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Abstract

Electric springs (ES) are often known to be demand-side power management systems in decentralized grids with
renewable energy sources, which, due to their nature, inject unreliable electricity power into the system.

The second type of electrical spring (ES_2) produces an intelligent load by placing it next to a sensitive load,
which, in addition to regulating the voltage level, will optimize various parameters of the power quality for the
sensitive load.

In imbalance grids with harmonic voltages and local non-linear load, where conventional controllers are used, the
intelligent load cannot improve the power quality for a sensitive load.

In this paper, a proportional resonance (PR) controller is used to regulate both the voltage level and the source
voltage imbalances due to the least tracking error in the sinusoidal mode as well as a repetitive controller (RC) is
designed to reduce THD and improve the power factor thanks to its infinite poles on the imaginary axis. Finally,
these two suggested controllers were tested simultaneously in three-phase and single-phase grids by mathematical
and machine simulation.

The grid considered in this paper has harmonics up to order 17 and voltage fluctuations in the range of 0.954 to 1.1
per unit, as well as a local non-linear load with 100% of the sensitive load size and, in the three-phase mode, the
grid, has unbalanced three-phase load.

The results of the MATLAB simulation for electrical spring, controlled by the PR RC controller, which is a
combination of two proportional resonance controllers and a repetitive controller in both three and single-phase
mode Note that the sensitive load voltage is completely adjusted to its reference value, THD reduces by 80.31%
compared to the uncompensated condition and will be less than the value defined by the IEEE standard and the
power factor rises up to near the unit.

Keywords: Electric spring, Proportional-Resonant controller, Repetitive controller, Sensitive load, Power quality.

1. Introduction it impossible to forecast the generation of electricity
The application of clean energies such as solar [1]. Variability of production power together with
and wind energy is expanding due to their the inability to predict output power causes voltage
environmental benefits. Nevertheless, renewable fluctuation in the grid that are not acceptable for
energies production is erratic and unreliable, causing sensitive loads. On the other hand, due to the local
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non-linear loads, harmonics are created at the grid
current and voltage[2]-[5]. Electric springs were
first introduced in smart grids for voltage regulation
at the load side in 2012 [2], where for the first time
the grid loads were divided into the two types of
sensitive and non-sensitive [6]. Electric spring with
the help of a power electronic converter can regulate
sensitive load voltage through the control voltage
and power of the non-sensitive load. The electric
spring is divided into the two categories based on the
structure:

1-The first type of electric spring uses a capacitor in
the DC link, which is only able to compensate
voltage level and reactive power [2]-[7].

2-type two electric spring, with a structure similar to
the first type with the difference that instead of using
a capacitor in the DC link, energy storage source is
used such as batteries and/or voltage source[2], [6].
A result of these changes done in the structure of
ES-I, the second type electric spring, in addition to
the mentioned benefits for the first type of electric
spring, Allowing electric spring to control either
reactive and active power [7], [8].

To control the electric springs, some methods are
presented, each with special advantages and
disadvantages. In most electric spring control
methods, the main purpose of the method is to bring
the voltage to the desired level and in some cases
also to increase the power factor. In [1], [6], [17],
[18], [9]-[16] the method of compensating with the
optimal values is investigated, no method was
proposed to compensate for the harmonics of the
grid voltage and the negative effects of local
nonlinear load.

In Table 1, the available related research works are
divided based on the type of controller, the reference
voltage determination method, and the power quality
issues. In the classification by type of controller,
most of the methods have been focused on the PI
controller and just a few of them using PR
controller. In classification based on the method of
reference voltage estimation, various ideas have
been proposed, one of the most effective ways of
calculating the reference voltage is the MCV
method. In the segmentation focused on issues of
power quality, most articles concentrate on the
regulation of voltage level (VR) and enhancement of
the power factor (PF).

In order to address the weaknesses of the previous
research, this paper suggests an improved control
method for ES-2 called PR_RC, which increase the
quality of the voltage waveform as well as the grid
current waveform with just a quick and easy control
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system. The suggested control system is a mixture of
a proportional_Resonant controller and a repetitive
controller. Since the grid under study in this article
has voltage fluctuations, and also in the case of three
phases, it is considered to have an unbalanced three
phase load; The proportional resonance (PR)
controller is used to regulate both the voltage level
and the source voltage imbalances due to the least
tracking error in the sinusoidal mode. Also, due to
the grid voltage harmonics up to order 17 and non-
linear local loads that caused power quality issues, in
the grid under-analyzed, power quality has to be
optimized for the sensitive load, And considering
that the previous control methods have not offered a
solution to the problems of power quality in this
situation in this paper a repetitive controller (RC) is
designed to reduce THD and improve the power
factor thanks to its infinite poles on the imaginary
axis. The effectiveness of the designed control
system is analyzed through mathematical modeling
and MATLAB simulation.

TABLE 1. Summary of the Literature Review in
the Research Field of Electric spring control

Improv
Reference | Controller reference ¢
voltage power
quality
Power
[6] Pl control VR
[10] PI Droop 1y pF
control
[14] PI Power | \/R+PF
control
[15] PI+PR d control VR+PF
[13] Pl RCD VR+PF
[8] Pl dq decupling | VR+PF
[16] Pl SPD VR+PF
Instantaneou
[9] Pl S power VR+PF
theory
[11] Pl OocCC VR+PF
[12] PR MCV VR+PF
Grid-tied
[7] PI+PR power VR+PF
control
[17] Pl AC PI VR+PF
Power
[18] Pl decoupling Z?:gz
control
[1] PI+PR Decoupled | /g pp
power
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Improv
reference e
Reference | Controller
voltage power
quality
control

This article is structured in the following manner.
Initial notions are discussed in chapter two. the
proportional_resonance controller equations are
created and discussed in Chapter Three. In chapter
four, it is presented the designed controller for
harmonics compensations. In chapter five different
situation Simulation are discussed and results are
presented.

2. OPERATION PRINCIPLE AND
PROBLEM FORMULATION

As described in the previous section; the typical
structure of the electric spring second type is shown
in Fig. 1 as can be seen in Fig. 1 the decentralized
renewable electricity site is linked to the electricity
grid. The ES is integrated into the system to restrict
the voltage fluctuations caused by wind and solar
power.
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Figure 1. (a)Electric spring schematic
(b)equivalent circuit
The electric spring is marked in the dotted box. The
capacitor used as the filter (Cf) will play the role of a
controllable voltage source and This voltage is
changed by the inverter control signal.

+—=cr Vinv {4} —-L

Considering state and input variables as follows:

-
X :[Iinv g Ves] 1)
T
U {vg vinv] (2)
Y =V, (3)
In Fig. 1 Kirchhoff's law can be written as:
V
KCL: iy = lpe + =% (4)
ZC
di¢
KVL :Vg + L 5 =Viw (5)
t
. diinv
KVL:Rgliny +Lyg _t+VC =Vy (6)
KCL: I +15 =C¢ d;/es (7
t
KVL :Vgs +Zpelne =Ve (8)

From (5) and (6) the following equations are
obtained:

At _ Ve Vioy (9)

di Ly Ly
di; Vg R v,

inv :_9__9|inv__c (10)
d Ly Ly Ly

Where Lt is the output filter inductance and s is the
current of the filter Ly and Ry is the equivalent
inductance and resistance of the transmission line,
respectively.
The Inverter current equation is calculating from (4)
and (8):
Vo +Zpel
liny = Ine + ——¢1€ (11)

C
Where Z,. and Z; are noncritical and critical load,

respectively.

Z Y

Inc (H_chc j = liny —Zics (12)
I Y

Inc — nv _ es (13)
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From (8) and (13) critical load voltage can be
written as:

VES

(l+sz_(zc+zm)

Ve =Ves +Zc (14)

ch ch

—C |4V | 1-—T— [(15)
[:Hznc} ( (Zc+znc)J

C

Ve = liny

From (7) and (13) follow equation is derived as:
dVes I Ves
_— = 4 —

dy oF Cs (Zc+ch)

Iinv

Z
Cf+ ne

(16)

— |y
C

By solving (10) and (15) it can be obtained:

M_VJ_RJL _i Ly 1o V.| 1- Ly 1

d L Lo inv ™ Ves 7 7L

toh 9[1+ch] (Ze+Zxc) )Ly
Zg

(17)

Finally, according to the (9), (15), (16) and (17), the
equation of steady-state can be expressed as:

Rg 1 Zne [1 Zne ] 1
dijy Ly L L, I (2 +Znc) Ly
d Z,
di 1
_f - 0 0 _—
d L
Vg 1 1 1
L dt _ Cf JrCfZﬂ Cf Cf (Zc+znc)
ZC
. _
— 0
liny Lg
11V,
g |+ 0 — g
Lt || Vinv
Ves 0 0

(18)
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vl _Zne |, (LJ (19)
+ch (Ze+Znc)
Ze
D=0 (20)
3. DESIGNING CONTROL SYSTEM

FOR VOLTAGE REGULATION

The proportional resonant control system is
designed to create the minimum voltage fluctuations
between the sensitive load voltage and the reference
voltage. To achieve this purpose, the PR controller is
used in this paper because it has the least persistent
error in the sinusoidal input mode[19].

The PR controller transfer function is ideally as
KRS

2 2

follows: G(s) = Kp +
5% + o

(1)

The optimal PR control system has unlimited
amplification at the resonance frequency and zero
phase change throughout all other frequencies. Due
to the infinity gain of this controller, there is a
possibility of system stability issues (if the error
becomes large between the reference and the
measured signal); As a result, to improve system
stability, the PR transfer function modified by
attaching the damping component to the ideal form
of this equation. the non-ideal form of the
proportional resonant controller is as follow:
W XS+ W

52 + 2w, + o

G2(s) = Kp +kR X (22)

oc has a range in the ac frequency range ws. The
gain in the resonant frequency is reduced by the
improvements made to this function, such that the
stability issue is resolved.
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3.1. Determination of the controller bandwidth:
Through the bode diagram, the impact of
bandwidth on the performance of this controller can

be seen in Fig. 2.
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Fig.2 Displays the bode diagram of the proportional

resonant control system for various ®c Values.

According to the magnitude and phase shift and cut

off frequency of this diagram wc chooses equal to

6.2832 for better results.

3.2. Determination of the controller gain K, and

KRZ
In this paper GENSS (Generalized State-Space)
model is used to optimize PR controller parameters.

When a tunable GENSS model of a control system

Available then optimization of controller parameters

can be done through the intelligent algorithms

(genetic, neural, neural fuzzy). The PR optimization

method achieved these goals by adjusting the PR

gains to strike a reasonable compromise between
efficiency and reliability.

Another way to Select the coefficients is to use the

bode diagram. In the bode diagram plotted in Fig. 3,

concerning the choice of different kp values, it can

be seen that the gain of the controller does not
change much, at the same time with increasing kp
the system bandwidth narrows and the filter
performance improves.
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Figure 3. Non-ideal PR controller bode diagram
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At the same time to select the coefficient kg, the
system dynamic response is considered and the kR
value is determined on the basis of the speed of
response required.
Finally, to select the optimal coefficients the phase
margin and gain margin information was considered
in the MATLAB SISOTOOL. For cut off frequency
equal to 6.2832 the optimal coefficient is 11.195.

4. DESIGNING CONTROLLER FOR

HARMONICS COMPENSATIONS

Typically, in the power grid, there are exist
harmonics with various amplitudes and orders for
several reasons and also if a local nonlinear load is
present or a sensitive load itself is a nonlinear load,
these instances may create a number of power issues
that usual control systems will not be able to
compensate for these problems and prevent their
effects on sensitive load voltage; In the present
paper, the theory of the internal model is being used
for harmonic elimination; On the basis of this
theory, to follow the reference signal or remove the
input perturbations, the closed-loop transfer function
Must be included the reference signal transfer
function or the input perturbation transfer
function[20]-[22]for example: See the following
signals and their transfer functions needed for
compensating them:

Uys) (Step signal) — | -1 >pi controller (23)
S

K.
Uys) (Sinusoidal signal) — R : ——— PR controller

ST t+w
(24)
Uref + output
2 > PR 2
+
_ A+
5 )t >
32+o)2
K, .

Figure 3. Basic internal model control block diagram
As a result, to eliminate harmonic perturbations, the
closed-loop transfer  function must include

K, . .
———— terms. Where poles in each harmonic
s? + (ho)?
transfer functions are equal to:S=zxjhw. Fig. 4

displays a schematic of transfer function is required
to compensate for several harmonics. As can be
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seen, each harmonic needs to be modeled
independently. Using this control method requires
that all harmonics be individually modeled and
included in the closed-loop transfer function. To
simplify and solve this problem, a Repetitive
Controller is introduced. The flexible time-delay
method will produce any periodic signal with the Ts
cycle. This transfer function will produce an
unlimited number of poles on an imaginary axis. this
huge number of poles will be made because of the
delay in the time.
The simple RC transfer function is as follows[23]:
W 7
o e @
~Ms)®

where e_TOIS Indicates the delay of one cycle
1)

andW,,, = —=
(s) S+ we

is low pass filter.
For 7 =1y +iandi<<l—> Ty =7 =i(26)
2 @ fy
Sh = i 2h @7)
T

The block diagram of equation 25 is shown in Fig.5:

+ o
e 7 W(S) R T4

P
»

e

Figure 4. Basic RC controller block diagram
Because digital devices are more flexible than
analog devices and have a cheaper price as well as
higher processing speeds, this article uses a digital
RC control structure.

The transfer function of the controller used in this
paper is as follows:

K,z 27N
1—Q(Z)Z_N

It is used to compensate harmonics produced on the
load and the grid side.

Gre(z) = (28)

f
Where N — SAMPe e number of delays is in the
S

sample [21].

4.1. options for filter Q(z):
rising the peak gain of the Repetitive Controller in
the high-frequency region caused device reliability
is enhanced. According to the mentioned case, Q(z)
filter is used for this purpose. Typically, the
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selection of filters in most cases is done
experimentally and through the simulation.

The selection of filters from the following two
methods is examined and simulated in this paper:

1: A value close to one Q(z)=0.95
2: A low pass filter Q(z) = (Z +2+ Z‘l)/4 (29)

- - - =
——Q=(z+2+Z 1)/4|
—Q-0.95

Bode Diagram

60

Magnitude (dB)
5

0

Figure 5. Bode diagram of the open-loop transfer
function of controller with Q(z) = 0.95 (red) and
Q(2)=(Z+2+Z"(-1))/4 (blue)

The first type of filter cannot be a good choice due
to having a constant gain for all frequencies. Since
the designed low-pass filter has the maximum gain
in the low-frequency range and the lowest gain in
the high-frequency range based on Fig. 6, so it can
be a good choice.
4.2. Pick the best phase shift Compensator:

Due to the internal structure of the system LC
filter_, which acts as an LPF and causes some phase-
lag in the system and to compensate for the effect of
this filter, the phase lag must be compensated by a

phase lead generating factor such as Zk. Fig. 7
presents the Bode diagram with different values of k.

10

k

Z" causes phase to be constant at low-frequency
values, and phase change occurs at higher frequency
values.

360
315

Bode Diagram

@180 -
2135

@

8 9

o

2 3
10 Frequency (H2) 10

Figure 7. Frequency characteristic of the system in

different lead links z

According to the description given and Due to the
behavior of phase diagram if the value of Z be
considered to 4 in the desired frequency range
(about 10 to 1000), the value of this coefficient is
finally selected equal to 4.
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4.3. Pick the best controller gain:
The amplitude-frequency diagram of the system is
analyzed to choose the most suitable coefficient Kr.
According to Fig. 8, if the magnitude of Kr
increases, the frequency response shifts as well.

Bode Diagram
120 T

100 -
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2 o
3 8

=
&

8
T

o

\VAVAVAY) VUUVY

10? 10
Frequency (Hz)

Figure 8. Determine of controller gain Kr

Fig. 8 displays the frequency response of the
controller for the various values of Kr. If the values
below 3 are chosen for Kr, the gain range of the
controller would be so limited that it will no longer
be able to compensate for the harmonics at a steady
state condition. So, the best peak gain for harmonics
compensation chooses (base on harmonics order that
we want to compensate) through the bode diagram.
In this paper based on the situation, which source
voltage has standard harmonics up to order 17, and
nonlinear load parallel to sensitive load and source
voltage amplitude is not constant kr is Set to 6.

The reference voltage of electric spring, Uy, is
determined by minimum compensating voltage
(MCV) method[12].

Finally, according to the explanations given for the
Repetitive controllers the following block diagram is
drawn in Fig. 9.

8 PR
> Controller

Figure 6. Proposed PR_RC controller block
diagram
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Load parameter

Figure 7. System block diagram of PR-controlled
ES-2

5. SIMULATION

MATLA software was used to simulate and
evaluate the efficiency of the proposed controller in
this paper. To simulate this circuit, two case study
with six scenarios is checked out.
Scenario A) Single-phase grid, with source voltage
harmonics and local nonlinear load without any
controller
Scenario B) Single-phase grid, without source
voltage harmonics and local nonlinear load with PR
controller
Scenario C) Single-phase grid, with source voltage
harmonics and without local nonlinear load with PR
controller
Scenario D) Single-phase grid, with source voltage
harmonics and local nonlinear load with PR
controller
Scenario E) Single-phase grid, with source voltage
harmonics and local nonlinear load with PR_RC
controller
Scenario F) Three-phase grid, with source voltage
harmonics and local nonlinear load
The task of the control system is to approach the
voltage waveform to the sine wave state and bring
the voltage amplitude to the value of 311 volt. The
controller should also improve the quality of the
THD.
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TABLE 2. Simulated test system parameters

symbol Description Value
Critical linear
Zc load 3Q
impedance
Noncritical
Znc linear load 3Q
impedance
26 TranTinr:éssmn 01+
impedance Jw24e-3
vde DC-link 800
voltage
Vref Reference 220 VRMS
Fsw ?W'tChmg 20 KHz
requency
Fs fsamp"”g 10 KHz
requency
Fg ; Grid 50 Hz
requency
Zdc Load of diode R=15Q
rectifier C=2200uF
Lf C_)utput filter 266-4 H
inductance
cf Outpu_t filter 3.6 F
capacitance

5.1. Single Phase Load
CASE ONE, SCENARIO A
For the first test, the sensitive load in the grid has
been exposed to voltage fluctuations and source
voltage harmonics without any compensation. In
addition to the voltage fluctuations, non-linear loads
parallel to the sensitive load have caused voltage
THD increase in the sensitive load side. Fig.
11,12,13 represent the source voltage, sensitive load
voltage and current characteristic of the local
nonlinear load, respectively.

300
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Figure 8. Time waveform source voltage
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Figure 9. (2)Time waveform of sensitive load
voI_tage _(b) RMS waveform of sensitiye Ioad vo_Itage
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Figure 13. Current characteristic of nonlinear load
As can be seen in Fig. 11 in second 0.5 voltage
amplitude changes from 0.954p.u to 1.1p.u.

As can be seen from Fig.12 the sensitive load
voltage changes with the source voltage change and
the sensitive load is not capable of operating in its
nominal state.

According to the result of simulation, the sensitive
load voltage THD is about 13% in this case, which is
out of IEEE standards (less than 5%).

CASE ONE, SCENARIO B

For the second test electric spring should
compensate voltage fluctuations without any source
voltage harmonics with the PR controller so as a
result of these tests Fig. 14 shows compensated
sensitive load voltage. Fig. 14 shown that sensitive
load voltage is stable in its reference value (311) and
confirms the performance of the electric spring in
the voltage fluctuations mode with proposed PR
controller. As expected, the amplitude of voltage of
the sensitive load remained constant at its reference
value.



CASE ONE, SCENARIO

For the third test electric spring should compensate
voltage fluctuations and standard source voltage
harmonics, order up to 17, without nonlinear load
with the PR controller so as a result of these tests
Fig. 15 shown compensated voltage. According to
Fig. 15, which indicates the amplitude of the
sensitive load voltage and also due to the sensitive
load voltage THD that’s equal to 1.3% its can be
obtained that the performance of the electric spring
in this situation with proposed PR controller will be

approved.
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v, (volt)
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200

-300

source voltage change

C

0.5 0.6

Time(s)
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L
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Figure 10. (a)Time waveform of sensitive load
voltage (b) RMS waveform of sensitive load voltage
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Figure 15. (a)Time waveform of sensitive load
voltage (b) RMS waveform of sensitive load voltage
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D
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For the fourth test electric spring should compensate
voltage fluctuations with source voltage harmonics
and nonlinear load parallel to sensitive load with the
PR controller so as a result of these tests Fig. 16 and
Fig.17 Respectively shown compensated voltage of
sensitive load and electric spring output voltage:

400
300
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100

V, (volt)

0
-100
-200
-300

-400
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Time(s)

@

source voltage change
225 =
g 220
o

0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
Time(s)

(b)
Figure 16. (a)Time waveform of sensitive load
voltage (b) RMS waveform of sensitive load voltage
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source voltage change
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[‘l E].] t].] UIS t].J T_ﬂ.i ) Il.h II.7 I).K 1).\3 I
me(s,

Figure 11. Single phase electric spring voltage
It can be seen from Fig. 16 the electric spring is
operating good enough in voltage compensation and
voltage error is about 0.3 volt but based on the
simulation the THD value is not acceptable (this
value must be below 5%) with proposed PR
controller.

18
16}
14
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] 0.1 02 03 0.4 0.5 0.6 0.7 08 0.9 |
Time(s)
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Figure 12. Sensitive load THD
As it can be seen from Fig.18, THD value is about
6.38% and not acceptable by IEEE standards but it
has significantly decreased compared to the
uncontrolled state.
CASE ONE, SCENARIO E
For the last test in single phase mode electric spring
should compensate voltage fluctuations with source
voltage harmonics and nonlinear load, with current
characteristic as shown in Fig. 19, parallel to the
sensitive load with the PR and RC controller so as a
result of these tests Fig. 20 and Fig. 21 Respectively
shown compensated voltage of sensitive load and
Sensitive load THD:

200
source voltage change
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current(A)

0 0.1 02 0.3 0.4 0.

5 0.6 0.7 0.8 09 1
Time(s)

Figure 13. Current characteristic of the nonlinear
load
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Figure 20. (a)Time waveform of sensitive load
voltage (b) RMS waveform of sensitive load voltage
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Figure 21. Sensitive load voltage THD

As it can be seen from Fig. 20 and Fig. 21electric
spring compensated voltage amplitude and works
good enough to pass IEEE standard about THD.
THD value with proposed controller is about 2.56%
and decreased 59.87%Compared to the case study
(D) and also by 80.31% compared to the non-
controller state. Fig. 22 shows electric spring output
voltage.

1000

500

Ves

=500

0 0.1 0.2 0.3 0.4 0.5 0.6 07 0.8 0.9 1
Time(s)

Figure 22. Single phase electric spring voltage
Fig. 23 shows the single-phase power factor in E
case study, which has a non-linear load parallel to
the sensitive load.

fl\f

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1
Time(s)

Figure 23. Single phase power factor
According to the Fig. 23 that shows the power factor
value, it will be obtained that the power factor is
close to the unit value.

5.2. Three Phase Load
CASE TWO, SCENARIO F
In this test, the 3-phase grid in state which the
voltage of this grid has standard harmonics up to
order 17, in addition to the decrease and increase in
voltage magnitude and also a diode rectifier
connected to phase (a) parallel to sensitive load and
act as a nonlinear load (It should be noted that the
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three-phase load used will not be a balanced
anymore). Three phase loads connected to the grid
with star structure and phase impedance is equal to
8Q. Others grid parameter is same as table.2. Input
voltage waveform is shown in Fig. 24.
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Figure 14. Three phase source voltage before
compensation

Fig. 24 displays that the voltage amplitude fluctuates
and also waveform goes out of sinusoidal state due
to the presence of harmonics. The electric spring
must be able to bring the waveform closer to the
sinusoidal state and also bring the voltage amplitude
to a reference value.

The three-phase voltage diagram of sensitive load
after compensating through the electrical spring with
designed controller (PR_RC) shows in Fig. 25.
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Figure 15. (a)Time waveform three phase load
voltage after compensation(b)three phase RMS value
of sensitive load voltage
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From Fig. 25 the three-phase voltage amplitude is
fixed on 311 volt and waveforms are close to full
sine wave state.
From simulation it is obtained that by using
proposed PR_RC controller explained in this paper
the three-phase voltage THD value is about 2.5%
and pass the IEEE standards. The Three-phase
power factor also is about 1 in this case study with
the proposed controller. Figure 26 shows the
electrical spring output voltage. The imbalance in
the voltage level of the electrical spring is caused by
the difference of the three-phase load (non-linear
load in phase A).
Fig. 27 summarizes the results of the proposed
methods.
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Figure 16. Summary of the results of the proposed
methods
6. CONCLUSION

This article proposes a novel advanced control
technique based on the proportional-resonant and
repetitive controller for type Il electric spring to
Remove at the same time the total impact of grid
voltage fluctuation, grid voltage harmonics, and
nonlinear local load on the sensitive load voltage. by
an overview of simulation results of the planned
system in different working modes, can be seen that
this controller will be able to completely Control the



Journal of Solar Energy Research Volume 6 Number 2 Spring (2021) 713-725

sensitive load voltage at a steady amplitude and
sinusoidal waveform; In situations where the grid
voltage fluctuates and also included harmonics up to
order 17 and local nonlinear load have raised the
voltage harmonics. in the three-phase mode in
addition to the issues of power quality mentioned in
the single-phase grid, the three-phase load is
unbalanced. according to simulations the THD value
of the voltage decreased by 80.31 percent relative to
the uncontrolled state and will be less than the value
defined by the IEEE standard and the power factor
will be very close to unit.
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