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ABSTRACT

Hybrid transformers (HT) have the advantages of the conventional transformer, the regulatory
abilities of power electronic converters, and reduce the impact of the grid. The impacts of the
existing grid are voltage sag, voltage swell, harmonic distortion, and voltage unbalanced. The
power electronic converter has a controllable advantage such as regulating the voltage and can
transfer only a fraction of the power. In this paper, the proposed back-to-back converter
included an active front rectifier and a modular multilevel converter (MMC) was simulated by
MATLAB/Simulink software. The proposed back-to-back converter was used at the primary side
of the distribution transformer to compensate for the voltage sag and swell issues. The
simulation results were obtained under different conditions such as various supply voltages and
various loads. Hence, the proposed system has the ability to regulate the output voltage under
various conditions.
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1. INTRODUCTION

The integration of renewable energy resources and the grid, the growth of switch-mode power
converters, industrial and domestic nonlinear, and charging station for the electric vehicle have a
terrible impact on the power quality of the distribution network [1]. The voltage fluctuation is the
most major issue of the power quality. The main reasons for the voltage fluctuation in the
distribution power system are dynamic load variation, renewable energy resources with weather
disturbance, and switching impacts [2]. The voltage sag/swell, voltage unbalance, voltage and
current harmonics, and poor power factor are classified as power quality issues [3]. The
conventional distribution transformer cannot deal with the power quality issues such as voltage
sag/swell and voltage unbalance.

The increased penetration of electric vehicle charging systems and distributed generation will
create power quality issues in the low-voltage distribution grid (LVDG) like voltage variation in
the grid, voltage sag/swell, harmonic distortion, and weak power factor. The on-load tap changers
or dynamic voltage restorers with distribution transformers are one of the solutions that can be
used to mitigate the power quality issues in the LVDG [4]. On-load tap changers are widely
integrated with the distribution transformer in order to compensate for voltage fluctuation.
However, the on-load tap changers have main drawbacks such as a strict range of output
compensation, bad dynamics of voltage regulation, and stepwise alteration [5-7]. Dynamic
voltage restorer (DVR) is a power electronic equipment used to protect the loads that are
susceptible to voltage troubles (rapid voltage sags/swell) at the point of common coupling (PCC)
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[8], [9]. The main operation of DVR is inserting a voltage with a demanding phase, magnitude,
and frequency. In addition, the DVR is connected to the distribution feeder in series in order to
keep the required waveform and amplitude for the voltage of the load even if the voltage is
disturbed [10]. Dynamic sag corrector (DySC) is another technique used to compensate for
voltage fluctuation and also can be combined with the distribution transformer [11], [12]. The
DySC is established on the power electronics components which use an AC-AC converter with
pulse width modulation (PWM) to assure perfect dynamic features. Ride-through voltage
compensators and Dynamic sag correctors (DySC) can be used to solve the issues of the power
quality on the distribution line customer by supplying voltage sag compensation with a decreased
cost [13-14]. However, they can be used to mitigate voltage sag only [11-15]. The fast response
advanced system, voltage phase angle control and sag mitigation, harmonic filtering, and reactive
power compensation are requirements to achieve voltage regulation in terms of dynamics and
accuracy. Therefore, the hybrid transformer is a hopeful solution to enhance the power quality of
the grid. The power electronic converter is capable of compensating active and reactive power,
regulating the voltage, balancing the currents of the load, and filtering harmonics [16].

In General, there are two methods of the structures of the hybrid transformer to connect the
power electronic converter. The first method is to integrate the power electronic converter into
the high voltage side of the distribution transformer (DT) which has the benefit of low currents
and no converter neutral wire. However, it consumes a high voltage power electronic transistor.
The second method was to integrate the power electronic converter into the secondary side of the
DT which has low voltage and high current. In the selected HT construction, the power electronic
converter is located on the high-voltage side of the DT [17]. The main object of this paper was to
compensate for the output voltage under sag and swell issues by HT.

This paper presents: 1) the circuit configuration of the proposed back-to-back converter in the
primary side of the DT to compensate for the output voltage and 2) simulating the proposed HT
under different conditions as various supply voltages and various loads. The AC grid provides the
system with direct 90% of the supply to the load side and 10% of the AC grid will provide the
proposed back-to-back converter at the proposed system. The proposed HT is based on MMC to
compensate for the output voltage with a range of £10%.

The rest of the paper is organized as follows: section 2 represents the circuit configuration
converter. Subsection 2.1 represent the circuit configuration of the MMC and its challenges.
Subsection 2.2 represent the design of the proposed back-to-back converter. Section 3 represents
the control of the proposed converter. Section 4 represents the simulation results under different
conditions. Section 5 is the conclusion of the paper.

2. CIRCUIT CONFIGURATION CONVERTER

The proposed back-to-back converter included an active front rectifier and a modular multilevel
converter (MMC) inverter was used to compensate for the voltage sag and swell issues. The
proposed converter was integrated at the primary side of the distribution transformer. The
proposed back-to-back converter used an active front rectifier to reduce the volume and cost of
the proposed converter. The purpose of the rectifier is to regulate the DC voltage on the DC link.
The MMC is one of the multi-cell converter family which is new progress and has the capability
to work in medium voltage (2.3-13.8 kV) to high voltage (33-400 kV) and power rating of
0.226-1000MW [18]. The MMC is useable in high-power conversion because of its lower output
THD, high voltage scalability, and higher modularity [19]. The circuit configuration is illustrated
in Figure 1.
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Figure 1. The proposed back-back converter in the primary side of the DT.
2.1. Circuit Configuration of the MMC and its Challenges

The MMC is one of the multi-cell converter family which is new progress and has the ability to
work in medium voltage to high voltage and power rating of 0.226-1000MW. The MMC control
is complex and the circuit configuration is illustrated in Figure 1A in Appendix A. The purpose
of adding more submodules in each arm is to increase the voltage and power capacity of the
MMC. The MMC is used in high-power applications because of its lower output THD, high
voltage scalability, and higher modularity [20]. The control and operation of the MMC have
technical challenges as follows:

1) Submodule Capacitor Voltage Control: The voltage of the submodule capacitor should be
fixed at the reference voltage value. The circulating current problem was due to the voltage
unbalance between the arms. The direction of the arm current and capacitor voltage is the
factor that affects the voltage balance among the submodules.

2) Submodule Capacitor Voltage Ripple: The voltage ripple of the submodule capacitor is due
to the interaction between the arm currents and voltage.

3) Circulating Currents: The voltage difference between the arms in each leg cause circulating
currents. The peak and RMS value of the arm current grew by the circulating current
leading to a rise in the converter power losses and the ripple in submodule capacitor
voltage.

The three-phase MMC configuration is shown in Figure 2. The MMC leg is divided to be two
arms (upper arm and low arm). The arm is consisting of submodules and a series inductor to limit
the current due to the voltage difference between the arms. The core advantages of MMC are able
to scale the voltage and the power rating and the output voltage has very low total harmonic
distortion (THD). In addition, the MMC has the ability to produce the output voltage waveform
with a very large number of voltage levels. Also, the MMC can operate with a low switching
frequency [21].
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Figure 2. Circuit configuration of the MMC.

A submodule (SM) configuration is a combination of low-voltage IGBT devices and capacitors.
The half-bridge (HB) submodule, full-bridge (FB) submodule, flying capacitor (FC) submodule,
cascaded half-bridge (CH) submodule, and double clamp (CD) submodule are used as submodule
configurations in MMC. The half-bridge (HB) submodule is illustrated in Figure 2A in Appendix
A which is commonly used in marketable products. The structure of the HB is two semiconductor
devices and a floating capacitor. The HB is a simple design and control as in standard process
one of the devices will be ON. The low power losses and high efficiency are the advantages of
the half-bridge submodule. The positive levels are the results of the output voltage of the half-
bridge submodule.

2.2. Design the Proposed Converter

The proposed converter is a combination of the rectifier and the MMC. The design of the MMC
will be based on the capacitance value of the submodule, inductor size, and the number of the
submodule. The number of submodules is determined by dividing the DC-link voltage by the
desired voltage of the submodule capacitor. The voltage and current ripples in the converter will
be limited depending on the suitable SM capacitor size. The SM capacitor is depending on
maximum capacitor voltage, voltage ripple, current ripple, and SM voltage capability. Hence, the

SM capacitor C should be sized based on the amount of voltage excess, Vinax pu as follows [22]:

2N1,

Cz=—Y—2% _f (me) D
w]’{nax p.u.Vdc max

where lac is the magnitude of the RMS value of the AC side current, N is the number of SMs in
an arm, w is the fundamental angular frequency, Vac is the DC-link voltage, m is the modulation
index, ¢ is the power factor angle and fimax (M, @) s the voltage excess function [22].

14



Electrical and Electronics Engineering: An International Journal (ELELIJ) Vol.12, No.1, February 2023

Suppressing the second-order harmonic component of circulating current among the arm and
limiting fault current in the event of a DC short circuit fault are the main functions of arm
inductance. Equation (2) shows the arm inductance calculation [22].

b= L (B o
@M T 8w2CV \3Ly

where w is the fundamental angular frequency, € is the capacitor of the SM, Vz is the DC
component of the capacitor voltage, Fs is the apparent power, Ir1 is the peak value of the AC

component of the circulating current L2f, and Vac is the rated DC bus voltage [22].
The design of the rectifier is based on the capacitance value of the DC-link. The desired
capacitance value was calculated by the following equation [23]:

Vdc
BET-R | €))
2R * fsw * AVdc

AVdc - is the voltage ripple, /SW : is the switching frequency, R: is the resistive load, and the
Vdc: is the DC voltage.

C

3. CONTROL PROPOSED CONVERTER

The control of the system was divided into two parts. The first part was to control the active front
rectifier which was responsible for regulating the DC-link voltage. The desired voltage of the
rectifier was dependent on the supply voltage. There were equations based on the supply voltage
for each case (hormal supply voltage 11kV, sag supply voltage 10kV, swell supply voltage 12kV)
in order to determine the desired DC-link voltage. The equations will be illustrated as follow:

3 (11000 3y 1100 * 2
DC_E*( = —Vs)*\/f+(i)*T\/_;(sagcase) (4)
3 11000 3y 1100 *+2
Ve :_E*(VS— = )*ﬁ+(§)*T\/_;(sweﬂcase) (5)
3y 1100 #+/2
_(2) 22 Ve l 6
e (2) * 7 (normal case) (6)

where the ratio between the desired DC-link voltage and the desired output AC voltage was

selected to be 3/2, Vbc was the DC-link voltage, Vs was the actual supply voltage (RMS). In
normal conditions, the converter feeds the system with 10% of the supply power and 90% direct
from the grid to the load side through the distribution transformer as illustrated in equation (6). In
the sag condition, the supply voltage will decrease under the normal voltage, so the converter was
responsible for compensating for the required voltage as illustrated in equation (4). Therefore, a
positive term was added to the normal equation. In the swell condition, the supply voltage will
increase above the normal voltage, so the converter was able to compensate for the required
voltage as illustrated in equation (5). Hence, a negative term was added to the normal equation to
regulate the output voltage of the DC-link.

The second part was to control the MMC which was responsible for balancing the voltage
through the submodule and regulating the AC output voltage. The control of the MMC was based
on the d-q reference. The control was consisting of two control loops. The outer loop was voltage
control while the inner loop was current control. The peak desired output voltage was 340 V and
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the control diagram will be shown in Figure 3. There were different pulse width modulation
(PWM) techniques used to balance the DC voltage of submodules in each arm. The Level Shifted
PWM and Phase Shifted PWM are types of multi-carrier PWM. Phase Disposition (PD-PWM),
Phase Opposition Disposition (POD-PWM), and Alternative Phase Opposition Disposition
(APOD-PWM) are types of level-shifted (LS-PWM). The proposed technique was Phase
Disposition (PD-PWM) because of its higher capacitor voltage self-balancing capability and less
harmonic distortion for the output voltage [24,25]. There are two submodules per arm. If the
current in the arm (upper or lower) is positive and the submodule of the arm is ON, the capacitors
will be charged. If the current in the arm (upper or lower) was negative and the submodule is ON,
the capacitor of the submodule will be discharged. If the submodule was off, the capacitor
voltage will remain constant. In order to balance the voltage of the submodule, for each period of
the PD-PWM, the submodule voltages of each arm will be sorted in descending order [26]. The

required number of working submodules are in the upper arm ("upper), in the lower arm (Tuower),
and Nupper T Niower = 2_
Hence, the voltage of each submodule should be regulated to (VD::/ 2). The required number of

the working submodules in each arm is determined by three voltage levels at the AC side of
phase (j) and midpoint (O) as follows [13]:

1)Voltage level 1, Vijo = Vc/2 , all the submodules of the upper are ON and all the
submodules of the lower are OFF, Tupper = 2 and Miower = 0.

2)Voltage level 2, Vijo = 0, there is one submodule of each arm are ON,
Nypper = 1, niower = 1.

3)Voltage level 3, Vijo = —Vpc/2 , all the submodules of the upper are OFF and all the

submodules of the lower are ON, 1ypper = 0, and Nygyer = 2.

Figure 3. The proposed control of the MMC.

4. SIMULATION

The first simulation part was divided into three cases (normal supply voltage, sag supply voltage,
and swell supply voltage). Table 1 illustrates the values of the parameters of the proposed
converter. The results of the simulation are illustrated in Figure 4&5. As shown in Figure 4&5,
the normal case was simulated during the period (0-1) second and the supply voltage was 11kV.
The calculated DC-link voltage was 1350V according to equation (6). The simulated value of the
DC-link voltage was around 1350V which was typical of the calculated value. The output voltage
of the load side was 340 Vpeak (240 Vrms) as required. The next case was the sag voltage
condition which was simulated during the period (1 - 2.2) seconds and the supply voltage was 10
kV. It is noticed that during the transition from the normal case to the sage case, the output
voltage dropped below 340 Vpeak for a very short period. The simulated value of the DC-link
voltage was about 2570 V which was similar to the calculated value according to equation (4).
The output voltage of the load side was regulated to be 340 Vpeak (240 Vrms). The final case
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was the swell voltage condition which was simulated until the end of the period and the voltage
supply was 12 kV. Also, during the transition from sag case to swell case, the output voltage was
above the desired voltage for a very short period. The calculated DC-link voltage was 122 V
according to equation (5) which was approximately similar to the simulated value. The output
voltage was compensated to reach 340 Vpeak (240 Vrms). Overall, the results showed that the

proposed hybrid distribution transformer has the ability to compensate for the output voltage
under various conditions with £10%.

Table 1. The values of the parameters in the proposed converter.

Parameters Values
Voltage supply 11kV

Submodule Capacitance 1.9mF

Arm inductance 0.01mH
Submodule Voltage 1000V

DC-link capacitance 5000puF
Load resistor 100Q

Load inductance 30 mH

Normal case sag case swell case

| \
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Figure 4. The voltage and current waveform in different conditions of the proposed converter.
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Figure 5. The DC-link of the proposed converter in different conditions.

The second simulation part was unbalanced phase voltage which change one of the load resistors
to be different than the other phases. Therefore, the load resistor of phase A was changed to 50 Q
while the resistors of the other phases remain to be 100Q. As shown in Figure 6, the output
voltage of phase A was regulated to be 340 Vpeak (240 Vrms). The output voltage of the load
side of the three phases were remain at 340 Vpeak (240 Vrms). Therefore, the proposed hybrid
transformer can compensate for the output voltage under unbalanced phase voltage.

400
200 l
]

-200

-400 — t 1 1 1

Figure 6. The output voltage and current waveform of phase A.

The third simulation was to change the load side to represent the sag condition. The resistors of
the load will be decreased from 100Q to 50Q. The output voltage and current waveform of the
simulation were illustrated in Figure?7. The result observed that the proposed HT can compensate
for the output voltage to be 340 Vpeak (240 Vrms) as required. However, the output current
increased according to Ohm’s low.
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Then, the simulation module was to change the load side to represent the swell condition. The
resistors of the load will be increased to 150€Q2. The output voltage and current waveform of the
simulation were illustrated in Figure 8. The result showed that the output voltage of the load side
was regulated to be 340 Vpeak (240 Vrms) as required. However, the output current decreased
according to Ohm’s low.

400
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l X 0.444912
Y 341.902

200 B

0
-200
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Figure 7. The output voltage and current waveform of the load resistor of 50 Q.
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Figure 8. The output voltage and current waveform of the load resistor of 150 Q.

5. CONCLUSIONS

In this paper, the proposed hybrid transformer is composed of a back-to-back converter which is
shunt-connected with the grid through an additional transformer. The proposed back-to-back
converter is integrated at the primary side of the distribution transformer. The proposed converter
was consisting of an active front rectifier and an MMC inverter. The hybrid transformer is one of
the most efficient techniques for solving power quality issues. The proposed hybrid distribution
transformer was 90% of the supply power to provide the load directly through the distribution
transformer and 10% of the supply power to feed the proposed converter. The proposed HT was
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simulated under three cases (normal voltage, sag voltage, swell voltage). The results verified that
the proposed HT has the ability to compensate for the output voltage of the load side with £10%.
In addition, the proposed HT was simulated under unbalance phase voltage. The results showed
that the output voltages of the three phases were similar and reached the required voltage. Finally,
the HT was simulated under various load resistors to represent the sag and swell conditions.
Overall, the results showed that the proposed HT has the capability of solving power quality
issues such as voltage sag and swell conditions. The future work for the system will be studying
and investigating the power losses of the switching components and the efficiency of the hybrid
distribution transformer. The main scope of future work will be improving the overall efficiency
of the system.

REFERENCES

[1]  A.Javadi, L. Woodward and K. Al-Haddad, "Real-Time Implementation of a Three-Phase THSeAF
Based on a VSC and a P+R Controller to Improve the Power Quality of Weak Distribution
Systems," in IEEE Transactions on Power Electronics, vol. 33, no. 3, pp. 2073-2082, March 2018,
doi: 10.1109/TPEL.2017.2697821.

[2] K. Harada, F. Anan, K. Yamasaki, M. Jinno, Y. Kawata and T. Nakashima, "Intelligent
transformer," PESC Record. 27th Annual IEEE Power Electronics Specialists Conference, Baveno,
Italy, 1996, pp. 1337-1341 vol.2, doi: 10.1109/PESC.1996.548755.

[3] S. Foti, S. D. Caro, A. Testa, L. D. Tornello, G. Scelba and M. Cacciato, "An Open-End Winding
Hybrid Transformer,” 2020 International Symposium on Power Electronics, Electrical Drives,
Automation and Motion (SPEEDAM), Sorrento, ltaly, 2020, pp. 173-177, doi:
10.1109/SPEEDAM48782.2020.9161879.

[4] S. Foti, S. D. Caro, A. Testa, L. D. Tornello, G. Scelba and M. Cacciato, "An Open-End Winding
Hybrid Transformer,” 2020 International Symposium on Power Electronics, Electrical Drives,
Automation and Motion (SPEEDAM), Sorrento, ltaly, 2020, pp. 173-177, doi:
10.1109/SPEEDAM48782.2020.9161879.

[5] Dawei Gao, Qingchun Lu and Jishou Luo, "A new scheme for on-load tap-changer of transformers,"
Proceedings. International Conference on Power System Technology, Kunming, China, 2002, pp.
1016-1020 vol.2, doi: 10.1109/1CPST.2002.1047553.

[6] N. Yorino, M. Danyoshi and M. Kitagawa, "Interaction among multiple controls in tap change
under load transformers," in IEEE Transactions on Power Systems, vol. 12, no. 1, pp. 430-436, Feb.
1997, doi: 10.1109/59.575757.

[71 M. S. Calovic, "Modeling and Analysis of Under-Load Tap-Changing Transformer Control
Systems," in IEEE Transactions on Power Apparatus and Systems, vol. PAS-103, no. 7, pp. 1909-
1915, July 1984, doi: 10.1109/TPAS.1984.318657.

[8] J. G. Nielsen and F. Blaabjerg, "A detailed comparison of system topologies for dynamic voltage
restorers," in IEEE Transactions on Industry Applications, vol. 41, no. 5, pp. 1272-1280, Sept.-Oct.
2005, doi: 10.1109/T1A.2005.855045.

[91 J. G. Nielsen, F. Blaabjerg and N. Mohan, "Control strategies for dynamic voltage restorer
compensating voltage sags with phase jump,” APEC 2001. Sixteenth Annual IEEE Applied Power
Electronics Conference and Exposition (Cat. No.01CH37181), Anaheim, CA, USA, 2001, pp. 1267-
1273 vol.2, doi: 10.1109/APEC.2001.912528. 12

[10] P. Szczesniak and J. Kaniewski, "Hybrid Transformer With Matrix Converter," in IEEE
Transactions on Power Delivery, vol. 31, no. 3, pp. 1388-1396, June 2016, doi:
10.1109/TPWRD.2015.2493508.

[11] W. E. Brumsickle, R. S. Schneider, G. A. Luckjiff, D. M. Divan and M. F. McGranaghan,
"Dynamic sag correctors: cost-effective industrial power line conditioning," in IEEE Transactions
on Industry Applications, vol. 37, no. 1, pp. 212-217, Jan.-Feb. 2001, doi: 10.1109/28.903150.

[12] A. Prasai and D. M. Divan, "Zero-Energy Sag Correctors—Optimizing Dynamic Voltage Restorers
for Industrial Applications," in IEEE Transactions on Industry Applications, vol. 44, no. 6, pp.
1777-1784, Nov.-dec. 2008, doi: 10.1109/T1A.2008.2006318.

[13] O. C. Montero-Hernadez and P. N. Enjeti, "Application of a boost AC-AC converter to compensate
for voltage sags in electric power distribution systems," 2000 IEEE 31st Annual Power Electronics

20



Electrical and Electronics Engineering: An International Journal (ELELIJ) Vol.12, No.1, February 2023

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Specialists Conference. Conference Proceedings (Cat. No.0OCH37018), Galway, Ireland, 2000, pp.
470-475 vol.1, doi: 10.1109/PESC.2000.878905.

O. C. Montero-Hernandez and P. N. Enjeti, "Ride-through for critical loads. Exploring a low-cost
approach to maintaining continuous connections between buildings and/or industrial systems," in
IEEE Industry Applications Magazine, vol. 8, no. 6, pp. 45-53, Dec. 2002, doi:
10.1109/MIA.2002.1044205.

E. C. Aeloiza, P. N. Enjeti, L. A. Moran, O. C. Montero-Hernandez and Sangsun Kim, "Analysis
and design of a new voltage sag compensator for critical loads in electrical power distribution
systems,"” in IEEE Transactions on Industry Applications, vol. 39, no. 4, pp. 1143-1150, July-Aug.
2003, doi: 10.1109/T1A.2003.813740.

R. Strzelecki, W. Matelski, and V. Tomasov, "Hybrid stepless distribution transformer with four-
quadrant AC/DC/AC converter at low voltage side-simulation tests," Przeglad Elektrotechniczny,
vol. 94, no. 6, pp. 121-127, 2018.

V. B. Fuerback, G. J. M. de Sousa and M. L. Heldwein, "Hybrid Unidirectional MMC-Based
Rectifier,” 2018 IEEE 4th Southern Power Electronics Conference (SPEC), 2018, pp. 1-8, doi:
10.1109/SPEC.2018.8636041.

X. He, J. Peng, P. Han, Z. Liu, S. Gao and P. Wang, "A Novel Advanced Traction Power Supply
System Based on Modular Multilevel Converter,” in IEEE Access, vol. 7, pp. 165018-165028,
2019, doi: 10.1109/ACCESS.2019.2949099.

X. He, J. Peng, P. Han, Z. Liu, S. Gao and P. Wang, "A Novel Advanced Traction Power Supply
System Based on Modular Multilevel Converter,” in IEEE Access, vol. 7, pp. 165018-165028,
2019, doi: 10.1109/ACCESS.2019.2949099.

V. B. Fuerback, G. J. M. de Sousa and M. L. Heldwein, "Hybrid Unidirectional MMC-Based
Rectifier,” 2018 IEEE 4th Southern Power Electronics Conference (SPEC), 2018, pp. 1-8, doi:
10.1109/SPEC.2018.8636041.

N. B. Kadandani, M. Dahidah, and S. Ethni, "Design and development of modular multilevel
converter for solid state transformer application," Bayero Journal of Engineering and Technology,
2021.

M. J. Mnati, J. K. Abed, D. V. Bozalakov and A. Van den Bossche, "Analytical and calculation DC-
link capacitor of a three-phase grid-tied photovoltaic inverter," 2018 IEEE 12th International
Conference on Compatibility, Power Electronics and Power Engineering (CPE-POWERENG 2018),
2018, pp. 1-6, doi: 10.1109/CPE.2018.8372489.

M. M. Harin, V. Vanitha, and M. Jayakumar, "Comparison of PWM Techniques for a three level
Modular Multilevel Inverter," Energy Procedia, vol. 117, pp. 666-673, 2017.

X. Shi, Z. Wang, L. M. Tolbert and F. Wang, "A comparison of phase disposition and phase shift
PWM strategies for modular multilevel converters,” 2013 IEEE Energy Conversion Congress and
Exposition, 2013, pp. 4089-4096, doi: 10.1109/ECCE.2013.6647244.

M. Saeedifard and R. Iravani, "Dynamic performance of a modular multilevel back-to-back HVDC
system,"” 2011 IEEE Power and Energy Society General Meeting, 2011, pp. 1-1, doi:
10.1109/PES.2011.6038879.

21



Electrical and Electronics Engineering: An International Journal (ELELIJ) Vol.12, No.1, February 2023

AUTHORS

Fajer M. Alelaj (Student Member, IEEE) Awarded with bachelor degree in

Electrical Engineering 2014 from Kuwait University with honor list twice. MSc in .
Electrical power from Newcastle University, UK 2020 with (First Class Hons.). She h
currently working toward the Ph.D. degree in hybrid distribution transformer in .
Newcastle University, UK. Mrs. Alelaj was the recipient of the MSc prize for top

ranked PGT student in Electrical & Electronics engineering 2019/2020.

Mohamed S. A. Dahidah (Senior Member, IEEE) received the Ph.D. degree in
electrical engineering from Multimedia University, Cyberjaya, Malaysia, in 2008. He
was an Assistant Professor with the Department of Electrical and Electronic
Engineering, The University of Nottingham, Malaysia Campus, in November 2012.
He is currently a Senior Lecturer with the School of Engineering, Newcastle
University, Newcastle Upon Tyne, U.K. He has authored or co-authored more than
90 refereed journal and conference papers in the field of power electronics. His
current research interests include modular power converters, battery charger for EVs,
solid state transformers, and advanced power conversion for renewable energy integration. Dr. Dahldah is
the recipient of Frist prize paper award at IEEE Conference on Sustainable Utilization and Development in
Engineering and Technology, Kuala Lumpur, Malaysia, 2010 and Girling Watson Fellowship Award, the
University of Sydney, in 2009. He is currently the Deputy Editor-in-Chief for IET Power Electronics and
has been a regular reviewer for both IEEE and IET journals.

Haris Patsios (HP) is a Senior Lecturer in power systems with a significant experience in the design,
modelling, and control of power systems including renewables. He is a Co- Director and WP leader for the
Supergen Energy Storage Network+, and Work Package Leader for the £5m EPSRC's National Centre for
Energy Systems Integration (CESI). His research focuses on the development of integrated models and
control techniques for flexibility resources such as energy storage in modern networks, working closely
with UK industry and academia on a number of research projects and initiatives.

22



	Abstract
	Keywords
	Hybrid transformer, voltage sag, voltage swell, back-to-back converter


