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A simplified model of a modular multilevel converter (MMC) implemented
on a high voltage direct current (HVDC) transmission system is presented in
this study for the analyses of steady-state and transient stabilities. The
simplified model design’s goal is to reduce the complicated modeling of the
MMC circuit as well as the simulation time of the analysis. The validity of
the model design has been examined using the PSCAD/EMTDC simulation
program, where the simulation outcomes of the detailed model and the
simplified model are contrasted. It has been established that the simplified
model is accurate enough and that simulation time can be substantially
decreased. It is concluded that the suggested model design is very significant
as a simplified model for analyzing the steady state and transient stabilities
of MMC-HVDC transmission system.
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1. INTRODUCTION

The increasing need for solving the global warming and a deregulated electricity market has brought
about the penetration of high capacity of power plant sourced from renewable energy into grid systems such
as wind farm based offshore system, in which a high-voltage transmission system is needed which should be
more efficient, more inexpensive, more robust, and controllable. In addition, the transmission system is
required to be able to cope with large power fluctuations without losing its stability. For overcoming those
problems, the HVDC transmission system becomes an answer to meet the needs of transferring large
amounts of electrical energy safely and reliably. HYDC transmission system is at lower cost than high
voltage alternating current (HVAC) system above break-even distance [1]. In Europe, for example, HYDC
transmission systems based on MMC technology have been widely used in offshore wind farms connected to
onshore grids via long transmission cables [2]-[5]. The new Hokkaido-Honshu HVDC Link, an MMC-based
HVDC interconnection line, has recently begun operation in Japan as well [6], [7].

The modular multilevel converter (MMC) is a novel converter concept designed for medium and
high voltage applications in HVDC technology [8], [9]. The MMC has numerous advantages over
conventional converters such as two or three levels converter, that is, high efficiency, good quality of voltage
and current outputs, modularity and scalability, and small capacity of DC capacitors [10]. Therefore, the
HVDC transmission with MMC system has been receiving considerable attention from engineers in the
academic and industrial recently.
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Power system stability analysis is particularly important in power system design. Simulation study
of the MMC system with detailed model representations performed by using e.g., PSCAD/EMTDC or
MATLAB/Simulink becomes incredibly challenging because the need to include numerous sub-modules
(SMs) based insulated gate bipolar transistors (IGBTSs) in the simulation study. In the case of trans bay
HVDC cable project with +/-200 kV DC transmission voltage rating, which is the first HVDC system using
MMC system, its converter system is configured by 201 levels of MMC. The MMC requires around 2400
IGBTs with anti-parallel diodes and 1200 sub-module capacitors which are connected electrically [11].
Simulation studies by using such detailed model may become inefficient. Therefore, the dynamic behavior
analysis of MMC-HVDC transmission system should be represented by standard simplified model which is
suitable for simulating the time domain instantaneous responses.

The efforts to simplify MMC-HVDC transmission system have been reported in some papers [12]-
[15]. The simplified models are based on phasor model approach and are represented as two level or three
levels converter with small modification. The fast and simultaneous simulation method for the MMC-HVDC
transmission system was implemented to decrease the computational time for transient analysis [16]. In the
method, the large sized admittance matrix including many nodes of the MMC part in the detailed model is
modeled into a simple electrical equivalent circuit by using Thevenin or Norton theorems. However, this
method still needs to simplify the overly complex admittance matrix. The other simplification approaches
such as equivalent circuit model, MMC switching function model, detailed nonlinear IGBT model, and the
average value model (AVM) for dynamic performance analysis are presented in some papers [17]-[19]. The
AVM approach can reduce the computation time significantly. However, at least 40 ps of simulation time
step is needed to get sufficient accuracy [18].

In the previous work, simplification of MMC circuit has been developed in the average model for
permanent magnet wind turbine generator [20]. The MMC system is implemented on the converters (rectifier
and inverter) of the wind generator. The designed average model of the wind generator, however, cannot be
directly applied to the MMC-HVDC transmission system model. Therefore, a novel approach is required for
developing a simplified model of the MMC-HVDC transmission system.

In this study, a simplified model design for MMC-HVDC transmission system is proposed. The
SMs-based IGBT is not explicitly modeled in the MMC circuit in the model design; instead, the MMC circuit
is only represented by sources of voltage and current. Therefore, large time step (100 us) of simulation can
be used. In addition, the model does not require complex mathematical simplification. Moreover, one of the
advantages of this simplified model is that it can be easily applied to electromagnetic transient simulation
analyses on standard software such as PSCAD/EMTDC or MATLAB/Simulink. One thing to keep in mind is
that the simplified model is meant to be an alternative model to the simpler models that have been created.

2. HVDC TRANSMISSION SYSTEM MODEL

Figure 1 illustrates the power system model used in this study for the simulation, which is a two-
connected areas power system with an HVDC transmission system. Two independent AC power systems are
connected through a 200 MVA (£100 kV) symmetrical monopolar HVDC transmission line. The HVDC
transmission line is used to transfer electric power from Area 1 to Area 2. Both the rectifier station and the
inverter station utilize the MMC system, which connects them via A 75-kilometer power cables. The =
equivalent circuit model represents the power cable.

Area 1 Area 2
200 MVA Base 200 MVA Base
200 MVA (+/- 100 kV DC)
230kV B1 B2 75 km cable B3 B4 BS 230KV
50 Hz TR1 IR2 cB 00224011 g 50 Hz
0.0148+0.074 ,-\J DBS : w
=GO} w
— DBS (a0 —
= T j04s i j0.15 = =
- 230KV/100KV Rectifier Cable parameters: Inverter 100kV/230kV =
Station R =0.0139 Vkm Station
L =159 mH/km b d
C=BLFAm 2LLG and 3LG

Figure 1. Two power systems connected by MMC-HVDC transmission line model

Two dynamic braking systems (DBSs) are installed in DC output terminal of MMC circuit of the
inverter. The rectifier station is connected to Area 1 through a 230 kV/100 kV rectifier transformer (TR1) and
single circuit of transmission line. On the other hand, the inverter station is linked to Area 2 via a
100 kV/230 kV inverter transformer (TR2) and 230 kV transmission lines. The transmission lines are
designed with two circuits. The parameters of transmission line are written in R+jX form, where R represents
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the resistance and X the reactance. The parameters of the MMC are presented in Table 1. The operating
mechanism of the rectifier station is to transform the voltage from AC to DC forms. Furthermore, the rectifier
station also regulates the active power flow from Area 1 into the HVDC transmission circuit. On the other
hand, the inverter station transforms the voltage from DC to AC forms. The inverter station works to
maintain the HVDC transmission's DC voltage at its rated voltage, which enables active power from Area 1
to be delivered to Area 2. The reactive power output, which is constrained by the converters' capacity, can be
independently adjusted by the rectifier and inverter (PQ diagram of converter).

Table 1. Parameters of modular multilevel converter

Parameter Value Unit Parameter Value  Unit
Power 200 MVA Arm inductor 15.9 mH
AC voltage 100 kv Arm resistor 0.05 Q
AC frequency 50 Hz Reactor inductance ~ 15.9 mH
DC voltage + 100 kv Reactor resistance 0.05 Q
SM per arm 8 module DC capacitor 1750 uF

SM capacitor 3400 uF

3. DETAILED MODEL OF MMC SYSTEM

As previously stated, performing a simulation study for the MMC based on its detailed model in real
configuration is extremely difficult, as hundreds of sub-modules must be considered. Therefore, the detailed
model of the MMC in the power system illustrated in Figure 1 is represented by nine levels of MMC system.
In the converter stations, the MMC system is made up of 48 sub-modules (96 IGBTs with antiparallel diodes
and 48 sub-module capacitors).

3.1. Configuration of MMC circuit

The MMC configuration in three phase topologies is shown in Figure 2. Each phase has a phase leg,
which is made up of two-phase arms. The phase arm has 8 sub-modules (SMy; ... s for upper arm and SM;; s
for lower arm), arm resistance (Ram), and arm inductor (Lam). The arm inductors serve as an interface
impedance between the AC grid system and the MMC circuit, and serve for limiting the circulating arm
current between the valve and phase legs [21]. The sub-module is of half bridge type configuration which
consists of two IGBTs and a sub-module capacitor (Csm). The two antiparallel diodes are installed in parallel
with the IGBTs. Point of connection between the upper and the lower arms is linked to the MMC AC
terminal by filter inductance (Ls) and resistance (Rs). The filter can reduce the current and voltage ripples of
the AC side output. Each terminal end of upper arms and lower arms is connected to each other, and
respectively become positive (+) and negative (—) output terminal of DC circuit. The DC capacitors (Cqc) are
installed on the DC circuit for reducing the DC voltage ripple.
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Figure 2. Configuration of the 9-levels circuit MMC in three phase topologies
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In operating of MMC circuit, the DC voltage (V) is distributed to entire sub-module capacitor
(Csm). Then, the sub-module capacitor status consistently becomes charging and discharging according to the
operating mode of the IGBTSs switching state and current arm polarities. Sub-module capacitor status in detail
can be seen in Table 2.

Table 2. Operating condition of sub-module based on switching state
Switching State

Arm Current Polarity ~ Terminal Voltage of Sub-Module  Sub-Module Capacitor Status

Swl Sw2

ON OFF + Vesm Charge
OFF ON + 0 Bypass
ON OFF - Vesm Discharge
OFF ON - 0 Bypass

3.2. Control mechanism of the MMC

Numerous publications containing modeling designs and control techniques for the MMC-HVDC
Transmission system have been reported [21]-[27]. Figure 3 presents the control scheme commonly used in
MMC-based HVDC systems. Voltage source converters (VSCs) connect two independent AC power
systems, allowing both converter stations to control the active power. One of the converters, however, should
be used to control the HVDC transmission line voltage. In this work, the inverter station regulates the voltage
on the HVDC transmission line while the rectifier station controls the active power. Each converter has the
ability to independently regulate the reactive power output.

Rectifier Station Inverter Station
+ +
= =
g£| o | 9-Levels T HVDC 7 9-Levels )z §
% z MMC _mf’m Transmission VdsI||”— MMC TE &
&5 Circuit v Lime | Circuit EC
< —Oo1T————— O — =
(@) ® - abe
plabe) S"Rl Sir vy
R
+w{abe wx(abc)
Vur ) l Vu
MMC MMC
Inner Controller Inner Controller
* «(abi +(abc +(abi
Vﬂ(;bc) /|\ /I\Vl‘; ) yifer ) ’I\ TVL(Jn )
Rectifier Inverter
Main Vier —> Main
Controller Controller

Figure 3. Control scheme of MMC based HVYDC

(abc)
(RD)

V(gf,’;@) are fed to each main controller. Then, the main controllers control the three-phase reference voltage

for each phase arm (VU((I?ZI’)C) and I/L*(;‘fj’)”) of the MMC circuit. In three-phase MMC circuit, a circulating

current can occur on the phase legs. Moreover, the voltage level difference between sub-modules on upper
and lower phase arms also can occur which can cause unbalance voltage on the sub-module capacitor [2].
The inner controller of MMC is introduced in the controller schemes for solving this problem. The new three

phase voltages as references for modulating (Vu(é‘;g’c) and I/L(,f?;’c)) are obtained from the MMC inner

controller. For the modulation technique, the multicarrier-based phase shifted pulse width modulation (PS-
PWM) is implemented. The PS-PWM technique generates the PWM signals Sw[(,’()RJ,) and SwL(gm to trigger

the IGBT’s gates of the sub-modules in the MMC circuit.

Figures 4 and 5 show the main controllers for the rectifier and inverter, respectively. The vector
control method-based conventional VVSC is used for the control loop strategy for rectifier and inverter [2]. For
this purpose, by using Park Transformation three-phase voltage and current from the MMC AC terminal
output are converted into the dg-axis form. The phase angles of grid voltage (6 or 8,) are detected by using
phase locked loop (PLL) controller. It should be noted that the original block set models of the park
transformation equation and the PLL technique available on the master library of PSCAD/EMTDC is used in
this study [28]. The power meter calculates the instantaneous powers and the three phase rms voltmeter
measures the rms voltage from the MMC AC terminal output. The parameters fed to the converter controllers
are in per unit (pu).

Three-phase current and voltage at AC output terminal of the rectifier and the inverter (I
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Figure 5. Inverter main controller

The inner current loop and outer power loop controllers of the MMC are made up of four PI
controllers. In the rectifier main controller, the g-axis current (%) controls the flow of active power (Pr),
while the d-axis current (7%) controls the reactive power (Qg) of the rectifier station. Under certain
circumstances, the d-axis current can be chosen to regulate the voltage of the AC terminal rather than the
reactive power. The references can be set to zero for reactive power (Q*gr) and 1.0 pu for AC voltage (V*r).
In the inverter main controller, the DC transmission line voltage (V) is maintained at rated voltage by
controlling the inverter g-axis current (). The reactive power (Q;) or the AC terminal voltage (Vi) of the
inverter can be regulated through the inverter d-axis current (/). The reactive power reference, like the
rectifier controller mechanism, can be set to zero, or the reference voltage can be set to 1.0 pu. If the inverter
AC voltage falls below 85% due to a short circuit, the inverter main controller switches from normal to fault
mode. The inverter's main controller would switch from reactive power control to voltage control.

Figure 6 depicts the MMC inner controller. The MMC inner controller is implemented to the rectifier
and the inverter stations. The MMC inner controller is made up of two SM capacitor voltage balancing
controllers and a circulating current controller. The function of the circulating current controller is to prevent

circulating current flows through the phase legs [29]. The circulating current @7,’.”)) can be calculated by
summing the arm currents (/1"”and {*”) divided by two. The circulating current is converted into the d-axis
and g-axis currents (I (dq)), which are independently set to zero using PI controllers. The PI controllers adjust the

cir
circulation voltages (v{*®), which are then inverted into a three-phase voltage form (v.{2"). The MMC inner
*x(abc)

controller produces new reference voltages V; and VL**(‘“’C) for upper and lower arms, respectively. To control
voltage balancing of all capacitors, extra controllers must be installed throughout the SMs [30].

3.3. PS-PWM technique

The PS-PWM technique uses multiple triangle carrier signals along the horizontal axis with same
frequency and voltage amplitude. The number of triangle carrier signal required is given by the number of
levels of MMC (N) minus one. Nine levels of MMC circuit requires eight triangle carrier signals. The
generating pulse process of multi-carrier PS-PWM technique is shown in Figure 7. The phase shift (¢) of
each carrier signal can be calculated as (1) [31].

@ = 380°/(N — 1) (1)
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Figure 7. PS-PWM technique process

3.4. Dynamic braking system (DBS)

A DBS is installed across an HVDC transmission terminal to dissipate energy and limit transmission
line overvoltage caused by transient disturbance on the AC grid system such as a short circuit. The DBS can
help to increase capability of fault ride through (FRT) of HVDC system. According to IEC Standard
62747:2014, the DBS is recommended to be implemented in HVDC transmission system [32]. The DBS
installation structure is determined by the type of HVDC system. Figure 8 depicts the basic structure of DBS
that installed on symmetrical monopolar type of HVDC transmission system. The rectifier MMC circuit has
two DBSs installed on the DC side. The DBS is composed of a group of semiconductors breaking valve and a
breaking resistance (Ry;s)- The active power output of the inverter will abruptly decrease when there is a
transient grid disturbance on the grid. Meanwhile, the rectifier station continues to supply active power to the
HVDC circuit, and hence the power unbalance occurs between both stations. As consequence, the DC
voltage on the transmission line increases significantly. The DBS will dissipate the active power in the
braking resistance R, by operating the semiconductor breaking valve (DBS valve). The DBS device is
operated according to the HVDC voltage condition during a disturbance event. The DBS is executed when
the HVDC transmission line voltage reaches the threshold limit (1.05 pu). The maximum value of R, is
selected according to nominal power rating of the HVDC link.

A simplified model design of MMC-HVDC transmission system for steady state... (Marwan Rosyadi)
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Figure 8. Basic structure of DBS on symmetrical monopolar HVDC transmission line

4.  SIMPLIFIED MODEL OF MM-HVDC TRANSMISSION SYSTEM

The equivalent approach model of a traditional voltage source converter (VSC) could be considered
to represent the MMC-HVDC transmission system in a simplified model [33]. Figure 9 depicts the VSC
equivalent model, in which three-phase voltage source and a current source connected to the AC and DC
sides, respectively, represent the converter. The converter is connected to grid voltage sources (vf,“b") ) through

phase reactor, Ls (reactor inductor) and Ry (reactor resistance). The voltage across the filter inductor for each
phase can be using Kirchhoff voltage low (KVL):

d .(abc (abc) (ab . (abc)
Ly =i )= {8 0 — R [ )

where, vc(gﬁc) is three phase terminal voltage of the converter.

PS +jQS PCOH +jQCOH P;;C
— — —
Lf Rf
\ )] Y
itebe) * = HVDC
(abc) b ok
Vs ! vgan) tic | Vde Ell' circuit
AC side Converter DC side

Figure 9. Equivalent model of VSC

The vc(,‘},'{c) is equivalent to the three-phase voltage at the AC output terminal of the MMC circuit.
Consider the electrical MMC circuit in the equivalent model in Figure 10 for more details. The vc(f,‘,fc) can be
regulated by the three phase arm voltages (v;**) and (v, ‘). The differential equations are obtained by

applying KVL to both arm:

(abc)

|4 b .(ab di (ab
% = v§gn6) + Rarmlz(]a C) + Larm l;t + UU(a C) (3)
.(abc)

1% b .(ab di +(ab

% = - chgnC) + Rarmlga & + Larm I;n + UL(a 2 4)
from the figure, it is evident that:

.(abc .(ab .(ab

L; ) = j{abe) _ jlabo) (®)
circulating current is defined as (6).

.(abc) | .(abc)
.(abc) _ L +i
P80 = % (6)

Int J Pow Elec & Dri Syst, Vol. 14, No. 2, June 2023: 934-947



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 941

o +
£
;f‘ Vi
2
(abc)
i; |I||—°
bi
E Vdr
< p)
o —
Figure 10. Equivalent of electrical MMC circuit
The voltage at the MMC terminal output is calculated using the (7).
(abc) (abc) _ Larmdl](c abe) . (abc)
Veon = = €  2at Rarmlf (7)
Where, e(@b€) js the inner emf of three phases, as (8).
e(abc) — vz(abc)_v:l(abc) (8)
2
In (7), the v22) can be controlled through emf e (@) adjustment components v;,** and v; >,
Returning to Figure 9, in (2) could be in the dg0 frame as (9) and (10).
aif d d_ d q
Le—= o = Vs~ Ryif — veon + wsLgiy 9)
di}l q iq q -d
Lf; = Vs — Rflf — Veon — a)SLflf (10)

Where, w, is angular frequency of the grid. The grid powers for both active and reactive in the complex form
are as (11).

P +jQs = (vdif +vlif) + j(vlif —védil) (12)
The powers flow to the converter are also known as (12).
Pcon +chon - (Ucon lf + Ucon f) +](vcon - vcon f) (12)

In the steady state condition, the g-axis assumes to be in alignment with the vector uc(,‘fg), thus the d-axis
becomes zero, and the powers of the converter is as (13) and (14).

Feon = Ugon i}] (13)

Qcon = vgon i](z (14)

Therefore, the g-axis current (i;’) and the d-axis current (i) could control independently the active and
reactive powers.

The DC power (P;.) flows into the HVDC transmission line and is adjustable by injecting the DC
current (i}.). Because reactive power has no effect on injected power to the DC side, the following
relationship holds:

A simplified model design of MMC-HVDC transmission system for steady state... (Marwan Rosyadi)
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- ix  — ,d id a :q
Pdc - Pcon = Vgc lge = Veonlf + vconlf (15)

Finally, the dc current injected to the HVDC circuit can be calculated as (16).

17gon i+ Vgon il

ige = ———=L (16)

To simplify the complicated MMC-HVDC transmission system model, IGBTs switching
phenomena and modulation process in MMC rectifier and MMC inverter should be neglected in simulation
analysis. Referring to Figures 9 and 10, a detailed scheme of the proposed simplified MMC-HVDC
transmission system model is presented in Figure 11. The MMC circuit for a rectifier station or inverter
station is made up of two electrical main circuits that are linked to the AC and DC side systems. The three-
phase MMC arm circuit is made up of three-phase voltage sources, arm resistances, and arm inductors that
are connected to the converters' AC terminals via the point of common connection. The DC voltage (V4c/2)

powers the entire arm circuit. The three-phase voltage external input (VU((;?)C ) and VL*(;‘?)C)) are obtained from

the MMC main controller, and the DC voltage external input (%) is measured from the HVDC transmission

line. A DC current source represents the MMC circuit for the interface to the DC side, and the external
current input (I5c(z,;y) can be calculated using (15).

RECTIFIER STATION INVERTER STATION
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2 Cs Switch, Ca
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/ \
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— w1
Rectifier Inverter
Main [&— Vacr Vaer — Main
Controller Controller

Figure 11. MMC-HVDC transmission system in simplified model

The main controller schemes and control methods for both the rectifier and inverter controllers in the
detailed model can be applied also in the simplified model. Therefore, the rectifier and the inverter controllers
presented in Figures 4 and 5 can also be used in the simplified model. In this study, the profile voltage of SM
capacitor and profile circulation current on the phase leg in the proposed simplified model are assumed ideal.
Therefore, the MMC inner controller is not considered. Furthermore, the steady-state and transient analyses
focus on the profile voltage, current, and power output excursion on AC and DC sides of the MMC.

The transmission circuit of HVDC is configured by symmetrical monopolar type as well as the
electrical topology in the detailed model. However, the DBSs which installed across the HVDC transmission
line is represented by an ideal switch and a braking resistance for each arm. The switch is executed when the
HVDC circuit voltage exceeds the voltage threshold, 1.05 pu.

5.  SIMULATION STUDY

The model of two areas of the power system linked by the HVDC transmission line illustrated in
Figure 1 is analyzed in the simulation study. The PSCAD/EMTDC software is used for the simulation study.
The simulations were run on the PC (Intel i7-9700 CPU @3.0 GHz RAM 64 GB). A comparative responses
analysis between the detailed and the simplified models was validated under steady-state and transient
disturbances.

5.1. Simulation and anaysis in steady state study

In this simulation study, the responses of terminal voltages and powers output of the HVDC
transmission system during steady-state disturbance are analyzed. The simulation results are presented in
Figures 12(a) to 12(f). For steady state disturbance, the up-down ramps and step changes in active power
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reference are applied to the rectifier main controller as depicted in Figure 12(a). First, the up-ramp reference
is gradually increased from 0.0 pu to 1.0 pu. Second, the step change reference is applied two times, at 5.0
sec from 1.0 pu to 0.8 pu, and at 7.0 sec from 0.8 pu to 1.0 pu. The down-ramp reference is activated at 9.0
sec, where the reference is gradually decreased from 1.0 pu to 0.0 pu.
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Figure 12. Simulation results in steady state condition: (a) active and reactive powers references, (b) AC
voltage response at Bus B1, (c) active and reactive power responses at Bus B, (d) DC voltage response at the
transmission line, (€) active and reactive power responses at Bus B4, and (f) AC voltage response at Bus B4

During the simulation, the reactive power of the converter stations is maintained to zero. According
to the simulation results shown in Figures 12(b) to 12(f), the AC terminal voltage, the powers of both the
converter stations, and the DC voltage of the transmission line of the simplified model have the same
response as the detailed model. In the steady-state condition, the simplified model has adequate precision,
which can be confirmed. In addition, as presented in Table 3 the simplified model can reduce simulation time
more significantly compared to the simulation time obtained by the detailed model.

Table 3. Computation time for 12 sec simulation time
Computation time
Simplified model  Detailed model
Simulation time step 100 ps 10 ps
Real time duration 7 seconds 70 minutes
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5.2. Simulation and anaysis in transient study

Asymmetrical two lines to ground fault (2LG) and symmetric three lines to ground fault (3LG) at
the transmission line of Area 2 are regarded as network disturbances in the transient case study. Figure 1
depicts where the faults are located. Circuit breakers (CBs) on the faulted circuit are opened at 0.2 second
following the occurrence of the fault at 0.1 second. The CBs are reclosed at 1.0 second under the
presumption that the fault has been fixed.

The simulation results of the transient study for 2LG and 3LG are shown in Figures 13(a)-13(e) and
Figures 14(a)-14(e) (see Appendix), respectively. According to the profile AC voltage, active and reactive
power response at Bus B1, the faults (2LG or 3LG) in Area 2 had no effect on the Area 1. This is because,
the DBS device can absorb the supplied active power from Area 1 when unbalanced power occurred between
the inverter and the rectifier caused by the faults, hence the overvoltage on the HVDC transmission line can
be well anticipated. The DC voltage responses are shown in Figures 13(c) and 14(c). Due to the voltage drop
during the faults, the active power to Area 2 on Bus 4 abruptly decreased. After the faults are cleared, the
active power can be restored to its original state. Meanwhile, the inverter supplies reactive power during the
fault and returns to its original position once the fault is resolved. Based on the simulation results, the
proposed simplified model of the MMC-HVDC transmission system has adequate precision in transient
responses in the cases of 2LG and 3L G disturbances.
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Figure 13. Simulation results of transient study for 2LG: (a) AC voltage response at Bus B1, (b) active and
reactive power responses at Bus B1, (¢) DC voltage response at the transmission line, (d) active and reactive
power responses at Bus B4, and (e) AC voltage response at Bus B4
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Figure 14. Simulation results of transient study for 3LG: (a) AC voltage response at Bus B1, (b) active and
reactive power responses at Bus B1, (¢) DC voltage response at the transmission line, (d) active and reactive
power responses at Bus B4, and (e) AC voltage response at Bus B4

6. CONCLUSION

In this paper, a simplified model design for an MMC-HVDC transmission system is presented. The
PSCAD/EMTDC program was used to perform a comparison response analysis of the proposed simplified model
and the detailed model in steady state and transient conditions to confirm the validity of the proposed simplified
model. Ramp and step input signals are used in steady state analysis. In the transient analysis of an AC system,
asymmetrical two lines to ground fault and symmetrical three lines to ground fault are considered disturbances. It
is possible to verify that the simplified model is accurate enough. In addition, simulation time can be significantly
reduced. The simplified model proposed here can be used to effectively analyze the dynamic properties of power
systems such as MMC-HVDC transmission lines. In a future study, the authors intend to extend the proposed
simplified model to analyze multi-area power systems with multiple HVDC transmission terminals.
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