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Abstract

Grid unbalanced faults can cause core saturation of power transformer and produce lower-order harmonics. These issues
increase the electrical stress of power electronic devices and can cause a tripping of an entire HVDC system. In this paper, based

on the positive-sequence and negative-sequence impedance model of a VSC-HVDC system as seen from the point of common
connection (PCC), the resonance problem is analyzed and the factors determining the resonant frequency are obtained.
Furthermore, to suppress over-voltage and over-current during resonance, a novel method using a virtual harmonic resistor is

proposed. The virtual harmonic resistor emulates the role of a resistor connected in series with the commutating inductor without

influencing the active and reactive power control. Simulation results in PSCAD/EMTDC show that the proposed control strategy
can suppress resonant over-voltage and over-current. In addition, it can be seen that the proposed strategy improves the safety of

the VSC-HVDC system under unbalanced faults.

Key words: Core saturation, High voltage direct current, Impedance frequency characteristics, Resonance, Unbalanced fault, Virtual

harmonic resistor, Voltage-source converter

I. INTRODUCTION

High-voltage direct current (HVDC) transmission with
voltage-source converters (VSCs), namely VSC-HVDC, is a
new and developing technology. It uses state of the art
insulated-gate bipolar transistor (IGBT) technology and pulse
width modulation (PWM) with relatively high switching
frequencies to generate desired waveforms. VSC-HVDC has
a number of potential merits. For instance, it can
independently control active and reactive power [1]. As a
result, a VSC-HVDC system has broad applications in the
connection of new renewable energy power plants (such as
wind farms and solar power) to a main grid, as well as
feeding remote and isolate loads, building urban DC power
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distribution networks, etc. [2].

The operation of VSC-HVDC has a lot of advantages
including constant DC voltage, lower harmonic distortion and
sinusoidal AC voltage under normal conditions. However,
unbalanced faults can occur from time to time, which
deteriorates the DC bias problem of converter transformers
and makes transformers produce a large number of low-order
harmonics [3]. These harmonics interact with switching
functions and result in the generation of greater non-
characteristic harmonics on both side of the converter [4], [5].
Moreover, it is possible to cause over-voltage and over-
current, which can influence the safe operation of the system
due to resonance [6]. The phenomenon of resonance has
appeared in line-commutated converter HVDC (LCC-HVDC)
systems and STATCOMs based power electronic devices [7].

A characteristic double frequency ripple occurs on the DC
voltage under AC grid unbalanced conditions in VSC-HVDC
systems. This phenomenon is deteriorated under single-phase
grounding faults [8]. In order to restrain power fluctuations
and to eliminate harmonics, a negative-sequence voltage was
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introduced to the output voltage control of the VSC [9]. To
improve the transient performances, two decoupled and
independently controllable subsystems including positive and
negative sequence subsystems were built [10]. Recently, a
whole controller has been implemented in the stationary
frame for deriving a special current reference generator to
avoid the low bandwidth of the current regulator due to
sequence extraction [11], [12]. The above methods suppress
the second harmonic power ripple caused by the fundamental
negative-sequence voltages and currents at the AC side of
VSC-HVDC systems. However, these methods cannot be
extended to analyze and solve the problem of resonance
between the AC grid and the VSC-HVDC system at low-order
harmonics frequency under unbalanced faults. Therefore,
“harmonic transfer through converters” in a VSC has been
analyzed and a combination dc voltage decoupling with an ac
current-tracking control strategy has been proposed, which
can effectively eliminate the harmonic transfer from the DC
side to the AC side of converters [5].

The equivalent impedance of a VSC-HVDC system as seen
from the point of common connection (PCC) may be
capacitive at a low-order harmonic frequency. Thus, resonance
between the VSC-HVDC system and the AC grid can occur
easily and can amplify the harmonics produced by the
converter transformer [5], [13]. The short-circuit ratio (SCR)
of an AC grid connected to a VSC-HVDC system has already
been shown to be a key factor in maximum power
transmission [14]. In addition, power-synchronization control
for grid-connected VSCs has been shown to be good solution
for VSC-HVDC systems connected to a weak AC grid [15].
However, the SCR effects on the resonant frequency between
a VSC-HVDC system and an AC grid are not involved. The
influence of capacitors on the low resonant frequency of a
two-level VSC-HVDC is analyzed in [16] using the impedance
modelling method. However, the damping control method to
suppress the resonances is not given. The additional resistor is
a solution to prevent the resonance. However, it significantly
increases the power loss in the system. Therefore, the active
damping technique, which is equivalent to introducing a
virtual resistor, is more suitable for mitigating the resonance
and for maintaining a high efficiency. A damping control for a
wind power plant connected to a two-level VSC- based DC
grid was proposed in [17]. The active damping technique was
also applied in VSCs to mitigate the resonance and to
maintain a high efficiency [18]-[21]. However, the virtual
resistor degrades the dynamic performance. In this paper, the
impacts of the SCR and DC side capacitor of a VSC-HVDC
system on the resonant characteristics of a network is
analyzed. Then, a virtual harmonic resistor, which is similar
to the proposed active resistance, is proposed to suppress
resonant over-voltage and over-current. The virtual harmonic
resistor emulates the role of a resistor connected in series with
the commutating inductor. However, unlike the conversional

damping method, it has no influence on the dynamic
performance of active and reactive power control.

The remainder of this paper is structured as follows.
Section II describes an impedance model of a VSC-HVDC
system in a low-frequency band. A virtual harmonic resistor
is presented in Section III. In addition, an inner current
controller and the principle of the virtual harmonic resistor
are described. Section IV describes and briefly analyzes the
results of simulations based on PSCAD/EMTDC. The
conclusion of the paper is presented in Section V.

II. IMPEDANCE FREQUENCY OF A VSC-HVDC
SYSTEM

A. Brief Description of a VSC-HVDC System

A general schematic of a VSC-HVDC system is shown in
Fig. 1. The converters consist of three-phase, two-level, six-
pulse bridges with IGBTSs using sinusoidal PWM. The converter
stations are connected to the AC grid through transformers.
The inverter station is connected to the rectifier station
through a DC transmission line. Z; is the equivalent impedance
of the AC system and R+jwL is the impedance of the
commutating inductor. Filters are used to eliminate the high
frequency switching harmonics. Transformers provide suitable
voltages for the VSCs, and DC side capacitors are used to
minimize the DC voltage ripple.

B. Impedance Model for a VSC-HVDC System

The relationship between the DC voltage and the AC
voltages, neglecting the switching harmonic components of
the VSC with sinusoidal PWM, can be expressed as [5], [13]:

u, =0.5u,S,(k=a,b,c) ()

where uac is the voltage across the DC bus, u« (k=a, b, c)
are the voltages at AC side of the converter station, and Su
(k=a,b,c) are the switching functions:

S, =M sin(ayt +6) )
S,y =Msin(@yt+5-120°) ?3)
S, = Msin(a@yt+5+120°) ©)

where M is the modulating coefficient, J is the phase angle,
and wo is the angular frequency of the AC supply,
respectively.

The relationship between the DC current and the AC
currents can be expressed as:

idc = iaSia + ihSic + iCSic (5)

where i is the current in the DC bus, i (k=a, b, ¢) are the
currents in the commutating inductor, and Si (k=a,b,c) are the
switching functions taking the form:

S, =0.5+0.5M sin(wyt + &) (6)
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Fig. 2. Frequency characteristic of the positive-sequence impedance. (a) Amplitude-frequency characteristics. (b) Phase-frequency
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Fig. 3. Frequency characteristic of the negative-sequence impedance. (a) Amplitude-frequency characteristics. (b) Phase-frequency

characteristics.

S, =0.5+0.5M sin( @yt +5-120°) (7)

S.=0.5+0.5M sin(a)ot+é'+1200) (8)

Assuming that a positive-sequence harmonic, where the
angular frequency @ (@ # @,), is introduced on the AC
side of the converter, according to the law of harmonic
transferring through converters [13], the positive-sequence
and negative-sequence impedance of the VSC-HVDC system
from the PCC view can be computed by [5]:

. 3 M?
Z == Z, (-
w(@) =T mzz Ze (@) )
Z —
m 14 ag Lal@= @)
16 Z (0-2w,)
3 M?
Z (0)=—"2—7Z
(@) 16 m2A wl@ta) (10)
m[ﬂ:1+iM272d‘(m+w°)
16 Z,.(o+2a,)

where wo is the angular frequency of the AC supply, M is
the modulating coefficient, A is the angle of the impedance,
Z,.(w)is the positive-sequence impedance of the VSC-
HVDC system as seen from the PCC, Z,, (@)is the negative-
sequence impedance of the VSC-HVDC system as seen from
the PCC, and Zi is the impedance on the DC side as seen
across the DC bar.

C. Influence of DC Capacitors on the Network Resonant

Frequency

As described above, DC side capacitors have an effect on
the AC impedance of VSC-HVDC systems. Fig. 2 and Fig. 3
show the frequency characteristic of the positive-sequence
and negative-sequence input impedance Z..(w) with the
following parameters: M =0.8, R, =1Q, L, =159mH ,
R, =0.0071Q2 and L, =0.675mH . As shown in Fig. 2 and

Fig. 3, the positive-sequence and negative-sequence impedance
of the converter station may be capacitive in the frequency
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Fig. 4. Network resonant frequency under different SCRs.

band of the characteristic harmonics produced by converter
transformers. Furthermore, it is found that the impedance
Za(w) becomes capacitive at a lower frequency with an
increase of the DC side capacitance. In comparison with grid-
connected converters, the DC side capacitance of converter
stations is much bigger. Thus, it is easier for network
resonance to take place at a low-order harmonic frequency. In
addition, it can amplify the characteristic harmonics of
converter transformers and the non- characteristic harmonics
under unbalanced faults.

D. Influence of the SCR of an AC Grid on Network
Resonant Frequency

The strength of an AC grid connected to a VSC-HVDC
system is mainly depended on the equivalent impedance of
the grid [22], which can be described using the short circuit
ratio (SCR). The SCR is written as [15], [23]:

U:L’N 1

SCR = Yoo 1 (11)
PdCN |ZY

where Uscen is the rating voltage of the ac grid, Picv is the
rating power at the dc side, and Zsrepresents the equivalent
impedance of the AC grid as seen from the PCC.

When the SCR is lower than 3.0, the grid is considered to
be a weak system, otherwise it is strong. The network resonant
frequency under different SCRs is shown in Fig. 4. A current
harmonic source with a magnitude of 0.1pu and a different
frequency at the PCC1 produces a corresponding harmonic
voltage with a different magnitude due to network resonance.
It can be seen that the resonant frequency is also different
under different SCRs (SCR=1.39, 2.31, 4.59). Moreover, with
a decrease of the SCR, the resonant frequency decreases
accordingly. That is to say, a weak AC grid makes it easier to
achiever resonance between a VSC-HVDC system and an ac
grid at the characteristic harmonic frequency of the converter
transformers.

III. PRINCIPLE OF VIRTUAL HARMONIC RESISTORS

The conventional method for restraining the network
resonance is to regulate the system parameters to avoid
resonance at a certain frequency. However, taking care of one
often results in losing others. To suppress resonant over-
voltage and over-current, an additional algorithm is proposed,

which simulates the role of a resistor connected in series with
a commutating inductor without affecting the active and
reactive power control.

The control system of a VSC-HVDC system is a cascade
control system, which consists of an inner loop and an outer
loop. The inner controller is referred to as the current
controller, and the outer controllers, which supply the current
references for the inner controller, use a reactive power
controller and a DC voltage controller for the rectifier station,
and a reactive power controller and an active power
controller for the inverter station [24], [25].

A. The Inner Current Controller

All of the quantities of the rectifier station are implemented
in the synchronously rotating coordinate frame. The converter
station output voltages in the d-q coordinate frame are as
follows:

di
Ueja = _de_;d —Ri,, —oLi,, +u,, (12)
=_L diclq Ri Li
uclq - 7_ l(’]q + oLl +uslq (13)

where w is the system angular frequency; ucida, Uciq, Usid, Usid,
ic1a and ic1q are the d-g components of the converter output
voltages, the voltages at PCC1, and the current through the
commutating inductor, respectively. This paper only analyzes
the rectifier station since the principle is same for the inverter
station. Fig. 5 shows the structure of the inner current
controller.

B. The Virtual Harmonic Resistor

If a resistor is connected in series with the commutating
inductor, the over-voltage and over-current arising from the
network resonance can be restrained. However, the
introduced resistor results in power loss. In this paper, a novel
method to restrain resonant over-voltage and over-current is
proposed. The proposed virtual harmonic resistor is shown in
Fig. 6, and R, » is the coefficient. Based on instantaneous
reactive power theory [26], [27], the fundamental components
of grid currents icia y and ici4 y can be obtained using low
pass filters (LPFs). Then, the harmonics components of the
grid currents ic;s » and iciq n are equal to the fundamental
component minus the grid currents. If the LPFs are well
designed, the virtual harmonic resistor barely affects the
active and reactive power control. When the delay of the
calculation and switching is neglected, Fig. 7(a) and (b) show
equivalent circuits of Fig. 6 when only considering the
fundamental component and the harmonics component,
respectively. Fig. 7(b) can be further transformed into Fig.
7(c). It can be seen that the virtual harmonic resistor emulates
the roles of a resistor but only works for harmonics. It is
equivalently connected in series with the commutating
inductor of the converter stations. Thus, the resonant



Resonance Investigation and Active Damping Method for ... 1471

\

Leja

\

Current decouple controller VSC model

Fig. 5. Inner current controller.

©
Fig. 7. Equivalent circuits of Fig. 6. (a) Only considering the fundamental component. (b) Only considering the harmonic component.
(c) Equivalent circuit of Fig. 6 (b).



1472 Journal of Power Electronics, Vol. 19, No. 6, November 2019

Uy g - Ly L
- J_m —_— _ u,,| A=
R, R+ joL 1 4
Filter Z/l(abc) i(abc)
y ! <l y A Rectifier
Usl abc/dq <6
U* Reactive PWM
S *
_]> power *(abc) udt]
controller 0 U
Y Y A J
L Current controller DC volt
Lerg with an virtual aberdq it vorage
> cld| controller

harmonic resistor  |g
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overvoltage and over current can be suppressed.

The whole control system of the rectifier station is shown
in Fig. 8, where i, and u, are the current and voltage
harmonic sources, which emulate the harmonics produced by
the converter transformer.

C. Design of the Virtual Harmonic Resistor

After the virtual harmonic resistor is introduced, the circuit
can be considered to be an LCR circuit with a damping ratio:

R, [C

== (14)

eq

Where C., is the equivalent capacitance of the VSC-HVDC
system as seen from the PCC, and L., is the equivalent
inductance of the ac grid as seen from the PCC. Thus, the
value of the virtual harmonic resistor can be determined by
the damping requirements and system parameters. To
suppress the over-voltage and over-current, the damping ratio
& issetto 1.

IV. SIMULATION RESULTS

To verify the validity and feasibility of the proposed
control strategy, the model of the VSC-HVDC system shown
in Fig. 1 is built and simulated in PSCAD/EMTD.

In the following cases studies, the proposed control method
is used for both of the converter stations of the VSC-HVDC
system shown in Fig. 8. In addition, the parameters of the
VSC-HVDC system are shown in Table I [28]. The resonant
frequency between the AC grid and the VSC-HVDC system
is around 580Hz according to (9) and (10). The virtual
harmonic resistor R, ; is set to 3Q.

Core saturation of the transformer causes a significant
increase of the characteristic harmonics and non-characteristic
harmonics under unbalanced faults. To simplify the analysis,

TABLE 1
SYSTEM PARAMETERS

Siys Rated apparent power 12.235MVA
U,er Rated ACI voltage 10.7 kV
Upcel Rated PCC, voltage 4.16 kV
U,ez Rated AC2 voltage 4.16 kV

U Dc voltage 10 kV

Z; System equivalent impedance 0.0071+j1.036 Q
SCR Short circuit ratio 1.39
R,y Virtual harmonic resistor 3Q

R+j L Phase impedance 0.00714j0.212 Q

Cye Dc capacitor 5600 pF

f Grid frequency 50 Hz

this paper emulates the low-order harmonics arising from the
transformer by using the current and voltage harmonic source
under unbalanced faults shown in Fig. 8 [29].

A. Current Harmonics as Sources

A set of current harmonic sources of 550Hz, 600Hz and
650Hz, each having a magnitude of 0.lpu, emulate the
current harmonics arising from the converter transformer
under unbalanced faults. Those harmonics are injected into
the ac bus (PCC1) at 3s and are cleared after 0.2s. Fig. 9
shows the performance of a VSC-HVDC system with and
without a virtual harmonic resistor when there are current
harmonics as sources. Tables II and III show the harmonic
distortion (HD) of the currents and voltages, respectively. As
can be seen, before the virtual harmonic resistor is
implemented, the parallel resonance between the AC grid and
the VSC-HVDC system results in very high magnitudes of
11th, 12th and 13th harmonic voltages at PCC1 when there
are the corresponding current harmonics. Total harmonic
distortion (THDv%) of the a-phase voltage at PCC1 upccia
was greater than 1, which results in the total harmonic
distortion (THDi%) of the a-phase current in the commutating
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TABLE I
VOLTAGE DISTORTION OF THE HARMONICS IN FIG. 9

HD;)/% HD;/% HD:3 /% THD,/%
Without virtual harmonic resistor 57.21 104.13 31.73 123.01
With virtual harmonic resistor 2555 1893 14.61 35.02

Control method

TABLE III
CURRENT DISTORTION OF THE HARMONICS IN FIG. 9

Control method HD”/% HD[z/% HD13 1% THDV/%
Without virtual harmonic resistor  33.34  81.62  30.47 93.81

With virtual harmonic resistor 2382 19.61 16.75 35.11

TABLE IV
VOLTAGE DISTORTION OF THE HARMONICS IN FIG. 10

10 T T T T T T
5 without virtual harmonic resistor
=
< 0
s &l d
10 L L L L L L L L
1% 95 3 3.05 3.1 3.15 32 3.25 33 3.35 3.4
5| with virtual harmonic resistor
>
g of
£ sl d
10 L L L L L L L L
295 3 3.05 31 3.15 32 325 33 3.35 3.4
16 T T T T T T T T
1.4F without virtual ham onic resistor 4
5 12t .
o
T o A
2 L i
=] 08 with virtual harmonic resistor
06¢ L L L L L L L L 1
295 3 3.05 31 315 32 325 33 335 3.4
~ o9t with virtual harmonic resistor ]
2 without virtual harmnic resistor
Z 06F
& g3l ]
5 03
0 L L L L L L L L
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8 T T T T T T T T
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Fig. 9. Performance of a VSC-HVDC system with and without a
virtual harmonic resistor when there are current harmonics as
sources (from top to bottom: a-phase voltage at PCC1, RMS of
the a-phase voltage and fundamental voltage at PCC1, a-phase
current in the commutating inductor, RMS of the a-phase current
and fundamental current in the commutating inductor, dc voltage,
dc current).

Control method HD, /% HD;»/% HD:s /% THD.,/%
Without virtual harmonic resistor 43.56 54.30 20.94 78.18
With virtual harmonic resistor 10.20 2.73 4.53 12.34

TABLE V
CURRENT DISTORTION OF THE HARMONICS IN FIG. 10

Control method HD;;/% HD;»/% HD\s /% THD,/%
Without virtual harmonic resistor 86.87 95.82  31.39 141.05

With virtual harmonic resistor 1642 7.89 10.46 21.35

inductor ipc1areaching up to 98.5%. Hence, the RMS of upccia
increased to 1.51pu, and the RMS of ic. increased from
0.67pu to 0.80pu. In addition, there were also greater voltage
and current fluctuation on the dc-side of the VSC-HVDC
system. After the virtual harmonic resistor was introduced,
the THDv% of upccia and THDi% of icie were reduced to
35.11% and 35.31%, respectively. The RMS of upcci« merely
increased to 1.02pu, and the RMS of ic/, barely increased.
The fluctuations of the dc voltage and the dc current were
also mitigated. It is worth mentioning that the performance of
the VSC-HVDC system with the virtual harmonic resistor is
similar that without the virtual harmonic resistor under
normal conditions. This means that the virtual harmonic
resistor does not influence active and reactive power control.

B. Voltage Harmonics as Sources

In this simulation, a set of voltage harmonics sources of
550Hz, 600Hz and 650Hz, each having a of 0.04pu, are
injected into the ac bus (PCCl1) at 3s and are cleared after
0.2s. Fig. 10 shows the performance of the VSC-HVDC
system with and without a virtual harmonic resistor when
there are voltage harmonics as sources. Tables IV and V
show the HD of currents and voltages, respectively. As can
be seen, before the virtual harmonic resistor is implemented,
the series resonance between a finite ac grid and the
VSC-HVDC system caused very high magnitudes of 11th,
12th and 13th harmonic currents when there were
corresponding voltage harmonics. The THDi1% of the a-phase
current in the commutating inductor ic;.reached up to 78.18%,



1474 Journal of Power Electronics, Vol. 19, No. 6, November 2019

without virtual harmonic resistor

it (KA)

95 3 308 31 314 32 328 33 3.35 34

with virtual harmonic resistor
I

I 1 1 1 I 1 I
98 3 3.08 31 315 32 325 3.3 335 3.4

icra(KA)
mm—mimEemo M A O & oM A O = @

=
=
g nsl ]
=) with virtual harmonic resistor
06E L L . L L L L L 1
295 3 305 31 3158 3.2 325 3.3 335 34
1aF T T T . . —— — -
— with virtual harmonic resistor
2 o8 without virtual harmonic resistor
;\ 0gL L -
> o0af |
0 . . . | | | . .
255 3 305 31 315 32 325 33 335 34
10 T T T T T T
5 without virtual harmonic resistor
z
= u]
g |
10 . . | . . . . .
1%95 3 305 31 315 32 325 33 335 34
sl with virtual harmonic resistor
Z
= or
s i
0 L L . L L L L L
295 3 305 31 3158 3.2 325 3.3 335 34

1r without virtual harmonic resistor

Teta (pu)

with virtual harmonic resistor

4 I I I I I I
295 3 3.08 31 318 32 325 33 3.35 34
1

with virtual harmonic resistor

. oaf v i
= iy

S

= 06+ 4
E\

= 0.4 without virtual harmonic resistor i

I 1 1 1 I 1 I
295 3 3.08 31 318 32 325 33 3.35 34
12 T T T T T T T T

with virtual harmonic resistor

it -
EI T y
5 0oy without virtual I\anv\tyr\M_
DB L L L 1 1 1 1 1 L ]
295 3 3.05 31 315 3.2 325 33 335 34
12 T T T T T T T T

without virtual harmonic resistor ~—Jy,

Tde(pu)

09
08

with virtual harmonic resistor

I I I I I
295 3 3.08 31 318 32 325 33 3.35 34

Time (s)

Fig. 10. Performance of a VSC-HVDC system with and without
a virtual harmonic resistor when there are voltage harmonics as
sources (from top to bottom: a-phase voltage at PCC1, RMS of
the a-phase voltage and fundamental voltage at PCC1, a-phase
current in the commutating inductor, RMS of the a-phase current
and fundamental current in the commutating inductor, dc voltage,
dc current).
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Fig. 11. the dynamic performance of the rectifier station with a
virtual harmonic resistor and with a virtual resistor (from top to
bottom: RMS of the voltage at PCC1, reactive current and the
reference of the rectifier station with a virtual resistor, reactive
current and the reference of the rectifier station with a virtual
harmonic resistor).

which results in a THDv% of the a-phase voltage at PCC1
Upcela that is greater than 1. Therefore, the RMS of upcera
increased to 1.52pu, and the RMS of i increased from
0.67pu to 0.95pu. In addition, there were also greater voltage
and current fluctuation on the dc side of the converter station.
After the virtual harmonic resistor was introduced, the
THDi% of upcera and THDV% of icia were reduced to 12.34%
and 21.35%, respectively. Both the RMS of upcci« and the
RMS of icia barely changed. The fluctuations of the dc
voltage and dc current were greatly reduced. Similar to Case
A, the proposed strategy can suppress the over-voltage and
over current caused by series resonance without influencing
the active and reactive power control.

C. Dynamic Performance

In this simulation, dynamic performances of the rectifier
station with a virtual harmonic resistor and with a virtual
resistor are compared, as shown in Fig. 11, when a resistive
load is applied at PCC1 at 2s. As can be seen, the rectifier
station with a constant ac voltage control produces reactive
current to stabilize the voltage at PCC1 when a load is
switched. The RMS of uc.; drops to about 0.92pu because the
reactive current cannot tightly track the reactive current
reference when the virtual resistor is implemented. The RMS
of upccr drops to about 0.95pu since the reactive current can
tightly track the reactive current reference when the virtual
harmonic resistor is implemented. This means that the
rectifier station with a virtual harmonic resistor has better
dynamic performance.

V. CONCLUSION

In this paper, both the resonance problem and active
damping method of a VSC-HVDC system are discussed. The
impedance of a VSC-HVDC system as seen from the PCC
may be capacitive at the frequencies of the characteristic
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harmonics arising from converter transformers. Therefore, the
harmonics are amplified by resonance between the AC grid
and the VSC-HVDC system. This issue increases the electrical
stress on power devices and gets worst under unbalanced
fault since grid faults make the converter transformer produce
more low-order harmonics. In addition, the resonant frequency
decreases with an increase of the SCR or DC side capacitance.
This means that the weaker the AC grid connection to the
VSC-HVDC system, the lower resonant frequency. The DC
side capacitance of a VSC-HVDC system is much larger than
that of a grid-connected converter which results in a lower
resonant frequency.

The proposed virtual harmonic resistor emulates the roles
of a resistor. However, it only works for harmonics. In addition,
it is connected in series with the commutating inductor. Thus,
the over-voltage and over-current caused by the resonance
between the AC grid and the VSC-HVDC system can be
suppressed without affecting the active and reactive power
control. A rectifier station with a virtual harmonic resistor has
better dynamic performance. Moreover, it does not cause any
power loss.
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