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High voltage direct current (HVDC) transmission systems play a critical role to optimize resource allocation and

stabilize power grid operation in the current power grid thanks to their asynchronous networking and large

transmission capacity. To ensure the operation reliability of the power grid and reduce the outage time, it is

imperative to realize fault diagnosis of HVDC transmission systems in a short time. 
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1. Development of High Voltage Direct Current (HVDC)
Transmission Technology

High voltage direct current (HVDC) transmission technology has been widely used in the world as a powerful

complement to alternating current (AC) transmission because of its outstanding strengths in long-distance

transmission, high-capacity transmission, asynchronous networking, and submarine cable transmission. According

to the different stages of commutator development, the development of direct current (DC) transmission technology

can be divided into three stages: mercury arc valve, thyristor commutator, and voltage source commutator. The

mercury arc valve was successfully developed in 1928. Relying on its features of rectifying and inverting, large-

capacity DC power transmission was successfully realized. In 1954, the first 20 MW, 100 kV DC single-wire

submarine cable was used for power transmission. However, mercury arc valves are complicated, have low

reliability, and are difficult to maintain, so they have not been widely used .

Since the 1970s, HVDC transmission technology based on phased thyristors has become the main method of

large-scale and long-distance power transmission. Compared with mercury arc valves, thyristors have a smaller

volume, lower cost, and no reverse arc fault. They are simpler and more convenient to manufacture and maintain

than mercury arc valves. Nowadays, most HVDC transmission systems are constructed with commutators. The

commutator is intended to transfer the current flowing through the commutator from one current path to another by

opening and closing the commutator valve. Line-commutated Converter HVDC (LCC HVDC) is not only the most

mature HVDC transmission technology at present but also the mode mainly used in UHVDC transmission. The

main converter device of LCC HVDC is the thyristor. LCC HVDC systems are mainly composed of a rectifying

station, DC transmission lines, and inverter stations, where the converter, converter transformers, flat wave

reactors, reactive power compensation devices, filters, DC grounding, and AC-DC switching equipment are located

in the converter stations on both sides . However, the operation of the LCC HVDC system requires the AC

system to provide commutation support, which is limited by the system ratio .
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In the 1990s, with the application of insulated gate bipolar transistors as converters and voltage source converters

in power systems, voltage source converter-based HVDC (VSC-HVDC) technology was developed and promoted.

Compared with the LCC-HVDC system, the VSC-HVDC system does not depend on the AC system and can

control the active and reactive power independently and quickly. LCC-HVDC as the third generation of DC

transmission technology combines a procession of power electronics, power systems, automatic control, and so

on. It combines various advantages of advanced technology, which has good controllability and adaptability, a

flexible operation mode, and applicable range. It plays a significant role in large-scale renewable energy integration

in new power systems and digital power grid construction .

2. Fault Types of HVDC Transmission Systems

According to the different faulty devices, HVDC transmission system faults can be classified into DC faults and AC

faults. DC faults  include converter faults, DC line faults, ground pole faults and so on. The converter is the core

component of HVDC transmission systems, which controllability and single conduction characteristics constitute

the important characteristics of faulty behavior of HVDC transmission systems. Generally, converter faults include

control system faults and main circuit faults. The main circuit faults mainly include reversing faults and short circuits

inside the converter station. Control system fault mainly refers to the valve being closed and opened by mistake .

The main failure points of a typical HVDC transmission system are shown in Figure 1 and Table 2.
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Figure 1. Major fault points of a typical HVDC system.

Table 2. Major fault points of a typical HVDC system.

Fault Point Number Fault Type

AC side

1 Converter transformer inlet failure

2 Converter transformer outlet failure

3 Converter valve AC side phase to phase failure

4 Single-phase grounding fault on the AC side of the commutation valve

5 Low voltage fault on the AC side of the converter valve

Converter valve
6, 7, 8, 10, 11, 12 Short circuit fault of converter valve

9, 13 Ground fault of converter valve
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The most serious fault of the converter is the short circuit fault; the short circuit will make the valve lose shut-off

ability or the external insulation between the two ends of the valve is destroyed. When the reverse voltage peak

has a large jump, the reversing valve is likely to reverse arc, resulting in a short circuit of the valve arm. In addition,

when the lightning arrester short circuits or valve insulation is damaged due to cooling system leakage and

gasification, this may also cause a short circuit of the valve . In addition, the inverter valve arm during the

blocking period is mostly under the forward voltage; if the voltage is too high or voltage rise rate is too fast, it will

affect the insulation of the valve arm and make it damaged, and valve insulation damage after the valve arm will

cause a short circuit.

The DC outlet short circuit of the converter is also a common fault, which is a short circuit fault between DC

terminals on the converter. The main distinction between the short circuit at the DC side of the rectifier and the

short circuit at the valve end is that the valve end of the converter can maintain single-lead connectivity after the

short circuit occurs at the outlet of the DC side. After the short circuit at the outlet of the DC side of the rectifier, the

current on the conduction valve and converter transformer increases sharply, and it needs to withstand a much

higher current value than normal. In addition, the fault point of the DC outlet short circuit of the inverter is similar to

that of the DC outlet short circuit of the rectifier. However, under the action of the DC line and the flat wave reactor,

the fault current of the DC line and the rising speed of the current are small, and the current on each bridge valve

of the inverter will be reduced to zero in a short time, so the fault will not cause harm to the inverter and converter

transformer. In addition to the above fault types, the converter faults also include the alternating short circuit of the

converter and single-phase ground short circuit of the converter and so on.

HVDC transmission is mainly used for long-distance transmission, so the failure rate of transmission lines is high.

The transmission line fault is a serious fault type that must be considered in the design process of HVDC

transmission systems. It has an important impact on equipment parameters, control strategy, and protection

configuration . The control system of actual HVDC transmission projects adopts a hierarchical structure, including

master control stage, station control stage, pole control stage, and valve control stage. The control system not only

controls the transmission power during normal operation but can also reduce the impact of faults and quickly

isolate faults. For the fast transient process of DC lines, only the functional link of the control system with fast

dynamic characteristics can affect it . It is a problem that both LCC-HVDC transmission technology and VSC-

HVDC transmission technology need to face. Among the fault types of DC transmission lines, the short circuit faults

Fault Point Number Fault Type

DC side

14, 15, 17 DC line ground fault

16 DC line positive grounding fault

18, 19 Break-line fault

20 Ground fault

21 DC grounding electrode failure

22 DC filter ground fault

23 Capacitor fault

[7]

[8]

[9]



Fault Types and Effects of HVDC Transmission Systems | Encyclopedia.pub

https://encyclopedia.pub/entry/33894 5/8

account for the largest proportion, and most of the faults are from flashover discharge. Usually, the factors that

result in transmission line ground flashover include lightning strikes, pollution, DC line air insulation breakdown,

tree branches, and other factors leading to the reduction of insulation level. In addition, the fault current of the line

is related to the fault type and the distance from the fault point to the rectifying station .

The lighting characteristic of the DC line has specific characteristics. The probability of both poles of the system

being struck by lightning at the same place at the same time is almost zero. Generally, the DC line is struck by

lightning for a short time, and the DC voltage will rise in a short time under the effect of lightning. If the insulation of

the DC line cannot withstand the voltage at this time, the phenomenon of flashover discharge of the DC line to the

ground will appear.

Meanwhile, if the insulation of the tower is damaged, ground flashover will also occur. After flashover occurs on

transmission lines, changes in voltage and current will be transmitted to both ends. According to the traveling wave

theory, the voltage and current at both ends are the superposition of forward and backward waves . If a(t)

represents the forward wave, b(t) represents the backward travelling wave, and Z represents the wave impedance,

then the instantaneous increment is as follows:

Moreover, interruptions in the DC line can bring open-circuit faults to the system. When a high-resistance ground

fault such as a tree contact appears on the DC line, there is a current difference between the converter stations

due to a DC short circuit, but the voltage and current changes caused by the fault cannot be detected by the

traveling wave protection. There are also DC switching fields and ground pole faults and AC side faults of a

converter station in the DC transmission system. These faults will also affect the operation of the DC transmission

system.

3. Fault Effect of HVDC Transmission Systems

Generally, when a short circuit fault occurs, the DC bus voltage of the rectifier side converter will drop rapidly, even

to 0; the current on the faulty valve arm will increase sharply in the opposite direction; the converter valve and

transformer are affected by the sharp increase of AC side current, so they need to bear large fault current; and an

AC two-phase short circuit and three-phase short circuit occur on the AC side of the rectifier .

The commutation faults often occur with the inverter. When commutation faults occur, the extinction angle is less

than the time when the switching valve recovers the blocking ability. After the commutation failure, the DC voltage

will continue to decrease until it reaches 0. Meanwhile, the DC increases sharply, while the AC side current

decreases, and an open circuit occurs in a short time. In addition, DC current continuously flows through the

converter transformer to generate magnetic bias. Magnetic bias refers to the presence of a DC component in the
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transformer excitation current, leading to the increase of excitation current, resulting in the loss and temperature

rise, vibration and noise intensification, and other adverse consequences . Generally, the causes of magnetic

bias current include the unbalanced triggering angle of a DC converter valve, positive sequence second harmonic

voltage of AC bus of the converter, fundamental frequency current induced by nearby AC line on DC line, and DC

current flowing through the transformer neutral point when a DC system operates in single-pole earth loop mode.

DC bias coefficient Kdc

can describe the magnitude of DC magnetic bias in transformer windings, which is defined as the ratio of peak DC

current to peak no-load current, as shown in Equation (4) . For other types of faults and the influence of HVDC

transmission systems, see Table 3. 

Table 3. Various faults and effects of HVDC transmission systems.

[12]
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Name Fault Type Location of
Fault Influence

AC system of
rectifier side

One-wire
ground

AC line
An asymmetrical drop of AC voltage; the DC voltage and
current may decrease accordingly and the non-
characteristic harmonics increase.

Two-phase
ground

AC line
An asymmetrical drop of AC voltage; the DC voltage and
current may decrease accordingly and the non-
characteristic harmonics increase.

Three-phase
ground

AC line
An asymmetrical drop of AC voltage; the DC voltage and
current may decrease accordingly.

Rectifier
bridge

False firing Bridge arm
DC voltage slightly rises (type I false firing) or decreases
(type II false firing).

Not open Bridge arm DC voltage drop.

Component
failure

Valve
element

The voltage applied to the element of the valve increases.

Bridge arm
short circuit

Bridge arm AC increases and DC goes down.

Outlet short
circuit

DC bus AC increases and DC decreases to zero

DC line One-wire
ground

DC line DC increases and an overvoltage occurs.

Two wire short DC line DC increases and an overvoltage occurs.
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circuit

Switching
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Component
failure
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element
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