the presence of
DC component in each phase. In phase L1, in figure 5
surrounded by square, DC component is very high and as
a consequence it causes displacement of AC component
of the current above the axis and delay the current of
phase L1 passing through zero for approximately 100 ms.

Disconnection of the current in this case with high
speed circuit breaker, is difficult because current does not
pass through zero for 100 ms. High speed circuit breaker
has capability to interrupt the current for less than 50 ms,
but the fault current must pass through the zero. If the
current does not pass through zero during the time less
than 50ms, then trying to interrupt this current will be
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difficult or the breaker will be damaged. In our case, the
circuit breaker with time constant of 45 ms was damaged.

LKA

25
0.0
-2.5 - K
L — it L

iL2/KA |

e e
0.0 t

| |
2.5 : 025 9.{5" é.?.’;’
5.0 -

iL3/kA

|
54 F e e
00 : { ;
25 4 00 025 050 075
50 |

Figure 5 Oscilogram of currents on high voltage 400k Vof generator
step-up transformer during close-open of Circuit breaker

Fig. 6 shows the damaged main contact in one
chamber of the 400 kV generator circuit breaker, [16, 17].
The insulation of one pole of the circuit breaker is
destroyed as consequences of the arc flashing appears at
every 400 to 600 ms.

Figure 6 Circuit breaker contacts showing damage caused by electric arc

4  Simulation Results

In this part of the study we have developed the model
of the part of the system described in case study. The data
of the model were used from the characteristics of
equipment and case observed.

4.1 Model Description

The model of the system is made with ATP software
and given in Fig. 8, arc is not considered and it is not
modeled in ATP simulation. The system source was
modeled with short-circuit current and the highest rms
value of the symmetrical component of the polyphase
short-circuit (short circuit from source side on bus 400
kW, is Ik3=20 kA, 1k1=21 kA). The generator is modeled
with dynamic parameters. The results of simulations are
shown in Figs. 8+13.

The scheme of simulation is presented in Fig. 9.

A

Equivalent
Regional Network

Data
R1/X1=6,68
R0/X0=4,165
Lo 24ky T410/24kV vy
330MW 400MVA s
cosp=0.85

"F igure 7 Real scheme of the generator in which fault happened and
which is used for simulations

Figs. 8+13, present the simulation results with ATP
software. The simulation is performed for asynchronous
connection of generator to the network for different
displacement angles between generator and power
system. Simulations are performed for different angles
between network and generation including an angle of
114° degree. Angle 114° is the angle where the incident
occurred while the two other angles (60°, 80°, 100° and
0°), are taken as arbitrary angles only for the purpose of
analyses.

0.0 0.2 04 08 0.8 g 10
(file final_22012016.plé: x-vart) c:GENA-NETA CIGENB--NETB  CIGENG--NETC
Figure 8 Simulation of Synchronization of generator into power system
on wide angle 114°

. - - Simulaton ase when angle between g1id and generaors 114 dogree

6000

0.00 0.05 a.10 .15 0.20 0.25 0.30 035 [s] 040
(file final 22012018 pld: x-varl)  CIGENA--NETA CIGENB-INETB  GIGENC-HNETC

Figure 9 Simulation of synchronization of generator into power system
on wide angle 114°

Simulation case when angle between grid and generator is 60 degree

8000
40@&
- h hﬁvn VAUAUI‘I ’1
0 | |
-2000
-4000 |
B0 = ]l R — —
0.0 02 04 08 08 5 10

(file final_22012016.pl4: x-vart) c:IGENA--NETA cIGENB--NETB  cIGENC-LNETC

Figure 10 Simulation of synchronization of generator into power system
on wide angle 60°

Through these simulations it can be seen that
depending on the angle in which generator is connected to
the network current varies on the particular phases as well
as value of DC component. This has impact on the time
delay of the AC component crossing through zero.

Similar simulations have been made even in the case
of short circuit in order to compare the magnitude of DC
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component during the short circuit and asynchronous
connection of the generator to the network.

. 80 degres between generator and grid
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Figure 11 Simulation of synchronization of generator into power system
on wide angle 80°
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Figure 12 Simulation of synchronization of generator into power system
on wide angle 100°

Conneclion of the generalor to the network when angle between grid and generator is 0
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Figure 13 Simulation of Synchronization of generator into power
system on wide angle 0°

Table 5 Value of DC component of current during short circuit
Value of de
component of
current during
asynchronous
connection of
generator to
network
without
meeting the
synchronizing
condition,

Value of DC component of current
during short circuit

PP Kos B 400 kV

] gy Inc fac | e
SMVA) 1wl & lal & ||
15858.4 22890(59618.9|7274.5| 2130 |3600

An analysis of short circuit near the generator is
performed also using PSS/E software and ATP for
transient analyses (We have used PSS/E for calculation of
short circuit in the network since the model of the system
of Kosovo and wider in the region is in PSS/E. In order to
simulate the behavior of system during the fault the

equivalent system was calculated with PSS/E. With ATP
simulation tools is performed the modeling of only faulted
generator  during  asynchronous connection, unit
transformer and circuit breaker connected to equivalent
network). Short circuit is simulated on bus bar 400 kV
when generator is connected. The results of short circuit
current, maximum current (first peak of fault current) and
DC component values are presented in Tab. 5.

During faults as result of short circuits, the initial
value of DC component is higher than in case of
asynchronous closing of the circuit breaker. However, DC
component decreases very quickly and this allows for AC
component to cross through zero, but in case of the
asynchronous connection the time delay of DC
component is much higher which in turn causes the effect
on the AC component crossing time through zero making
it thus higher [16, 17, 18].

5 Analyses and Discussion

Circuit-breakers used for generator switching
applications are subject to conditions quite different from
those of normal circuit-breakers used in utility systems,

Usually in generator AC breaker during the
disconnection process, serious problem occurs due to the
presence of high value DC component that makes the AC
component be delayed passing through zero. It is essential
for AC current to pass through zero, namely the arc is
extinguished in this point and its restart is more difficult,
enabling a  successful  disconnection. In the
abovementioned case, the value of the DC component
reached the value of 3.11 kA, whereas the time delay of
passing of the AC component through zero was 100 ms.
This is very long time for AC circuit breakers that
perform the disconnection in less than 50 ms.

Based on the results of performed simulations it can
be concluded that the circuit breaker of generator shall be
specified to be capable to disconnect the asymmetrical
currents caused by short circuit where the DC exceeds the
value of 7.3 kA, It is very important to consider also the
time delay needed for the DC component to decrease
enough in order that overall short circuit current passes
through zero. This shall be specified carefully in the new
circuit breakers and relay time settings.

6 Conclusion

This paper presents analysis of the performance of
circuit breaker during disconnection of the failure currents
that appear as a result of asynchronous connection of the
generator on the grid. The analysis is based on the case of
accidental closing of the circuit breaker without
synchronization of generator to the network, because of
failure on the control circuits of generator circuit breaker.
The case is modeled using ATP and PSS/E software and
results are compared with values recorded in real time of
the voltages and currents.

The case which is analyzed in the paper was
connection of the generator to the network by accident
under the angle of 114°. In these circumstances the
maximum value of asymmetric current is 130 % of the
peak value of symmetric in this case. Consequently, AC
component of the current has not passed through zero for
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time 100 ms. This caused the damage of the SF6 circuit

breaker as the circuit breaker was not able to disconnect

currents which did not pass through zero.

In the incident reported here, delaying the relay trip
order to the high voltage circuit breaker for 70 ms would
have been beneficial, allowing the DC component of
current to enable current crossing through zero and so
sufficient interruption without causing any damage to the
circuit breaker.

Following conclusions can be made:

»  Specification of generator circuit breakers requires
special analyses of transient network processes
respectively at connection point.

* The DC component specifically must be analyzed in
detail, in order to specify the adequate circuit breaker
that is capable to disconnect the current at different
faults near the generator.

» Very often the transient disconnections with SF6 and
ultra-fast relays are not advantageous for generator
circuit breakers. In this case the disconnection delay
is in favor of a successful disconnection with AC
circuit breaker.

e It is important to study the network for dimensioning
of generator breakers for each case particularly.

« Very important to consider is also the time constant
needed for the DC component to decrease enough in
order that overall short circuit current passes through
Zero,

» Fast tripping relay protection at generator circuit
breakers is not advantage in all practical
circumstances.

«  Ifthe circuit breaker is installed near power plant, the
time constant shall be taken greater hence a circuit
breaker will be chosen with higher percentage value
of DC component of short circuit current or with
higher interrupting capability.
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[ Venue :
Maison de la Chimie, Paris

The venue of th conference 1= the Maison de la Chimie
which is located in the heart of Paris. Besides being
an historical and unavoidable address of cultural and
scientific evenls, the «Maison de la Chimie» is original
by an audacious archilecture which stylishly combines
the charms of an 18th cenlury private mansion Lo an
authentic Art Deco design. This framework on a human
scale, functional and warm, where volumes and light
dominate, is naturally an environment for the exchange
of ideas, while gathering all the material conditions far
the success of an event such as CPEM 2018
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Hosted by the Laboratoire national de métrologie
ot d'essais [LNEJ, in collaboration with the Centre
national de le recherche scientifique [CNRS] and the
Observatoire de Paris, the conference will cover the
Irequency range from direct current (DC) to the optical
region and will concern applications related to electrical
measurements, lime and frequency measurements,
optical and radiometric measurements.

More than 400 participants from over 40 countries across
the world are expectad toattend CPEM 2018. CPEMattracts
numeraus attendees from national metrology institutes
as well as researchers from university laboratories
specialized in precision measurements, metrologists from
indusirial and government standards laboratories and
representatives of manufacturers of the highest accuracy
standards and measurement instruments.

2018 is expected to be a watershed year in the history of
the international system of units [SI], with the definitions
of the Sl units being revised to be based on a sel of seven
defining constants. CPEM 2018 will provide a privileged
opportunity to mark this milestone of the 51 through a
natural focus on quantum devices that relate electrical
measurement standards to fundamental constants of
physics.

CPEM 2018 will also be Lhe place to share knowledge
on research in electromagnetic metrology focused on
present and future challenges regarding industry and
sociely in sectors such as Energy, Information and
Communication Technology [nanematerials, internet of
things ...], quantum engineering, Industry 4.0...

CPEM 2018

CONFERENCE ON
PRECISION
ELECTROMAGNETIC
MEASUREMENTS

PARIS - FRANCE
July 8 -13, 2018

| Sponsorship and Exhibition

CPEM 2018 will be a special event and an exceptional
support for your communication and corporate image.
It will provide the oppertunity to meet the major actors
from the scientific and industrial sectors in the field of
the measurement science of electrical standards and te
improve the visibility of your company, research center
or administration,

CPEM 2018willbe held in the superb surroundings of the
«Maison de la Chimie in central Paris, offering elegant
and practical exposition spaces inwhich to promote your
company and your products, These spaces are situated
in the heart of the conference and constitute strategic
mesating places belween participants, exhibitors and
sponsors.

If you wish to support CPEM 2018 and benefit from
the promalional opportunities it offers, please contact
the Conference Secretariat and we will study the
sponsorship and exhibition possibilities with you.

Organization

Cenference chair;
Francois Piquemal ILNE)

Conference vice chair:
Olivier Thévenot [LNE]

Conference manager:
Violaine Ferrero [Carte Blanche)

Technical Program Committee Chair:
Philip Tuckey [SYRTE]

Conference secretariat
www.cpem2018.com
contact@cpem2018.com
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Prof. dr Vladan Radulovié¢
- Biografija -

Radulovi¢ Vladan je roden 27.08.1979. godine u Podgorici. Na Elektrotehnicki fakultet
u Podgorici, odsjek energetika, upisao se 1998. godine. Diplomirao je 01.11.2002. godine
odbranom diplomskog rada "Sklopni prenaponi” sa ocjenom 10 i prosje¢nom ocjenom tokom
studija 9,79.

Na poslijediplomske studije na Elektrotehni¢kom fakultetu u Podgorici, smjer
elektroenergetski sistemi, upisao se 2002. godine i iste zavr$io sa prosjeénom ocjenom 10.
Magistarsku tezu pod nazivom ,Izbor odvodnika prenapona sa aspekta uticaja privremenih
prenapona u elektroenergetskom sistemu“ je odbranio 06.06.2005. godine na
Elektrotehni¢kom fakultetu u Podgorici.

Doktorsku disertaciju pod nazivom: »Optimizacija sistema zastite od atmosferskog
praznjenja u elektri¢nim instalacijama niskog napona“ odbranio je 08.03.2011. godine na
Elektrotehnitkom fakultetu u Podgorici.

U zvanje docenta na Elektrotehni¢kom fakultetu izabran je unovembru 2011. godine, a
u zvanje vanrednog profesora u januaru 2017 godine.

Autor je viSe naucnih i stru¢nih radova u renomiranim medunarodnim i domacdim
Casopisima i konferencijama. Clan je vi$e medunarodnih i domaéih organizacija i udruZenja.
Recenzent je u viSe renomiranih medunarodnih casopisa.

Oblasti strutnog interesovanja su: elektrane, alternativni izvori elektri¢ne energije,
prenaponska zaStita, tehnika visokog napona, visokonaponska razvodna postrojenja,
modelovanje elemenata elektroenergetskih sistema.

Kontakt informacije:

Prof. dr Vladan Radulovié

Univerzitet Crne Gore, Elektrotehnicki fakultet
Bulevar Dzordza VaSingtona bb

81000 Podgorica, Crna Gora

Mob. tel. +382 69 537 605

e-mail: vladanra@ucg.ac.me



Prof. dr Vladan Radulovi¢
Izvod iz bibliografije - Spisak najznacajnih referenci

V. Radulovié, S. Skuleti¢ (2011): ,Influence of Combination Wave Generator’s Current
Undershoot on Overvoltage Protective Characteristics“, IEEE Transactions on Power
Delivery, 2011, Vol. 26, Issue 1, pp. 152-160, ISSN: 0885-8977, DOI:
10.1109/TPWRD.2010.2060501
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Parameters on PC Cluster's Harmonics Emission”, Advances in Electrical and Computer
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10.4316/AECE.2011.01017
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Prof. dr SRETEN SKULETIC, FIET
Kratka biografija

Sreten Skuleti¢ je roden 24. Juna 1949. godine u Niksi¢u, Crna Gora. Diplomirao je 1972. g. na
Elektrotehnickom fakultetu u Titogradu, magistrirao 1975.g. na ETF-u u Beogradu, doktorirao 1981.g. na
ETF-u Titogradu.

Odmah nakon diplomiranja, 1972.g. zaposlio se na Katedri za Energetiku Elektrotehni¢kog fakulteta
u Titogradu, gdje je, u redovnoj proceduri, prosao sva asistentska i nastavnicka zvanja, da bi 1992, bio
izabran za redovnog profesora (najmladi do tada izabrani redovni profesor na Univerzitetu).

Kao najbolji student Fakulteta dobio je Studentsku nagradu ,,19 DECEMBAR* 1971.godine, a kao
priznanje za postignute rezultate, dobio je NAGRADU OSLOBOBPENJA PODGORICE za 1998.godinu. Za
ostvarene rezultate dobitnik je viSe stru¢nih i nau¢nih priznanja i nagrada.

Do sada je, sam ili u saradnji sa drugim autorima uradio i objavio 268 referenci, od ega 123 na
naSem jeziku, 144 na engleskom jeziku, i jednu na slovenatkom Jeziku. Takode je napisao i objavio
univerzitetski udZzbenik za predmet "Tehnika visokog napona" (1989.g., 245 strana) i "Praktikum za
laboratorijske vjeZbe iz Tehnike visokog napona” (2004.g., 61 strana) i za predmet Elektrane (2007.g., 375
strana), a u zavr$noj fazi su i udZbenici za predmete: "Osnove elektroenergetike" i ,,Visokonaponska
razvodna postrojenja".

Jedan je od autora, odgovornih urednika ili priredivaca vise monografija i izdanja: "Univerzitet Crne
Gore" (na nasem jeziku i skraéena verzija na engleskom jeziku), "35 godina studija elektrotehnike u Crnoj
Gori", "25 godina Univerziteta Crne Gore", "Elektrotehnicki fakultet - 40 godina studija", "Elektrotehnic¢ki
fakultet - 50 godina razvoja", "Dokumenti Univerziteta", "Prospectus of University", "Strategija
naucnoistrazivatkog razvoja Crne Gore 2008.-2016." i sl.

Osnovni nauéno-istrazivacki interes mu je u oblasti Elektroenergetskih sistema, narogito u
oblastima: Modelovanje, procjene i proraduni pouzdanosti elektroenergetskih sistema - koncept, modeli,
proracunske tehnike i primjena; Pouzdanost proizvodnje, prenosa i napajanja elektri¢nom energijom;
ProraCuni i analize pouzdanosti i u sloZenim Semama elektroenergetskih sistema; Energetika; Elektrane,
Problemi u elektranama i visokonaponskim postrojenjima; Visokonaponski problemi u elektroenergetskim
sistemima; Uzemljenja; Racionalno kori¥éenje energije; Konvencionalni i novi izvori energije (obnovljivi
izvori, naro¢ito solarna energija i energija vjetra),...

Kao rukovodilac, koordinator ili élan tima u¢estvovao u izradi vi$e domadih i medunarodnih nau&no-
istrazivackih projekata (USA - Washington University in St. Louis; USA - Texas A&M University; USA -
George Mason University, Washington, Italy - University in Bari; Italy - Politecnico di Bari, Italy —
University in Lecce; Velika Britanija - UMIST Manchester; Evropska Unija (EU, EC i CoE); Zajednica
Mediteranskih Univerziteta (CMU); Njemacka - DAAD; Njemacka - University Erlangen-Nurnberg; China -
North China Eiectric Power University - Peking; Italy - ISUFI - Istituto Superiore Universitario per la
Formacione Interdisciplinare - Lecce; EU Tempus; EU ETF; EU INTERREG; UNESCO; HP; OECD:
UNDP; CEI; CEEPES; Socrates; Leonardo; Erasmus Mundus, External Cooperation Windows, SEEGRID;
SEE ERANET; WUS Austria; Belgija; Gréka; gvedska; Litvania ...).

U toku dosadaSnjeg nauéno-istraZivatkog rada ulestvovao na razliite nadine u radu vise
ekspertskih, nauénih i stru¢nih timova i komisija, rade¢i na rjefavanju svakodnevnih ili iznenadnih tehni¢kih
prakti¢nih problema.

Neke od vaznijih administrativnih aktivnosti koje je do sada obavljao: Ministar prosvjete i nauke u
Vladi Crne Gore, Prorektor Univerziteta za nastavu, Prorektor Univerziteta za nauku, Prorektor Univerziteta
za medunarodnu i meduuniverzitetsku saradnju, ¢lan Senata i Vijeca Univerziteta, Predsjednik Savjeta
Informacionog Sistema Univerziteta, Predsjednik Paritetne komisije za naudno-nastavnu saradnju
Univerziteta Crne Gore i Univerziteta Regije Pulja, ¢lan Savjeta za nauku i tehnologki razvoj Ministarstva
prosvjete i nauke Republike Crne Gore, ¢lan Pedagoskog Savjeta Ministarstva prosvjete i nauke RCG, &lan
Koordinacionog odbora Vlade RCG za podsticanje, praéenje i koordiniranje aktivnosti na pripremama i
izgradnji novih elektroenergetskih objekata u CG, Koordinator na projektima: "Informacioni sistem UCG" i
~Akademska mreZa SRJ", ¢lan Komisije za Akademski INTERNET Saveznog Ministarstva za razvoj, nauku
i Zivotnu sredinu, Podpresjednik Zajednice Mediteranskih Univerziteta, Koordinator MREN-a (Nacionalne
istrazivatke akademske elektronske mreZe), ¢lan Vije¢a za prirodne i tehni¢ke nauke SENATA UCG, ¢lan
Uredivatkog odbora Univerzitetskih publikacija - Urednik biblioteke tehni¢kih i primijenjenih nauka, &lan
Savjeta za nau€noistraZivacku djelatnost Vlade CG,...Dekan Elektrotehnitkog fakulteta, Predsjednik Savjeta
Fakulteta, Prodekan za nastavu Fakulteta, Sef Katedre za postrojenja elektri¢ne snage, Rukovodilac
Laboratorije za visoki napon,...

U dosada3njem radu bio veoma aktivno ukljuéen u viSe domadih i inostranih strué¢nih i nau¢nih
udruZenja i asocijacija, kao rukovodilac ili njihov aktivni &lan. Dio najznadajnih od njih:



Clan (Full Member) International Academy of Electrotechnical Sciences, Moscow, Russia,
FELLOW of IEE (sada IET) - najviSe profesionalno zvanje Medunarodnog Instituta Elektro InZenjera IEE
London (sada The Institution of Engineering and Technology), UK, &lan profesionalnih IEE grupa iz oblasti
elektroenergetike: P7 - Prenosna i Distributivna postrojenja; P8 - Vazdugni vodovi i Kablovi i P9 - Planiranje
i rad elektroenergetskih sistema, Ekspert Saveznog ministarstva zsanauku, tehnologiju i razvoj u oblasti:
1227 Elektroenergetski sistemi (pouzdanost, tehnika visokog napona, proizvodnja elektri¢ne energije,
uzemljenje) i 1554 Novi izvori energije, &lan Komisije za tehni¢ke nauke Crnogorske Akademije nauka i
umjetnosti, zamjenik predsjednika Savjeta Saveznog ministarstva za privredu, za razvoj energetike SRIJ, ¢lan
Skupstine i Izvrinog odbora jugoslovenskog nacionalnog komiteta CIRED-a i predsjednik Stru¢ne komisije
(STK) 3- Distributivni energetski vodovi, &lan Studijskih komiteta (SK) 33 i 37 JUKO CIGRE, ¢lan
Nauénog Komiteta medunarodne AMSE konferencije, "Signals, Data & Systems" za oblast elektrotehnika i
elektronika, ¢lan Upravnog odbora JEP EPCG, predsjednik Skupstine EPCG, podpresjednik Nacionalnog
Savjeta za promjene u obrazovanju u CG, &lan Nacionalnog Savjeta za promjene nastavnih planova i
programa i predsjednik Komisije za Stru¢no obrazovanje, Nacionalni Koordinator za saradnju sa UNESCO-
om, ¢lan Nacionalne Komisije Srbije i CG za saradnju sa UNESC-om i &lan odbora za prosvjetu Komisije
Srbije i CG za saradnju sa UNESCO-om, &lan CIRED Medunarodnog Programskog Komiteta za Regionalne
CIRED Konferencije, ¢lan WSEAS (Word Scientific and Engineering Academy and Society) za
Elektroenergetske sisteme, radio u Peer Review Teem-ovima, koji su organizovani od strane EU, OECD i
Stability Pact for South Eastern Europe sa zadatkom analize obrazovnog sistema i politike obrazovanja u
Albaniji i BiH, ¢lan EU MOCO WBC - Monitoring Komiteta EU za nauéno-istraZivacki rad u zemljama
Zapadnog Balkana (EU Monitoring Committee for RTD-Cooperation with the Western Balkan Countries -
sada Steering Platform), &lan Upravnog Odbora (Governing Board) Evropske Asocijacije za Male
Hidroelektrane (ESHA - European Small Hydropower Association), koja radi pod okriljem EREC i
Evropske Komisije u Briselu, ...

Nalazi se na rosteru medunarodnih eksperata tri organizacije UN: Agencije za tehni¢ku saradnju za
razvoj (UN DTCD), Agencije za industrijski razvoj (UNIDO) i UNESCO-a.

Skolske 1982/83. godine, kao stipendista Fulbrajtovog programa, u svojstvu Viziting profesora,
boravio je na Systems Science and Mathematics Department, Washington University in St. Louis, Missouri,
USA.

Od 1.oktobra 1990.godine do 31.septembra 1991.godine proveo na Univerzitetu u Manchesteru
(UMIST) rade¢i kao rukovodilac na nauéno-istraZivatkom projektu pod nazivom: »Reliability Assesment of
Composite Systems*. Nakon toga u vie navrata boravio po nekoliko nedjelja na UMIST-u.

Koristeéi stipendiju za Istaknute istraZivate (Award for Outstanding Senior Researchers for the
Study and Research Visit in the Fedrela Republic of Germany) dobijenu od DAAD (German Academic
Exchange Service) dva puta po mjesec dana (2000. i 2003.) proveo na Friedrich-Alexander University
Erlangen-Nurnberg.

Kao UN Ekspert u oblasti Energetike od Evropske Komisije, Generalni Direktorat za Energiju, po
pozivu kao predava¢ ucestvovao na Workshop-u, koji je u okviru Programa ENERGIE pod nazivom "New
and Improved Small Hydropower Technologies for the Balkan Peninsula Market" odr¥an u Atini (Grcka).

Bio je ¢lan IstraZivackog tima EU za Altener Research Programme (ECC-Contract: N.4.1030/Z/99-
253) " BlueAGE - Blue Energy for a Green Europe.

Na poziv North China Electric Power University iz Pekinga, NR Kina, u vremenu od 15. do 20.
aprila 2000. godine organizovao dva seminara za postdiplomce i profesore sa Univerziteta, kao i dva
predavanja za studente Elektroenergetskog Odsjeka, iz oblasti tehnike visokog napona i savremenih i novih
trendova u ovoj oblasti.

Kao Gost - Profesor ucestvovao u pripremi, organizaciji i odrZavanju kursa iz "Electrical Energy
Generation and Distribution”, koji je u okviru Summer Academy u organizaciji DAAD, SIEMENS-a i
Univerziteta u Erlangenu, a pod pokroviteljstvom Pakta Stabilnosti za Jugoistoénu Evropu odrZan u Ohridu
2000. godine, a kasnije kao organizator u ime Univerziteta Crne Gore, od 2001 do 2005. godine u Petrovcu, i
od 2006. do 2007.g. u Budvi.

U okviru programa International Visitor Leadership Project, u organizaciji US Department of State i
Bureau of Educational and Cultural Affairs, boravio u USA u avgustu 2004. godine. Cilj projekta je bio
produbljivanje znanja u oblastima: zatita prirodnih izvora i razvoj alternativnih i obnovljivih izvora
energije. Kao rezultat ove posjete potpisan je Sporazum o saradnji Univerziteta u Davisu, Kalifornija i
Univerziteta Crne Gore, ¢iji je bio koordinator.

Govori, ¢ita i pise: engleski, francuski i italijanski, a sluZi se i ruskim jezikom.



Prof. dr SRETEN SKULETIC, FIET
- Spisak najznacajnijih referenci iz oblasti -
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S. Skuleti¢; V. Radulovi¢; |. SteSevié: "Possibilities and limitations of measuring the energy
of direct solar radiation”, Power Engineering, Fourth International Conference on Energy
and Electrical Drives (POWERENG), 2013, pp.: 1789 -
1794, DOI: 10.1109/PowerEng.2013.6635889

2. V. Radulovié and S. Skuleti¢, "Influence of Combination Wave Generator's current
undershoot on Overvoltage protective characteristics," IEEE Trans. Power Delivery, vol. 26,
no. 1, pp. 152-160, 2011.DOI: 10.1109/TPWRD.2010.2060501

3. S. Skuletié¢ and V. Radulovié, "Analysis of Surge Protection Performance in low-voltage AC
systems with capacitive load," in 45th International Universities Power Engineering
Conference, UPEC 2010, 2010.

4. S. Skuleti¢ and V. Radulovié, "Effective Protection Distance from Cascade coordinated
Surge Protective Devices to Equipment in Low-voltage AC Power Circuits," in 43rd
International Universities Power Engineering Conference UPEC, 2008. [Online]. Available:
http://dx.doi.org/10.1109/UPEC.2008.4651618 .

5. M. Vukasovié; S. Skuletié:” Implementation of different methods for PTDE matrix
calculation in flow-based coordinated auction”, International Conference on Power
Engineering, Energy and Electrical Drives, 2007, pp: 791 -
795, DOI: 10.1109/POWERENG.2007.4380158

6. S. Skuleti¢; M. Savié; V. Radulovi¢: “Possibility of computer application for calculations of
switching overvoltages originated by capacitive current’s tripping”, 42nd International
Universities Power Engineering Conference, 2007. UPEC 2007., pp:504 -
508, DOI: 10.1109/UPEC.2007.4468999

7. S. Skuleti¢; V. Radulovié: “Contribution to Calculation of Switching Overvoltages
Originated by Line Energizing in the Networks with Lumped Parameters”, Proceedings of
the 41st International Universities Power Engineering Conference, 2006 Volume: 3,
pp: 926 - 930, DOI: 10.1109/UPEC.2006.367615

8. S. Skuleti¢; A. Balota: “Reliability assessment of composite power systems”, Canadian
Conference  on  Electrical and Computer Engineering, 2005. pp: 1718 -
1721, DOI: 10.1109/CCECE.2005.1557314

9. S. Skuleti¢; V. Radulovié: “Possibility for fast and easy calculations and analysis of
switching overvoltages”, 39" International Universities Power Engineering Conference,
2004. UPEC 2004., Vol. 1, pp: 149 - 153

10. S. Skuleti¢; P. Mijajlovi¢: “Experimental investigations of switching overvoltages in 110 kV

network of power system of Montenegro”, Power Tech Conference Proceedings, 2003,
IEEE Bologna, Volume: 2, Page: 7, DOI: 10.1109/PTC.2003.1304290

Podaci o radovima koji su evidentirani u SCOPUS bazi dati su u prilogu.
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Isuf F. Krasniéi

OBRAZOVANJE

Dr. Sc., Univerzitet u Pristini, Elektrotehni¢ki Fakultet

Teza: “Elektrostati¢ki motor - Venac”.

1978 Mr. Sc., Univerzitet u Zagrebu, Elektrotehni¢ki Fakultet
Teza: Oneciscenje izolatora na elektroenergetskim postrojenjima
1972 Diplomirani inZenjer, Univerzitet u Pristini, Tehni¢ki Fakultet

0Od 2012

PROFESIONALNA KARIJERA | AKADEMSKI POZIVI

Teza: “Prekidadi visokog napona sa gasom SF6 «

Redovan ¢lan Akademije Nauka i Umjetnosti Kosova.

Od 2009 Sektretar Akademije Nauka i Umjetnosti Kosova.
Od 2008 Clan dopsinik Akademije Nauka i Umjetnosti Kosova.

Od 1998 do sada | Redovan Profesor, Elektrotehni¢ki Fakultet, Univerzitet u Pridtini
1993-1998 Vanredni Profesor, Elektrotehni¢ki Fakultet, Univerzitet u Pridtini
1987-1993 Docent, Elektrotehnic¢ki Fakultet, Univerzitet u Pristini.
1978-1987 Predavac, Elektrotehni¢ki Fakultet, Univerzitet u Pristini.
1974-1978 Mladi asistent, Elektrotehnicki Fakultet, Univerzitet u Pritini.

POZICIJE U UNIVERZITETU

2009 Clan drzavnog Saveta za Nauku Kosova
2008 Clan Saveta za Doktorske Disertacije Univerziteta u Pristini
2007 —2014 | Sef odseka za Elektrohniku u Fakultetu za Elektri¢nu i

Kompjutersku InZinjeriju, Univerzitet u Pristinu.

2000-do sada

Clan Saveta u Fakultetu za Elektriénu i Kompjutersku InZinjeriju,
Univerzitet PriStina.

2007- do sada

1996-1999 Predsednik Centralnog Saveta za prosvetu republike Kosova
1988-1994 Dekan Elektrotehni¢kog Fakulteta, Univerzitet u Pristini
1980-1982 Zamenik Sefa Elektrotehni¢kog Fakulteta, Univerzitet u Pristini

Tehnika visokog napona, Koordinacija izoacije i Elektrotehnigke
Materijale, Fakultet za Elektri¢nu i Kompjutersku InZinjeriju,
Univerzitet u Pri$tinu.

1987-2007 Tehnika visokog napona, Elektrotehnitke Materijale,
Elektrotehnic¢ki Fakultet, Univerzitet u Pristini.

1997-1999 Elektrotehni¢ke Materijale, Fakultet za Elektri¢nu InzZinjeriju,
Univerzitet u Tetovo

1978-1980 Elektriéne masine, Visoka tehnitka Skola, Mitrovica, Univerzitet u
PriStinu.

1973-1978 Laboratorske veZbe za predmete katedre za Elektriéna Merenja,

Tehnigki Fakultet, Elektrotehnitki Odsek, Univerzitet u Pristinu.




NAUCNI RADOVI

L. Krasniqi “Prenos najvisim naponom” , Elektrotehnicki Fakultet Zagreb, 1976 |

L. Krasniqi “Uticaj korona na prenos radio i TV signala”, Elektrotehnicki
Fakultet Zagreb, 1976

3. | I Krasniqi “Oneciscenje izolatora na elektroenergetskim postrojenjima”
Magistarski rad, Elektrotehnicki Fakultet Zagreb, 1978

4. | 1. Krasniqi “Klasicni i radioaktivni gromobran”, Opatia 1979, Kroaci

5. | I Krasniqi “Efekat indsutrijske zagadjenosti na EES TC KOSOVA B,
simpozium JUREM 1980

6. | I. Krasniqi, A. Abazi, S. Limari “Efekat indsutrijske zagadjenosti na EES TC
KOSOVA B”, casopis RMKK-KOSOVA 1985

7. | L Krasniqi, G. Latifi, “Odvodnici prenapona ZnO" bilten Elektrotehni¢kog
Fakulteta, 1985, PriStina

8. | I Krasniqi * Electrostatic Corona motor” Third International Conference on
electrostatics, Cracou, Poland, 1985

9. | I Krasniqi “Elektrostaticni motor-Venac’, doktorski rad, Pristina, 1987

10. | I. Krasniqi, A. Abazi, “Utjecajugla elektroda na vrednosti ulaznih parametra
motora Venac”, Medjunarodni Simpozijum za geoelektricitet i gromobran,
Nis , 1988

1. | I Krasniqi, A. Abazi, “The influence bent Electrode Angle on the input and
output of PVC electrostatics Corona Motor” Fourth International Conference
on Electrostatics, Wroclaw-Szklarska Poreba, Poland 1990

12. | I. Krasniqi “Jedan poseban osvrt na ‘krunu” kao pojam visokg napona ’'Casopis
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Usmenim zahtevom biv.asistenta Mr.Sc Avni Alidemaj i na osnovu podataka sa kojima raspolaze
Elektrotehni¢ki Fakultet i Fakultet Kompjutersva u Pristini, izdaje se ova:

POTVRDA

Ovom se potvrduje da na osnovu Odluke br. 122/98 od 27.03.1998 god, Prof. Dr. Isuf Krasni&i.
dobijo zvanje nastavnog nauénika, Ordinarni Profesor, dana 26.03.1998 god, za predmete:
Elektrotehni¢ki Materiali i Tehnika Visokog Napona u Elektrotehnickom Fakultetu u Pristinu.
Potvrda se izdaje na zahtev biv. njegovog asistenta Mr. Sc. Avni Alidemaj, i vaZi za regulisanje
dokumentacije radi doktorske studije u inostranstvo, potvrda ne vaZi za druge svrhe.

DEKAN
Prof. Dr. Enver Hamiti

Potvrdeno ru¢nim potpisom
Pecat: Pristingki Univerzitet, Elektrotehnicki Fakultet i Fakultet Kompjutersva
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Me kérkesén verbale t€ ish asistentit Mr.sc. Avni Alidemaj dhe né bazé t& shénimeve qé posedon
Fakulteti i Inxhinierisé Elektrike dhe Kompjuterike né Prishting, léshohet ky :

VERTETIM

Me kété vértetojmé se bazuar né Vendimin me nr.122/98 t& datés 27.03.1998, Prof.dr.lsuf
Krasniqi, ka marre thirrjen shkencore mésimore profesor ordinar me dt.26.03.1998 pér léndét

Materialet elektroteknike, dhe Teknika e tensioneve té larta , n& Fakultetin e Elektroteknikés
né Prishting,

Vértetimi l&shohet me kérkesén e ish asistentit t& tij Mr.sc.Avni Alidemaj, dhe vlen pér rregullimin
¢ dokumentacionit pér studimet e doktoratés jashté vendit, vértetimi nuk vlen pér raste tjera .
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