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Abstract

MYV distribution networks are exposed to various types of short-circuit faults
generating high currents that can affect stability, power quality, and equip-
ment safety. This article presents an in-depth analysis of short-circuit current
behavior in an MV distribution network incorporating a shunt-type static re-
active power compensator (DSTATCOM). Using simulations performed in
MATLAB/Simulink, the impact of the DSTATCOM is evaluated for single-
phase, two-phase, and three-phase faults. The results obtained demonstrate a
significant reduction in fault current amplitudes, mitigation of voltage sags,
and overall improvement in network stability.
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1. Introduction

Conventional compensation systems, such as capacitor banks, mechanically con-
trolled reactors, and synchronous machines, have long been used to increase
steady-state power transfer by regulating voltage in distribution networks in a
conventional manner [1] [2]. Today, the rapid development of power electronics
has enabled the emergence of new equipment and advanced methods for power
flow control, voltage regulation, transient stability improvement, and damping of
electromechanical oscillations in electrical networks [3]. These devices, known

as Flexible AC Transmission Systems (FACTS), based on advanced power elec-
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tronics technologies, provide technical solutions adapted to new network oper-
ation constraints [4] [5]. These static devices have made shunt reactive power
compensation flexible. Among them, the STATCOM, a static synchronous com-
pensator used in transmission networks, exhibits functional behavior compara-
ble to that of a synchronous machine, while eliminating constraints related to
mechanical inertia [6]. Similarly, the DSTATCOM, a component from this fam-
ily, is power electronics equipment using a voltage source converter that can be
connected in shunt to the distribution network and whose purpose is to inject
capacitive or inductive current to compensate and control electrical quantities
in distribution networks [7 [8]. In the context of reactive power compensation
and voltage regulation in distribution networks, R. Madhusudan and al [9] mod-
eled and simulated a DSTATCOM for power quality problems (voltage sags and
swells) based on sinusoidal pulse width modulation (SPWM). M. Kumar and al
[10] designed and operated a DSTATCOM for improving power quality in elec-
trical distribution networks. G. Gupta and al [11], conducted a comprehensive
review of DSTATCOM network control and compensation strategies. C. Cho-
davadiya and al [12] combined DSTATCOM and DVR to improve the voltage
profile of an electrical distribution network. In an electrical network incorpo-
rating a DSTATCOM compensation device, the effect of short-circuits can be
either mitigated or, in certain cases, result in a modification of the system’s elec-
tromagnetic dynamics. The behavior of the DSTATCOM in the face of single-
phase, two-phase, and three-phase faults depends closely on the network’s in-
herent characteristics as well as the fault location. Short-circuits constitute one
of the main sources of power quality degradation, particularly voltage sags, volt-
age variations, and harmonic distortions, affecting power transfer and reactive
power exchanges [13].

In this article, the DSTATCOM model is simulated using a control strategy
based on pulse width modulation (PWM) combined with a PID controller to re-
duce fault current oscillations, which constitute one of the most severe disturb-
ances in the distribution network. Simulations were performed in MATLAB/Sim-
ulink to validate the device’s effectiveness and compare network performance
with and without D-STATCOM.

2. Description of the Distribution Network under Study

Electrical distribution networks, as the final link in the supply chain, ensure en-
ergy delivery from the transmission network to consumers [14]. This structure
can have very significant faults in urban and rural areas, leading to service discon-
tinuity. In this article, the investigated network consists of a three-phase source, a
power transformer, two loads, a busbar, and a D-STATCOM connected at the
point of common coupling (PCC), as illustrated in Figure 1, in order to provide
reactive power compensation and limit fault currents. The network parameters
listed in Table 1 were selected to accurately represent a realistic medium-voltage
(MV) distribution network.
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Table 1. The network parameters.

Parameters Values

Source voltage 230 kv

Grid frequency 50 Hz

Power transformer 230/50 kV

Line resistance 03Q
Line inductance 4 mH
DSTATCOM filter resistance 0.01 Q
DSTATCOM filter inductance 1 mH
DC-link voltage 800V
Load 1 1 MW

Load 2 500 kW

PCC
Charge -1 / Lo R v

Charge -2 _.,::" L Veh : :

Ly Source

Ry

Vde J: o | If
D-STATCOM
Figure 1. DSTATCOM coupled to the network [15].

3. DSTATCOM Modeling and Control
3.1. DSTATCOM Modeling

/pcc
Vch(abc)

Lr

Ir@abe)

Vitabc) Ceqg T Vdc

Figure 2. Simplified structure of DSTATCOM coupled to the network.
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Figure 2 represents the DSTATCOM coupling to the distribution network for
injection or reduction of reactive power. The state model of a DSTATCOM in the

(abc) frame is;

di 1
fDa .
T_L_/D(_;/DaRfD +Vpa _Vcha)
di 1
2 .
o —E(—zﬂ)bRﬂ) Yoy =V ) (1)
di,. 1
fDe .
T—E(ﬂfm&u +Vpe _Vchc)

DC side:

dvdc2 _ z(VchaifDa + Vchhi_/Db + Vchci_/Dc )

dt C @

According to Clarke transformation in the rotating (d-q) frame, the state model
of a DSTATCOM is given in the form:

di 1
fDd . .
a L, (’fDdR.fD +Vipa =Vera _L./le./Dq)
di 1
mp _ . .
a (~imeRip +V iy = Vs + Lip i) (3)
D
DC side:
ddeZ _ 2 Chdi‘,Dd @)
dt C

3.2. DSTATCOM Control

The D-STATCOM is based on a voltage source inverter (VSI) supplied by a DC
voltage source and is connected to the electrical network through an inductive
filter. Figure 3 illustrates the implemented control strategy, which is structured
around the following key components:

1) A Pulse Width Modulation (PWM) scheme is employed to ensure a fast sys-
tem response under short-circuit conditions while limiting switching losses. A
switching frequency of 5 kHz is selected in the simulation setup as a compromise
between dynamic performance and efficiency. The modulation index is set to 0.9,
allowing effective utilization of the DC link voltage while preventing converter
saturation during severe fault conditions.

2) A PID controller is integrated with the PWM scheme to achieve a rapid
dynamic response during fault occurrence, while effectively limiting the magni-
tude of short-circuit currents and maintaining DC link voltage stability. The
controller gains were tuned to obtain an optimal trade-off between response
speed, transient overshoot limitation, and damping of oscillations in the in-
jected current. The exact parameter values used in the simulations are K}, = 15,
K;= 800, and Ky = 0.02.
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Figure 3. DSTATCOM control.

4. Simulation Results and Analysis

Simulations performed in MATLAB/Simulink show that in the absence of DSTAT-
COM, single-phase, two-phase, and three-phase faults result in very high short-cir-
cuit currents. The integration of DSTATCOM significantly reduces these cur-
rents. Figure 4 shows the designed model of the distribution network with fault
and DSTATCOM coupling.
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Figure 4. Distribution network model with DSTATCOM.
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4.1. Single-Phase Short-Circuit

4.1.1. Behavior without DSTATCOM
Simulation of the single-phase short-circuit increases the current supplied by the

power network during the fault interval. During the fault, phase A voltage drops
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abruptly to a value close to zero, indicating the presence of the short-circuit. The
evolution of phase A current is illustrated by strongly disturbed behavior during
the fault, as shown in Figure 5.
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Figure 5. Fault without DSTATCOM.

4.1.2. Behavior with DSTATCOM

Figure 6 presents the configuration integrating the D-STATCOM for fault cur-
rent reduction under a single-phase short-circuit applied over the time interval
0.2 s to 0.4 s. The simulation results highlight a noticeable, though moderate, re-
duction in the fault current magnitude. The current in phase A is limited to ap-
proximately 22 kA, compared to a peak value of 70 kA in the absence of the D-
STATCOM, thereby confirming the effectiveness of the compensator for this type

of fault.
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Figure 6. Fault with DSTATCOM.

4.2. Two-Phase Short-Circuit

4.2.1. Behavior without DSTATCOM
During a two-phase short-circuit between phases B and C, the fault current reaches
a higher amplitude than that observed in the single-phase fault case, as shown in

Figure 7. The currents flowing in the two affected phases exhibit opposite polari-
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ties, indicating a significant imbalance in the electrical system.
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Figure 7. Fault without DSTATCOM.

4.2.2. Behavior with DSTATCOM

In the case of the two-phase short-circuit, simulation results reveal an even more
pronounced reduction in the fault current compared to the single-phase fault, as
illustrated in Figure 8. The currents in phases B and C, which are directly affected
by the fault, are significantly limited, with a reduction of approximately 30 kA
relative to the peak current recorded without the D-STATCOM. This configura-
tion therefore demonstrates the high effectiveness of the device in limiting two-

phase fault currents.
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Figure 8. Fault with DSTATCOM.

4.3. Three-Phase Short-Circuit
4.3.1. Behavior without DSTATCOM

A three-phase short-circuit simultaneously affects phases A, B, and C, leading to
avery large increase in the fault current, clearly exceeding the levels observed dur-
ing single-phase and two-phase faults, as shown in Figure 9. This type of fault
thus represents the most severe operating scenario for the electrical distribution
network.
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Figure 9. Fault without DSTATCOM.

4.3.2. Behavior with DSTATCOM

For the three-phase short-circuit condition, the simulation results indicate that
the DSTATCOM provides the maximum fault current reduction compared to the
single-phase and two-phase cases. The fault currents in all three phases are limited
to approximately 37 kA, as demonstrated in Figure 10, thereby confirming the
effectiveness of the device in mitigating the impacts of the most severe faults on

the distribution network.
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Figure 10. Fault with DSTATCOM.

5. Discussion

Comparative analysis highlights that DSTATCOM effectiveness depends on the
fault type and its location in the network. The regulated action of DSTATCOM
based on short-circuit current constitutes an important advantage for protection
coordination. DSTATCOM proves particularly effective in severe faults, especially

three-phase short-circuits.

6. Conclusion

This study has shown that DSTATCOM constitutes an effective technological so-
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lution for limiting short-circuit currents in distribution networks. Simulation re-

sults confirm its essential role in improving network stability during faults. Alt-

hough this study does not account for constraints related to protection systems

and network parameters such as line resistance and reactance, DSTATCOM ap-

pears as an economically viable technological solution, particularly suitable for

developing country networks.
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