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A Study on an Operation Strategy of Dual-Infeed HVDC System

Chan-Ki Kim* and Gilsoo Jang'

Abstract — This paper deals with the operation strategy of reactive power in a multi-infeed HVDC
(MIHVDC) system, in which several converters are connected to the same or nearby separate AC
buses. The potential problems concerning a MIHVDC system when feeding a weak AC network are as
follows: the need for coordination of the recovery control, the possibility of voltage instability or low
quality of the area connected to the MIHVDC system, and the risk of mutual commutation failures.
These problems in MIHVDC systems are similar to those in single-infeed HVDC (SIHVDC) systems,
but the differences with the phenomenon of the SIHVDC system are the interactions between
converters. The main reason for the potential problems of HVDC systems (MIHVDC or SIHVDC) is
voltage variation; therefore, to mitigate the voltage variations, the performances of the HVDC system
should be enhanced. Consequently, to mitigate the potential problems of MIHVDC systems, several
solutions are suggested in this study, including installing STATCOM and installing a line arrester on

the tower. The study results will be applied to a multi-infeed HVDC system in Korea.

Keywords: HVDC, Multi-infeed HVDC, Line arrester, Voltage control

1. Introduction

Due to the wide application of high-voltage direct current
(HVDC) transmission, many power systems consist of more
than one HVDC converter infeeding into an alternating
current (AC) network. Multi-infeed converters either
share a common AC bus or are connected to buses that are
electrically close. Common-mode interaction through an
AC system disturbance (such as voltage distortion due to
harmonics, phase unbalance due to a negative sequence,
and amplitude and phase changing due to AC faults), can
degrade the performance of each HVDC system.
Additionally, the large amount of shunt compensation and
number of filters tends to make the AC system resonant at
a relatively low multiple of the fundamental frequency. The
potential problems arising from a multi-infeed (MIHVDC)
system in which several converters are connected to a weak
AC system are as follows: high temporary overvoltage and
risk of voltage/power instability, multiple commutation
failures due to the interaction between HVDC links and
transient AC voltage depression due to simultaneous
recovery of HVDC links after AC faults. Therefore, for an

MIHVDC system, the following criteria need to be fulfilled:

e Start up, shut down, and ramping of HVDC power
transfer must not cause unacceptable voltage transient.

e Partial or total HVDC power cessation (load rejection)
must not result in potentially damaging transient or
sustained overvoltage.
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Several studies related to these problems have been
performed [1] to [4]. The power/voltage stability of the
MIHVDC system was studied in [1] and [2]; these studies
were motivated by similar classical concerns about single-
infeed HVDC systems.

The purposes of this study are to examine the potential
problems between HVDC Bipole 1 and Bipole 2 in Korea
and to suggest a solution for these problems. In this paper,
to mitigate the problems as stated above, several solutions
are suggested, including installing STATCOM and installing
a line arrester on a tower.

2. System Study

Jeju Island of Korea is located off the southern tip of the
Korean Peninsula. Because the main industry of Jeju
(Cheju) is tourism, and the rate of increasing power usage
in Jeju is 7[%] per year, an additional installation of a
thermal power plant is not suitable from an environmental
viewpoint. Therefore, two HVDCs were constructed in
1997 and 2012, respectively.

Because the Jeju network is connected by HVDC
systems and has few thermal power plants, it is a relatively
weak system from the viewpoint of stability. Additionally,
because Jindo and Haenam in southern Korea are the last
terminals in the electrical network of the mainland, the
network around these terminals has local voltage stability
and temporary overvoltage problems. Bipole 1 (Jeju-H/N
(Haenam) HVDC) and Bipole 2 (Jeju-J/D (Jindo) HVDC)
are connected to each other, and this system is a “multi-
infeed HVDC”. The distance between two converters on
the mainland is approximately 50 km and approximately
20 km on the island. This distance is electrically close,
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Fig. 1. HVDC system configuration on Jeju Island of
South Korea

which means that the changes in the voltages at one
converter busbar are reflected onto the busbar of another
converter, and can result in interactions between the
converters. Fig. 1 shows the multi-infeed HVDC with two
bipoles in Korea.

2.1 Contingencies and requirements of bipole 1 and
bipole 2 HVDC

The capacity of Bipole 1 is 150 [MW] x 2, operated in
bipole mode, and the configuration of Bipole 2 is a double
monopole at 200 [MW] X 2. On Jeju Island, the total
capacity of the two HVDC systems is 400 [MW]; these
values are determined by considering the reliability (N-1)
condition. Because the capacity of the HVDC systems is
the largest in Jeju, the HVDC systems always operate in
frequency control mode. Therefore, the cases that have
been studied are based on contingencies and reliability. In
this paper, the studied fault scenarios are as follows.

a. In frequency mode, power transfers between two HVDC
systems must be possible. In the case where the Haenam
(H/N) HVDC is tripped, the Jindo (J/D) HVDC system
must transfer the HVDC total power to Jeju Island.
Among the studied cases, the worst case is that when the
H/N HVDC has a power of 100 [MW], and the J/D
HVDC has a power of 300[MW], the H/N HVDC is
tripped, and the power of the J/D HVDC increases to
400 [MW].

b. The AC voltage must be limited according to HVDC
blocking or a trip. For this problem the worst case is that
in which the J/D HVDC system generates 400 [MW],
and a trip or blocking occurs.

c. HVDC systems must endure AC network disturbances
such as voltage distortions, AC faults, and the energizing

of generators, transformers, and filters of nearby HVDCs.
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Fig. 2. Thevenin equivalent circuit of HVDC system

In this case, the maximum AC network disturbance is the
energizing of an AC cable line, for which the rating is 84
[Mvar].

d. MIHVDC systems need to be robust to commutation
failure. In an HVDC system, commutation failures are
inevitable. However, in an MIHVDC system, the
commutation processes influence each other and the
failure in one inverter can result in a commutation
failure in other converters because of the interactions.

e. An MIHVDC system must operate within the voltage
stability region.

2.2 Mathematical review of HVDC system and AC

Fig. 2 shows the Thevenin equivalent circuit of an
HVDC system, where XS is the Thevenin impedance, Eth
is the Thevenin voltage in the condition that PDC is the DC
power and QDC is the consumed reactive power of the
HVDC. For DC shutdown or blocking, the AC side voltage
(Vt in Fig. 2) will jump to the Thevenin voltage (Eth),
whereby the Thevenin voltage in this case is, as stated
above, temporary overvoltage (TOV), DOV, and FFTOV.
Several methods to mitigate the overvoltage from Fig. 2
can be used. The first method is to reduce the Thevenin
impedance, that is, to increase the effective SCC by
installing a synchronous compensator. The second method
is to reduce or regulate the AC side voltage with a reactive
power compensator such as a static synchronous com-
pensator (STATCOM), a static var compensator (SVC) or a
shunt reactor. From Fig. 2, the AC system equations and
DC system equations of the AC equivalent circuit are as
follows:

ViEen

Suvoe = Ppc +jQpc = Voclpe =
S

_ _SCC-Qf 1 _ V_E
Qoc = Poc tan(@), ESCR——L =20, =% (1)
Qac _ Ve(Ve—E¢n cos(S))’ COS(¢): cos(a)—cos(y) (2)

s 2

Xesc QDC + lescPDC
Vt Vl

2 2
X, QDC XescPDC XescPDC
= (v + Zesc22e)" 1 ( ) Zatan (2E22) ()
J ( t Ve Ve atan \y2 +XescQpc

From Eq. (1) to Eq. (3), SCC is the short circuit capacity

EthL(S = Vt +
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of the AC system, Q,. is the reactive power consumed in
the AC system, and Q; is the reactive power supplied by the
filter. « is the firing angle, and y is the extinction angle in
the HVDC system.

From Fig. 2 and Eqgs. (1) and (3), the reactive power
equation of an AC/DC network system is presented in Eq.
(4) and Eq. (5). As Eq. (4) represents the reactive power
relation between the AC system and DC system in a steady
state, Q. 1S the reactive power capacity required in a
steady state. In general, QDC is equal to Qy, and Q, is
supplied by the reactive power compensator of the AC
system. As Eq. (5) shows the required reactive power
capacity in a transient state, Vy;,;; is determined by the time
inverse characteristics of HVDC protection.

In steady state:

_ Vi(Vi—Eg, cos(8))

V2
Qcom = X, + PDCtan((b) - X_t

—_ —— S

Qac of AC Network Qpc of HVDC Q¢ of HVDC Filter

In transient state:
1.20[p.u] 0.06][s]
_ ) 1.14[p.u] 0.30[s]
Omanic— En-VimidSCC Vi =V 1 10[p.u]  1.00[s] O
1.037[p.u] 19.0[s]

To investigate overvoltage in an MIHVDC system, if the
single-infeed (SIHVDC) shown in Fig. 2 expands into an
MIHVDC system, two converters are interconnected with
each Thevenin impedance. This means that from the
viewpoint of overvoltage, the blocking of one converter
can cause overvoltage of another converter. By using [1]
and [2], the Thevenin voltage of the MIHVDC system
according to a converter blocking condition are shown in
Eq. (6) and Eq. (7). In Eq. (6) and Eq. (7), AE4»=E4»-Vio,
AE41=Ewi-Vui, Vi1, and Vi, are the initial values of each
bus, X.i, and X, are the capacitances of J/D and H/N, and
SCC1 and SCC2 are the SCC of J/D and H/N, respectively,
according to Table 1.

Ethl — Vbl + Xesc1'@pC1 +jX€SC1'PDC1 + MIIF]_Z . AEthz
Vb1 Vb1
. X,

X . ‘P
Etn = Vi + 72 0C8 R P0C 4 MITFy - AByny (6)

Eipg =

2
<V1721 + V1 " MIIF; 5 - AEipy + Xeser QDC1> (Xesc1PDc1)2
+ 2y,
V1 Vp1

Einp, =

2
Vbzz + Vo " MIIF;y - AEipy + Xesca * Qpcz Xesc2Ppcz 2
+ 2y,
V2 Vb2

(7

Table 1. Rating of HVDC Bipole 1 and HVDC Bipole 2

HVDC Bipole 1 HVDC Bipole 2
Power rating 150 [MW]x2(Bipoles) | 200 [MW]x2(Bipoles)
Voltage 180 [kV] 250 [kV]
Current 840 [A] 800 [A]
Firing angle
(Rectifier) 23 [deg] — Alpha 13 [deg] — Alpha
Firing angle
(Inverter) 27 [deg] — Gamma 23 [deg] — Gamma
. . H/N(Rectifier) : J/D(Rectifier) :
Short Circuit Capacity 2793[MVA] 2199[MVA]
(SCC) . .
Multi Infeed Interaction Worst Case : Worst Case :
Factor (MIIF) ° 2372[MVA] 1957[MVA]
acto MIIF : 0.412 MIIF : 0.52
Reactive POWER rating 105 [Mvar]x2 105 [Mvar]x2
Operating mode
(Rectifier) Voltage control Current control
Operating mode
(Inverter) Current control Voltage control
Minimum gamma
in inverter 9 [deg] 9 [deg]
% impedance of o o
transformer 12 [%] 15 [%]
Smoothing reactor 60 [mH] 60 [mH]

where,
Xeserlp-u] = JXserlp- w1+ (=jXeanlp-u.1)
escl —jXoqnlp-u. ] — X [p- . 1)
X [p.u.]= JXsc2 [p- u]- (_jXCZn[p'u'])
esc2 _j (XCZn[p- u-] - Xscz [p' u. ])
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3. Case Study

3.1 Temporary overvoltage and power transfer at
sudden load variations

Changes in the reactive power balance of the AC
network initiated by switching, faults, or power flow
variation, either in AC or DC systems, produce change in
the operating voltages. A surplus in reactive power leads to
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Table 2. Overvoltage and resonance frequency according to HVDC operation modes (initial voltage: 1.03 [p.u] for H/N,
1.026 [p.u] for J/D)

/N D SCR | SCR | Resonance | Resonance Overvoltage Overvoltage | Overvoltage | Overvoltage
C Tt C Tt (H/N) | (J/D) (H/N) (J/D) (HN) u/D) (HN) J/D)
onverter onverter HVDC Single Blocking HVDC Double Blocking
Operation 1.1 1.15 1.15 1.166
Mode 1 300[MW] | 100 [MW] | 8.16 8.69 365 38 170 [kV] 172 [kV] 176.6 [kV] 178 [kV]
Operation 1.07 1.13 1.12 1.16
Mode 2 100 [MW] | 300 [MW] | 1235 | 6.26 315 32 165.3 [kV] 175 [kV] 172.5 [kV] 178 [kV]
Operation 1.09 1.13 1.13 1.16
Mode3 | 200 IMW] | 200[MW] | 9.83 | 728 3.64 32 168 [kV] 1733 [kV] | 1743[kv] | 178 [kV]
Operation 1.16 1.16
Mode 4 0 [MW] 400 [MW] 33 ] 303 176 [kV] ] 176 [kV]
voltage increases and larger disturbances result in Quc = 0.128[p.u], V; = 1.026[p.u]

temporary overvoltages. In an HVDC system, thyristor
current-source converters always consume reactive power
in the order of 0.5[p.u] of the DC power. For a weak
system, a sudden load rejection (e.g., one caused by a fault
in the other end of the transmission or a commutation
failure), will lead to temporary overvoltages. It is possible
to estimate the overvoltages at load rejection with simple
formulas.

3.1.1 Worst temporary overvoltage case:

Assume the case of changing the HVDC power from
400 [MW] to 0 [MW] according to HVDC blocking:

Initial conditions: HVDC power rejection = 400 [MW],

SCR = 2199[MVA]
T 400[MW]

= 0.505[p.u],V, = 1.026[p.u], E;p = 11429.9°

= 5.49,Pp. = 1[p.ul, Qpc

Calculation 1): AC network operating upper limit: 164
[kV]

Qdynamic = (Eth - Vlimit)SCC
= ((1.114 — 1.065))2199 = 108[Mvar]

Calculation 2): AC GIS protection setting value: 169
[kV]

Qdynamic = (Een — Viimie)SCC
= ((1.114 — 1.098))2199 = 35.2[Mvar]

3.1.2 Worst power transfer case:

In the case of a power transfer in which changes of
HVDC power are 100 [MW] to 400 [MW], the required
reactive power capability is calculated as follows in steady
state:

Initial conditions:

Ppc = 0.25[p.u] = 100[MV],
Qpc = 0.3 x 0.25[p.u],
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Qcom = Qac + @pc — Qf
= 0.128[p.u] + 0.075[p.u] — 0.075[p. u]
=0.128[p.u]

Calculation: In contrast, in the case whereby the power
of the HVDC system is increased from 0.25[p.u] to 1[p.u],
the reactive power unbalance is calculated as follows in a
power transfer state:

Qcom = AQq¢ + AQpc — Qf
= 0.472[p.u] + 0.5[p.u] — 0.5[p.u]/0.075[p. u]
= 0.472[p.u]/0.897[p.u]

Finally, the required reactive power capability is simply
as follows:

Quom = 0.472 [p.u] x 400[MW] = 188.8[Mvar]:
with additional filters
Qcom = 0.897 [p.u] X 400[MW] = 358.8[Mvar]:

without additional filters

3.2 Low-order resonance in MIHVDC:

In the case in which an HVDC system is connected to
a weak AC system, the possibility occurs of low — order
resonance between the AC network and the filters and
shunt banks. The resonance frequency is therefore
determined by the relationship between the capacitance
of the HVDC and the Thevein impedance. Therefore, the
method used to calculate the low order resonance
frequency in each converter of the MIHVDC system is as
follows:

2 2
Vac _ Vic

Z s = —=
SCCU ™ sce; — PaiMISCRy+MIIF jMISCR-Pg;
_ Zscci . Vic
LSCCi =S AQHVDCi = FllteT‘ " APdl.i ZCl = o
2 f AQuvpci
1
Creactive = 2 m-f-Z Wy = Wo
ct Vv Lscci * Creactive

®)
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where Z; is the Thevenin impedance in the voltage bus,
AQuypc; is the reactive power of the capacitor according to
the DC power in the voltage bus, and APy; is the DC power
related to the filter switching in the voltage bus.

Table 2 shows the overvoltage calculated from Eq. (7)
and the resonance point calculated in Eq. (8).

3.3 Commutation failures

In an MIHVDC system environment, the commutation
failures of one converter from an AC fault may induce
commutation failures of a nearby converter, despite the
fact that an individual AC fault should not have induced
commutation failures. Phase shift, voltage dip, and
misfiring of the valves due to voltage distortion are events
that cause commutation failure in a remote converter. As
with a commutation failure, the AC fault recovery of a link
in isolation is dictated in part by the ESCR of the inverter
AC bus. With another link electrically nearby, the fault
recovery is not only influenced by the strength of the bus,
but also by the recovery characteristics of the other HVDC
system. This quantifies the susceptibility of the converter
to a commutation failure to calculate the maximum
permissible balanced voltage drop AV on the AC busbar
of the converter. That is, a voltage drop of more than the
amount shown in Eq. (8) can cause a commutation failure.

AV=1-— ﬁ . (Id/IdFL)'chu (9)
Ig (I4/1gFL)Xcpu+cosyg—cosy

where Id is the prefault DC current, I'y is the postfault DC
current, Igp is the nominal current, X, is the transformer
percentage impedance, y is the operation extinction angle,
and y, is the absolute minimum extinction angle at which
commutation fails. From Eq. (9) and Table 1, the
commutation failure possibility index (CFPI) of Jeju Island
for Bipole 1 is 0.538 and for Bipole 2 is 0.309.

This means that Bipole 1 and Bipole 2 are very weak for
commutation failures and need a number of counter-
measures. By using the CFPI of Bipole 1 and Bipole 2,

[2] Haenam C/S

HVDC #1 Comm. fail

HVDC #1 & HVDC #2
Comm. fail

HYDC #1

Chochun
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Fig. 3. Voltage contour map for commutation failure

the voltage contour map for the commutation failure on
Jeju Island is shown in Fig. 3. Fig. 3 shows a CFI contour
map of Jeju Island based on the CFI of Bipole 1 and Bipole
2. Three areas are shown in Fig. 3, which are the Bipole 1
commutation failure area, the Bipole 2 commutation
failure area, and the Bipole 1 and Bipole 2 simultaneous
commutation failure area. Table 2 shows the overvoltage
and the resonance frequency of Jindo AC network (J/D)
and Haenam AC network (H/N) according to the HVDC
operation modes. As the total maximum powers of Haenam
and Jindo converters is 400MW, both converter stations
could have 4 operation modes (100MW/300MW, 300MW/
100MW, 200MW/200MW, and 0OMW/400MW). Therefore,

. . . AC network Capabilit,
the short circuit ratio (SCR= d 24 ) and
DC Power

1 SCR
A RN
determined for each operation mode. Also, the overvoltage,
for the cases that one of the two converters is tripped and
both converters are tripped, are calculated.

resonance frequency ( w, = are

4. Review of Results and Countermeasures
4.1 Impact of overvoltage

The overall design of the entire HVDC scheme is based
on the specified voltage. The rated voltage is 154[kV], and
the full range of the voltage is from 139[kV] to 164[kV]
within the operating limit voltage of 164[kV]. Operation
beyond the specified range would mean that there is an
insufficient tap range to allow for the converter to operate
as designed. The HVDC system equipment that may be
affected by the constant excessive voltage up to 170[kV]
during DC power transfer is as follows.

First, the thyristors in the valve have a built-in margin,
as they are designed to withstand the voltage as determined
by the protective voltage level of the valve surge arresters,
which will not be affected, since the valve winding voltage
remains within the design range.

Second, similar to all the other HVDC equipment, the
transformer is designed for operation with the maximum
AC voltage (in this paper, 164[kV]). The main risk of
damage to the transformer from operation at an elevated
voltage is excessive heating of the core. Additionally, the
life step of the tap changer of the transformer is 0.8 million-
step. However, because the passive reactive devices such
as the reactor and capacitor were operated by a mechanical
switch that moves slowly, and simply operates the on-off
control, the tap operation occurs frequently according to
the voltage variation. In this case, the life-time of the tap
changer is reduced.

Third, if the system voltage is increased above the
design voltage (164 [kV]), the firing angle would need to
be adjusted to keep the DC voltage constant. The
adjustment of the firing angle over the range of operation
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of the converter would significantly increase the harmonic
current generated by the thyristor valves. Such an increase
in harmonic current generation would have two effects as
follows.

» The voltage and current distortion on the 154[kV] system
would increase, with the result being above the specified
limits.

» The increased harmonic current would increase the
loading on the harmonic filters. The main concern is the
number of harmonic filter resistors, which would be
significantly overloaded and liable to overheating and
failure. The increased harmonic loading on the capacitors
and reactors would also reduce their lifetimes.

Fourth, for the main 154[kV] filter capacitors, the
majority of the voltage rating is due to the fundamental
frequency voltage. Any increase in the system voltage
would directly cause an overload of these capacitors, which
would increase their failure rate. Additionally, the current
rating of the reactors depends on both the harmonic and the
fundamental frequency current rating; any increase would
increase the reactor temperature which would reduce their
lifetimes.

Fifth, the auxiliary supply equipment of an HVDC
system is designed for 220/380[V], +10[%] to -15[%] of
the rated voltage. Overvoltages on the auxiliary system
would cause premature failure of equipment and may cause
operation of overload protection.

4.2 Design of statcom and performance evaluation

Comparing STATCOM with another reactive power
compensator, it is observed that STATCOM has the
following advantages. Firstly, in order to save the
capacitors and reactors, the possibility of resonance at
some critical operating condition can be reduced. Secondly,
reactive power can be controlled continuously and
precisely because of the fast control characteristics. Thirdly,
the low inrush current reduces the impact on the AC
network. Because of these advantages, STATCOM as a
reactive power compensator was determined in the
MIHVDC system. The highest temporary overvoltage
(TOV) at the inverter AC network during permanent DC
blocking is 1.12[p.u] with fixed capacitors and filters
connected. A dynamic compensator of 200 [Mvar] inductive
can increase the TOV to 1.04[p.u] without the need to switch
the filters. The capacitive rating of the compensators to
fully compensate for the reactive power requirement during
the power transfer is 200 [Mvar]. Therefore, in this paper,
the combination of STATCOM =150[Mvar] and a shunt
reactor of 30 [Mvar] x 5 will meet the above requirements.
The requirements for the STATCOM design are as follows.

» An HVDC system must be operated within the specified
AC voltage range from 139[kV] to 164[kV], except for
the voltage instability. In addition, the limit of the AC
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Fig. 4. Temporary overvoltage due to HVDC blocking

voltage is 164 [kV].

Because STATCOM (spinning reserve reactive power
equipment) is very expensive, the size must be reduced
as much as possible.

The combination between STATCOM and the shunt
reactor is economical.

The sizes of the shunt reactors must be uniform and
determined by the switching voltage of the shunt reactor,
which is dependent on the AC network impedance. The
individual size of each shunt reactor is 30 [Mvar].

The number of shunt reactors must be determined by
considering reliability (N-1).

v

v

v

v

Fig. 4 shows the case of the sudden load rejection which
leads to a temporary overvoltage due to HVDC blocking.
From Fig. 4(a), as the main voltage resonance frequency
is approximately at the 3rd harmonic, this frequency is
determined by the equivalent Thevenin reactance and the
capacitance, if the passive reactive power supplier of the
HVDC is modeled as a simple capacitor. Since Fig. 4(b)
shows the instantaneous voltage waveform (comparing the
distorted waveform (including the 3rd harmonic) with the
reference waveform in a transient state (dark circle)), the
angle between phases is not constant, but is found. Because
of this, the margin angle in the case of determining the
HVDC operating angle, and the kick control, which
increases the commutation angle temporarily, needs to be
considered. As shown in Fig. 4(c), the simulation results in
the case whereby the passive reactive power suppliers are
not simple capacitors but are actual filters with damping
resistors and reactors. The harmonic frequencies shown
in Fig. 4(a) are not shown in Fig. 4(c), because that filter
absorbs the harmonics in a transient state.

Fig. 5 shows the RMS AC voltage waveform, which
shows the dynamic performance of an AC/DC network
with STATCOM. Figs. 5(a) and 5(c) show the simulation
results of the case without STATCOM, and Figs. 5(b)
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Fig. 5. AC RMS voltage waveforms for dynamic perfor-
mance of STATCOM

and 5(d) show the results of the case with STATCOM.
Additionally, Figs. 5(a) and 5(b) show the case of the
temporary overvoltage due to HVDC blocking (400 [MW]
= 0[MW]), and Figs. 5(c) and 5(d) show the case of the
sudden load increase (100[MW] = 400[MW]). In this case,
the STATCOM capacity is +150[MVar].

4.3 Installation of line arresters on tower at inverter
side

The main reason for commutation failures in an HVDC
system is AC voltage reduction caused by lightning strikes.
The incidence of lightning strikes on transmission lines
is a very serious problem as it can produce dangerous
overvoltage and power supply interruption. Transmission
lines are normally protected with overhead ground wires.
For properly designed lines, most lightning strikes on lines
are expected to terminate on the ground wires. However,
if the tower footing resistance is high, there is a high
probability of insulation failure following a back flashover.
The probability of an occurrence of insulation flashover
can be reduced in two ways: by reducing the tower footing
resistance and by installing a surge arrester. Fig. 6(a) shows
the operation mechanism and waveform of operation
time of the transmission line surge arresters (TLSAs).
Normally, the clearing time of the transmission line faults
is approximately six cycles, but the clearing time for a
transmission line with a line arrester is 0.5 cycles. Because
the tower footing resistance of the Jeju AC network is high
because of the volcanic nature of the island, one solution to
reduce a commutation failure is to install a surge arrester.
Fig. 6 shows the performance test (Figs. 6 (b) and (c)) and
simulation waveforms (Fig. 6 (d)) of a line arrester. In Fig.
6, the condition of simulation is a lighting stroke on a-
phase at 1.0[sec]. Even though the AC voltage waveform

AC Voltage
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Voltage
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Current

)

3 10

.
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(d)

Fig. 6. Performance test and simulation of a line arrester:
(a) Operation mechanism; (b) Testing; (c) Test
waveform; (d) Simulation waveform (AC voltage,
DC current, and DC voltage); (e) Field installation
figure

shown in Fig. 6(c) is slightly distorted, a commutation
failure is not generated. From this phenomenon, it is
confirmed that a line arrester is robust for commutation
failure in the inverter side.

5. Conclusions

This paper presents a reactive power managing method
and criterion in an MIHVDC system, which is HVDC
Bipole 1 and Bipole 2 in Korea. The technical approaches
used in this study include steady state calculation, transient
simulation, and the MAP method. As the main issues of the
target system are overvoltage, commutation failures, and
reactive power deficiency at the power transfer between
HVDC converters, STATCOM and a line arrester are
installed on the AC network. The suggested methods were
confirmed by PSCADS/EMTDC simulation and may be
used as a general guideline for MIHVDC system studies.
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