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Abstract— Inrush currents, as well as other transient 
switching electromagnetic interference events are a major cause 
for concern, especially so on isolated grids with limited capacity. 
This paper investigates via simulations a concept for a weak grid 
supportive device which supplies higher order currents and 
high-power short time duration disturbances. The device 
suggests improved power quality as well as overall local current 
stabilization. 
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I. INTRODUCTION 
Transient switching events caused by cold start or system 

operation can result in severe EMI (Electromagnetic 
Interference) [1]. Causes include switching inductive loads, 
such as motors [2] or transformers [3], and switching 
capacitive loads[4]. In addition, these events usually referred 
to as inrush currents, can also occur due to activation of PEC 
(Power electronics converters) especially with devices lacking 
sufficient filters to suppress EMI on the grid and large storage 
capacitance [5]. Furthermore, in [6] it is explained that inrush 
currents can be affected by inverter controller time delay. 
When an inrush current occurs, the flowing current can be 
several times larger than the rated current, rapid 
increase\decrease or decay in a few cycles until it finally 
reaches steady-state. The duration of the drawn current 
depends on the type and size of load and supply [3]. If inrush 
current occurs on a strong grid the impact is usually not 
dramatic. However, on weak grids, the switching events can 
cause significant interference issues such as voltage 
fluctuation to the system or complete shut-down. Transient 
over-voltage [7] or voltage sag [8] may also occur dependent 
on system characteristics. These effects may lead to damaged 
components on the local power system such as semiconductor 
switches, capacitors, circuit breaker contacts, insulation 
failure, or potentially damage to batteries exposed to the rapid 
fluctuations. Inrush currents on a high impedance network can 
cause sufficiently large harmonics to trigger false tripping of 
inverter protection systems [9]. 

False tripping and damage to the electrical components of 
the system are major factors inhibiting the adoption of 
microgrids due to negative effects on the perception of 
reliability. Loss of production and increased cost of 
maintenance is an obvious result. Transient switching EMI 
has been widely discussed in the literature and many 
techniques are available to address the issues. Some methods 
can only be used with certain types of inrush sources. For 
example, motor inrush current can be reduced by using 
various motor starting methods such as start-delta starter, 
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autotransformer, reactor or resistor starting, and soft starter 
[2]. Transformer inrush currents can be reduced by 
synchronous closing, tap changer utilization or controlling BH 
curve of the transformer [10]. Another inrush current 
reduction method that can be used for various loads includes 
active inrush limiting. Commonly done by inserting a series 
element into the circuit in front of an inrush current source. 
The series element, such as resistors, inductors, NTC 
(Negative Temperature Coefficient) power thermistors, 
reactor, etc, will limit the input current until the electrical 
device is charged. Optionally a bypass switch is then closed to 
allow the full current to flow [7], [10], [11]. The disadvantage 
of these systems is that the design specifications are static 
which may limit future modifications to the load profile and 
of course extra components, especially placed in series, add 
extra points of failure which may reduce reliability. 

Other techniques utilizing active control or compensation 
techniques may be advantageous. Dynamic voltage restorers 
aid in sags or swells. Usually, the active systems are coupled 
in series to the system via transformers. However, because it 
works through the coupling transformer, voltage and current 
that flow through it will cause high loss and overheating, 
thereby shortening its life cycle[12], [13]. In addition, the use 
of transformers makes the equipment larger and more 
expensive. Alternatively parallel connection active systems 
compensation such as shown in [14], which many multi-level 
converters act in unison to stabilize or cancel out harmonics. 

The system proposed in this paper is intended to act as a 
small size footprint, relatively low-cost addition to a microgrid 
supply. The modular setup of the system allows easy parallel 
connection to the output of a power supply. The additional 
source aids the main supply by tracking the voltage and 
current in pure sinusoidal terms and absorbing any deviation. 
The device essentially draws negligible power and remains in 
a charged state. When a deviation event occurs such as inrush 
current, voltage sag, or swell, the device is able to absorb or 
supply current counteracting the event. The auxiliary supply 
devices do not supply the main power component e.g. at 50Hz 
but only higher-order components acting as a high-frequency 
supply source effectively filtering these higher-order 
components from the system. This could effectively protect 
the supply from disruption emissions produced by the load or 
protect a load from a disruptive emission produced on the 
local grid as well as provide a short time frame for additional 
power in highly volatile current conditions. In Chapter II the 
devices overview is discussed along with the control system 
implemented in Chapter III. This is followed by Simulink 
simulations with example cases and system behaviour in 
Chapter IV. 



II. SYSTEM OVERVIEW 
The system described in this paper consists of several 

components, as shown in Fig 1. In the circuit, it can be seen 
that a DC source is used to supply the AC load through the 
inverter. This inverter serves to convert the DC voltage from 
the DC source into a PWM (Pulse Width Modulated) 
waveform. A low pass filter is implemented to the output side 
of the inverter to obtain a sinusoidal voltage waveform. The 
output voltage of the inverter will depend on the duty cycle of 
the switching component of the inverter. The duty cycle value 
is adjusted by the voltage controller to match the inverter 
output voltage with the voltage required for load operation. 
Figure 2 shows the Simulink model of the voltage controller 
and PWM modulator at the main inverter.  

 
Fig. 1. Considered system in this study 

In Fig. 2, it can be seen that the measurement signal of the 
inverter output voltage is calculated using the RMS block to 
obtain the root mean square (RMS) value of the inverter 
output voltage. The RMS value of the measured voltage is 
compared with the RMS value of the reference voltage (220 
V) to obtain an error value. The PI controller will improve the 
inverter output voltage by reducing this error value. The 
maximum and minimum signal of the PI controller result is 
limited to a certain value. This signal is multiplied by the 
reference sine wave, and then the result is compared with the 
triangular signal to generate PWM signals for the inverter 
switches. To avoid short circuits in the inverter switches, a 
delay is introduced in the switching signal of the 
semiconductor namely dead time. Deadtime is necessary for 
stable use although it may cause voltage errors [15].  

 
Fig. 2. Voltage controller of the main inverter 

To protect the supply from disruptive emissions produced 
by the load, the auxiliary supply device is added to the system. 
It can be seen in Fig. 1 that the additional source is connected 
in parallel with the output of the supply. It aids the main 
supply by tracking the current in pure sinusoidal terms and 
absorbing any deviation. This auxiliary supply consists of a 
DC source (it can be energy storages such as batteries, 
supercapacitors, etc., or renewable energy sources such as 
photovoltaics), inverter, filter and controller. 

The system in Fig. 1 is simulated using MATLAB 
/SIMULINK R2020b software. Load inrush current obtained 
by experiment in the laboratory is simulated as a load. 
Parameters used for the simulation are shown in Table I. 

TABLE I.  SIMULATION PARAMETERS 

Parameters Value Unit 
Main DC Source Voltage 400 Volt 
AC Output Voltage (Vpeak) 311 Volt 
Source Resistance 0.1 Ohm 
Source Inductance 20 mH 
Main Inverter Switching Frequency 10 kHz 
AC Frequency 50 Hz 
Main Inverter LPF Capacitance 680 uF 
Main Inverter LPF Inductance 1 mH 
Second Inverter Inductance 0.5 mH 
Auxiliary DC Source Voltage 400 Volt 
Death time 2.5 % of switching period 

III. CONTROL SYSTEM 
The auxiliary supply device aids the main supply when a 

deviation event occurs such as inrush current, voltage sag or 
swell by absorbing or supplying current counteracting the 
event. The current is supplied from the auxiliary DC source to 
the system through an inverter. To have the inverter supply or 
absorb an adequate amount of current to the system, a control 
system is required. It can be seen in Fig. 3. 

 
Fig. 3. Hysterisis-Fourier controller as the second inverter controller (A) 
Detection scheme (B) Controller scheme 

As shown in Figure 3, the proposed control strategy uses 
the hysteresis current controller to adjust the output current of 
the second inverter to supply only higher-order components of 
the load current. The basic concept of hysteresis current 
controller generates the switching signals by comparing the 
error signal (e) with a fixed hysteresis band. In case the error 
signal reaches the upper band, inverter voltage decreases to 
reduce the filter current and if the error signal reaches the 
lower band, the inverter voltage increases to raise the filter 
current. By comparing the current supplied by the second 
inverter (I2) with the current that should be supplied (Ir

*), an 
error signal can be obtained. The current that should be 
supplied by the second inverter is all harmonic components of 
the load current except the fundamental component (Ir). It can 
be obtained by extracting the load current using Fourier 



transform to get the fundamental magnitude of the current (If) 
and phase-locked loop (PLL) to generate an output signal 
which phase is related to the phase of an input signal. Fig. 4 
shows the simulation result of all the controller signals. It can 
be seen that when inrush current occurs there are many 
harmonic components present in the load current. Thus, 
causing an error signal to appear and triggers hysteresis 
control to increase the voltage so that the auxiliary supply can 
compensate with injective current into the system. 

 
Fig. 4. Second inverter controller signals 

IV. SIMULATION OF OPERATIONAL STATES 
The performance of the proposed EMI stabilization 

device has been investigated using MATLAB/SIMULINK 
simulations. Load inrush current, shown in Fig. 5, obtained 
by experiment in the laboratory is simulated as a load. A 
combination of loads, linear and non-linear, were connected 
to the supply and it was switched on and off several times. 
The measured load current data is modeled on Simulink as a 
current source supplied by an inverter. The simulations are 
run in two configurations, with and without a stabilization 
device. Without using a stabilization device, all of the load 
current is supplied by the main supply. When using a 
stabilization device, the current is not only provided by the 
main supply, but also by an auxiliary supply, especially under 
abnormal conditions. 

 
Fig. 5. Load inrush current data 

Fig. 6(a) shows the current profile shortly after the 
nonlinear load is turned on. The inrush current occurs and it 
is all supplied by the main supply. The main supply must 
essentially supply 112.2 A at the inrush peak. The inrush 
current peak supplied by the main supply can be reduced to 
73.7 A by adding the auxiliary supply. After the inrush 
current phase and the system has entered a steady-state 
condition, the auxiliary power supply can act as a filter that 
reduces the harmonic currents supplied by the main supply. 
As shown in Fig. 6(B), the current drawn by the load or the 
current supplied by the main inverter is slightly triangular and 
has THD of 8.8%. But it can be reduced to 4.5% by using an 
auxiliary supply. 

TABLE II.  SYSTEM PROFILE WITHOUT AND WITH AUXILIARY SUPPLY 

Auxiliary 
supply 

Inrush peak 
Supplied by Main 

Inverter (A) 

Drawn 
down 

voltage (%) 

Shoot up 
voltage 

(%) 

Main 
Supply 

THD (%) 
Without 112.2 121 43 8.8 
With 73.7 41 18 4.5 

 

 
(A) 

 
(B) 

Fig. 6. Current profile (A) During inrush (B) Steady state conditon 

Inrush current can also cause voltage deviation in the 
system. Depending on the system characteristics, it can be a 
voltage drop or a transient overvoltage. In Fig. 7, it can be 
seen that shortly after the inrush current occurs, the voltage 
draws down and oscillates until it reaches a steady-state 
condition. Even when the inrush current decays, the 
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oscillation continues to exist for a period of time. Without any 
supporting device, the voltage can draw down by 121 % and 
shoot up by 43% of the ideal sinusoidal waveform value. By 
adding the auxiliary supply, the voltage deviation decreases 
to only 41 % reduction and 18 % overshoot. In addition, 
steady-state conditions are reached in a shorter time. The 
summary of the system profile with and without using 
auxiliary supply can be seen in Table II. Figure 8 shows the 
device performance when inrush current occurs with a slower 
rising edge. Compared with Fig. 6, Fig. 8 indicates improved 
immunity for less severe current inrush conditions. Almost 
all of the inrush is supplied by the auxiliary supply. Further 
research is required to gauge the limitations of transient 
current event EMI immunity of this proposed device. 

 
Fig. 7. Voltage profile without and with auxiliary supply 

 
Fig. 8. Voltage and current profile without and with auxiliary supply when 
positif inrush occurs 

V. CONCLUSION 
In this paper, the performance of the proposed EMI 

stabilization device has been investigated using 
MATLAB/SIMULINK simulations. The additional source 
assists the main supply by utilizing a control system tracking 
current deviations from pure sinusoidal and supplying current 

counteractive to the disturbance. Simulation results, using real 
load profile data, shows that auxiliary supply may alleviate 
inrush currents impact on weak grids. The auxiliary supply 
reducing the peak inrush supplied by the main source from 
112.2 A to 73.7 A. The performance improves with less severe 
inrush events. In addition, the voltage fluctuation caused by 
inrush current is also reduced. The auxiliary supply essentially 
acts as an active filter with short-term power assist 
capabilities, reducing the stress on an inverter in highly 
volatile current conditions and reducing the amplitude of 
higher harmonic components flowing from the main supply. 
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