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Abstract— Nowadays the HVDC systems are considered as
basic devices in the new electrical networks because they could
solve many problems such as connections of different frequencies
regions. Networks stability is the aim of many researchers. They
used conventional methods such as PI controllers for this purpose
in these methods. The parameters of Pl controllers were assumed
depending on the operator’s experiences. The authors of this
paper optimized the system parameters using Particle Swarm
Optimization (PSO). A comparative study between the
conventional and optimized systems will be presented. The
obtained results show the efficient performance of the designed
system

I. INTRODUCTION

he continuous increasing of demand electrical power
causes many problems of the generation, transmission
and distribution network’s area. It’s found that High
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Voltage Direct Current (HVDC) devices could solve many of
these problems. They can be included in many power systems
such as long distance bulk power delivery and connection of
non-synchronous plants. [1][2].

The two main types of converters are Current Source

Converter (CSC) and Voltage Source Converter (VSC).
The CSC type suffers from many problems such as
commutation failure and bad performance especially in weak
AC system. VSC has many advantages. It presents fast
damping oscillations and good transient stability. It also feeds
passive systems in absence of generation source [3]-[7].

The optimal type of VSC can be obtained by using Particle

Swarm Optimization PSO technique which realizes a
favorable experiment result [8].
The control over active and reactive current components of a
VSC-HVDC is normally achieved through a PI controller. The
P1 controller has many problems such as the impairment of
providing suitable control and transient stability enhancement.
There are several searches efficient methods for resolving
complex power system problems. One of these methods is
PSO which is a very simple and effective method.

This paper introduces the ability of control of the active
and reactive power and DC voltage for the electrical systems.
The PI controller is used to improve the system stability. The
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values of Pl parameters play an important role in achieving the
stability. In conventional method the Pl parameters are chosen
depending on the operator’s experience. But in the proposed
study the parameters are optimized by PSO [9].

In this paper, the models of two machines infinite bus
electric power system are installed with the parameters of the
VSC-HVDC damping controller optimized by PSO in
MATLAB encoding. The paper is arranged in six major parts.
The connections and controller of VSC-HVDC are presented
in section 11, 1. PSO will be discussed in section IV. System
performance and results discussion and conclusion will be
found in section V, V1.

1. VSC-HVDC CONNECTIONS

The studied system consists of AC breakers, AC filters,
transformer, phase reactor, voltage source converters, DC
capacitor and DC cable to connect it to another station or grid.
Figures 1 and 2 explain the MATLAB simulation model of the
VSC transmission system.

The studied system can be divided into two sides AC and DC.

St

Notworh B

Fig 2 VSC-HVDC MATLAB simulation model

A) AC SIDE

The AC side can be considered as a controllable voltage
source using pulse width modulation PWM technique where
it’s able to control independently the frequency, the phase and
amplitude of its AC voltage. The equivalent circuit of this side
is shown in Figure 3.
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Fig 3 Equivalent circuit for the AC side of a VSC-HVDC

If the transformer and reactor resistances are neglected the
active power flow and reactive power flow can be formulated,
in PU by equations 1, 2

EsVe

P, = X sinéd (1)
T
Es®—EsV cos &
Qac = =22 2)
T

Where P,. and Q,. is the active and reactive power in the ac
system with voltage magnitudes Eg and V. between two
electrical nodes. The variables § and X are the phase-angle
difference and line reactance between the two nodes
respectively [10].

From equation 2 if the real component of the VSC output
voltage V.(cosd ) has a smaller magnitude than the voltage
of the AC system, the converter will consume reactive power
from the AC network. Otherwise the converter will provide
reactive power to the network. Figure 4 shows the phasor
diagram for the AC side of a VSC-HVDC station.

Fig 4 Phasor diagram of a VSC

B) DC sIDE

The DC side of the converter is modelled as controllable
DC current source. The DC current can be calculated by
equation 3 based on the power balance between the AC and
DC sides of the converter (disregarding converter losses):

P
Pac = Poc = Vpc-Ipc = Ipc = ﬁ 3)

WherePyc, Vpe and I, are the power, the voltage and the
current on the DC side. The equivalent circuit for the DC side
of a vsc-HvDC is presented in Figure 5.
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Fig 5 Equivalent circuits for the DC side

111- VSC-HVDC CONTROLLER

The VSC-HVDC using PWM technique can control the
active and reactive power independently through two
independent paths shown in Figure 6.

The active power can be used to control the DC voltage and
the frequency of the AC side. The reactive power can be used
to control the AC voltage value.
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Fig 6: VSC-HVDC Control Scheme

A) OUTER CONTROLLER

The outer controllers are responsible for generating and
providing the reference currents (i, andi,") to Inner Current
Control ICC. These controllers can be categorized in two
distinguished groups: active power path and reactive power
path. For the active power path the DC voltage and active
power controllers will be applied and they will provide the
current reference for the g-axis. For the reactive power path,
the AC voltage and reactive power controllers will be
implemented and these will be responsible of generating the
current reference of the d-axis. In every controller a Pl
regulators employed to annul steady state errors.

1- ACTIVE AND REACTIVE POWER CONTROLLERS

If the Park-Transformation that conserves power is used and if
the three-phase system is balanced, the expressions for the
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calculation of the active and reactive power above in the dq
frame are given by:

pac=edid+eqiq (4a)

dac = eqid - ediq (4b)
k;

i*a = (4" 1. — Gac): (k,,,q + %) (5a)
k;

lg= (p*ac - paC)' (kp,p + %) (5b)

Where e, and e, are the voltage at the PCC in the (dq) frame
in pu, igand i, are the Current of the converter in the (dq)
frame in pu, g . is reference of the reactive power at the AC
side of the converter in pu, p* . is the reference of the active
power at the AC side of the converter in pu, k,, is the
proportional gain of the reactive power Pl regulator, k,, ,, is
proportional gain of the active power Pl regulator , k;, is the
integral gain of the reactive power Pl regulator and k;, is

integral gain of the active power PI regulator respectively.
The PI controller for active power and reactive power are
shown in Figures 7 and 8.
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Fig 8 Reactive power controller

2- DC VOLTAGE CONTROLLER

The objective of this controller is to maintain the DC
voltage at its reference value by regulating the active power
exchanged with the AC grid by regulating i,".

A DC voltage controller that operates on the error between
the DC voltage and its reference value could be applied.
However, if the controller operates linearly on the DC voltage,
the closed-loop dynamics will depend on the operating point
[11].

The DC voltage outer controller is made to operate by the
energy, w, stored in the VSC-HVDC station capacitor. The
output current can be calculated by equation 6.

e % ki,w
l q—(W ¢ = We)- kpw +T (6)
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where w*, is DC capacitor's energy reference, w, energy
stored in the DC capacitor, k,,, is proportional gain of the DC
voltage Pl regulator and k;,, is integral gain of the DC
Voltage PI regulator respectively.

3- AC VOLTAGE CONTROLLERS

The AC voltage controller regulates the amplitude of the
AC voltage at the Point of Common Coupling PCC at a given
reference value by modifying the current reference of the d-
axis, iz" as shown in Figure 9. This suggests that the
controller commands the converter to transmit an amount of
reactive power so that the AC voltage at the PCC matches the
given reference value. The output current can be calculated by
equation 7

k;
i*a = (leiql = leaql) (kpw +=22) @)

Where e”,, is the reference of the voltage at the PCC in the
(dg) frame in pu, k,, is proportional gain of the AC voltage
Pl regulator and k,,; is integral gain of the active power PI
regulator

Fig 9 AC voltage controller

B) INNER CURRENT CONTROLLER ICC

Ordinarily in ICC, the converter currents and the AC three-
phase voltages are transformed to the rotating direct-
quadrature dq coordinate system. (Considering the phase
reactor and transformer losses). The error voltage can be
calculated by the following equation

. d,.
es — V. = Ry.i. + LT.E(lc)

(%)

Equation 8 can be written in the dq reference frame by Park
Transformation as follow:

(9a)

(9b)

d
€qg — Vg = RT' id + LT& (ld) - WLT.iq

. d . .
eq— Vg =Rp.ig+ LT.a(lq) + wLriy

E: 11

Where Rr and Lt represent respectively, the total resistance
and inductance between the converter and the PCC with the
AC network as shown in Figure 10.

' t-

L

Fig 10 The structure of the inner current controller

IV. PARTICLE SWARM OPTIMIZATION (PSO)

PSO algorithm was invented in 1995 by Eberhart and
Kennedy. PSO simulates a swarm of individuals or particles
fly through limited search space area.

PSO simulates the behavior of flocks of birds, swarm of
fish when are seeking for their food [12]-[15].

Each particle has its own position and speed. The particle
position is modified continuously according to the best
position found itself and the swarm.

Each particle in the swarm is represented by the following
characteristics. If the vi is the current velocity of the particle,
xi is the current position of the particle, y: is the personal best
position of the particle. ¥ is the neighborhood best position of
the particle . Let F denote the objective function, t is the time
of the objective function and s denotes the size of the swarm.
When the personal best of a particle at time step t is upgraded
for the gbest model, the best particle is determined from the
entire swarm by selecting the best personal position. When the
position of the global best particle is denoted by the vectory :

yi(t+1)
_ { yi(®) if F(xi(t+1) = F(y(t) (10)
xi(t+ 1) if F(x;(t +1) <F(y; (1)
9 =€ {¥0,¥1, Y2 -, ¥s-1,Ys} (11)
Where:
9 = min{F(y,(t), ..... F(y(©))} (12)

The velocity update step is specified for each dimension,
vij represents the j** element of the velocity vector and the "
of the particle. The velocity of particle i is updated using the
following equation

vi,j =W.Ui,j(t)+C1.A1+C2.A2 (13)



V. SYSTEM PERFORMANCE AND RESULTS DISCUSSION.

To study the performance of the system under study three
cases will be applied and discussed in this part. The cases
include the variation of active and reactive power with and

E: 12 MANSOURA ENGINEERING JOURNAL, (MEJ), VOL. 42, ISSUE 2, JUNE 2017
Where:

Ay =115 (¥ — x;5()) (14)

Ay =1y (J’}l(t) - xi,j(t)) (15) without application of line to ground fault.
rjand ry; € [0,1] (16)

The position of particle x; is updated using the developed
equation 17

xl-(t + 1) = xi(t) + Vi(t + 1) (17)

This process is repeated to a specified number of trials is
exceeded, or velocity updates are near to zero [16].
To optimize the control model, a PSO will be incorporated
with the PI controller shown in Figure 11, both in the inner
control and outer control in each side. The purpose of this
method is to find the optimized gains of the PI

.

T Xina)
| Obgective P50
o| Function o Algorithm

Fig 11 Insertion of PSO approach with the PI controller

Depending on the experience the initial data of the PI
parameters are proposed on Table 1. The optimized value of
this model can be obtained by the proposed technique.

TABLE 1 PARAMETERS OF Pl GAINS

Type  of | Outer control loop Ilcr)]:sr control

controller ST - =

PSO-pi VSCl | 0.5 | 50 | 05 50
VSC2 | 05 | 50 | 05 50

Traditional VSC1 6 8 6 3

PI vscz | 6 | 8 | 6

The system shown in Figure 1 with parameter shown in Table
2 is used to study some cases in the following part.

TABLE 2 THE SYSTEM PARAMETERS

Parameters Value

Ac voltage Uy, U 230 KV

Wy, W; 2+ pi * 50 rad/s
Transformer ratio Ty, T, 230KV/100KV

RLRj 0.325Q

L, L 0.072H
Rated voltage in DC side +100KV
C 70uF
Unit resistance of DC line 1.3%-.002Q
DC line length 75*2 KM

CASE 1. APPLICATION OF ACTIVE POWER.

At time = 0.5 sec the active power reference will increase
from 0 to 1 PU where no reactive power. The obtained results
are shown in Figure 12 which insure the PSO model gives
efficient performances better than the Pl traditional one.
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CASE 2: APPLICATION OF REACTIVE POWER
At time = 0.5 sec the reactive power reference will
increase from 0 to 1 PU where no active power. The results
are shown in Figure 13. The proposed system insure the best
performance and good stability.
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CASE 3 THE PERFORMANCE UNDER LINE TO GROUND FAULT
To test the system performance at 0.5 sec, active power
reference will be changed from 0 to 1 PU until one second
then a line to ground fault is applied for a duration 0.2 sec and
will be cleared at 1.2 sec. According to results (Figurel4) the
system introduces good and steady performance.
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V1. CONCLUSION
This paper presented a proposed method to

optimize the parameters of Pl controller of HVDC
integrated in power system to solve some problems.
Associated with the connection of different frequency
regions. The proposed system could improve the
system stability problem. The studied system was
modelled by MATLAB SIMULINK. The initial
parameters values were proposed depending on the
author experience and compared with the obtained
optimize ones. Three different cases were applied and
discussed. They were the variation of active and
reactive power with and without application of a line
to ground fault. The obtained results insure that the
designed system introduced high efficiency and better
stability. The proposed methodology can be applied in
any other systems with any case study.
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