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Abstract. This paper is aimed to design a power system which contains 20 arrangements of 2MW 11kV wind turbines a
40 MW offshore wind farm is simulated trendy PSCAD/EMTDC. The power is formerly transported through HVDC lines
and linked to the grid. The fault ride through ( FRT )for the wind farm is organized through VSC-HVDC.By review two
stages 6-pulse Disconnected (IGBT) Tyristors at the generator and grid side of the system two voltage source converter
stations are simulated in PSCAD/EMTDC software. The control arrangement is joint in the middle of situations in statute
to develop the (FRT) and voltage instruction for the wind farm. The wind turbine governor controls the pitch angle using
power output and the generator speed. The pitch angle will change respectively in order to reduce the changes in the
generator’s rotor speed. By decreasing the changes in rotor speed, wind turbine is able to generate more constant power
with less effect on the power transmission and the control system can be used to reduce the effect of fault in wind farm side
to fulfill the E.On requirements for increase the fault ride-through capability of the wind farm and that the duration of the
fault plays a vital part in decision making for wind farms disconnection. This control system can be used for offshore wind
farms linked to the grid where the wind farm is able to continue its operation without disconnection during the fault times.

Keywords. Fault ride through; HVDC system, Wind farm; VSC-HVDC transmission, PSCAD/EMTDC software

INTRODUCTION

The cause of global warming is the permanent fiery of vestige fuels and the gases emitted from them. This takes
controlled administrations to pay care to utilize of green energy as an alternative of fossil petroleum. Wind machinery
is a practical alternate to creating electric, and several countries in the world specifically Europe have observed growth
and development in the use of wind farms to generate electricity. However, several issues the systems through HVDC
are still exist owing to control complexity high price of convertor stations and semiconductor failures. The first
commercial HVDC transmission line was built between Gotland and mainland Sweden in 1954. Although the
advantages of HVDC was clear in comparison with HVAC systems high prices of two rectifier stations and high
number of failure in semiconductors have been the main challenge to decide using HVDC system instead of HVAC
[1]. As power generation increased from hundred MWs to thousand MWs which were needed to be transmitted for
longer distances, the power losses in HYAC configuration in one hand and cost of three conductors instead of two in
HVDC configuration on the other hand make this system more preferred than HVAC [2]. The break even distance for
these two configurations can be determined by referring to the amount of power and transmission line distance [3].
The longer the distance, the more losses in HVAC system due to AC lines reactive characteristics. There is no such
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loss in DC cables because of zero frequency in DC links [4-9]. Moreover, the independency of frequency makes the
HVDC system a great choice for off shore wind farms despite changes in the wind speed and turbine rotation speed
[10-21].

Sang et al.[22] Suggested a disconcertion approximation-built nonlinear adaptive control (NAC) designed for a
(VSC-HVDC) system and indicated that this strategy could improve dynamic behavior in the event of process with a
variation of compact voltage stages. Khani [23] offered a new control strategy established on liberating calculated
reactive power by (STATCOM) which avoiding voltage breakdown is realized throughout the fault. Tzelepis et al.
[24] suggests a DC voltage control strategy for fault managing and proved that this strategy could reflect as an
operational method of continuing the DC overvoltage inside safety boundaries via decreasing the linked to wind farm
power production.

The grid code used in this paper is EOn grid code [25]. This control system can be used for offshore wind farms
linked to the grid where the wind farm is able to continue its operation without disconnection during the fault times.
This ability makes the wind farms more reliable especially when wind farms become the main source of power in the
network.

E.ON CODE REQUIREMENT

According to EOn grid code, the changes in the voltage is needed to be in acceptable area, else the wind farm will
have to be separated from the grid [26-31] . The EOn grid code requirement for duration of voltage sag is presented
in Fig. 1. The Low voltage ride through desires of EOn grid code [10], the wind turbines requisite stay linked when
connecting point voltage residues intimate the shadow region up to boundary line 1. A short disconnection is
allowable, when the connecting point voltage is between lines 1 and 2. The tenacity of this paper is to control the
voltage to stay in the Area 1.
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FIGURE 1. EOn grid code requirement for duration of voltage sag.

Modelling of the power system

In this paper, Fig. 3 shows the power system which contains 20 arrangements of 2MW 11kV wind turbines a 40
MW wind farm is simulated trendy PSCAD/EMTDC. The power is formerly transported through HVDC lines and
linked to the grid. The fault ride through (FRT) for the wind farm is organized through VSC-HVDC. By review two
stages 6-pulse Disconnected (IGBT) Tyristors at the generator and grid side of the system two (VSC) stations are
simulated. Control arrangement is joint in the middle of situations in statute to develop the (FRT) and voltage
instruction for the wind farm. Where, ph1 is the anticipated period angle and m1 is the anticipated voltage amount for
generator lateral converter, ph2 is the period angle and m2 is the voltage amount for grid lateral converter and P,Q
are active and reactive power between 2 nodes in alternating circuit system , U1 and U2. © is the phase-angle change
and is the line reactance amid the two nodes [38].The output power of the turbine can be calculated via (1) equation,
Chavero et al [32].
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P(v) = %.p.A.v3.Cp (N} (@))
Where the equation parameters are:
(P) is the output power.
(4) is wind turbine area.
(p) is the air density (v ) is the wind.
(Cp) is coefficient factor should be less than 0.59 and can be calculated as follows:

116 _125
Cp=0.22(7 — 040 —5)e"# (2)

Where the equation parameters are:

B is pitch angle of the wind turbine blades.

A ,6 is the angle in degree of the tip speed ratio .
These parameters determined as follows:

1
B=—1 0035 ®)
A+0080 p3+1

PR (4)
v

The AC three phase voltages in generator side are converted to DC. Voltage in DC side can be calculated as
follows[33]:

Ug :%7 .Vu.cos cosa (®)

Where the equation parameters are:
(Uy) is the DC voltage and « is the firing angle.
(V,) is the line voltage of AC side.

It is clearly shown that when a is equal to 90 degrees the DC voltage is equal to zero and when a is equal to zero
the voltage in DC side is maximum. The firing angle in converters is determined by changing the firing time of IGBTSs.
In generator side, the firing time for IGBT valves are fixed permitted to transmit the extreme power. The active and
reactive power in DC side can be intended by using the following equations [20]:

3 Lm. (6)
=_EI/S L_squ
3 V2 Vo Lt
Q=—[ s s mlrd] (7)
2 “w,Lg L

Where the equation parameters are:

(P) is active power

(Q) is reactive power

(V;) is the phase voltage of the stator side of the generator.

(irq) and (i.4) are the quadratic and direct current of the stator.

So as to control the voltage sag, it is essential to control the reactive power generated by wind farm. From
equations (6) and (7),[34]. It can be realized that the active and reactive power can be organized respectively via
regulatory i,, and i,.4. In inverter side, the converter station is connected to the grid and controls the voltage in the
DC link. Figure 2 shows the power output of 2MW wind turbine for several wind speed and different air densities.
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FIGURE 2. Power output of 2MW wind turbine for different wind speed and different air densities [4].

It can be seen in Fig. 2 that the output is constant from 15m/s to 25 m/s. It shows that the pitch is adjusted in a way

that turbine rotates in its rated value.
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FIGURE 3. The system simulated in PSCAD/EMTDC.

Voltage control strategy

Active and reactive power generation by wind farm is needed to be controlled during the fault times. In the rectifier
side, the power is controlled and wind farm inject reactive power to the connection point to increase the voltage and
decrease the voltage sag in the wind farm side. This control scheme is based on equations (2) and (3). By controlling
the i, and i,4, wind farm is able to generate reactive power without the effect on real power generation. Figures 4
and 5 are shown the control strategy on rectifier side. Simple Pl controller is used due to its simplicity in design [20,35-
37].

Active +

power — »| PIcontroller I irq
reference

Active power
generated (P)

FIGURE 4. i, control system.
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FIGURE 5. i,.4 control system.

Active power is controlled by controlling i, and reactive power can be organized by controlling i,4. The reference
currents generated by PI controller then are fed to d,, to abc converter component to generate the three phase reference
currents. Moreover, using a pulse wide modulation (PWM) the firing pulses for IGBTs will be generated. On the grid
crosswise, voltage is needed to be controlled to decrease the voltage sag in DC link. Control strategy used in grid side
of the transmission system. V.., is compared with the reference V., and V 4. is compared with Ve ference. USiNg
simple PI controller, reference voltage for PWM is generated. Three phase reference voltages are then generated using
d, to abc converter. Rotating angle for qd to ABC converter is generated through PLL component.

SIMULATION RESULTS

The wind turbine governor controls the pitch angle using power output and the generator speed. Figure 6 shows
the generator speed and pitch angle during modifications in wind velocity. When the wind changes for 10 seconds,
pitch angle then will increase to reduce the rotor speed and maintain the rotation of the shaft in the acceptable speed
area. In Fig. 6, during the time that wind speed is changing the pitch angle will change respectively in order to reduce
the changes in the generator’s rotor speed. By decreasing the changes in rotor speed, wind turbine is able to generate
more constant power with less effect on the power transmission. The voltage in grid side and wind farm side are shown
in Figs. 7 to 11.
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FIGURE 6. The generator speed and pitch angle during changes in wind velocity.
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FIGURE 7. Voltage sag in grid side and wind farm side for fault (a).
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FIGURE 8. Voltage sag in grid side and wind farm side for fault (b).
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FIGURE 9. Voltage sags in grid side and wind farm side for fault (c).
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FIGURE 10. Voltage sag in grid side and wind farm side for fault (d).
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FIGURE 11. Voltage sag in grid side and wind farm side for fault (e).
CONCLUSION

The fault ride through capability of 40 MW offshore wind farm remained examined. The proposed control method
of the offshore wind farm using VSC-HVDC is able to ride through grid fault and realizes the EOn grid code requests.
The simulation results as well expression that the interval of grid fault plays a role in defining the ride through
capability of the wind. The result also shows that the duration of the fault plays a vital part in decision making for
wind farm disconnection.
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