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Abstract—For a multi-terminal HVDC (MTDC) system in the 
bipolar configuration with earth electrodes, the switchover 
between the ground return operation mode and the metallic 
return operation mode is underresearched. An optimal strategy 
for switchover needs to be selected to minimize the interrupting 
capacities of the metallic return transfer breaker (MRTB) and 
the ground return transfer switch (GRTS) so as to reduce 
capital costs. To select an optimal strategy for switchover 
between the two operation modes of MTDC systems, the paper 
not only develops location selection schemes and switching 
sequences of MRTB and GRTS but also proposes a concise and 
feasible method to address the maximums of the interrupting 
current functions of MRTB and GRTS under every scheme and 
sequence using the random number calculation method. In the 
paper, based on a three-terminal HVDC system, numerical 
examples using MATLAB have proved the effectiveness of the 
proposed method of selecting an optimal strategy for switchover 
between the two operation modes. 

Keywords- Multi-terminal HVDC (MTDC), Metallic return 
transfer breaker (MRTB), Ground return transfer switch (GRTS), 
Random number calculation. 

I.  INTRODUCTION 
HIGH-VOLTAGE direct-current (HVDC) transmission 

system in bipolar configuration is suitable for transferring 
bulk power with a high reliability due to its monopolar 
operation capability [1]-[2]. Earth electrode is commonly used 
in bipolar HVDC systems to carry ground return currents and 
allows for asymmetrical monopole operation [3]. Generally, 
the earth electrode and its associated metallic line are called 
the earth electrode system (hereinafter referred to as the earth 
electrode). In case of a malfunction of converters or during the 
maintenance of one pole, the other pole can still operate with 
the help of the ground return or the metallic return [4]. 
However, a long period of operation with the ground return 
may result in a corrosive effect to the soil near the earth 

electrode of the converter [5]-[7]. Hence, it is advisable to 
temporarily use the other pole as the conductor instead of 
using the ground as the current return path [8], which is 
illustrated in Fig. 1. 

 
Fig. 1.  Monopolar operation modes. (a) Using ground return, (b) Using the 
other pole. 
 

To switch over between the above two operation modes, the 
ground and the other pole (as a temporary metallic return) will 
be firstly put into parallel [9]. Due to the low resistance of the 
ground, the majority of the DC current will flow in the ground 
return. To switch from the ground return to the metallic return, 
the metallic return transfer breaker (MRTB) will be opened. 
To switch from the metallic return to the ground return, the 
ground return transfer switch (GRTS) will be opened [10]. 
These two switchgears have been used in the line commuted 
converter (LCC) based HVDC links. 

The multi-terminal HVDC (MTDC) system that can 
balance and increase the utilization of various power 
resources is becoming popular [11]-[13]. The Kun-Liu-Long 
three-terminal ultra HVDC network has one LCC station and 
two modular multilevel converter (MMC) stations. The 
system is a bipolar configuration with earth electrodes and 
therefore, when converters in one pole fail or in maintenance, 
the healthy pole can operate with the help of the ground return 
or the other pole (metallic return) [14]-[15]. To improve 
operational reliability and flexibility, a bipolar MTDC system 
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with earth electrodes requires a feasible strategy to switch 
over between the two operation modes. However, the 
switchover has some new features which should be 
considered in designing the switchover strategy: 

1) MRTB and GRTS need to be installed in more than 
one converter station. 

2) The switchover should be carried out in a proper 
sequence of the operations of MRTB and GRTS 
because there are communication delays among 
stations and it takes time for the system to reach the 
steady-state after the switching of the switchgears. 

3) The set-up locations of the MRTB and GRTS in the 
converter stations in the MTDC will affect their 
interrupting currents because the geographic locations 
and capacity of each station are different. The 
interrupting currents of MRTB and GRTS also vary 
under different switching sequences of them because 
the switching operation in one station may change the 
currents in the return circuits of other stations. 

When selecting the MRTB and GRTS in the design stage, 
a smaller interrupting current means a smaller interrupting 
capacity and fewer capital costs. An optimal strategy for 
switchover between operation modes of MTDC can result in 
minimum interrupting currents of MRTB and GRTS. 
Therefore, the optimal strategy for switchover between 
operation modes should consider the deployment and 
switching sequence of MRTB and GRTS. However, there is 
no such optimal strategy in the open literature. 

In [16]-[17], design suggestions for MRTB and GRTS are 
proposed. The testing principle and method of MRTB are 
proposed in [18]. However, references [16]-[18] only study 
the performance of the switchgears without considering their 
optimal system-level operation and coordination. A fast 
switchover method has been studied in [19], which can only 
reduce the time for the switchover scheme but cannot reduce 
the interrupting currents of the switchgears. The current 
distribution between GRTS and MRTB is obtained by 
simulations in [20]. However, the study can only be effective 
under a specific switching sequence. Reference [21] analyses 
two switching sequences based on a three-terminal HVDC 
network, but involves neither all switching sequences nor 
different deployment schemes of MRTB and GRTS. 

In order to select an optimal strategy for switchover 
between the ground return and metallic return modes of 
MTDC systems, the paper: (i) develops clear definitions of all 
possible deployment schemes and switching sequences of 
MRTB and GRTS; (ii) proposes a method to address the 
maximum interrupting currents of MRTB and GRTS using 
random number calculations. Using this method, maximum 
interrupting currents of MRTB and GRTS of every 
deployment scheme and switching sequence can be obtained. 
Minimum interrupting currents can be achieved thanks to the 
proposed optimal strategy. Based on a three-terminal HVDC 
network, numerical examples using MATLAB and 

simulations in PSCAD/EMTDC show that the proposed 
methods are effective and feasible. 

II. MODELS FOR SWITCHOVER BETWEEN THE GROUND 
RETURN AND METALLIC RETURN MODES OF MTDC 

SYSTEMS 
This section presents models for analyzing the switchover 

between the ground return and metallic return modes for 
MTDC systems. Based on the models, deployment schemes 
and switching sequences of MRTB and GRTS are illustrated. 

A. Models for Analyzing the Switchover Between Two 
Modes 

Taking the hybrid LCC/MMC MTDC system as an 
example, radial and ring MTDC systems in bipolar 
configuration are illustrated in Fig. 2. It is worth mentioning 
that the used models are not restricted by the type of 
converters. MRTB is installed in the earth electrode circuit of 
the converter, and GRTS is installed between the earth 
electrode and the pole (in parallel with the converter). MRTB 
is used to transfer the DC current from an earth return path to 
a metallic return path without interrupting the DC power flow, 
and GRTS does the opposite. GRTS must be used in 
combination with MRTB [9]. It needs two stations to establish 
a return circuit. However, as long as one station has an 
MRTB/GRTS, the return circuit can be cut off. As a result, it 
is not necessary to set up MRTB and GRTS at every station. 

 
Fig. 2.  MTDC systems in bipolar configuration. (a) Radial, (b) Ring. 
 

Based on Fig. 2, models for analyzing the switchover 
between the two operation modes of MTDC systems are 
illustrated in Fig. 3. In this case, Pole 2 is out of service due 
to malfunction or maintenance (Pole 2 is omitted), and Pole 
1 will operate in the monopolar ground return mode. Pole 1 
is desirable to switch to the metallic return mode, and then 
transfer back to the ground return mode once Pole 2 recovers. 
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Fig. 3.  Models for analyzing the switchover of MTDC. (a) Radial, (b) Ring. 
 

In Fig. 3, unestablished metallic returns (DC lines of Pole 
2) are shown as dashed lines, and the possible set-up location 
of MRTB is indicated by a box and GRTS by a circle. Under 
steady-state operation, any (n-1) stations of an n-terminal DC 
system can be equivalent to current sources. In Fig. 3(a), DC 
outputs of Station 2, Station 3, …, Station n are defined as I2, 
I3, …, In, resistances of DC lines are defined as R1, R2, …, Rn-
1, and resistances of earth electrodes are defined as Rn, Rn+1, 
…, R2n-1. In Fig. 3(b), DC outputs of Station 2, Station 3, …, 
Station n are defined as J2, J3, …, Jn, resistances of DC lines 
are defined as r1, r2, …, rn, and resistances of earth electrodes 
are defined as rn+1, rn+2, …, r2n. 

B. Deployment Schemes and Switching Sequences of 
MRTB and GRTS 

Based on Fig. 3, to switch over the operation mode of Pole 
1, MRTB and GRTS need to be set up at (n-1) stations, and 
the remaining station only needs disconnectors. Table I 
summarizes n deployment schemes of MRTB and GRTS for 
both radial and ring MTDC systems. Theoretically, the 
deployment scheme of MRTB could be different from GRTS. 
However, to facilitate management and operation, MRTB 
and GRTS are usually set up at the same station. When the 
ground return and metallic return circuits are put into parallel, 
due to the low resistance of the ground, the ground return 
circuit carries most of the DC current. Consequently, the 
demand for interrupting capacity of MRTB is higher, and 
MRTB is given higher priority. Once the set-up location of 
MRTB is determined, the set-up location of GRTS will be 
determined. 

TABLE I 
DEPLOYMENT SCHEMES OF MRTB AND GRTS FOR MTDC SYSTEMS 

Deployment 
Schemes Stations with MRTB and GRTS 

Scheme 1 Station 1, Station 2, …, Station (n-1) 
Scheme 2 Station 1, Station 2, …, Station (n-2), Station n 

… … 
Scheme n Station 2, Station 3, …, Station n 

As illustrated in Fig. 4, taking Scheme 1 as an example, 
MRTB and GRTS are set up at Station 1, Station 2, …, 
Station (n-1), and Station n is equipped with disconnectors 
(Q) only. In Fig. 4(a), MRTB and GRTS are numbered from 
left to right, while MRTB and GRTS are numbered clockwise 
in Fig. 4(b). 

 
Fig. 4.  Deployment Scheme 1 of MRTB and GRTS in MTDC systems. (a) 
Radial, (b) Ring. 

 
Each deployment scheme of MRTB and GRTS corresponds 

to 2(n-1)! switching sequences of them. Based on Scheme 1, 
to switch from the ground return to the metallic return, 2(n-1)! 
switching sequences of MRTB and GRTS can be generalized 
into two categories: 

1) (i) Close Q2. (ii) Put the ground return and metallic 
return circuits of all stations into parallel by closing all 
(n-1) GRTSs. (iii) Open all (n-1) MRTB in certain 
sequence. There are (n-1)! sequences to open (n-1) 
MRTBs. 

2) (i) Close Q2. (ii) Put the ground return and metallic 
return circuits of a station into parallel by closing its 
GRTS, and then open its MRTB. (iii) Other stations 
carry out the above operations in a certain sequence. 
There are (n-1)! sequences to carry out the above 
operations for (n-1) stations. 

Similarly, to switch from the metallic return to the ground 
return, there will be also 2(n-1)! switching sequences of 
MRTB and GRTS, which can be generalized into two 
categories: 

1) (i) Put the ground return and metallic return circuits of 
all stations into parallel by closing all (n-1) MRTBs. 
(ii) Open all (n-1) GRTS in a certain sequence. (iii) 
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Open Q2. There are (n-1)! sequences to open (n-1) 
GRTSs. 

2) (i) Put the ground return and metallic return circuits of 
a station into parallel by closing its MRTB, and then 
open its GRTS. (ii) Other stations carry out the above 
operations in a certain sequence. (iii) Open Q2. There 
are (n-1)! sequences to carry out the above operations 
for (n-1) stations. 

C. Interrupting Current Functions of MRTB and 
GRTS 

To switch from the ground return to the metallic return, in 
the order of interrupting, the interrupting currents of (n-1) 
MRTBs are described as matrixes B1 to Bn-1: 

(1) 

           (2) 

Matrixes B1 to Bn-1 have n rows and 2(n-1)! columns. 
Functions fs(i, j) (1≤ i ≤n; 1≤ j ≤2(n-1)!; 1≤ s ≤(n-1)) represent 
the interrupting current of the s-th MRTB in deployment 
scheme i and switching sequence j. For a radial MTDC system, 
functions fs(i, j) have (3n-2) variables: I2, I3, …, In, R1, R2, …, 
Rn-1, Rn, Rn+1, …, R2n-1. For a ring MTDC system, functions 
fs(i, j) have (3n-1) variables: J2, J3, …, Jn, r1, r2, …, rn, rn+1, 
rn+2, …, r2n. Every variable of functions fs(i, j) varies within a 
certain range. The DC current of every station has a clear limit, 
and the resistance of the DC line or earth electrode depends 
on its parameters and meteorological data. 

To switch from the metallic return to the ground return, in 
the order of interrupting, the interrupting currents of (n-1) 
GRTSs can be described as matrixes D1 to Dn-1: 

(3) 

           (4) 

Similarly, matrixes D1 to Dn-1 have n rows and 2(n-1)! 
columns. Functions gs(i, j) (1≤ i ≤n; 1≤ j ≤2(n-1)!; 1≤ s ≤(n-1)) 
represent the interrupting current of the s-th GRTS in 

deployment scheme i and switching sequence j. Functions gs(i, 
j) have the same number of variables as functions fs(i, j). 

In order to achieve minimum interrupting currents of 
MRTB and GRTS, it is necessary to address maximum 
interrupting currents of MRTB and GRTS of every 
deployment scheme and switching sequence. fs(i, j) and gs(i, 
j) are multivariate functions. Hence, the key issue for 
selecting the optimal strategy for switchover between the two 
operation modes is the need for a method to address 
maximums of interrupting current functions of MRTB and 
GRTS. 

III. PROPOSED METHOD TO ADDRESS MAXIMUMS OF 
INTERRUPTING CURRENTS FUNCTIONS OF MRTB AND GRTS 

This section presents a random number calculation method 
to address maximums of interrupting currents functions of 
MRTB and GRTS, and proposes principles of selecting an 
optimal strategy for switchover between the ground return 
and metallic return operation modes. 

 

A. Method to Address Maximums of Interrupting 
Currents Functions 

Applying the nodal method of analysis and superposition 
theorem, expressions of functions fs(i, j) and gs(i, j) can be 
derived. Stems from the fact that the range of every variable 
in fs(i, j) and gs(i, j) is narrow, it is less likely that multivariate 
functions fs(i, j) and gs(i, j) contain stagnation points in their 
domains. In other words, it is quite possible that the partial 
derivatives of functions fs(i, j) and gs(i, j) are always positive 
or negative in their domains. Based on this feature, a random 
number calculation method to address maximums of 
functions fs(i, j) and gs(i, j) is proposed. Taking functions fs(i, 
j) as an example, the proposed method is illustrated in Fig. 5. 

For the convenience of coding, variables of functions fs(i, 
j) are described as xk (k=1, 2, …, M; for a radial MTDC 
system, M=3n-2; for a ring MTDC system, M=3n-1). The 
maximum value xkmax and the minimum value xkmin are 
consistent with the range of xk. The maximums of functions 
fs(i, j) are marked as Fs(i, j) (1≤ i ≤n; 1≤ j ≤2(n-1)!; 1≤ s ≤(n-
1)). 

In order to determine the approximate range of the partial 
derivative—∂fs(i, j)/∂xk, it is recommended to generate 
several random numbers in the ranges of variables of ∂fs(i, 
j)/∂xk respectively, and then add the random numbers into it. 
The range of the calculation results of ∂fs(i, j)/∂xk is marked 
as [λ1, λ2]. If all random number calculation results of ∂fs(i, 
j)/∂xk are not less than zero (λ1λ2 > 0 and λ2 > 0), it is quite 
possible that the partial derivative is positive. That is, fs(i, j) 
increases monotonically over xk, and xkmax will be the value 
that maximizes fs(i, j). Otherwise, if fs(i, j) decreases 
monotonically over xk (λ1λ2 > 0 and λ2 < 0), xkmin will be the 
value that maximizes fs(i, j). After taking partial derivative of 
fs(i, j) over x1, the number of variables in ∂fs(i, j)/∂x1 is (M-1), 
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and they are x2, x3, …, xM. Given that every variable takes N 
random numbers in its range, ∂fs(i, j)/∂x1 needs to perform 
calculations for NM-1 times. By taking partial derivatives of 
fs(i, j) and performing random number calculations cyclically, 
the amount of variables in fs(i, j) gradually decreases, and the 
amount of random number calculations required will be 
reduced. Hence, to address the maximum of any interrupting 
current function, the total amount of random number 
calculations required is at least ∑ NmM-1

m=0 . 

 
Fig. 5.  A Method for addressing maximums of interrupting current 
functions. 

If [λ1, λ2] crosses zero (λ1λ2 < 0), it is obvious that fs(i, j) 
has at least an extreme value over xk. As a result, after 
completing the random number calculations for all partial 
derivatives, fs(i, j) still contains variables (Q≠{Ø}). For such 
a condition, fs(i, j) needs to be processed by random number 
calculations again. As illustrated in Fig. 5, q remaining 
variables take P random numbers in their ranges respectively, 
and add them into fs(i, j). Therefore, fs(i, j) needs to perform 
calculations for Pq times. The maximum value of all random 
number calculation results is regarded as the maximum of fs(i, 
j). However, according to the feature of the interrupting 
current functions, the probability of [λ1, λ2] crossing zero is 
very small. The Maximum addressed by this method is an 
approximate maximum value. However, the more random 
numbers are taken in the range of a variable, the higher the 
precision of an approximate maximum value will be. 

Maximums of functions gs(i, j) can be addressed in the same 
way, and mark the maximums as Gs(i, j) (1≤ i ≤n; 1≤ j ≤2(n-
1)!; 1≤ s ≤(n-1)). 

B. Principles of Selecting an Optimal Strategy 
Maximum interrupting currents of MRTB under different 

deployment schemes and switching sequences can be 
represented as matrixes B1' to Bn-1': 

(5) 

           (6) 

Based on the principle in (7), the optimal deployment 
scheme of MRTB and GRTS is marked as Scheme u, and the 
optimal switching sequence from the ground return to the 
metallic return is marked as Sequence v. 

                    (7) 

Maximum interrupting currents of GRTS under different 
switching sequences can be represented as matrixes D1' to  
Dn-1': 

(8) 

           (9) 

Likewise, based on the principle in (10), the optimal 
switching sequence from the ground return to the metallic 
return is marked as Sequence w. 

              (10) 

IV. NUMERICAL EXAMPLES OF SELECTING OPTIMAL 
STRATEGIES FOR SWITCHOVER BETWEEN THE TWO MODES 

To prove the effectiveness of the proposed method of 
selecting an optimal strategy for switchover between the two 
operation modes, this section presents numerical examples. 
The numerical examples are based on a hybrid three-terminal 
radial HVDC system.  

A three-terminal HVDC system and its model for 
analyzing the switchover between the two modes is 
illustrated as in Figs. 6(a) and (b). As given in Table Ⅱ, for a 
three-terminal HVDC system, there are three deployment 
schemes of MRTB and GRTS. Based on Fig. 6(b), MRTB 
and GRTS are set up according to deployment Scheme 1, 
which is illustrated in Fig. 6(c). In Fig. 6(c), name the 
switchgears in the left station as MRTBⅠ and GRTSⅠ, MRTBⅡ 
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and GRTSⅡ in the right station. Every deployment scheme of 
MRTB and GRTS corresponds to four switching sequences 
of them. Switching sequences between the ground return and 
the metallic return are summarized in Table Ⅲ. 

 
Fig. 6.  A three-terminal HVDC system. (a) Topology, (b) Model for 
analyzing the switchover between the two modes, (c) Under deployment 
Scheme 1 of MRTB and GRTS. 

TABLE Ⅱ 
DEPLOYMENT SCHEMES OF MRTB AND GRTS  

FOR A THREE-TERMINAL HVDC SYSTEM 

Deployment Schemes Stations with MRTB and GRTS 

Scheme 1 Station 1, Station 2 
Scheme 2 Station 1, Station 3 

Scheme 3 Station 2, Station 3 
TABLE Ⅲ 

SWITCHING SEQUENCES OF MRTB AND GRTS BETWEEN THE TWO 
OPERATION MODES FOR A THREE-TERMINAL HVDC SYSTEM 

From the Ground Return to the Metallic Return 
Seq. 1: close Q2, close GRTSⅠ, close GRTSⅡ, open MRTBⅠ, open MRTBⅡ 
Seq. 2: close Q2, close GRTSⅠ, close GRTSⅡ, open MRTBⅡ, open MRTBⅠ

 

Seq. 3: close Q2, close GRTSⅠ, open MRTBⅠ, close GRTSⅡ, open MRTBⅡ 
Seq. 4: close Q2, close GRTSⅡ, open MRTBⅡ, close GRTSⅠ, open MRTBⅠ 

From the Metallic Return to the Ground Return 
Seq. 1:close MRTBⅠ, close MRTBⅡ, open GRTSⅠ, open GRTSⅡ, open Q2 
Seq. 2:close MRTBⅠ, close MRTBⅡ, open GRTSⅡ, open GRTSⅠ, open Q2 
Seq. 3:close MRTBⅠ, open GRTSⅠ, close MRTBⅡ, open GRTSⅡ, open Q2 
Seq. 4:close MRTBⅡ, open GRTSⅡ, close MRTBⅠ, open GRTSⅠ, open Q2 

From the ground return to the metallic return, in the order 
of interrupting, the interrupting currents of two MRTBs can 
be described as matrixes B1 and B2: 

(11) 

                 (12) 

Interrupting current functions fs(i, j) (i=1,2,3; j=1,2,3,4; 
s=1,2) have seven variables. The expressions of functions fs(i, 
j) are given as (A1)~(A12) in Appendix A. Fs(i, j) (i=1,2,3; 

j=1,2,3,4; s=1,2) are maximums of functions fs(i, j). Fs(i, j) 
can be addressed by the random number calculation method. 
The method can be implemented using MATLAB. Applying 
the data in Table Ⅳ, Fs(i, j) are obtained and presented as 
below: 

              (13) 

              (14) 

                (15) 

TABLE Ⅳ 
RANGES OF PARAMETERS OF A THREE-TERMINAL HVDC SYSTEM 

Parameters Maximums Minimums 
I2 1.875 kA 0.1875 kA 
I3 3.125 kA 0.3125 kA 
R1 4.3694 Ω 3.4369 Ω 
R2 4.3719 Ω 3.4436 Ω 
R3 0.7434 Ω 0.5518 Ω 
R4 3.4477 Ω 2.4469 Ω 
R5 2.9703 Ω 2.1563 Ω 

As presented in (15), the optimal deployment scheme of 
MRTB and GRTS is Scheme 3, and the optimal switching 
sequence of MRTB and GRTS from the ground return to the 
metallic return is Sequence 3. 

From the metallic return to the ground return, in the order 
of interrupting, the interrupting currents of two GRTSs can 
be described as matrixes D1 and D2: 

(16) 

              (17) 
The expressions of functions gs(3, j) (j=1,2,3,4; s=1,2) are 

given as (A13)~(A16) in Appendix A. Gs(3, j) (j=1,2,3,4; 
s=1,2) are maximums of functions gs(3, j), which are shown 
as follows: 

             (18) 

            (19) 

               (20) 

As presented in (20), the optimal switching sequence of 
MRTB and GRTS from the metallic return to the ground 
return is Sequence 4. 

V. SIMULATIONS OF THE OPTIMAL SWITCHOVER STRATEGIES 
This section presents simulations of the optimal strategies 
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for switchover between the ground return and metallic return 
modes in the numerical examples. The three-terminal HVDC 
network is illustrated in Fig. 7. Define the parameters (I2, I3, 
I4, R1, R2, R3, R4, R5) in Fig. 7 as (1.875 kA, 3.125 kA, 6.4 kA, 
3.4369 Ω, 3.4436 Ω, 0.5518 Ω, 3.4477 Ω, 2.9703 Ω). DC 
currents of the switchgears in three stations during the 
switchover between two modes are illustrated in Fig. 8. 

 
Fig. 7.  Connection diagrams of the three-terminal HVDC network. 

 
Fig. 8.  DC currents of the switchgears in three stations during the switchover 
between the ground return and metallic return modes (Case 1). 
 

According to section Ⅳ, the interrupting currents of MRTB 
and GRTB are all within the interrupting capacities. 

VI. CONCLUSION 
This paper proposes a method to select the optimal strategy 

for the switchover between the ground return and metallic 
return operation modes of MTDC systems. For an n-terminal 
HVDC system (radial or ring), there are n deployment 
schemes of MRTB and GRTS, and 2(n-1)! switching 
sequences from the ground return to metallic return modes, 
and vice versa. Thanks to the proposed optimal strategy, 
interrupting capacities of MRTB and GRTS can be the 
smallest and therefore, the capital costs can be minimized. 

A method has been proposed to address maximums of the 
interrupting current functions of MRTB and GRTS under 
every scheme and sequence. The method verifies the 
monotonic characteristics of the interrupting current function 
over one of its variables by performing the random number 
calculations of its partial derivative. Therefore, a value of the 
variable that maximizes the function is determined. By 
performing random number calculations for all variables, a 
maximum of the function is obtained. Thus, by comparison, 

an optimal strategy for the switchover with minimum 
interrupting currents of switchgears can be selected. 

The optimization method proposed in this paper provides 
a strong reference for the future multi-terminal HVDC 
transmission system to select the strategy for switchover 
between the ground return and the metallic return operation 
modes. 
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