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Abstract. In this article we present some simulation
models regarding the occurences that affect the quality
of the electricity supplied to a low voltage consumer. We
believe that these will offer to the researcher the
opportunity to simulate power quality deviations in
different energy system models, thus providing a picture
regarding the way those deviations propagate and
behave, creating a few basic patterns for studying the
energy quality, also taking into consideration the
limitations of the system in respect to the software used
and the human factor performing the research.
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1. INTRODUCTION

There are currently a large number of tools for simulating
power supply systems. Among these, the most commonly
used simulation environments in the academic
environment are: the ATP version of the Electromagnetic
Transients Program (EMT) simulator [1-5], the PSCAD
(Power Systems CAD) simulator with EMTDC
(Electromagnetic Transients including DC) [6-10],
MATLAB with the Power System Toolbox [11-15] and
the Power System Analysis Toolbox [16-23] and
Simulink with SimPowerSystems [24-36] and Power
Analysis Toolbox [37-40].

Article [41] provides a full description of the benefits
offered by each simulator.

Circuits will be simulated in the MATLAB / Simulink
environment with the SimPowerSystems module. These
circuits are based on the circuit of Figure 1 and have been
developed from the schemes presented in [27].
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Figure 1. Basic circuit used for simulations

The circuit in Figure 1 contains a 11 kV three phase
(which will be represented in the article by symbol "®")
@ source module that can supply 30 MVA at a frequency
of 50 Hz, a 11/ 0.4 kV transformer module with a power
of up to 1 MVA and an inductive load module with an
active power of 10 kW and a reactive power of 100 VAR.
At simulation, the powergui module is used continuously
with the ode23tb solver.

2. SHORT CIRCUIT MODE

To simulate the short circuit, two fault simulation
modules are connected to the diagram in Figure 1. The
first such module is called Fault and allows simulation of
a short-circuit event in which one or more ® lines have
been accidentally connected. The second module,
Multistage Fault, allows simulation of a second short-
circuit event. The configuration menus of these modules
are shown in Figure 2. Two circuits connected to two
oscilloscope modules have been added to the circuit,
obtaining the circuit shown in Figure 3. In this section,
the simulation duration was set to 0, 4 s, and the short
circuit takes place at 0.1 s and lasts 0.2 s.
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Figure 2. Configuration of the blocks used in the simulation
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Figure 3. Circuit to simulate short circuit
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The results of the simulation are shown in Figures 4-5.
Next, the voltage corresponding to ® A will be
represented in blue, with the one corresponding to © B
and green for @ C. The first set of results is shown in
figures 4.a and 5.a, simulating a short-circuit between @
A and null before the transformer, on the 11kV bus.
These results correspond to the configuration in Figure 2.
It is noted that the simulated short circuit has lowered the
effective phase voltage from ® A from 6.35 to 1.47 kV.
This voltage gap affects both the A @ (from 230 V to 116
V) and the C @ (from 230 V to 164 V) to the consumer.
The effects on the @ B after the transformer (on the 0.4
kV bus) are negligible.

In the next experiment (Figures 4.b and 5.b) a short
circuit between Phase A and Phase B is simulated.

The effective voltage on the 6.35 kV lines decreases to
4.38 kV for Phase A and 2.04 kV for Phase B At the
consumer, this short circuit led to ® A at 53 V, ® B at
175 Vand ® C at 225 V.

There is also a small oscillation (line voltage at phase C
reaching a maximum of 244 V). These oscillations are
due to short-circuit phase changes.
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(d) Three (I) short clrcult between ® A, ® B and ® C

0 1KV B Waveform 0.4KV Bus Instantaneous Wavelorm

\:[\ ”..Hl ::f; r‘|‘Iqul‘ Al |
1, R
“Iml‘tu \"llM |

|VI = ;U ”\f |n bl

s ;Fl‘ I*:.u "“‘ alldllalla
I i
I I ‘li J ‘
o8 H',f ||( H CRELA LR

' 0
] s o1 o 0z w04 oo 05 o1 ol 02

(e) Short series: between ® A and ® B, then between A,B
and null
Figure 4. Instantaneous value of line voltages before and
after the transformer when short circuit occurs
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Figure 5 Actual value of line voltages before and after the
transformer in short-circuit
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Figures 4.c and 5.c show the effects of a short circuit
between @ A, ® B and null. The line voltages in phases A
and B are at 1.47 kV before passing through the
transformer. At the consumer, all three phases are
affected: Aisat53V,Bis117 V,and Cisat 164 V.

In Figures 4.d and 5.d we have a short circuit between all
three phases. Before the transformer, the voltages reach
the value of 1.47 kV, corresponding to a voltage gap of
53V after the transformer.

The last set of graphs (Figures 4.e and 5.e) simulates the
effect of short-circuits that take place successively.

The first event takes place from 0.1s: a short circuit
between ® A and @ B, then 0.2 second starts the second
event: short-circuit between @ A, ® B and @ B.

At the second event, the short-circuit loop impedance is
lowered to 0.1 Q. The line voltage during the first event
is the same as in figures 4.b and 5.b.

At the second event, the decrease in the impedance in the
short-circuit loop caused a more significant voltage gap,
i.e. an effective consumer voltage of 5.1 V per phase A
and around 130 V on the B and C phases.
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3. OVERLOADS CAUSED BY A LIGHTNING
STRIKE

The circuit in Figure 6 simulates transient overvoltages
caused by a lightning strike near the transmission lines.
The MATLAB / Simulink environment does not have a
dedicated model for this phenomenon, so it is necessary
to create a simulation block.

Figure 6.b shows the lightning strike simulation sub-
circuit that forms the desired pattern. In this sub-circuit,
the MATLAB function block contains the waveform
generation code of the light pulse generated by lightning:

function v = lightning_function (t,t1,A,u)
alpha=14000;
v = A*exp(-alpha*abs(t-t1))*u;

where A is the magnitude of the pulse (read from variable
mag, variable controlled from the module properties, set
to 1 kV in the current experiment), t1 is the start time of
the pulse (set at 0.0125 s), and alpha represents the
damping factor set to 14000). The impulse generation
code also contains the MATLAB functions exp(a)=e*
(exponential function) and
abs(a) = {_{Z,dfiﬁ;if 0 (function module).

The lightning strike simulation block is connected to the
circuit through a 10Q and 1uH connection. The
impedance value controls the simulated distance between
the lightning strike and the electrical network. This
distance influences in turn the amplitude of the transient
overvoltage introduced into the circuit (the smaller the
impedance value, the lighter hit closer to the simulated

grid).

Figure 7 shows the effect of the simulated lightning strike
with the parameters above.

The 1kV impulse affected all three phases, the
disturbance of 0.0125 s being clearly visible in the graph.
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Figure 7. The effect of the lightning strike on the
instantaneous value of the line voltage

The amplitude of the overvoltage surge could cause
damage to the consumer equipment considered in
Chapter 5 - S.C. R.T. Measuring & Controlling S.R.L.,
especially of those ITs most sensitive to overvoltages
caused by atmospheric electrical discharges. The effect of
the simulated overvoltage resembles that of the consumer
and from the discussions with the decision-makers within
the company as well as from the consultation of the
databases of the National Meteorological Administration
it was found that during the record of the damage no
weather phenomena of the type presented above, namely
atmospheric electrical discharges.

4. TRANSFORMER LOAD

The circuit in figure 8 simulates the influence of the
shock shock caused by the transformer's loading of the
magnetic core saturation. The switching block is open in
second and closes at 0.06 s, simulating the voltage gap
caused by transformer load.
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Figure 8. Circuit for simulating transformer load

Figure 9 shows the voltage gaps caused by transformer
charging in Figure 8. The simulation time was set to 0.8 s
to maintain the waveform visibility in Figure 9.a. For the
given circuit, line voltages reach nominal values after
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approximately 4 seconds. It is also noted that the three
phases are affected differently by the transformer charge,
the largest gap being observed at Phase A.
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Figure 9. Effect of transformer charge on line voltage
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Figure 10. Harmonic analysis of distortions induced by
transformer charging

Next, the Powergui module is used to visualize the Phase
A signal harmonics during transformer charging. The
harmonics for the simulation period of 0.2 - 0.4 s are
shown in Figure 10 (together with the Powergui module
configuration). In this figure we can see high harmonics,
of order 2, 6, 18 and 24, typical disturbances when
charging a transformer.

5. LOADING A CAPACITOR BATTERY

Voltage disturbances caused by charging a capacitor
battery are simulated with the circuit shown in Figure 1.
Each capacitor battery is connected to the bus through a
circuit breaker with three phases.

The bank connected before the transformer has a
100kVAR capacities, and the transformer is 40kVAR.
They can compensate for a power factor of up to 0.857
corresponding to an inductive load of 100kVAR.

The timer of the simulation starts with 0.1s, and both sets
of conggers (before and after the transformer) start
charging at 0.023s by switching the status of their
switches. The results of this experiment are shown in
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Figure 12. We notice the occurrence of voltage
fluctuations over a period of 0.03 s (the attenuation speed
being controlled by the current load). At the consumer,
this disturbance resulted in pulses, the instantaneous
voltage reaching a maximum of 540 V.
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Figure 11. Circuit built to simulate charging a capacitor
battery
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(b) Effective voltage
Figure 12. The effect of charging a number of capacitor
batteries on line voltage

6. STARTING A HIGH-POWERED ENGINE

Figure 13 shows the circuit used to simulate the start of a
high power engine. An interrupt block is also used to
connect the motor to the circuit. The simulation time is
set to 0.4 s, the motor feed starts at 0.1 s. This simulation
initially uses a 75kW motor, then the experiment is
repeated for one of 100kW. Engine speed is set to one

radian per second.
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Figure 13. Circuit designed to simulate the start of a high
power engine
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The effect of starting the 75/100 kW motors on the line
voltage is shown in Figures 14 and 15. The voltage drop
caused by the engine start was propagated through the
transformer, which is also visible on the 11 kV bus, but
the effects on it are negligible. For the 75 kW motor, the
effective voltage on this bus goes down to a minimum of
about 6240 V (phase C) from a nominal value of 6350 V.
And at the 100 kW motor, the effective voltage drops to a
minimum of 6190 V.

The gap voltage magnitude is determined using the
nominal motor power. A high rated motor will cause a
more significant gap compared to a lower rated power.
This aspect is also reflected in the graphs of Figures 14
and 15. The starting of the 75 kW engine made the
effective voltage to the consumer reach the minimum
value of 208 V from the nominal value of 230 V. The
start of the 100 kW engine produced the appearance of a
minimum effective voltage of 202 volts.
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(b) 100 kW engine
Figure 14. Instantaneous line voltage value before and after
the transformer when starting a high power motor

11KV Bus RMS Waveform 0.4kV Bus RMS Waveform

B & a—_
P

¢ ow o1 am ez s w a® w0

(b) 100kW englne
Figure 15. Actual value of line voltage before and after the
transformer when starting a high power motor

7. USE OF FURNACE WITH ELECTRIC ARC
MELTING TECHNOLOGY

The MATLAB / Simulink environment does not have in
basic modules a simulation model for a furnace with
electric arc. The model should be made separately using
the basic blocks in the Simulink bookstore. Next, the
proposed simulation model will be implemented in [27],
a model based on the diagrams of [42-50]. The
corresponding circuit is shown in Figure 16.a and the
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sub-circuit that forms the electric arc melting furnace
module is shown in Figure 16.b.
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(b) The sub-circuit for the furnace
Figure 16. Circuit for simulating an electric arc melting
furnace

The sub-circuit in Figure 16.b contains three voltage
controlled sources (one for each phase) and three
consumers having a resistive component of 0.01 Q and an
inductive one of 1mH (one consumer for each phase).
The sub-circuit also contains three MATLAB function
blocks that control voltage sources depending on the
current intensity on the core phase and a sinusoidal signal
received from a wave generator. The sinusoidal signal has
a frequency of approximately 8.8 Hz (55.3 rad / s), and
the function-type blocks contain the code:

function v=function_EAF(f,i)
€=19000;
d=5000;
m=0.2;
vp=200;
vt=vp+(1+(m*f));
v=sign(i)*(vt+(c/(d+abs(i))));

where "f" is the value of the sinusoidal signal at that time,
"i" is the intensity of the electrlc current, "c" is the arc
force "d" is the arc current, "m" is the modulatlon index,
"vp" is the arc voltage threshold, "vt" is the length of the
arc, and "v" is the value which controls the voltage
generator.

Using the arc melting furnace produces a flicker effect on
the line voltage, the waveforms on the three phases of the
0.4 kW bus are shown in Figure 17. As can be seen from
this figure, all three phases are distorted by the flicker
effect caused by the arc melting furnace.
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Figure 17. The effect of using the arc melting furnace on the
line voltage

The disturbances on the sinusoidal waveform shown in
Figure 17 (caused by the use of the electric arc furnace)
also introduce harmonic distortions. These distortions are
clearly visible in the spectral analysis graph shown in
Figure 18. To achieve this graph, the Powergui module
was used that captured data with the start of the
simulation for 10 cycles, following frequencies up to 2
kHz. There are large 3, 5, 7, 9, 11 and 13 magnitude
harmonics, with the maximum at the 3rd order
harmonics.
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Figure 18. Harmonic analysis of distortions induced by the
use of an electric arc melting furnace
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Figure 19. Circuit built to simulate a single-phase nonlinear
load

8. PRESENCE OF A SINGLE-PHASE NON-
LINEAR ELECTRIC CHARGE

To simulate disturbances produced by a single-phase
nonlinear load, the circuit in Figure 19 is used. The
diagram contains a single-phase capacitor rectifier with a
2mF capacitive filter for each phase. The diagram also
contains a set of resistive consumers of 10Q. The
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disturbances caused by the non-linear load on the line
voltage are shown in Figure 20. The sinusoidal waveform
on the 0.4 kV bus is distorted at the points corresponding
to the angles of 60° and 240°. The disturbances caused by
the single-phase nonlinear load are not visible on the
11kV bus, they are eliminated by the transformer.

Figure 21 shows the harmonic analysis chart obtained for
the circuit of Figure 19. At the 0.4 kV bus, the distortions
are present at the odd order harmonics. The transformer
reduced the magnitude of the distortions, thus at the 11kV
bus, the distortions present in the odd order harmonics
were reduced (more precisely, the ones smaller than 21)
or eliminated (21 or higher).

«10* 11kV Bus Instantaneous Waveform
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Figure 20. Effect of the presence of a one phase nonlinear
load on line voltage
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Figure 21 Harmonic analysis of distortions caused by single-
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9. THE PRESENCE OF A NON-LINEAR TRI-
PHASE LOAD

The disturbances caused by a three-phase non-linear load
are simulated with the circuit shown in Figure 22. The
PLL (Phase Lock Loop) is used to synchronize the pulse
generator, a generator that controls a three-phase rectifier.
The control angle of this rectifier is controlled by a
variable block with an initial value of 30°.
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Figure 22. Circuit for simulating non-linear load on a three-
phase electric circuit

The disturbances introduced by the three-phase nonlinear
load are shown in Figure 24. At the consumer, all three
phases present pulse of line voltage. Similar to previous
consumer disturbances, distortions caused by the three-
phase nonlinear load are attenuated by the transformer.
Thus, these disturbances present on the 11kV bus have an
attenuated aspect compared to those on the 0.4 kV bus.
The position of the voltage pulses is determined by the
three-phase rectifier's control angle, and their width is
determined by the inductive load in the circuit.

To visualize the harmonic distortions produced by the
pulses in Figure 23.a, a harmonic analysis of the line
voltages on the two bus lines is performed. The results
are shown in Figure 24.

Harmonics in the order of 5, 7, 11, 13, 17, 19, 23, 25, 29,
31, 35 and 37 of Phase A of the 0.4 kV bus show strong
distortions. These are also present in the case of the 11kV
bus, but their magnitude has been significantly reduced
by the passage through the transformer.
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(©) three-phase rectifier control angle of 90°
Figure 23. The effect of the presence of a three-phase non-
linear load on the line voltage
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Figure 24. Harmonic analysis of the distortions caused by
the nonlinear load on a three-phase circuit

10. CONCLUSIONS

The simulations offer the opportunity for the researcher
to create different energy system models in order to
simulate power quality deviations by connecting different
functional blocks into the environment of the simulation.

Therefore, within the simulated model, it provides a
perspective on the way quality deviations propagate and
behave.

The limitations of the simulation is characterized by the
performance of the software chosen, as well as by the



Scientific Bulletin of the Electrical Engineering Faculty — Year 19 No.1 (40)

basic knowledge of the engineer or research team on
energy quality.

This article presents simulation models that are capable
of simulating energy quality disturbances, including short
circuit, overvoltages caused by a lightning strike,
charging the transformer, charging a capacitor battery,
starting a high power engine, using a melting furnace in
the electric arc, the presence of a non-linear load single
phase and three-phase respectively.

These simulation models have tried to present them as
basic models for studying energy quality.
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