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Abstract—In this paper, an angular frequency dynamic-based
control technique is proposed to control interfaced converters
between the power grid and renewable energy sources. The
proposed control technique can guarantee a stable operation of
power grid under high penetration of renewable energy resources
through providing the required inertia properties. The
synchronous generator characteristics combined with the basic
dynamic model of the interfaced converter can shape a second
order derivative of the grid angular frequency consisting of
converter power and virtual mechanical power derivative with
embedded virtual inertia to prevent instability from the power
grid as well as to generate active and reactive power with
appropriate inertia. Simulation analyses are performed in
Matlab/Simulink to attest the high performance of the proposed
control technique.
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I. INTRODUCTION

Using renewable energy resources has been attracted more
attention because of their superiority especially environmental
reasons and renewability features in recent years [1]-[3].

Mimicking the synchronous generator (SG) features which
are combined with various novel control techniques designed
for power converters in renewable energy resources
applications [4] has been considered recently to increase the
stability margin of the power grid under high penetration of
renewable energy resources [5].

Several papers have focused on defining the behaviors of SG
in the way to be seen in their proposed control technique
performance [6]-[13].

Reference [6] has discussed about the virtual synchronous
generator (VSG) technology employed in integration of PV
and wind power (WP) generators, power electronics
transformer and flexible ac and dc transmission.
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To make clear the differences between inverters and real
synchronous generators, a virtual synchronous generator-
based control strategy is designed in [7] to emulate and
analyze the swing and power equations.

By the help of V?—P—w characteristic and the ?—P droop
control, a virtual synchronous generator (¥SG) control method
has been proposed in [8] to provide the low-frequency
oscillations damping performance with modelling both
rotational inertia and governor parts.

In [9], by using a non-ideal proportional-resonant (PR)
controller and SG features embedded in swing equation, a
synchronous active proportional resonant-based control
strategy has been proposed to control a grid-interfaced
converter for high penetration of RERs into the power grid.

Reference [10] has investigated the virtual inertia of
distributed power system that is implemented by grid-
connected power converters for reaching the ever-decreasing
inertia condition. Reference [11] has proposed a power-based
control technique to force the interfaced power converter to
have the inherent features of synchronous power generators by
injecting both active and reactive power into the power grid.
Using virtual synchronous generator-based control strategy in
references [12] and [13] have been considered to achieve
stability in presence of a total capacity of the grid-connected
converters greater than conventional synchronous generators.

A control technique based on grid angular frequency second
order dynamic is proposed in this paper for an interfaced
converter to make the power grid stable with high penetration
of renewable energy resources. The differences between the
methods presented in [6]-[13] are mainly due to the ways of
inserting the SG features into the basic dynamic models of
used converters as well as their related evaluations.

The proposed control strategy consists of synchronous
generator characteristics and the basic dynamic model of the
interfaced converter. In the designed control technique, the
errors of virtual mechanical power and second order angular
frequency are considered. Simulation results show that the
proposed control technique can keep the power grid stable in
the presence of active and reactive power variations due to the
high penetration of RERs.

II. THE PROPOSED CONTROL TECHNIQUE

In order to control the interfaced converters with a suitable
control strategy, an appropriate dynamic model should be first
extracted.

978-1-5386-5326-5/18/$31.00 ©2018 IEEE



According to Fig.1, the basic mathematical model of the
interfaced converter can be written as,
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where L, R, C are the inductance, resistance and input
capacitance of interfaced converter, respectively. Variables iqg,
Vag, Udq are output currents, output voltages, and switching
functions of interfaced converter in d-q reference frame, and
ige and v are the dc-link current and voltage, respectively.
The state variable of @wis the angular frequency of interfaced
converter. To achieve an active and reactive power-based
dynamic model, the currents of i=P/vs and i,~-Q/va are
substituted into (1) that result in:
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where P and Q are the active and reactive power of interfaced
converter and other powers in (2) are defined as Pc;/=v4-va/R,
P=igeva, Ppi=va/R, and Pna~vavy/R. To reach a relationship
between features of SG and active power of converter, the
following swing equation are considered:

Jd_w_Pm -P 3)
dt @

where P, and J are the mechanical power and moment inertia
of synchronous generator. The equation (3) can be converted
to (4) by applying small signal linearization to (3) that can
lead to:
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Fig.1. the general structure of considered converter in high penetration of
renewable energy resources.

By rearranging (4), the error of active power can be stated
as:

*_ * (5)
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where P,,", P* and @' are the reference values of active power,
mechanical power, and angular frequency, respectively. The
relationship between the active and reactive power is equal to
P?+(Q?=S”. Since it is assumed that the apparent power of S is
constant, by applying small signal linearization into the
aforementioned relationship, the error of reactive power can
be rewritten as:
g:—P* AP, +P* ®J+———-
s 0O s 0 s

- (6)
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where Q" is the reference value of reactive power. Considering
equations (4)-(6), the small signal description of the proposed
system can be written as:
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Using following definitions for all power and angular
frequency variations:
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By the use of (7) and (8), the ultimate proposed dynamic
model is obtained as:
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To achieve an accurate zero dynamic-based analysis
regarding to the proposed controller-based model, the second
order derivative of the angular frequency should be driven by
use of (10) and (11) as:
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The proposed control technique is described in Fig. 2.
Based on this figure, proportional-resonant (PR) controller is
used for removing the second order angular frequency-based
error. Also, the virtual mechanical power error can be found in
both components of the proposed control strategy.

III. EVALUATION OF SECOND ORDER ANGULAR FREQUENCY-
BASED EQUATIONS

The zero dynamic of the virtual mechanical power is
found in (11) and (12). Moreover, it can be realized from (11)
and (12) that the zero dynamics of the active and reactive
power can highly impact on the angular frequency variations.

Pn @
) id * * 0]
la —p- ——
i —p Iq
e =B [ " P
Va —P ERAE
Vi —p- Vq
Ve —p| —

Pn o

. ia * * @
la —po- —
in —pp Iq
e =B da| vy P (0]
Va —P >

— Vg

—» — >

(b

Fig.2. General structure of the proposed control technique.

By obtaining dP/dt and dQ/dt from the first and second
terms of (2) respectively, and substituting the results into (11)
and (12), two accurate zero dynamic models for the grid
angular frequency can be achieved as:
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Except for the state variables involved with the converter
operating conditions, both virtual inertia and mechanical
power can highly impact on performance of the grid angular
frequency as demonstrated in (15) and (16). By solving the
differential equations of (13) and (14), the closed-loop
frequencies can be achieved as:
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Considering (13)-(14) and (17)-(18), the grid angular
frequency can be achieved as:

w=A4+ 05k1 |:le~"z’ _1631’:|+
* 1\ )2 N N
P —P 2 1
)| | P %0
0.5k, 1

Lot
(Q»P) Sy S5

wP"J

* * 2
W?P"J [(P’"—P )] +4
*J

Various states of (19) are drawn in Fig. 3. As can be seen
from this figure, changing the virtual inertia can be utilized to
reach a desired value for the angular frequency of grid. For
positive values of s;, 52, 53, and s4, two unstable responses in
Fig. 3 are achieved. But in the cases of stable responses, the
magnitude of fluctuations of the response is noticeably
decreased as shown in Fig.3 as blue color. On the other hand,
very low and high values of the virtual inertia can lead to the
non-compensable transient reaction of the grid angular
frequency. The low-high values of the virtual inertia can
provide appropriate respond instead.

IV. SIMULATION RESULTS

The proposed angular frequency dynamic-based control
strategy is evaluated by some simulation results through
MATLAB/SIMULINK environment. The system parameters
used in the simulation are specified in Table 1.
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Fig. 3. The virtual inertia effects on the grid angular frequency.

TABLE I: SIMULATION PARAMETERS

Parameter Value Parameter Value
de-link Voltage (vac) 850V I 1e3
kg.m?
220V
Phase ac voltage Pm 33kW
50 H;
Flt}ndamental z P 3IkW
requency
10 kH: 2 kVAr
Switching frequency z Q
Interface converter 0.1 Ohm | Interface converter 45 mH
resistance inductance

A. Decrement of active and reactive power injected into
power grid

It is assumed that the active and reactive power injected into
power grid is decreased at t=0.1s. This decrement leads to
rising grid frequency and decreasing grid voltage magnitude
as shown in Fig. 4 and 5, respectively. It can be understood
from Fig. 4 and 5 that the proposed control strategy is able to
provide stable values for both grid frequency and voltage
magnitude in steady state condition. Also, after dynamic
change, both grid frequency and voltage magnitude can
appropriately follow their reference values. As it can be seen
from Fig. 4 and 5, the appropriate operation of proposed
control technique can cause the grid frequency and voltage
magnitude to reach its desired value with a very good transient
response. To compensate these variations, the proposed
control technique-based interfaced converter is set to supply
the needed power of the grid based on Fig. 6 and 7. After
power decrement at t=0.1s, both grid frequency and voltage
magnitude are affected by this power change. Fig. 6 and 7
show that no change happens for the active and reactive power
of interfaced converter until t=0.25s. According to Fig. 6 and
7, interfaced converter increases its power generation to
compensate the needed active and reactive power of grid.
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Fig. 6. The active power of proposed control technique-based interfaced
converter.
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Fig. 7. The reactive power of proposed control technique-based interfaced
converter.

V. CONCLUSION

A second-order angular frequency dynamic-based control
technique has been designed in this paper to provide stable
values for grid frequency and voltage magnitude under high
penetration of renewable energy resources into the power grid.
Based on the mathematical model of the interfaced converter
and the dynamic characteristics of the synchronous generator,
the so-called swing equation, the proposed control technique
has been introduced. It can be considered as future work that
more interfaced converters in the parallel connection can
utilize this control technique in a microgrid structure.
Simulation results confirmed that the proposed -control
technique can guarantee a stable operating condition for the
power grid under high penetration of RESs.
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