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Abstract

This paper introduces the characteristics of VSC and MMC-MTDC and dis-
cusses the effects of different kinds of faults in HVDC systems. Special atten-
tion is given to the comparison between a pole-to-pole fault and a pole-to-
ground fault occurring in the middle of the line or at the terminal of a VSC.
Simulations using MATLAB are provided in this article which show the dif-
ference effects clearly when faults occur in a VSC-MTDC system or in a
MMC-MTDC system. Understanding of such fault characteristics and the in-
fluence of the control system on them are important prerequisites on the way
to MTDC systems.
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1. Introduction

Compared with the traditional line commutated converters (LCC) based high
voltage direct current (HVDC) systems, voltage source converter (VSC) based
HVDC systems has many advantages of no failure commutation, no DC voltage
polarity change when the current is reversed, decoupled control of active and
reactive power etc. Multi-terminal HVDC (MTDC) systems has multiple send-
ing and receiving terminals, which can transport distributed energy to multiple
load centers. It has the advantages of low transmission loss, flexible power flow
control, enabling asynchronous network to connect and expand easily etc.
Modular multilevel converter based HVDC (MMC-HVDC) has become the
developing trend of future HVDC areas [1]. The first commercialized “Trans
Bay Cable Project (TBC)” in the world, the completed Shanghai Nanhui flexible
HVDC project and other constructing projects in China, all take Half-Bridge
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MMC (HBMMC) as converters. When DC pole-to-pole short circuit fault occurs
to HBMMC, 2-and 3-level voltage source converter based HVDC (VSC-HVDC)
systems, the AC side of converters can be equivalent to 3-phase short circuit due
to the free-wheeling function of the anti-paralleled diodes with insulated gate
bipolar transistors (IGBTs), and it will seriously influence the normal operation
of the system. Besides, the technology of manufacturing high voltage and high
rating DC breaker is not mature at present [2], thus VSC-HVDC project de-
mands very high reliability of the DC cables, that is to say the probability of the
DC fault should be very small, which is a limitation for the development and ap-
plication of VSC-HVDC in multi-terminal HVDC (MTDC) areas.

This paper is organized as follow: in Section 2, VSC and MMC MTDC are in-
troduced and compared on each characteristic. In Section 3, possible faults are
analyzed according to type and characteristic. Theoretical analysis and simula-
tion results are provided in Section 5. And several conclusions are drawn in Sec-

tion 4.

2.VSCand MMC-MTDC

As AC network and DC network are becoming more complex, VSC-MTDC,
based on two-terminal HVDGC, is developed to offer technology support for the
accessing among multi-supplier center, multi-loads center and distributed re-
newable power. Compared with the current source converter based on high vol-
tage direct current (CSC-HVDC) transmission system, VSC-HVDC is capable of
controlling the active power and reactive power independently, and meeting the
request of power supply to passive networks [3]. Meanwhile, there is no com-
mutation failure problem. When the power flows reverse, the DC voltage can
also keep constant with the reversal of the DC current direction. With the good
controllability, the VSC-HVDC can easily be developed into multi-terminal
HVDC (VSC-MTDC) system, namely the DC transmission network formed by
three or more converter stations [4]. The structure of a VSC-HVDC converter
station is shown in Figure 1.

A less widespread technology, because of its novelty and complexity, is the
Modular Multi-Level Converter (MMC), Figure 2, proposed for HVDC applica-
tions in 2003 by Marquardt and first used commercially in the Trans Bay Cable
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Figure 1. VSC-HVDC converter station.
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Figure 2. Topology structure of MMC.
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project in San Francisco [1].

The essential differences of structure bring MMC a significant performance
improvement compared with the traditional two level and three level converter,
which listed as follow: [5]

1) Higher quality output voltage waveform. By adjusting the number of sub-
modules in series, MMC system can achieve flexible changes in voltage and
power levels, which provide a smooth output voltage wave that similar with ideal
sine wave.

2) Less impact caused by DC fault. Because of the inductance on the bridge
arms, when the DC side occurs a short-circuit fault, the converter bridge arm
through the short-circuit current is lower than that in two or three levels con-
verters [6].

3) Lower switching devices requirements. Modular structure makes it ask for
lower requirement and easy to package and expand. Traditional two or three le-
vels converters need each IGBT open and close at the same time because of its
series structure.

4) Lower switching losses. Switching frequency in MMC can be reduced to

100 Hz - 300 Hz, so it has lower switching losses and enhances the economy.

3. Fault of MTDC

The application of high-power voltage-source converters (VSCs) to MTDC sys-
tems is attracting research interest. However, faults occurring along the inter-
connecting dc cables are most likely to threaten system operation., which effects
safety and stability of MTDC networks [7].

Considering the location and the impact of the failure, faults can be divided
into line-to-ground, line-to-line, overcurrent and overvoltage faults [8].

A line-to-ground fault (ground fault) occurs when the positive or negative line

is shorted to ground. In overhead lines faults may occur when lightning strikes
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the line or objects falling onto the line, causing a path to ground. In some cases,
when the path can be cleared away from the line and the system can be restored.
If the fault persists the line would have to be taken out of service until the fault
path can be cleared.

When a line-to-ground fault occurs, the faulted pole rapidly discharges capa-
citor to ground. This causes an imbalance of the DC link voltage between the
positive and negative poles. As the voltage of the faulted line begins to fall, high
currents flow from the capacitor as well as the AC grid. These high currents may
damage the capacitors and the converter.

As stated before, a line-to-line fault on a cable-connected system is less likely
to occur on the cable. In an overhead system, line-to-line faults can be caused by
an object falling across the positive and negative line, they may also occur in the
event of the failure of a switching device causing the lines to short. A switching
fault, which is independent of how the converter stations are connected together,
causes the positive bus to short to the negative bus inside the converter. A
line-to-line fault may be either temporary or permanent.

While overcurrent protection is important during line-to-line and line-to-
ground faults, it must also operate when the system is being overloaded. Over-
load conditions may occur in two-terminal systems when the load increases past
the rating of the converter or as a result of a fault on another part of the system.
For example, if three VSC’s are feeding a common load and one VSC is dropped
due to a permanent fault, the remaining two must supply the load [9]. This will
result in elevated currents that may overload the converters. In this situation the
overcurrent protection would need to operate. Another option to avoid a wide
spread blackout would be to shed non-critical loads.

Overvoltages may occur in overload or in fault conditions. Overvoltages are
only a concern during line-to-ground faults. When the fault occurs, the capaci-
tor discharges rapidly to ground. The current flows through the ground then
back to the unfaulted line and finally back to the source, which causes the vol-
tage on the healthy pole to increase to 2 pu. Overvoltage is also a concern during
the loss of a converter. The loss of an inverter can cause voltage spikes due to
excessive power, quickly charging the DC link capacitors. A rectifier loss is only
of concern when the loss is temporary. When the rectifier returns suddenly it

can cause overvoltages similar to that of an inverter loss.

4. Simulation

The simulation models were made by MATLAB/Simulink, and the VSC-MTDC
and MMC-MTDC models were build up in Figure 3.
Four cases simulations had been build up which listed in Table 1.

4.1. Case 1: VSC-MTDC Pole to Pole Fault and the Converter
Did Not Block after the Fault

In this case, the DC fault locate is the middle of the DC line and the fault dura-
tion is 0.5 s. It can be seen in Figure 4 that the DC voltages reached about 1.8 pu
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Figure 3. Diagram of faults.
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Figure 4. VSC-MTDC pole to pole fault located in the middle of the DC line. (a) DC voltages. (b) DC
currents.
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and the DC currents reached about 10.8 pu.

In this case, the DC fault locate is the terminal of the VSC3 and the fault dura-
tion is 0.5 s. It can be seen in Figure 5 that the DC voltages reached about 1.75

pu and the DC currents reached about 15 pu, which much higher than a mid-

line-fault.

Table 1. Two cases simulations.
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Figure 5. VSC-MTDC pole to pole fault located at the terminal of the VSC3. (a) DC voltages. (b) DC

currents.
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4.2, Case 2: MMC-MTDC Pole to Pole Fault and the Converter
Did Not Block after the Fault

In this case, the DC fault locate is the middle of the DC line and the fault dura-
tion is 0.5 s. It can be seen in Figure 6 that the DC voltages reached about 1.75
pu and the DC currents reached about 17.5 pu. In this case, the DC fault locate is
the terminal of the VSC3 and the fault duration is 0.5 s. It can be seen in Figure
7 that the DC voltage of VSC3 reached about 3.6 pu and the DC current of VSC3
reached about 45 pu.

DC Voltages

E]
=]
@ H
[s: H
= i
3 i
> ;
05 ;
o ;
i
ns
0 02 04 0 03
0 T
15
10
3
E=
£ 0
o
£
5
5]
5
5 ;
0 |
0z 04 0E [ 1 12 14 6 18 2
Time(s)

Figure 6. MMC-MTDC pole to pole fault located in the middle of the DC line. (a) DC voltages. (b) DC cur-

rents.
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Figure 7. MMC-MTDC pole to pole fault located at the terminal of the VSC3. (a) DC voltages. (b) DC cur-

rents.

5. Conclusions

In this paper, the structure and characteristics of VSC-MTDC and MMC-MTDC
are compared and it can be predicted that MMC-MTDC has bright development

prospect with its obvious advantages.

From the simulations of pole-to-pole faults in VSC and MMC-MTDC system,

it can be concluded that in a pole-to-pole fault, overvoltage will occur during the

recovery process while overcurrent will occur at the beginning of the fault [10].

MMC-MTDC system has its advantages but also has its problem should to
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Table 2. The results of simulation.

Value (pu)
Fault type and location
U I
Middle of the line 1.8 10.8
VSC P-P
Terminal of VSC3 1.75 15
Middle of the line 1.75 17.5
MMC P-P
Terminal of VSC3 3.6 45

solve. The simulation results show that pole-to-pole fault in a MMC-MTDC sys-
tem can lead serious overvoltage and overcurrent. And all the results are listed in
Table 2.
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