
Fault Analysis of Three Level VSC-HVDC Connected Offshore Wind 

Khadidja Chenna* , Kaci Ghedamsi

Laboratoire de Maitrise des Energies Renouvelables (LMER), Faculté de Technologie, Université de Bejaia, Bejaia 06000, 

Algeria 

Corresponding Author Email: khadidja.chenna@univ-bejaia.dz

https://doi.org/10.18280/mmep.100206 ABSTRACT 

Received: 7 November 2022 

Accepted: 3 February 2023 

High-voltage direct current (HVDC) system is widely used for long-distance bulk-

power transmission due to its high economic efficiency. VSC-HVDC systems are being 

increasingly employed in the power systems. This paper addresses the analysis, fault of 

three level VSC HVDC connected offshore wind. Where wind energy can be very 

effectively used and is currently widely used worldwide. The onshore VSC-HVDC 

system is based on a three-level voltage converter topology that is used to interconnect 

an offshore wind farm (OWF) with the ac main grid via two dc cables. The VSC consists 

three-phase insulated-gate bipolar transistor (IGBT) based rectifier, a three-phase IGBT 

based inverter. The modeling of dc bus voltage of inverter is developed via the Voltage 

Oriented Control (VOC) strategy. AC fault three-lines to ground and line to ground, DC 

fault with pole-to-ground type on DC transmission lines are mainly considered and 

analyzed. The system is simulated using Matlab/Simulink environment; the simulation 

results show the control efficiency and system stability. The results obtained confirm 

the robustness of the system control and the system gives a good energy quality that 

manifests by a good output currant and voltage curves. 
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1. INTRODUCTION

Global energy consumption continues to grow with no 

prospect of slowing down in the near future [1]. Continued 

growth in demand for electricity requires the continued 

expansion of plans to increase production capacity, and that of 

transport [2, 3], and to promote the interconnection of regions, 

which are sometimes separated by long distances. There is a 

need to transmit energy through the sea [4, 5], and the 

interconnection of asynchronous systems of different 

frequencies. HVDC transport, therefore, emerges as the only 

possible solution responding to the various problems and 

drawbacks encountered with the alternating current for these 

environmental [6, 7], technical, and economic reasons. The 

installation of HVDC systems is favored in order to maximize 

the efficiency of electricity transmission [8, 9]. Technically, 

the interconnection of these wind farms with electric grids 

provides a better quality of power, an improvement in the 

transition of power, and stability of the network [10, 11]. 

Recent advancements in VSC technology have made HVDC 

grids more technically feasible.  

The HVDC transmission method makes use of technology 

that was substantially developed in the 1930s in Germany and 

Sweden (ASEA). Early commercial installations included one 

between Moscow and Kashira in the Soviet Union in 1951 and 

one between Gotland and the Swedish mainland in 1954.The 

previous longest HVDC link in the world was the Xiangjiaba–

Shanghai 2,071 km (1,287 mi), ±800 kV, 6400 MW link 

connecting the Xiangjiaba Dam to Shanghai. in the People's 

Republic of China. Early in 2013, the longest HVDC link has 

been the Rio Madeira link in Brazil, which consists of two 

bipoles of ±600 kV, 3150 MW each, connecting Porto Velho 

in the state of Rondônia to the Sao Paulo area, over a length of 

2,375 km. Rock Island Clean Line was being installed in North 

America, over a length of 805 km, and power of 3,500 MW 

which is expected to be completed in the year 2017. It requires 

additional research and development on various faults and 

components to operate at the extreme [12]. 

However, under a fault in the DC or AC side, an over 

current may occur due to the rapid decrease in the DC voltage. 

This is mainly because the conventional VSCs cannot interrupt 

or strongly limit the current flowing towards the DC-side fault. 

Due to the freewheeling diodes feeding the DC fault, a strong 

AC grid current flows through them, potentially damaging the 

converter valves. Recently, protecting HVDC transmission 

lines using VSC has proven to be very difficult [13-15]. 

The major priority of an HVDC is maximum power transfer 

and system stability. when a fault appears, stability is affected 

and a loss of power is visible. So the study and analysis of the 

different faults allows us to understand the reaction of the 

HVDC system to faults and to adapt protection systems or 

controls. 

DC and AC fault analysis are always interesting to 

understand the system behavior under such conditions. 

Furthermore, the analysis of the different faults in an HVDC 

system allows better protection and understanding with a 

lower cost. 

Fault analysis is an important part of any system's defense. 

HVDC systems must be operated safely, the detection and 

quick correction of faults in HVDC lines are critical [16, 17]. 

AC side failures on the rectifier and inverter sides, as well as 

DC faults on the line, can occur in HVDC systems. For 

improved system protection, it is required to evaluate and 

analyze the fault [18]. However, all the studies that have been 
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carried out so far are faults on the AC side or faults on the DC 

side [DC phase-ground, DC phase- phase or AC faults.  

The focus of this work is the examination of several sorts of 

short circuits and stability in offshore wind farm (WF) of a 

HVDC system. The analysis will consider three‐ levels 

voltage source converter (VSC). VSC HVDC is normally 

designed to ride through all AC faults. 

This work is part of the perspective of studying the 

performance and stability of a VSC-HVDC system based on a 

three-level inverter. Thus, simulations of the studied VSC-

HVDC system were carried out in Simpower System of 

Matlab, the control of this system is based on the vector 

oriented control. 

This article is organized in four sections: First, a description 

of the system with a mathematical model is made. Section 2, 

we present and detail the control system. Then section 3, 

simulations of the system are carried out under different faults 

in the AC and DC network. Finally, section 4, the results 

obtained and the performances of the VSC-HVDC system are 

analyzed and discussed. 

 

 

2. WIND FARM (WF) AND (VSC-HVDC) SYSTEM 

DESCRIPTION  

 

Figure 1 depicts the configuration of the studied system, 

containing a wind farm as a power source and an infinite 

network, connected to a transmission link of 75 km, via two 

smoothing capacitors and three levels VSC neutral point 

clamped converter (NPC) converters. 

 

 
 

Figure 1. Different faults of the system studied (VSC-

HVDC) 

 

The mathematical expression model of the wind turbine was 

found in research [19]. 
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where, ρ is the density of the air (kg/m2); A is the rotor swept 

area; Cp is the efficiency of the turbine; λ is the turbine tip 

speed ratio; β is the pitch angle of the turbine; R is the blade 

length; Vwind is the actual speed of the wind; Ω is the speed of 

rotation of dq reference frame. 

 

 

3. CONTROL STRATEGY 

 

The Figure 2 shows our system; it consists of a wind farm, 

DC link and two stations (St1, St2) of conversion (rectifier, 

inverter). We have used, the 3L-NPC based IGBT for both 

VSC stations to reduce converter stress and improve power 

quality by supporting high voltage. 

 

 
 

Figure 2. Control structure of the three levels VSC-HVDC 

system 

 

In order to maintain the power constant, the losses in the 

rectifier are zero and for steady state operation, the active 

power on the network side is the same as the active power on 

the DC bus. As illustrated in Figure 4, the measured DC link 

voltage is compared to the reference, and the error is input into 

a PI controller to obtain the current in the d-axis.  

The following are the equations that characterize the 

onshore VSC-HVDC Station in the dq reference frame as 

shown in the research [20]: 
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where, Pa, Qcc, idq, Vdq, L, R, Cdc, Vdc, w represent the active 

power, the reactive power, the current, the voltage, the 

inductance, the resistor of the line of the onshore VSC. 
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ddcc iVP =  (11) 

 

dqcc iVQ −=  (12) 

 

( )
S

KiV
KPVVVi dc

dcdcdcd +−= **  (13) 

 

i∗d is the reference current. 

1/S Integrator, V*
dc is the estimated dc-bus voltage at do not 

begin a new section directly at the bottom of the page, instead, 

move the heading to the top of the next page. 

Offshore VSC Station 1, KPVdc, KiVdc is the integral gain 

for the regulated dc bus voltage. A detailed model of three 

levels is used and its parameters are reported in Table 1. 

 

Table 1. VSC-HVDC system parameters 

 

Symbol Quantity 
Conversion in SI a 

system 

Vac 
Rated (base) AC 

voltage 
150 e3 V 

Vdc DC voltage 300 e3 V 

P Active power 1000 e6 W 

Cdc DC capacitor 3000 e-6 

f System frequency 60 Hz 

 

 

4. SIMULATION AND DISCUSSION  

 

The system presented in Figure 1 was implemented and 

simulated using Matlab/Simulink environment Simulation 

results are presented and discussed in what follow. 
 

4.1 Three lines to ground (3L-G) short circuit 

 

At the WF connection point, a 3L-G short circuit ground 

fault was applied for 200ms. Figures 1 and 2 show the 

simulation findings (3-9). 

In this test, three-phase to ground fault was applied in 

Station 1. A change in the d axis current is introduced in St2 

between 1.1 and 1.3 second in the steady state. After that the 

fault was applied at t=2s and lasts for 0.1s. 

Figures 3 and 4 show the active and reactive powers of two 

stations we can see any change in the St2. 

 

 
 

Figure 3. Active and reactive power in Station 1 

 
 

Figure 4. Active and reactive power in Station 2 
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Figure 5. AC-side voltage in Station 1 
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Figure 6. AC-side voltage Station 2 
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Figure 7. AC -side current in Station 1 

 

 
 

Figure 8. AC- side current in Station 2 
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Figure 9. DC voltage in Station 1 and Station 2 

 

The line voltages and current of two stations are show in 

Figures 5, 6, 7 and 8 as can be seen in Figure 5 the line voltages 

of St1 became null because of the short circuit but the voltage 

in St2 is not affected. On the other hand, the short circuit 

causes excessive line current in St1 without any perturbation 

in St2 electrical quantities. These results confirm the good 

performances of the control algorithm. the current of the 1 

station is affected by the fault, however the other station has 

not been affected. The DC bus test is made unstable in this 

short period but it stabilizes after the fault is cleared. The two 

voltages Vdc1 and Vdc2 (Figure 9) are completely equal, 

which highlights the performance and efficiency of the 

regulation.  

 

4.2 Line to ground (L-G) 

 

We applied a phase-to-earth fault at time t=2s at t=2.1s at 

Station 2, we find the following results. 
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Figure 10. Active and reactive power in Station 1 
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Figure 11. Active and reactive power in Station 2 
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Figure 12. AC-side voltage in Station 1 
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Figure 13. AC- side voltage in Station 2 
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Figure 14. AC-side current in Station 1 
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0 1 2 3
2

3

4

5

6
x 10

5

V
d
c
 s

ta
ti

o
n

 1
a
n

d
 2

 (
V

)

Time (s)
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The fault time starts from t=2 to t=2.1 second, Figure 10 

shows the variation of power in two stations, we can see 

the disturbance in St2 while St1 has not been affected Figure 

11. From the period 2 to 2.1 second, the failure affected phase 

A. The three-phase voltage has a usual value of 150 kV. 

Figures 12 and 13 shows the AC voltage in the two 

stations, in the second station we can clearly see that phase A 

goes to 0 for 2 periods 2 s at 2.1 while the other two phases 

remain unchanged, On the other hand, the voltage in St1 has 

not been affected. 

Figures 14, 15 show the current in the two stations, the 

current in St2 increases slightly and decreases when the fault 

occurs at t = 2s and ends at t = 2.1s. The current in St1 

remains stable. 

The DC bus test is made unstable in this short period of time 

but it stabilizes after the fault is cleared in Figure 16. 

4.3 Line to ground (L-G) 

We applied a DC line to ground fault at time t=2s at t=2.1s 

at St2, we find the following results. 

Figures 17-23 illustrate the impacts of the pole to earth fault 

on the measured AC voltage and current signals at Stations 
1 and 2. 
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Figure 18. Active and reactive power in Station 2 
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Figure 19. AC-side voltage in Station 1 
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Figure 20. AC-side voltage Station 2 
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Figure 21. AC-side current in Station 1 

 

When the fault is produced on the continuous line next to 

Station 2 at t=2s the alternating voltage measured at the 

transformer presents significant distortions as shown in 

Figures 19 and 20 respectively. 

As shown from the voltage signals corresponding to Pcc1 

have greater DC offset and distortions compared to the voltage 

signals recorded before T1 since the AC filter installed after 

"T1" rejects most of the distortions. As shown from the 

corresponding voltage signals before T have greater DC offset 

and distortions compared to the voltage signals recorded after 

T1 since the AC filter installed after "T1" rejects most of the 

distortions. The DC voltage collapsed after the fault occurred 

as shown in Figure 23. On the other hand, the measured AC 

signals at station “S2" are illustrated in Figures 17-22 

Distorted voltages. More distorted currents after the fault 

occurrence were recorded as shown in Figures 21-22, the DC 

current increased rapidly after the fault instant and the DC 

voltage collapsed remarkably. 
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Figure 22. AC-side current in Station 2 
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Figure 23. DC voltage link in Station 1 and Station 2 
 

 

5. CONCLUSIONS 
 

This work presents, describes, and simulates the VSC-

HVDC system based on three levels inverter and the vector 

control strategy of active power, DC bus voltage, under 

various situations (steps on input powers, AC side voltage, 

etc.) and disturbances (three-phase/ground short-circuit fault). 

We used the 3-level inverter since it offers less current ripple, 

a reduced THD value and it allows power segmentation. The 

findings demonstrate that the system control has good 

performance in terms of stability and robustness during a 

three-phase and single-phase short-circuit fault on the AC side. 

Alternating currents are observed to grow on the failing side 

while decreasing on the healthy side, not causing a change in 

the DC bus voltage. DC side faults are also presented in this 

article. When a fault occurs on the DC side, its impacts appear 

on the AC side. During a DC fault, the fault DC current 

increases sharply and will reach the blocking threshold value 

in a few milliseconds. Therefore, it is considered one of the 

most dangerous faults in any transmission system. With this, 

we can direct future research towards an HVDC transmission 

line protection scheme that can be implemented more reliably, 

efficiently and robustly and also prevent losses, predict future 

faults, easily control and eradicate them. Suitable appropriate 

protection schemes and circuit breakers can be a very good 

solution. 
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NOMENCLATURE 

 

AC Alternative Current 

T Power transformer 

Cdc Dc Capacitor 

DC Direct Current 

f System frequency 

HVDC High Voltage Direct Current 

Pcc Point of common coupling 

VSC Voltage Source Inverter 

Ki Integral 

Kp Proportional 

VOC Vector Oriented Control 

Cp Efficiency of the turbine 

NPC Neutral Point Clamped Converter 

OWF Offshore Wind Farm 

IGBT Iinsulated-Gate Bipolar Transistor 

 

Greek symbols 

 

 Density of the air 

 the pitch angle 

λ Turbine tip speed ratio 

Ω Speed of rotation of dq reference frame 

 

Subscripts 

 

ac Alternative current index 

q Quadratic axis 

d Direct Axis 

dc Direct current index 

T Transformer 
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