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A ROBUST PERFORMANCE OF A VOLTAGE SOURCE
CONVERTER BASED HIGH VOLTAGE DIRECT CURRENT
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Abstract:—In this paper, we presented the modelling of VSC (Voltage Source Converter) of a DC link in the field of Park.
A control strategy based on the separation of active and reactive power is proposed. Simulation in Matlab / Simulink system
proposed under normal operation and faulty operation allows us to evaluate the performance of a VSC HVDC.
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l. INTRODUCTION

The power transmission DC has being historically the first used solution, but the technology of that time did not
allow the development of this type of power transmission.
The first power transmission system using HVDC (High Voltage Direct Current) was released in 1954 [1], since then
research on power transmission DC has started.
Nowadays, and following the progress of the field of power electronics, converters based on VSC technology are realized
with IGBT (Insulated Gate Bipolar Transistor). These showed many advantages [1], [2] as compared to converters used for
the traditional HVDC and are realised with thyristors.
In this study, we present a model of the VSC HVDC that will allow us to establish a mathematical model, or a so called
control strategy. This model for separating control is used to power the controlled converter VSC. A simulation with
Matlab / simulink is performed to highlight the performance of a VSC HVDC.

1. MODELING OF THE VSC HVDC
The configuration of a single polar VSC [1] is given by "Fig. 1".
Rated AC voltages can be expressed by the following formula:

digy,
Veane = Vixane = L (;tc g ()
Our goal is to establish a mathematical model that will be used for the control law. For this, we choose the study in the area
of Park, or we will establish a control system called VSC control by powers decoupled.
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o Fig. 1 VSC HVDC single polar

To facilitate the calculation, we used the transformation of Clark. This transformation the following result:
abc — o — dqg
The transition from normal reference to real reference Clark is given by "(2)™:
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Transformation using the Clark "(1)":
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The relation between the Park reference and the Clark reference is given by:
— jwt
Xa/, = qu £ 4
Where @ is the angular velocity of Park reference as compared to the real reference.
Using the formula "(3)," and "(4)":

d(igge™)
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On the other hand, we have:

d(lge™)
dt
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If we substitute "(7)," in "(5),", and eliminate the term € .

L =LeM,
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The equation "(8)," represents the mathematical model of a Single Polar VSC configuration in the Park reference.

1. CONTROL OF THE VSC HVDC
If we consider the axis (d ) of reference (dq) is in phase with the voltage (A) of the real reference, this means

that for every moment Vxd =Vx [3], [4]. Therefore, the equation "(8)," becomes:

dt ©)

VC
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With:
Jldzlq And jlq:_ld (10)
Applying the Laplace transform on the results "(9)," and "(10),"

(SL+ r)ld :VCd —de +WL| q
11
(SL+1)ly =Veq —wLly ()

1. Inner current controllers
The principle of inner control is based on current formula "(11)". This type of control allows through a reference

currents (1 4)and (I q) of the generated reference voltage (Vq)and (Vq ) for generating control pulses for VSC converters.
The block diagram of the inner control current is given by "Fig. 2".
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Fig. 2 Inner current controllers
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2. Outer controllers
The power exchanged with the alternative network through the VSC in the Park reference is given by the formula
"(12)," [8]:

S:g(vxd"‘jvxq)'(ld _jlq) (12)

WithVxg =0, the equation “(12)," becomes:

3 .3
S=§de.|d _JEde'Iq (13)

Hence the active and reactive powers are:

3
3 (14)
On the other hand, the variation of the DC voltage can be expressed as follows [3]:

AQey 1.
AVoe == P :E-['“"pdt (15)

With (C ) represent the smoothing capacitor voltage DC side.
If we neglect the power losses in converters (rectifier, inverter), and apply the theorem of energy conservation, we can write:

3 )
vadld +Vpcleap +Voclpe =0 (16)

From "(15)," and "(16)," we have:

dAVpe 3V (|d+2VDC|DcJ (17)

dt  2CVpe Y

From equation "(14)," controlled VSC in active and reactive powers can be formed separately. For the control voltage and
according to the equation "(17)", the DC voltage is affected by the current (1) and (V,q).

If we consider an AC electrical network low-power SCR< 2 (Short Circuit Ratio) the (V,4) has a value almost constant,

this means that the voltage (V p¢ ) is dependant on only the current (I 4).
The control structure is given by "Fig. 3"
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Fig. 3 Outer controllers

Generally, the converters using a technique VSC are controlled [6] [7] by active and reactive powers for the
rectifier mode, reactive power and DC voltage for inverter mode.
The complete structure of the VVSC control is given by "Fig. 4".
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Fig. 4 VSC HVDC controllers

The controllers P1 (Proportional Integrator) of the control system are calculated using the symmetrical optimum
criterion [2], [8], Table (1) gives the different gains of the controllers.

Table I. GAINS OF THE CONTROLLERS

Pl Outre controllers Inner controllers
Kp K| KP K|
P (station1) 0,17 12 7 85
Q (station1) 0,12 12 3 55
V (station2) 1 26 5 45
Q (station2) 0,3 25 3 35
(AVA SIMULATION AND RESULTS

To test the performance of the VSC HVDC transmission under normal operation (change of control settings), and
a default operation (single and three phase short circuit) was selected see the network "Fig. 5".
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Fig. 5 Testing network
1. Variations in the command instructions
In the first simulation, we will test the response of the VSC-HVDC for changes in control settings.

Initial settings : Prer =0pu, Qp 1o =0 pu, Q, of =0puetVpe o =1 pu.
The scenario change is given in Table Il.

Table Il. VARIATION OF THE SETTINGS

time (S) IDref Ql_ ref QZ_ ref VDC_ref
0,5 -0,5 0 0 1

1 0 0,1 0,1 1

1,3 0 0,1 0,1 1

1,5 0,5 0,15 -0,15 0,9

1,8 1 0,15 -0,15 0,9
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Figures "Fig. 5," and "Fig. 6," respectively includes the results of stations 1 and 2.
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Fig. 5. Change orders (Station 1) Fig. 6. Change orders (Station 2)

The simulation supports that the physical quantity (voltage, power ...) follow the instructions of command, the
physical quantities are stabilized with a delay time t <0,4 s, which is translated into a good operational stability. Change

the setting of active power creates a slight disturbance reactive power e DC voltage in Station 1 and Station 2, but this
disturbance does not affect the system stability.

2. Short circuit
In this section, we conducted a single-phase earth short circuit at timet =1 sto t =1,2 s in station 2, a short three

phase circuit and earth at timet =18s to t=2 s in station 2. Control settings for this simulation are: P =1pu,

Qi ret =—01pu Qy et =1 puand Vpe_er =1 pu.

Figures "Fig. 7" and "Fig. 8" illustrates the simulation results.
The simulation shows that for a short circuit (single phase or three phases) in station 2, the tension in the station 1 is infected
(see "Fig. 7," and "Fig. 8"). For a single phase short circuit, the active power transited through the line decreases,
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while for the second case (short-three phase circuit) power is almost zero. The reactive power consumed by a

station swung round to its initial value during the short circuit that is either single or three phases, but this oscillation does
not have great influence on the alternative side of Station 1.

V. CONCLUSION

In this paper, we simulated a VSC HVDC configuration at normal stresses and strains of failing to achieve

evaluated the performance of such a configuration. Simulation in Matlab / Simulink has proven that the method used to
control VSC converters is reliable in terms of physical quantities has followed their instructions, and that the use of such a
system (VSC HVDC) in a network AC increases network reliability for VSC HVDC That a connection does not allow the
propagation effects of a short circuit on the AC side of a HVDC terminal to another terminal.
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