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Abstract— This paper presents an evaluation of two control 
schemes for virtual inertia support from the converter terminals 
of an HVDC interconnection. A point-to-point interconnection 
between asynchronous power systems is assumed, where one 
terminal controls the dc-side voltage while the other controls the 
power flow. A virtual synchronous machine (VSM) based on a 
simulated swing equation is considered for the power-controlled 
terminal, but this approach is not directly applicable to the dc-
voltage-controlled terminal. Thus, an alternative control strategy 
is presented and evaluated, where the capacitive dc-side voltage 
dynamics are utilized to emulate the swing equation dynamics for 
inertia emulation while ensuring regulation of the steady-state dc 
voltage. Simulation results are presented to illustrate how these 
control strategies can provide inertial response at both converter 
terminals and how this inertial response influences the dynamics 
of the dc voltage and the frequency of the ac grids. The presented 
schemes for inertia emulation are assessed and compared against 
conventional control strategies for power and dc-voltage control 
with grid synchronization by a phase locked loop. Moreover, the 
differences in the response of the two control schemes to grid 
frequency transients are highlighted, demonstrating the inherent 
limitation of energy available for inertia support from the dc-
voltage-controlled terminal without a coordinated response from 
the power-controlled terminal. 

Keywords—DC Voltage Control, HVDC Transmission, Virtual 
Inertia, Virtual Synchronous Machines  

I. INTRODUCTION 

The increasing share of renewable energy sources (RES) is 
changing the operating scenarios as well as the requirements 
for control strategies of power electronic converters in power 
system applications. In Europe, this change is largely 
influenced by the directives of the European Union and the 
corresponding national targets for reducing CO2 emissions by 
increasing the production of "clean energy" [1]. The resulting 
transition of electrical energy production from traditional 
centralized power plants to distributed generation (DG) sources 
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is also challenging the stability of the power grid [2]-[4]. This 
problem is accentuated by the increasing share of the electric 
power flowing in the grid which is processed by at least one 
power electronic converter [4]-[6].  

In a traditional power system with centralized generation 
units, the inertia of the synchronous generators will attenuate 
the transient grid frequency perturbations due to changes in 
generation or load. Furthermore, the inertial response of 
rotating machines serves as the basis for primary frequency 
regulation by the droop control usually applied to the governors 
of traditional power plants. Contrarily to the operation of 
conventional generation units, RES units with power electronic 
grid interfaces are usually designed to maximize the extraction 
of active power for injection to the grid [2], [7]. Therefore, they 
do not provide any response to grid frequency fluctuations. 
Furthermore, the increasing share of converter interfaced RES 
units leads to a reduction of the equivalent grid inertia and 
weakens the overall frequency regulation capability of the 
power system [2], [8], [9]. To counteract this trend, the concept 
of providing virtual inertia by control of power electronic 
converters has been widely studied during the last decade [10], 
[11]. Many of the proposed control strategies for such inertia 
emulation are designed with the intention to explicitly emulate 
the inertial dynamics of traditional synchronous machines 
(SMs) [6], [12] , [13]. Thus, after the concept of a virtual 
synchronous generator was first introduced by Beck and Hesse 
in 2007 [6], the term virtual synchronous machine (VSM) and 
similar expressions have been widely used to denote several 
different strategies for control strategies for providing virtual 
inertia to the power system. 

Another ongoing trend in the power system development is 
the increasing introduction of voltage source converter (VSC) 
HVDC links for long distance power transfer and 
interconnection of asynchronous systems [14]-[18]. Due to 
their high power rating and controllability, the VSC HVDC 
converter terminals can significantly influence the local 
operation of the power system they are connected with. Since 
HVDC interconnections are to a large extent tailored systems 
with engineered adaptations to the design and control for each 
specific application, they also appear as suitable targets for 
implementing dedicated control strategies for providing virtual 
inertia. Therefore, several control strategies for inertia 



emulation by VSC HVDC terminals have been recently 
proposed [19], [20].  

For a VSC HVDC terminal operated with dc-link voltage 
control, inertia emulation as an additional functionality would 
be directly conflicting with the primary control objective. 
Indeed, the transient power flow resulting from inertia 
emulation on the ac-side would be reflected in the dc voltage 
and a normally tuned dc voltage controller would then try to 
counteract the inertia emulation. Thus, for such operation, a 
conventional dc voltage controller must be tuned for a slower 
response than the emulated inertial dynamics to avoid that it 
would eliminate the intended inertial response or cause internal 
instability of the control system [21], [22]. Without any 
additional energy buffering capability, the maximum allowable 
dc voltage and the lower voltage limit before reaching 
overmodulation will also impose strict constraints on how a dc-
voltage-controlled VSC terminal can contribute to inertia 
emulation.  

This paper aims to assess the possibility of providing 
virtual inertia support from the two converters of a VSC 
HVDC interconnection. It is assumed that the HVDC 
interconnection should be operated with a conventional set of 
control objectives, such that one terminal controls the power 
flow while the other controls the dc voltage. A VSM-based 
approach for inertia emulation, relying on a simulated virtual 
swing equation as in [23] is implemented in the power-
controlled converter terminal. In order to limit the challenges 
with conflictive control objectives for the dc-voltage-controlled 
terminal, an adaptation of the control strategy introduced in [7] 
is presented. This control strategy utilizes the dc voltage 
dynamics to emulate the speed or frequency of a virtual swing 
equation. Thus, it allows for an integrated approach to the 
control of the dc voltage while emulating the inertial dynamics 
of a synchronous machine swing equation. The behaviour of 
the HVDC converter terminals with conventional control 
strategies based on a phase locked loop (PLL) for grid 
synchronization is used as a benchmark to assess the operation 
with inertia emulation control. Moreover, the differences in the 
response to grid frequency transients for the two evaluated 
control schemes for providing inertia emulation are 
highlighted. While demonstrating the capability of both control 
strategies for providing virtual inertia, the results also indicate 
the inherent limit of available inertia for inertia support from 
the dc-voltage-controlled terminal if there is no coordinated 
response from the power-controlled terminal.  

II. STUDIED SYSTEM CONFIGURATION 

A symmetric monopolar HVDC interconnection between 
two asynchronous grids is assumed as the reference 
configuration. A schematic of the studied configuration is 
displayed in Fig. 1, with the two grids and terminals denoted 
with letters A and B. As indicated in the figure, the converter 
terminal B is responsible for controlling the dc voltage while 

the converter terminal A controls the power flow. For sake of 
simplicity, the two ac grids A and B are specified with identical 
electrical parameters as summarized in table I. The ratings of 
the converter terminals are based on the NordLink HVDC 
connection [24], [25]. However, the rated power is chosen as 
half of the total rating of the NordLink connection [24], since a 
monopolar rather than a bipolar configuration is considered.  

Altough new VSC HVDC systems are usually based on 
modular multilevel converter (MMC) technology [26], this 
study will be based on converter terminals represented by 
average models of 2-level VSCs. Thus, the converters are 
connected to the ac grids via LCL filters as commonly utilized 
for 2-level VSCs [27]. However, the dc-side capacitance is 
assumed to include the equivalent internal capacitance of an 
MMC-based HVDC terminal. This simplified representation of 
the converter terminals can be considered reasonable as long as 
the inertial response to be studied is significantly slower than 
the internal dynamics of the MMC, and as long as the MMC is 
not explicity controlled to maintain a constant internally stored 
energy level [28]. 

A per unit system, based on the rated apparent power of the 
converters, Sn, the peak value of the rated phase-to-ground 
voltage Vg,n, and the nominal grid frequency fn, is introduced in 
order to give a better overview of the system quantities and 
results. The capacitors named CA and CB represent the VSCs 
dc-side capacitances with initial values set equal to 4 pu when 
referred to the dc side voltage and the nominal grid frequency 
(corresponding to an energy storage of 21.6 kJ/MW). The 
dc-cable that connects the two converters is modelled with an 
equivalent π-model with a single section with the equivalent 
series inductance ignored [29]. Thus, the equivalent dc-side 
capacitance is the sum of the dc-side capacitance of the VSC 
model and the dc-link cable capacitance.  

III. EVALUATED STRATEGIES FOR PROVIDING VIRTUAL 

INERTIA 

In this section the two inertia emulation schemes 
considered in this paper are presented, namely: 

TABLE I  
PARAMETERS OF THE INVESTIGATED CONFIGURATION 

Parameter Value Parameter Value] 

Rated power SnSn 750 MVA dc-link capacitance cdc/2 2.12 pu 

AC Voltage Vg,n 164.5 kV AC grids inertia  
constant Hg 

10 s 

Rated angular  
frequency ωn 

2π·50 Hz Filter series  
resistances rfs1, rfs2 

0.01pu 

dc Voltage Vdcn 525 kV Filter parallel  
resistance rfp 

0.0009 
pu 

dc-link length l 623 km Filter inductance lf1 0.05 pu 
dc-link resistance rl 0.086 pu Filter inductance lf2 0.2 pu 
dc-link conductance
 gdc/2 

0.0017pu Filter capacitance cf 0.05 pu 
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Fig. 1. Studied HVDC interconnection



 An VSM-based inertia emulation strategy relying on a 
virtual swing equation, applied for the converter terminal 
controlling the power flow.  

 An inertia emulation strategy with implementation based 
on the dc bus capacitor voltage dynamics, applied for the 
converter terminal controlling the dc voltage.  

A. Inertia emulation based on a virtual swing 
equation 

The inertia emulation scheme for the power-controlled 
terminal is relying on the most established principle for 
designing VSM-based control systems. Thus, the basis for the 
control system is the emulated SM swing equation, which 
defines the relationship between the dynamics of the machine 
and the power balance on the rotor as [10], [30]: 

 2 SM
SM m el d

d
H p p p

dt


    (1) 

In (1), HSM [s] is the inertia constant of an SM and ωSM is the 
angular speed of the rotor in per unit. Furthermore, pm is the 
mechanical input power from the prime mover, pel is the load 
power and pd is a term representing damping. Introducing the 
mechanical time constant Ta=2HSM in (1), leads to the 
following expression for the state equation of the per unit rotor 
speed: 

 SM m el d

a a a

d p p p

dt T T T


    (2) 

The strategy for inertia emulation, and the associated 
power-balance-based grid synchronization mechanism, applied 
for the power controlled HVDC terminal is implemented as a 
VSM based on (2). Including a power-frequency droop 
influencing the virtual input power pr* to the VSM, the virtual 
swing equation can be implemented according to the schematic 
in Fig. 2 [12]. Thus, the state equation defining the virtual rotor 
speed of the VSM can be expressed as:  

   **
VSM VSM d VSM gVSM meas

a a a a

k kd pp

dt T T T T

      
     (3) 

where ωVSM is the angular frequency of the emulated inertia. 
The power-frequency droop contribution pω is given by the the 
frequency droop constant kω multiplied with the difference 
between the reference speed ω*

VSM and the emulated speed 
ωVSM. The damping power pd is expressed by a damping 
coefficient kd multiplied by the difference between ωVSM and 
the grid angular frequency ωg. The latter is obtained from a 
PLL operating on the measured output voltage vo,abc. It should 
be noted that the PLL is not used for grid synchronization but 
only for the computation of the damping term pd. The 
remaining terms p* and pmeas represent, respectively, the power 
reference and the measured power output from the VSM.  

The specific VSM implementation used in this study is 
based on the Current Controlled VSM (CCVSM) with a Quasi-
stationary Electrical Model (QSEM) from [23]. An overview of 
the control system implementation is shown in Fig. 3. In this 
case, the voltage amplitude reference vr*, which is the input to 

the QSEM-based virtual impedance is provided by an external 
Q-V Droop Controller. The current references for controlling 
the converter are then resulting from the virtual impedance and 
the difference between the reference voltage vr* and the 
measured voltage. As discussed in [23], a dq frame low-pass 
filter with small time constant is applied to the measured 
voltages before they are used to calculate the current references 
according to the specified virtual impedance. A conventional 
decoupled dq frame PI current regulator then provides the 
voltage references for the pulse width modulated (PWM) 
operation of the VSC.  

B. Inertia emulation based on the dc bus capacitor 
dynamics 

The inertia emulation scheme for the dc-voltage controlled 
terminal is based on utilization of the equivalent dc-side 
capacitance of the converter for reproducing the behavior of a 
synchronous machine swing equation. This approach is derived 
from the conceptual similarities between the energy buffering 
mechanisms of a static converter and a synchronous machine, 
as discussed in [31]. The implementation used in this case is 
based on the concept labelled as virtual synchronous control 
(ViSynC) in [7]. A block diagram showing an overview of the 
corresponding mechanism for grid synchronization and inertia 
emulation is reported in Fig. 4.  

The ViSynC can control the magnitude of the dc-link 
voltage Vdc to its reference value Vdc,ref while realizing grid 
synchronization by the dynamics of the equivalent dc-link 
capacitor Cdc. Indeed, the scheme can operate without relying 
on a dedicated PLL by setting the weighting coefficient m in 
Fig. 4 equal to zero. The frequency offset ωg is then composed 
only by ωideal, which can be typically set equal to 1 pu. This 
results in the expression for ωref

* given by (4). 
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Fig. 2. Virtual Synchronous Machine inertia emulation
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Fig. 4. Synchronization mechanism of the ViSynC concept [7]
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T
ref ideal dc dc ref
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s K
V V

K s K
 


  


 (4) 

where KT is a voltage tracking coefficient, KJ an inertia 
coefficient and KD a damping coefficient [7]. Thus, the 
variation of ωref

* in (4) is given by the difference between the 
squares of the measured dc voltage Vdc and its reference value 
Vdc,ref, filtered by a transfer function with several tunable 
coefficients. The resulting angular frequency ωref

* ensures grid 
synchronization. 

An overview of the complete applied control strategy for 
ViSynC-based control of the dc voltage while providing inertia 
emulation is shown in Fig. 5. To provide a fair and direct 
comparison of the inertial dynamics, the implementation 
utilized in this paper is further developed from the original 
scheme introduced in [7]. The extensions introduced in this 
paper include a virtual impedance for generating current 
references and a corresponding current controller with the same 
implementations as applied for the studied VSM scheme. The 
same outer loop reactive power controller as for the VSM has 
also been utilized. Therefore, as shown in Fig. 5, the overall 
control scheme has the same structure as for the CCVSM, with 
the only difference being the approach for computing the 
angular frequency used for the synchronization and inertial 
emulation. Consequently, the implemented scheme will be 
referred to in the following as the CCViSynC.  

IV. SIMULATION RESULTS 

Results from numerical simulations are presented in this 
section to illustrate the inertia support from the two HVDC 
converter terminals in response to a disturbance in the loading 
conditions of each of the ac grids. If not differently specified, 
the numerical simulations results are obtained with the control 
parameters reported in TABLE II.  

A. Evaluated cases 

The simulation results are presented to evaluate the 
operation of the two presented schemes for virtual inertia 
support with reference to conventional strategies for the control 
of the dc voltage and the power flow. The benchmark control 
strategies for the power-controlled terminal A and the dc 

voltage controlled terminal B are based on PI controllers 
providing the active d-axis current reference. The inner loop 
current controller used for the benchmark cases is the same as 
for the VSM or ViSynC cases. However, the phase angle used 
for grid synchronization of the conventional control strategies 
is obtained from a PLL. Since the control strategies used as 
benchmark cases are directly reproduced from [29], they are 
not explicitly reported in this paper. 

Considering the benchmark cases and the applied 
approaches for inertia emulation, two different control schemes 
are considered for each converter terminal. Thus, for the power 
controlling terminal A in Fig. 1, the conventional case is a PI 
controller providing the active d-axis current reference while 
the control strategy for inertia emulation is the CCVSM from 
section III.A. Similarly, for the dc voltage controlling terminal 
B, the conventional control strategy is a PI controller providing 
the active d-axis current reference while the control strategy for 
inertia emulation is the CCViSynC from section III.B. Thus, 
four combinations of control strategies are evaluated for 
studying the system behavior: 

a) VSC A: PI, VSC B: PI. 
b) VSC A: PI, VSC B: ViSynC. 
c) VSC A: VSM, VSC B: PI. 
d) VSC A: VSM, VSC B: ViSynC 
All these cases are thoroughly investigated for various 

perturbations in [32], and the most relevant results from these 
evaluations are discussed in the following. For the simulation 
results to be presented, the initial steady state conditions are 
assumed to represent a power Pl equal to 0.3 pu flowing into 
the dc link. Then, a perturbation triggered by the connection of 
an additional load, PLoad, of 0.05 pu power is applied at t = 100s 
in one of the two grids. The system behavior is characterized 
by the frequencies of the two ac grids fA, fB and the dc-link 
voltage Vdc. 

B. Load connection on grid A 

In the configurations a) and b) the converter A does not 
provide any inertia support in response to frequency transients 
in the grid A. Thus, when a load disturbance in grid A occurs, 
the perturbation is sustained entirely by the grid A and the 
converter A does not request any additional power from the dc-
side or from the terminal B. The grid frequency fA is shown in 
Fig. 6, indicating the transient in the grid frequency resulting 
from the load connection for different values of the equivalent 
inertia HA and HB. As can be seen from the figure, the 
frequency transient and its nadir depend only on the parameters 
of the external grid A. This is as expected since neither the 
conventional power control nor the implemented CCVSM will 
respond to any variations in the dc voltage. Thus, they will not 
be coupled to the dynamics in grid B. However, when the 

TABLE II  
CONTROL PARAMETERS  

VSM Parameter Value ViSynC Parameter Value
Inertia constant HVSM 10 s Weighting coefficient m 0

Damping coefficient kd 40 Voltage tracking  
coefficient KT 

4 

Droop coefficient kω 5 
Inertia coefficient KJ 10
Damping coefficient KD 200
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Fig. 6. Frequency fA in response to a load step on grid A with different values 

of HA and HB, for the configurations a) and b)



CCVSM is implemented on the converter A, the grid frequency 
is partially supported by power from the dc side and from the 
grid B. Especially configuration d) appears as relevant for 
providing inertial response on both sides of the HVDC link, 
since the ViSynC control will inherently support the dc voltage 
even if converter A is extracting energy from the equivalent dc-
link capacitance.  

To further highlight the ViSynC effect on the grid, the dc 
capacitor CB is increased from 4 pu to 20 pu in the following 
simulations, resulting in more available energy from the dc-
link. From this starting point, the sensitivity to the most 
important control parameters has been examined, and the 
numerical results are displayed in Fig. 7. Particularly, the 
impact of the inertia constant of the VSM, HVSM, for the 
converter A and the coefficient KD in the ViSynC transfer 
function of converter B is studied. Indeed, higher values of 
HVSM result in a stronger inertia support from converter A to the 
grid A. This reduces the effect of the perturbation on the 
frequency of grid A, fA, as seen from the higher frequency nadir 
in Fig. 7 a). Conversely, the increased inertia support on grid A 
translates to higher power drained from grid B, leading to a 
more pronounced effect on fB and its nadir as shown in Fig. 7 
d). The variation of the inertia constant HVSM causes also a 
small variation on the dc-link voltage Vdc as shown in Fig. 7 c).. 

The coefficient KD determines the amount of energy taken 
from the ac grid B in response to dc voltage disturbances on 
converter B. Thus, a variation of KD affects the frequency fB 
and the dc-link voltage Vdc. However, the frequency fA is not 
influenced since the CCVSM implementation does not respond 
to dc voltage disturbances. If KD is increased, more energy 
must be provided by the equivalent dc capacitance, leading to 
lower values for the minimum dc voltage Vdc, as shown in Fig. 
7 b) and c). This corresponds also to reduced net energy from 
the grid B and a correspondingly increased value of the nadir 
for fB, as shown in Fig. 7 e). 

The maximum deviation in the dc-link voltage, ΔVdc, and 
the nadir of the frequency fB as a function of both HVSM and KD 
are shown in Fig. 7 e) and f), respectively. The frequency fA is 
not reported, since it is influenced only by HVSM. The highest 
deviation of Vdc from its rated value Vdc

ref occurs when KD= 350 
and HVSM=10 s. The value of KD cannot be higher since the dc 
voltage would be too low with risk of overmodulation. The 
minimum deviation of Vdc occurs for the lowest values of KD 

and HVSM (e.g. KD=100 and HVSM=2 s). A lower value of KD 
was not considered because this would correspond to even 
lower support from the equivalent dc capacitance. The 
differences in the frequency nadir of fA in Fig. 6 and Fig. 7a) 
show clearly the improvements due to inertia support from the 
HVDC interconnection. 

C. Load connection on grid B 

This subsection presents numerical results obtained when 
an identical load perturbation as in the previous section is 
applied in grid B. The initial steady state conditions and the 
control parameters are also the same as in section IV.B.  

In the configurations a) and c), the dc voltage of converter 
B is controlled by a PI controller, and there will be no inertia 
support during frequency transients in the grid B. Thus, the any 
load perturbations will be completely sustained by the initial 
inertia of grid B and the two configurations lead to identical 
results. A higher equivalent grid inertia HB corresponds to a 
higher frequency nadir in response to a change of load, while 
the parameters of grid A have no effect.  

The configurations b) and d) with the CCViSynC 
implemented on converter B present the same response to 
perturbances on grid B. The corresponding numerical results 
are presented in Fig. 8. Indeed, a VSM control in converter A, 
corresponding to the configuration d), still does not provide 
any support for the converter B because the virtual inertia of 
the VSM reacts only to frequency perturbation on grid A. 
Therefore, the configuration and parameter settings (e.g. HVSM) 
of converter A do not affect the system response for these 
cases. However, it can be noted that a response of converter A 
could have been activated by introducing a dc voltage droop in 
the power reference for the CCVSM control.   

An increase of the coefficient KD results in an increase of 
the inertia support to grid B and a correspondingly higher 
amount of energy extracted from the equivalent dc-side 
capacitance. This attenuates the frequency disturbance in grid 
B as can be clearly observed on the frequency fB in Fig. 8 a). 
Conversely, the higher inertial power support from the dc 
equivalent capacitance produces lower minimum values of the 
dc voltage as seen in Fig. 8b). It should be also noticed that the 
dc voltage settles to a different steady state condition compared 
to the initial conditions. Assuming stationary conditions (i.e. 
s=0) and a weighting coefficient m=0 in Fig. 4, the following 
relation can be obtained by algebraic manipulations of (4): 

 
a) Frequency fA when varying HVSM b) DC voltage when varying KD c) Impact on DC voltage from KD and HVSM

 

d) Frequency fB when varying HVSM e) Frequency fB when varying KD f) Nadir of fB when varying KD and HVSM

Fig. 7. Response to a load disturbance in grid A for the simulated configuration d) 
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where at steady state ωref
*=ωPLL..The voltage deviation is 

observed when the grid B does not operate at the rated 
frequency after the perturbance (e.g. fB ≠ 50 Hz).  

D. Sensitivity to the dc-link capacitance 

As already mentioned, the inertial support from converter B 
is limited by the equivalent capacitance on the dc-side. For 
sake of simplicity, variations in the total equivalent dc-link 
capacitance Cdc are obtained by modifying only the capacitance 
CB. However, for the relatively slow inertial dynamics studied 
in this paper, the behavior would be identical with equally 
distributed capacitance at the dc-side of the two converters 
terminals. Thus, a sensitivity analysis for different values of the 
capacitor CB is presented in the following. With the applied pu 
system, the base value for the dc-side capacitance is equal to 
Cdc,base = 29.39·μF. In addition to the initial value of 4 pu, a 
capacitance of 20 pu is considered for illustrating how 
increasing the capacitance can considerably improve the 
capability for providing inertial response. The extreme value of 
capacitance CB equal to 100 pu is included to show the 
potential and the working principle of the CCViSynC control. 
Due to its high capacitance value this condition has mainly a 
theoretical purpose and should not be considered as a basis for 
practically relevant conclusions for systems without additional 
dedicated energy storage. 

For evaluating the implication of increased equivalent 
capacitance, it is convenient to evaluate the nominally stored 
energy in the capacitance, UB, which is calculated as:  

 2
,

1

2B B dc ratedU C V  (6) 

The energy storage capability can also be conveniently 
expressed by the discharging time τdis, which defines the time 
the energy stored in the dc capacitance could sustain a constant 

power load at the rating of the converter as: 

 B
dis

rated

U

P
   (7) 

These two parameters are reported in TABLE III for different 
values of the capacitance CB. 

Additional considerations on configuration d) when 
exposed to a load change in grid A aim at showing the 
dependency between the available inertial support from the dc-
link and the value of its capacitance. The results from 
simulations with the different capacitance values given in 
TABLE III are reported in Fig. 9. As seen in Fig. 9a), the 
frequency fA does not experience any variation when the 
equivalent capacitance of the dc-link changes, since the 
CCVSM does not respond to dc voltage variations and the ac-
side response is only influenced by the inertia constants HA and 
HVSM. However, an increase of the dc-link capacitance and the 
correspondingly higher energy availability for frequency 
support from the dc-link leads to a higher contribution from the 
dc-link and less energy extracted from the grid B. Thus, the 
results in Fig. 9 b) and c) show how the frequency nadir in grid 
B is improved while the minimum dc voltage is increased with 
increased capacitance.  

V. CONCLUSION 

This paper has presented an evaluation of control strategies 
suitable for providing virtual inertia from a point-to-point 
HVDC connection. For the power-controlled converter 
terminal, the applied control strategy is a current controlled 
virtual synchronous machine (CCVMS) with grid 
synchronization and power control based on the emulation of a 
synchronous machine swing equation. However, this control 
strategy does not respond to dc-voltage variations, and 
application to a dc-voltage controlled converter terminal would 
require a very slow outer loop dc voltage controller providing 
the power reference to the CCVSM control. Thus, a control 
strategy adapted from the concept of virtual synchronous 
control (ViSynC) by introducing the same virtual impedance 
and current control strategy as for the CCVSM is proposed for 
the converter terminal controlling the dc voltage of the HVDC 
interconnection. This strategy, labelled as CCViSynC, utilizes 
the dc-side capacitor voltage dynamics to emulate the general 
behavior of a swing equation, and provides an integrated 

 
a) Nadir of fB when varying KD and HVSM b) DC voltage when varying KD c) DC voltage when varying KD and HVSM

Fig. 8. Response a load disturbance in grid B for the configuration b and d 

 
a) Frequency fA when varying capacitance CB b) Frequency fB when varying capacitance CB c) DC voltage when varying capacitance CB

Fig. 9. Response to a load disturbance in grid A for the configuration b and d with different values of the capacitance CB 

TABLE III  
ENERGETIC COMPARISON BETWEEN DIFFERENT CB VALUES 
 CB [pu] UB [MJ] τdis [ms] 
 4 16.20 21.6 
 12 48.61 64.8 
 20 81.01 108 
 100 329.8 439.7 



approach for dc voltage control, inertia emulation and grid 
synchronization. However, since the CCVSM used for the 
power-controlled converter terminal does not respond to 
variations in the dc voltage, the inertia emulation capability of 
the CCViSynC-controlled terminal is limited by the equivalent 
dc-side capacitance. Simulation results are presented to 
demonstrate the inertial response from an HVDC 
interconnection with the presented control schemes in 
comparison to conventional benchmark strategies for active 
power and dc voltage control. The sensitivity of the inertial 
response with respect to the main parameters of the control 
system and the corresponding impact on the dc voltage and the 
frequency dynamics of two asynchronous power systems 
interconnected by the HVDC link equivalent are systematically 
evaluated. In addition to the intended operation, the presented 
results demonstrate the need for finding a trade-off between the 
frequency support to be provided by the CCViSynC, the 
available dc capacitance and the maximum allowable deviation 
it the dc voltage. The results also indicate that introduction of a 
dc-side droop function for the CCVSM power should be 
further studied as an option for inertia sharing between two 
asynchronous grids interconnected by an HVDC system.  
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