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The negative impacts of microgrids (LGs) on the load frequency highlight
the importance of implementing a robust, efficient, and adaptable
controller to ensure stability. This work introduces an adaptive load
frequency control (LFC) for an isolated pG that includes a PV system and
electric vehicles (EVs), which have a significant impact on frequency. This
control utilizes a combination of sine cosine optimization (SCO) and
balloon effect identifier (BEI) algorithms. The controller presented in this
work transforms the LFC process into an optimization problem that is
highly compatible with various random situations encountered in the
control process. The suggested control method is a novel approach by
utilizing SCO+BEI for adaptive LFC application, resulting in a highly
efficient response. The effectiveness of the proposed adaptive controller is
assessed under the conditions of 17 MW variable load, system parameters
uncertainties, and installed PV systems of 6 MW. MATLAB / Simulink
package is rummage-sale as a digital test environment. According to
simulation results, the proposed adaptive controller succeeds in regulating
the frequency and power of an islanded uG. To measure the efficiency of
the proposed control scheme, a comparison between other control
techniques (such as adaptive controller using Jaya+BEI and classical
integral controller) is done. The findings of the studied scenarios assured
that the not compulsory control method using (SCO+BEI) has an obvious
superiority over other control methods in terms of frequency solidity in
case of random load instabilities and parameter uncertainties. Finally, it can
be said that the proposed controller can better ensure the safe operation of
the pGs.
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1. Introduction

The worldwide use of energy has grown annually since the dawn of industrialization, and issues
with the climate throughout the world have had a significant influence on both the natural world and
human culture. As a result, many nations have established zero emissions objectives [1], [2].
Renewable sources of energy (REOS) must be added to the electrical supply side, like solar (PV) and
wind power, in order to alter the energy architecture. These sources can be used on-site by a microgrid
(uG) with multi-energy complementing capabilities, enabling quick growth and implementation. In
the meantime, a puG is a crucial tool for upcoming grid sophisticated healing oneself, user-side
interactions, and demand-side responses, which encourages the usage of numerous components,
including electric vehicles, to reduce fluctuations [3], [4]. Thus, investigation into the stability control
of uGs is essential due to dispersed power generation's high unpredictability.

REOS are clean, economical, and easy to use, but their disadvantage is lack of continuity due to
weather changes, so the focus was on storing it [5]-[7]. Research on the impact of integrating REOS
on frequency in uGs is currently a popular subject of study, alongside control approaches. [8], [9].
The presence of the REOS beside the traditional energy systems leads to changes in the voltage
frequency in the distribution systems. The mechanical and electrical connections between different
types of power systems especially between fossil power systems and renewable power supported its
safety and security. However, it needs more optimal sophisticated technology. Compared with puGs it
has a lot of difficulties in installation. It was very important for adding modified and adjusted load
frequency control (LFC) to a classical integrated control unit which is usually used in LFC
applications [10], [11]. For these reasons, actual solutions must be required to maintain the
characteristics of frequency deviations and voltage variations to stay within an optimum value [12],
[13]. A comparison of the cost, reliability, and consistency of the models has been done with the
information in [14], where replicas have been described built on the archetypal design and
communication structure.

LFCs' primary function is to eliminate frequency (F) deviations and then alter the F’s system in
response to unanticipated disturbances or changes. It is well known that synchronous generators'
stored rotor inertia energy plays a key role in preserving the system's stability in the presence of faults.
The F of power systems (PSs) need to be stabilized and regulated in this direction. REOS are now
being quickly integrated into conventional PSs. Plans for the future indicate that REOSs will be
important globally. Due to their low stored inertia, these REOSs minimize the PS's overall inertia
[15]-[17].

To combat the detrimental impacts of REOS on the stability of PSs, investigations have been
done in recent years. Many control strategies have been addressed to boost the system's stability [15],
[18], [19]. In [20], the damping properties and inertial rapid responses under faults were enhanced by
changing the points of operation of the wind turbine (WT) from the maximum power point (MPP) to
the virtual inertia control (VIC) curves with respect to the F deviation. The concept of droop control
for VIC on WTs was presented in [21] in order to enhance the dynamic reactions of the PS. The grid-
side converter was used in [22] to service F and voltage adjustment. A VIC utilizing the Hoo technique
was suggested in [23] to enhance the F reliability of an pG. To enhance system dynamic reactions,
wind generators were used as a virtual machine (VM) in [11]. Adjustable VIC was suggested via
updating the parameters of the VIC to improve F stability [24]. In [25], a bang-bang control strategy-
based VM was developed, and a small signal model analyses the system's stability. In order to realize
an adaptable system for adjusting the inertia variable of the VM, an adaptive strategy was provided to
achieve the necessary responsiveness [26]. These approaches' primary flaw is that they are reliant on
the precision of the model's mathematics.

Ref [27], provides sophisticated frequency control for controlling pGs to lessen F and power
variations. The stability and management of the uG, which was autonomous by a fuzzy regulator and
comprised several REOS [28]. Ref. [29] examined the state feedback approach for determining system
eigenvalues and modifying the controller's settings to analyze the stability of a hybrid pG. Ref., [30]
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presents an inertial sampling method-based uG frequency control with a supplementary control. In
[31], the LFC of a multi-zone PS with a wind generator was investigated, while [32] presents a study
of back-to-back converter-equipped pGs. The differential evolutionary technique for LFC of uGs with
storage units was suggested in [33], where the absence of a controller design was carried out by taking
uncertainties into account.

Utilizing several optimization techniques, the adaptive control issue is demonstrated. As
illustrated in [34], similar methods are used to precisely adjust the strictures of fuzzy and neural
regulators. The managed variable's error rate determines the object function (OF) in certain
circumstances. As mentioned in [35], the adaptive controller's parameters can also be adjusted directly
utilizing optimization techniques. But, the OF was built, for example, utilizing time-based reply
physical appearance like rising time (T,), settling time (T), and overshoot (Mp): Jmin =
Y(Mp + T, +T,).

A disadvantage of this technique, especially for time-variant systems, is that Mp, T and T,
consist of operations in the mechanism variables' basic levels. To solve this problem, a BE
modification has recently been proposed [34]. The balloon effect (BE) aims to have the OF
communicate with the new stricture values and other structure changes. In summary, fundamental
algorithm techniques may be used to change the resistor constraints in a range of practical and business
requests, such as temperature regulators, motor regulators, etc.

Several articles have suggested optimization strategies to increase the F stability of uGs. The
main issue with these strategies can be regarded as their non-robust functioning. A novel technique
for adjusting the gains of controllers is sine cosine optimization (SCO) and proves its effectiveness in
optimizing Pl-fractional order-PID controller of hybrid uG system F response. Furthermore, a multi-
layer perceptron is also used with SCO, and its outcomes are compared to grey wolf and whale
optimizers. The new hybrid (SCO+BE) is supposed in this paper to address this problem and make
the technique more sensitive to instabilities and parameter variations. In order to optimize F regulation
for variable loads and parameters in smart uG, this paper recommends using the SCO+BE. Diesel
generators, load, and PV frame the considered system. The impact of F fluctuations carried out via
implementing arbitrary loads and ROESs is examined concerning the wished-for SCO+BE method.
Additionally, it is compared with Jaya and conventional integral techniques to demonstrate its
sturdiness and accuracy. Nonetheless, there is a growing tendency in the installation of controlled
loads in isolated grids, including EVs and HP [36], [37]. In [36], the smart uG system's frequency
regulation is achieved by installing HPs and EVs in residential areas. This paper discussed the effect
of connecting the EV units on the studied microgrid’s frequency during the system difficulties such
as penetration resulting from renewable sources such as PV sources.

These are the primary distinguishing qualities of this work:

e Anonline adaptive LFC is presented using the SCO+BE method which is nursed from the output
terminals of the open-loop basic TF of uG.

e  The effectiveness of a SCO+BE optimizer-adjusted integral controller in adaptable frequency is
investigated.

e The studied comparative performance of the suggested technique proves it is better than the
conventional I, adaptive using Jaya algorithms and adaptive controller using SCO.

e  Besides adaptive hybrid (SCO+BE) controller, controlled loads such as EVs can cooperate in
enhancing the total system frequency.

The rest of the paper is organized as follows: Section 2 describes the islanded single area nG
dynamic model and presents its configuration and modeling. Sections 3 and 4 discuss the standard
SCO and the modified (SCO+BE) algorithm. Section 5 bargains the results and discussions of the
wished-for controlled schemes. Finally, Section 6 accomplishes the effort.
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2. Description, Modeling, and Investigations on the Studied System

To examine the F behavior of the system, F modeling of uGs built around the block schematic
connections of each generation source is provided. The most efficient F control approach in the case
of PV is then sequentially outlined utilizing an appropriate adaptation of the | controller using the
SCO+BE technique. The F error is chosen in the optimization OF such that the variations in F are
dampened over time to lower the settings of the time domain in the form of the ISTSE-OF. To increase
the F stability of puGs, supplies will be used in uGs. Additionally, the suggested regulator has been
used in the pG and its settings will be optimally adjusted so that any F variations brought on by
disruptions like overload can be effectively dampened and the uG will continue to operate

2.1. pG -LFC

Generating power must be balanced with the general ingesting of energy and losses for the pG
to operate properly. The F and power allotted to the devices may be distorted periodically since the
point of operation of the system is continually shifting. On the pG, these variations can have
unintended consequences. LFC is one of the most significant issues in the development and execution
of uGs, alongside automated control of output, and it ought to be carefully taken into account during
the design process. The following can be used to sum up the main goals to regulate the LFC of the
uG: Guarantee that the change in F is zero in the case of island mode, Lower variations in F when
altering the situation from grid linking mode to island mode and vice versa, precise monitoring of
loads and disruptions, Minimize the duration of settling time and determine the highest possible
overshoot\undershoot value when departing in F [38].

The pG is by nature nonlinear and time-variable. The F-reaction of the uG to minor load changes
can be studied and analyzed using the structure's linearized system. The oscillations of the nG-F
reaction vary from a limited seconds up to a limited minutes and they are significantly sluggish than
the rotor’s voltage and angle subtleties. As a result, a far more simplified model than those now utilized
for studying and modeling different kinds of dynamics is employed to simulate the frequency behavior
of the PS concerning disturbances. The majority of investigations use a first-order (FO) pre-phase
transfer function (TF) to represent REOS to examine the F behavior of uGs. The pG-F response model
and a few REOS are discussed in the paragraphs that follow [38].

2.2. Power System Dynamic Model

A uG-PS's structure is displayed in Fig. 1. The next equations explain the suggested uG-PS's
dynamic framework. [39]; the whole load-generator dynamic relationship between the supply error
(APg - AP.) and the F deviation (Af) is written as:

= (L) apa— (1) 00 - (2.0 o
f = ) ) W) f
The diesel generator’ dynamic power (DGP) can be expressed as:
APd—(l AP (1) APd @)
B T_d)' 97 \1a)

The governor’s dynamic (GD) power is:

APg = (%) .APc — (ﬁ).Af - (%).APg 3)

Where APy is the GD output, APy is the DGP change, Af is the F change, AP, is the load change,
AP is the added control action, M is the comparable inertia constant, D is the correspondent damping
coefficient, R is the speed drop typical, Ty is the GD time constant, Tq is the turbine time constant,

and (Af, APq4, APg) equal to (2—’;, ‘%d, dditg), respectively.
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Fig. 1. The uG-PS model

2.3. Diesel Generator (DsG) Modeling

Turbine and governor systems are components found in DsG. The generator, turbine, and
governor's FO models are provided by (4)-(6) [27]:

KDSG — APDSG

Gpse =13 5T, - = "Af “)
1

Grurbine(s) = ﬁ (5)

Gg (S) = TSTgl (6)

where (Kpsg, Tpsg), and (Ty;, and T) are the gain and time constant of the TF of the DsG, and the
time constant of the governor and turbine of the DsG.

2.4. PV Modeling
Equations (7) and (8) specify the F model and the resulting power of the studied PV [40].

Ppy = @Sn{1 — 0.005(T, + 25)} )
Kpy APpy

Gpy = = f

PV 1 4 STy 1) ©

where S, and (Kpy, and Tpy) is the surface area of the PV (m?), the gain and time constant of the
PV-TF.

3. The Proposed Hybrid Technique
3.1. The Sine Cosine Optimization (SCO)

Element of the cluster clever optimization process is iterated, as part of the traditional SCO
analysis and assumption. Serial examines the method's first solution established, which is a set of
several arbitrary choices. Set the answer via arbitrary iteration. ultimately finds the best answer that
satisfies the conditions. SCO uses an iterative process to accomplish an arbitrary search inside the
solving space; however, it is unable to provide the best solution in a single iteration. Finding the best
answer can be significantly enhanced by selecting a starting value and a sufficient number of
repetitions. The prior methods' repetition approaches are summarized as follows: in the worldwide
exploration stage, an enormous random number of repetitions is applied to obtain a superior solution
established for searching unexplored areas in the outcome space; in the localization of the platform,
an insufficient arbitrarily disruption is applied to the substance establish to completely search the
surrounding area of the present solution. This simplifies the iteration process of the prior methods into
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two phases. An incremental formula realizing the two threads expressions for worldwide exploration
and community growth is constructed based on the cyclical fragility of the trigonometric function.
The response pool is updated and disturbances are placed on it using the concise refresh recurrent
formula. Furthermore, additional methods for computation that evolve. The capability of the
randomized optimization algorithms to find solutions through both local and global searching is what
determines their capacity. Many scholars have been working on improving SCO to boost its efficacy
even more ever since its initial proposal [41], [42]. The pseudo-code of SCO is fully discussed in [42].

By using old-style SCO, eq (9) shows the place to keep informed:

Xt Xt + 7 xsin(ry) X |sPf — Xf|, 7, < 0.5 o)
l XE+ 1y X cos(ry) X [rsPf = X[, 7y 2 0.5

Here, r; € [0, 2x], is an arbitrary mutable. rs is a causal variable. r4 is used to select diverse search
paths, sine or cosine, according to different random values in Eq. (9). Pi is the OF solution. ry is an
integer that, to equalize the computational search procedure, is reduced from m to 0 during the
iterations. The display looks like this:

() =mx (1———) (10)

max

where i is the present iteration, imax is the total number of iterations, and m > 0.

3.2. Proposed Optimization
3.2.1. Improved Position-Updating Equation

Traditional SCO algorithms have better convergence and accuracy in optimization problems.
However, the presence of absolute value and trigonometric functions in the position updating
equations leads to a nonlinear search path. This can make it challenging to find the global optimum in
complex problems. Additionally, the conjunction rate of outdated SCO decreases as the number of
scopes grows. To address these issues, an improved SCO algorithm is proposed that incorporates a
linear search path inspired by PSO. This new approach recalls the random assortment of sine and
cosine while providing a more effective search trajectory [43].

The technical description of the converged factor is altered by variables and the two distinct path
features, which cancel out the absolute value. The following is the path-searching phrase:

rle-k + C; sin(ry) (Plfest_i - Xlk) + C, sin(ry) (E,’,‘est — Xl-k),r3 <0.5

(11)
XK + €y cos(ry) (Ploge—i — XF) + Cycos(ry) (Efoe — XF), 15 < 0.5

Xik+1 — {
where Pi is the best remedy, X; is the exact spot of the current best remedy, and K is the count of
current iterations. The enhanced SCO enhances search in challenging optimization problems by
combining a linear search path with the original path, denoted by the parameter r1, which is also
known as the convergence factor. The convergence factor denoted as rl, balances prospection and
development in the search. By incorporating the linear path, the algorithm reduces oscillations and
improves search speed, resulting in efficient discovery of the global optimum. Just as Fig. 2 depicts.
According to [44], curve A finding the global optimum is necessary, as indicated by point A in Fig.
3. An experimental restriction is acquainted with the search track to expand search exactness by
utilizing knowledge and information from previous iterations. This parameter has been successfully
applied in antenna pattern optimization, achieving good results [44]. The final expression for the
search path is as follows:

rle-k + C; sin(ry) (Plfest_i - Xlk) + C, sin(ry) (E,’,‘est — Xl-k),r3 <0.5

(12)
rle-k + C; cos(ry) (P,fest_i - Xlk) + C, cos(ry) (E,’,‘est — Xl-k),r3 <0.5

Xik+1 — {
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Fig. 2. The enhanced and traditional range switching

Classical SCA

Proposed SCA

Fig. 3. Comparing several search routes

In (12), ry is the convergence factor, r2 € [0, n/2], and the selection of either the sine or cosine
path is controlled by a random number called r3. Constants C; and C, can be changed to reflect real-
world issues. The experimental variable from the preceding iteration is denoted by E. Pi is the best
possible answer. The optimization method's search becomes more effective with the addition of a
straight path. The universal optimal can be located more quickly and with greater certainty by
introducing empirical parameters under the joint constraints of E and P. These enhancements will
make the algorithm more suitable for challenging optimization issues.

3.2.2. Enhanced Convergence Factor (CF)

Furthermore, this paper modifies the established list of associated variables. In addition, it is
crucial to specify a CF with superior algorithmic performance. r; is stated below in (13):

t
T = Tmax — (Tmax - Tmin) ? (13)

The CF is defined using the constants 1,4, and r,,;,, which can be adjusted according to the
specific problem. By modifying the parameter m, the flexibility of the CF is increased. This allows
for adaptation to various optimization scenarios. Initially, a greater CF aids in refining the universal
search fitness. As the iteration progresses, the CF gradually decreases to a smaller value (SV). The
prime of this SV and the rate of decrease contribute to refining the ultimate result of the SCO. The
proposed modified SCO algorithm's flowchart is shown in Fig. 4.
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Fig. 4. The flowchart of the modified SCO

3.2.3. BE Identifier Technique

The BE, similar to the effect of air on a balloon's size, refers to the impact of system challenges
such as disturbances and parameter uncertainty on Gi(s). Fig. 5 illustrates how the BE identifier
influences the (OF) of an optimization strategy at apiece repetition. By incorporating this technique,
the optimization procedure is upgraded and better able to handle the mentioned challenges [45]. The
online TF of uG for any iteration (i) will be:

Yi(s)
Ui(s)

Furthermore, G;(s) is a function of its previous value G;_, (s). AL; Stands for a gain and G, (s)
represents the nominal process transfer function.

Gi(s) = (14)

Gi(s) = AL;G;_1(s) (15)
Gi—1(s) = piGo(s) (16)
Where
i-1
pi = ALy (17)
n=1
Gi(s) = ALip;Gy(s) (18)

4. SCO-Based BE Identifier

Fig. 6 illustrates a simplified pG model; it is employed to determine the restricted area's FO
closed-loop system’s variables.
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At any iteration i
= / AL>1
Ry : T ‘_—(Gi(s) = ALl . GI_I(SH Q ALi _ l
= \ G AL
Optimizer
i'= f! K_i! ALI_')- 1 I
Disturbance & Uncertainties
Fig. 5. An optimization strategy-based identifier for the BE [45]
[At any iteration i ."/ AP, \\
| |
PN | ar
Af ki u | + 1 A
el A : Ms + D ||
- |
: Power System |
1 | |
R I I
Gi(s) = AL;. p;. Go(s) [
\ - —,
Fig. 6. Reduced model of the studied microgrid
5 Ki
T ¢q2 2
S2+2nWn + Wn (Do n Rio) Ki (19)
24+ | —" S+~
Mo Mo
where Do, Ro, and M, are the nominal values of D, R, and M, respectively
(Do+p5)
wn = +/Ki/Mo, n = Z’Z"n (20)
_mn
_ra-n?) o 4 _ Ja-m (21)
b= i = ey MP =€
This is the SCO-based BE identifier’s OF.
J = min Z(Tr T, + Mp) 22)

This means that the OF ( J) is a function of AL; and k; to address the system challenges.
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5. Results and Discussion

In this section, a digital simulation platform has been used to study a 20 MW isolated pG with
nominal parameters listed in Table 1. In addition, Fig. 7 illustrates a power flowchart for the studied
uG, the following four cases have been used to study the uG with the suggested controller compared
with other controllers in varied situations.

Table 1. Parameters of the studied unG

Parameter D H=(M/2) R T, T,

Unit (Pu/Hz)  (pu.sec) (Hz/Pu) (sec) (sec)
Value 0.015 0.08335 3 0.08 04

PV Array Diesel Power Plant

Random Load Electric Vechile

Fig. 7. The power flowchart for the studied uG

5.1. Case 1: System Performance Under a Step Load

In this situation, the system's performance under a step load demand has been tested with nominal
specifications. The load in this example increases from 0 pu to 0.02 pu at t = 3 sec. We consider both
the governor dead band GD and the turbine GRC. The GD is 0.05 pu, and the turbine GRC is 10%
per minute [46]. By contrasting this control approach with SCO+BE with the fixed parameter integral
controller I, the adaptive one using only SCO, and the adaptive controller utilizing the Jaya
optimization (JO) method (with details listed in [36]), the effectiveness of this control method is
determined. Table 2 contains a list of the SCO's defined parameters. Table 3 lists the defined variables
of the used JO. Fig. 8-a depicts the change in system F deviation when an integral controller with
fixed parameters, an adaptive controller using the conventional JO approach published in [47], and a
suggested controller are used. While Fig. 8-b illustrates the DsG power change in the same case,
according to Fig. 8, In comparison to the value produced utilizing the conventional controller, the
system with JO and SCO methods M, T, and T. has been reduced to around 20% and SCO + BE is
the best.

Table 2. Data of SCO

Maximum iteration (IT max) 100
Population size (k) 5
Convergence constant (a) 2
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Table 3. Data of JO

Population size (k) 5
Number of generations (i) 50
Number of design variables (m) 2

—l

Jaya
—SCo
——SCO+BE

w S
<
LI N N 7 AU K S A S T S S -
02 I 1 1 1 I
0 10 20 30 40 80 60
Time, sec.

(@)

004 T I

0035

0025

0.02 —

NI S Sy SV S

001+

Ap, (pu)

0.005 —

Time, sec.
(b)

Fig. 8. System response for case 1, a) frequency deviation and b) diesel power deviation

5.2. Case 2: Impact of Changing Parameters on the Investigated pG

A system with a suggested control strategy was looked at when parameters varied. D is raised by
100%, and the time constants T; and T, are increased by a factor of 150%. Fig. 9 and Fig. 10 show a
comparison of the system response obtained with the four different controllers (fixed I, tuned by JO,
tuned by SCO, and tuned by SCO+BE). The F response of the fixed parameter I controller is not
acceptable, but systems with | adjusted by JO, SCO, and SCO+BE can successfully manage these
issues, according to this graph. Additionally, the system with the suggested SCO+BE method provides
high performance and the fastest response.

5.3. Case 3: Impacts of PV and Variable Load on the Investigated pG

The system has been tested under various operating circumstances. Testing is done with a 17
MW variable load, taking into account the system's nominal characteristics and adding a 6 MW PV
to the puG as a second source of power, as shown in Fig. 11, Fig. 12 shows that the suggested technique
has the greatest performance in terms of F response for the system with the proposed controller. In
comparison to the conventional | and | tuned by JO, tuned by SCO approaches, this figure
demonstrates the advantages of the recommended online tuned controller utilizing the (SCO+ BE)
methodology.
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Fig. 9. System response for case 2, frequency deviation
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Fig. 11. PV power and random load

5.4. Case 4: Impact of EVs on the Investigated pG

Finally, the effect of merging the EVs to the proposed pG is discussed. The details of the used
EVs are shown in Appendix A. Fig. 13 shows the repetition of case 3 but in the presence of 2 units of
EVs (1.19 MW/unit) while Fig. 14 shows the EV participation power change. From Fig. 14, it is
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noticeable that: besides the proposed SCO+BE controller, the presence of EVs can positively affect
the total system frequency in such cases of penetrations.

50 100 160 200
Time, sec.

Fig. 12. System response for case 3, frequency deviation
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Fig. 13. System response for case 4, frequency deviation
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Fig. 14. EV participation power change
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6. Conclusion

An adaptive LFC method based on SCO and (SCO+BE) is proposed in this paper to address F
regulation in the presence of disturbances and parameter uncertainties. A digital simulation is
conducted to evaluate the proposed control method under the influence of random demand loads and
variable PV power generation. The results are compared with other controllers, including the fixed
integrated controller, JO, and SCO controller on the puG, and thoroughly analyzed. The system with
the proposed SCO+BE can give the best frequency response compared with other controllers (Mp
decreased by 80% and settling time minimized by 90% compared with conventional | controller). In
addition, systems with SCO+BE, SCO, and JO can keep stability in case of changes in the system
parameters while systems with conventional I controllers cannot. It is recommended to use a controller
with gains that can be tuned using SCO + BE to solve LFC problems and reduce system oscillations.
In addition, the presence of controlled loads such as EVs has affected positively the system
performances, such as minimizing the system frequency deviations.
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Appendix

Fig. 15 illustrates the dynamic model of the electric vehicle aggregated model where Tey is the
time constant of the unit, and Ugy is the control signal of the controller that is fed by the system
frequency deviation as input signal. In this work, Tev = 0.28, Pev.raed = 1.19 pu, and the controller of

the EVs unit is a robust HZ/ 1 method with details mentioned in [36].

rated value
Ury L /_ Pey AP,
i T s+l > —
o
O0pu
pEV_ rated

Fig. 15. The dynamic model of the EV unit
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