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Abstract: The primary function of hybrid direct current circuit breakers (HCBs) is to quickly 

interrupt fault currents to protect high-voltage direct current (HVDC) systems. To enhance the 

reliability and stability of HVDC systems, optimal design of HCBs is required to minimize the peak 

fault current, interruption time, and recovery time. Therefore, this study develops a multi-objective 

genetic algorithm (MOGA)-based optimization model to identify the optimal parameters for HCBs. 

The MOGA model consists of three objective functions that provide trade-offs among reductions in 

the peak fault current, the interruption time, and the recovery time. The proposed algorithm is 

verified with a novel HCB topology using inverse current injection techniques. The performance of 

the HCB topology with the optimal parameters is validated in the MATLAB/Simulink environment. 

In addition, a comparison study between the optimal design of an HCB using the proposed 

algorithm and a typical HCB model is presented in this study to show the effectiveness of the 

proposed optimization method. Our simulation results show that the optimal parameter design of 

HCBs significantly reduces the magnitude of the peak fault current and operating time, thus 

maintaining the safe and stable operation of the entire system. 

Keywords: high-voltage direct current (HVDC) grid; hybrid circuit breaker (HCB); multi-objective 

genetic algorithm (MOGA) 

 

1. Introduction 

High-voltage direct current (HVDC) systems have been widely used in power 

systems due to their outstanding advantages, such as high efficiency and low electrical 

losses [1–3]. However, the major challenge with HVDC systems is the isolation of DC 

faults, because there are no natural zero-crossing points in the currents. When faults occur 

in HVDC systems, the components of the HVDC systems can become damaged due to 

the significant increase in fault currents within a short time [4,5]. To minimize the damage 

and ensure stable system operation, DC faults should be quickly isolated from HVDC 

systems. DC circuit breakers (DCCBs) have been widely applied to isolate fault currents 

in these systems [6]. 

DCCB technologies can be classified into three types: mechanical DCCBs (MCBs) [7–

9], semiconductor-based DCCBs (SCBs) [10–13], and hybrid DCCBs (HCBs) [14–21]. Out 

of these three types of DCCBs, HCBs have attracted the most attention for applications in 

HVDC systems because they offer the advantages of both MCBs and SCBs, especially the 

HCBs that were proposed by ABB and Alstom. However, these topologies have high 

capital costs, especially in meshed HVDC grids. Therefore, another type of HCB that is 
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based on the inverse current injection method with the use of thyristors has been 

considered as an attractive alternative. Nevertheless, such HCBs use passive elements, 

such as resistors, inductors, and capacitors. Since they can increase peak fault currents, 

the interruption time, and the recovery time, these elements should be optimized to 

enhance the overall performance of the HCBs. 

Several ways of optimizing the parameters of DCCB topologies have been 

investigated [22–25]. An optimization algorithm was proposed in [22] that ensured that 

fault currents could be interrupted when the derivatives of injected currents were lower 

than a critical value. However, the proposed algorithm in [22] was limited to mechanical 

DCCBs and was not able to be applied in HCBs. This is because HCBs include switching 

components, such as semiconductors and thyristors, so it is difficult to obtain exact models 

of HCBs to identify their optimal design. To overcome this problem, genetic algorithms 

(GAs) employing the heuristic search and optimization technique have been used for the 

design of HCBs. In [23], a GA was used to find the breaking time and the commutation 

capacitor voltage. The optimal design of DCCBs can ensure that commutation branches 

can successfully transfer main currents to the commutation branches. A multi-objective 

optimization model was proposed in [24] that used a GA to minimize the commutation 

circuit parameters and reduce the development time. Another GA-based algorithm was 

proposed in [25] for the optimal design of HCBs. This algorithm aimed to minimize the 

energy capacity of the commutation capacitor and the parameters of the thyristors, such 

as voltage and current. 

Most previous studies on the optimal design of HCBs have focused on minimizing 

the commutation branches, such as the energy capacity of capacitors, the capacitor 

voltage, and the thyristor current or voltage. However, many other parameters that are 

also important, including peak fault current, interruption time, and recovery time, have 

not received enough attention. Reducing the magnitude of peak fault currents can avoid 

the damage that is caused by extremely high fault currents in systems, while reducing the 

interruption time significantly improves system stability and quickly isolates fault areas. 

In addition, the recovery time, which is the time that is required for the HCB to become 

ready for the next interruption, should also be considered to avoid the long-term 

interruption of power to connected AC grids. To achieve these goals, this study developed 

a multi-objective optimization model that uses a GA to minimize the peak fault current, 

interruption time, and recovery time. The GA can handle both discrete and continuous 

variables and can also solve complex optimization problems [26]. Therefore, the proposed 

multi-objective GA is very efficient at identifying the optimal design parameters of HCB 

topologies [27]. The proposed optimization model mimics the process of natural 

evolution, and the weighted sum method is used to analyze the impact of each objective 

function. The HCB that was proposed in [21] is used in this study to show the effectiveness 

of our proposed optimization model. The HCB model is simulated in the Simulink 

environment, while the MOGA is implemented as a MATLAB function. Finally, a 

comparison study between the optimal and initial parameters of the HCBs is also 

presented in detail. The major contributions of this study are as follows: 

• A MOGA-based optimization model that can optimally design the parameters of 

HCB topologies, which aims to achieve a trade-off between reducing the peak fault 

current, interruption time, and recovery time. 

• A MOGA that allows the proposed model to handle both discrete and continuous 

variables, and therefore solve complex optimal design problems. 

• An in-depth comparison study between the initial and optimal parameters of HCB 

topologies, the results of which showed that the proposed method provided the 

optimal parameters for the HCB topologies, and therefore significantly reduced the 

peak value of the fault current, the interruption time, and the recovery time. 

This paper is organized as follows. Section 2 summarizes the configuration, working 

principles, and problem statement of our HCB topology. Section 3 discusses the proposed 
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MOGA, which is based on the weighted sum method. Section 4 presents the simulation 

results and the comparison. Finally, the main conclusions are presented in Section 5. 

2. HCB Topology and Problem Statement 

2.1. HCB Topology 

2.1.1. Configuration of the HCB 

The configuration of an HCB, which consists of five main branches in series with a 

residual switch S1  and DC inductor Ldc , is shown in Figure 1. The nominal current 

branch (1) uses a fast mechanical switch S1, which conducts the current under normal 

conditions. When a fault occurs on the load side, the switch S1 is opened, which leads to 

the establishment of an arc between two contacts. To extinguish the arc in switch S1, the 

commutation current branch (2), including an inductor Lp and a precharged capacitor 

Cp, injects an inverse current by turning on the pair of thyristors T1a − 1b or T2a − 2b. When 

the arc is extinguished, the fault current is commutated into the commutation current 

branch. Simultaneously, the transient interruption voltage (TIV), which is across the HCB 

terminals, increases rapidly along with the capacitor voltage. If the TIV is higher than the 

action level of the energy absorption branch (3), the metal oxide varistor (MOV) conducts 

the fault current and dissipates energy until the fault current reduces to zero. The residual 

switch S1 is opened and the fault is cleared. Since the capacitor voltage is higher than the 

system voltage after clearing the fault, the discharging branch (4) consisting of a resistor 

R  and a high-speed switch S3  is used to reduce the capacitor voltage to the system 

voltage. Finally, the reversing branch (5) changes the polarity of the capacitor voltage with 

an inductor L and a thyristor T3 to get the HCB ready for the next interruption. 

MOV

S2 Icb Inom S1

Iinj

Idis R S3

T2b

T1a T1b

T2a

Cp

VC

Lp

Irev L T3

Iabs

Ldc

3

4

5

2

1

 

Figure 1. Configuration of the HCB 

2.1.2. Working Principle of the HCB 

The working principle of the HCB is shown in Figure 2. Under normal operation 

(before t0), the switches S1 and S2 and thyristors T1 and T2 are closed, switch S3 and 

thyristor T3 are opened, and the capacitor C is precharged to the DC system voltage by 

an external circuit. The polarity of the capacitor voltage is opposite to the DC system 

voltage. The DC system current Idc  flows only through the nominal current branch 

(branch 1) and brings a nominal current Inom = 1kA. 
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Figure 2. Waveform of current and voltage in the branches of the HCB 

It is assumed that a fault occurs at t1 , and the system current starts to increase 

rapidly. When the magnitude of the fault current is larger than a predefined threshold Ith 

at t2, the fault is detected. A trip signal is sent to the HCB, and the mechanical switch S1 

begins to open at t2, resulting in an arc current between its contacts. After a delay time of 

the mechanical switch S1  at t3 , the LpCp-resonant circuit in the commutation current 

branch (branch 2) injects an inverse current by turning on the thyristors T1a − 1b or T2a − 2b 

(depending on the current direction). Consequently, the increase in the current through 

branch 2 equals the decrease in the current through the mechanical switch S1 (t3  −  t4). 

After the current through the mechanical switch S1 reaches the current zero at t4, the arc 

is extinguished. The fault current immediately commutates into branch 2 and re-charges 

the capacitor from t4 − t5 . Thus, when the voltage across the breaker appears, the 

transient interruption voltage (TIV) between the terminals of the HCB starts to build up 

(from t4 − t5) to a protection voltage of the MOV at t5 .  This makes the fault current 

commutate to the energy absorption branch (branch 3). During the period t5 − t6 , the 

MOV absorbs the energy stored in the system. When the current flow of the circuit breaker 

Icb passes through zero at t6, the residual switch S2 becomes an open circuit to clear the 

residual current and isolation of the HCB from the rest of the system. The fault current 

interruption is finished. 

To enable multiple reclosing operations in rapid succession, a secondary inverse 

current injection circuit should be implemented. Therefore, the capacitor voltage needs to 

return to the nominal condition. This results in a discharging capacitor circuit to reduce 

the overvoltage down to the DC voltage. This mode is carried out at t7. Then, a circuit of 

reversing capacitor voltage is applied to change the polarity of the capacitor voltage at t8. 

This mode is completed at t9 , and the HCB is ready for the next operation. Table 1 

summarizes the sequence of operation of the HCB. 

Table 1. Summarizing sequence of operation of the HCB 

States Definition and Operation Time 

Normal operation 

Breaker operates in normal conduction 

condition: 

• S1 and S2 have closed. 

• System current flows through S1  and 

brings a nominal current. 

t0 ≤ t < t1 
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Fault inception 

Fault current arrives at the circuit breaker 

location: 

• Current increases. 

• DC side voltage starts to drop. 

t = t1 

Relay time 

Time for fault detection: 

• Breaker receives trip signal sent from 

system. 

• Switch S1 begins to open first. 

t1 ≤ t < t2 

Fault interruption 

After a delay time of switch S1: 

• Switch S1 has opened. 

• Thyristors T1a − 1b or T2a − 2b have closed. 

• A current zero is generated in S1 from the 

LpCp resonant circuit. 

• The capacitor is charged until it reaches the 

MOV clamping voltage. 

• Current is then commutated into the MOV. 

• MOV absorbs the energy stored in the 

system. 

t2 ≤ t ≤ t6 

Residual switch open 

Residual current circuit breaker (S2) opens: 

• Current has reached leakage level (several 

mA). 

• Residual current is removed by S2. 

t6 ≤ t ≤ t7 

Discharging operation Capacitor is discharged to the system voltage. t7 ≤ t ≤ t8 

Reversing operation 
Polarity of the capacitor is changed and 

opposite to the system voltage. 
t8 ≤ t ≤ t9 

2.2. Problem Statement 

Based on the explanation of the configuration and working principles of the HCB, it 

is obvious that the performance of the HCB depends directly on the parameters design of 

the commutation branch with the Lp and Cp elements, the discharging branch with the 

R  element, and the reversing branch with the L  element. These elements should be 

optimal parameters to satisfy the operation requirements of the HCB for HVDC grid 

application. Consequently, the HCB should have a low amplitude of fault current as well 

as the operation speed of fault current interruption and recovery time. Hence, in order to 

optimize parameters of the HCB, the operation of the HCB needs to minimize the peak 

fault current, interruption time, and recovery time. Each of the above characteristics is 

considered an objective function to determine the optimal values of HCB parameters (i.e., 

R, L, Lp, Cp) [21,28], and can be calculated as. 

• Peak fault current (Ipk) is the maximum value of the fault current flowing through 

the HCB during fault current interruption. The fault current is computed by tracking 

the fault current, as given in (1). 

f1 = Ipk = Peak{idc(t)} (1) 

• Interruption time (Tint) is the total time to clear the short-circuit fault from the grid. 

This time period is determined from fault inception (t = t1) until fault clearing (t =

t6) and can be given as (2). 

f2 = Tint = t6  −  t1 (2) 

• Recovery time (Trec ) is the total time to recover the capacitor voltage to normal 

condition. This period starts from the discharge mode (t = t7) until the reverse mode 

ends (t = t9) and can be computed by (3). 
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f3 = Trec = t9  −  t7 (3) 

In this study, a multi-objective function model is developed using the three objective 

functions (1) to (3) to optimize the parameter design of the HCB. The detailed procedure 

for implementation of the proposed MOGA is described in the following section. 

3. Parameters Optimization Using Multi-Objective Genetic Algorithm 

3.1. Multi-Objective Formulation 

The optimal values of the HCB parameters are found using a multi-objective 

formulation that includes the objective functions (1) to (3). Weighting factors are used to 

combine the objective functions into a single objective function [29]. Furthermore, 

normalization is required in order to consistently combine objective functions (1) to (3). 

The objective function is formulated in (4). 

Minimize 

f ′(x) = ∑ wifi
′(x)

3

i=1

= w1f1
′(x) + w2f2

′(x) + w3f3
′(x) (4) 

fi
′(x) =

fi(x)   − fi,min

fi,max  −  fi,min

 and 0 ≤ fi
′(x) ≤ 1  

Subject to 

x = (x1, x2, … , xn) ∈ Ω  

∑ wi = 1

3

i=1

 and 0 ≤ wi ≤ 1  

where fi
′(x) is the normalized objective function fi(x), fi,min and fi,max are the minimum 

and maximum values for the ith objective function fi(x), and x is a sample of individuals 

containing n design parameters of the HCB. The Ω represents the constraint sets for x. 

The weight coefficient wi  is a non-negative value corresponding to the ith  objective 

function, and it determines the contribution of each objective function to the global 

objective. Accordingly, in order to prevent damages to the system, the operation of the 

HCB should minimize the magnitude of the fault current and the interruption time. In 

contrast, up to 50 ms is allowed for the recovery time of the HCB after the fault clearance 

[30]. Therefore, the weight coefficients of Ipk and Tint should be larger than that of Trec, 

and the weight coefficients are selected as follows (w1, w2, w3 = 0.45; 0.45; 0.1). 

3.2. Operation Constraints 

In order to interrupt a fault current, the inverse current of the resonant circuit in the 

commutation branch is defined by [31]. 

iinj(t) = Vpre − C√
Cp

Lp

sin
1

√LpCp

t (5) 

where iinj(t) is a function of current in the time domain, Vpre − C is the voltage value of 

the precharged capacitor. Lp  and Cp  are the inductor and capacitor elements of the 

commutation branch, respectively. 

From Equation (5), the maximum slope and maximum amplitude of the resonant 

circuit current in the commutation branch are computed by (6) and (7), respectively. 

di2

dt
=

Vpre − C

Lp

 (6) 
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Iinj,max = Vpre − C√
Cp

Lp

 (7) 

In addition, in order to generate an artificial current zero, the magnitude of the 

inverse current of the LpCp resonant circuit in the commutation current branch should be 

greater than K. Ith . Hence, the maximum amplitude of the inverse current in the 

commutation branch is computed by (8). 

Iinj,max = K. Ith (8) 

where K denotes the safety margin required to ensure successful interruption and HCB 

reliability. 

Substituting Equation (8) into Equation (7) by replacing the Iinj,max in (7) with K. Ith 

from (8), Equation (8) is rearranged as 

K. Ith = Vpre − C√
Cp

Lp

 (9) 

Combining Equations (6) and (9), inductor Lp  and capacitor Cp  for the injected 

current can be determined as 

Lp =
Vpre − C

diinj dt⁄
 (10) 

Cp =
1

diinj dt⁄

(K. Ith)2

Vpre − C

 (11) 

where the threshold current Ith is set to 3 kA, the coefficient K is set to two for a 100% 

margin [32], and the boundary of the injected current slope di dt⁄  is required for a 

successful arc extinction between 15 A μs⁄  and 200 A μs⁄  [33]. 

The resistor R and inductor L are calculated using (12) and (13), respectively. 

R =
Td

Cp

 (12) 

L =
Tr

2

Cp

 (13) 

where Td is time to reduce the capacitor voltage to the DC system voltage (discharging 

capacitor voltage) and Tr  is the time needed to change the polarity of the capacitor 

voltage (reversing capacitor voltage). 

From Equation (10) to Equation (13), the ranges of the design parameters for the HCB 

model are tabulated in Table 2. 

Table 2. Ranges of values for the HCB parameters 

Parameter (Unit) Range of Values 

R (Ω) 40– 80 
L (mH) 2– 40 

Lp (mH) 0.3– 6.67 
Cp (uF) 1.8– 24 
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3.3. Process of the Proposed MOGA 

The MOGA mimics the process of natural selection to find the optimal solutions of 

optimal parameter design problems. Figure 3 shows the flowchart of the proposed MOGA 

for optimizing the parameters of the HCB. First, a set of input data (i.e., maximum 

generation; population size; constraint conditions; weight coefficients; and three 

operation probabilities of selection, crossover, and mutation) is initialized. Then, a 

population of individuals is normalized, where each individual consists of the values of 

parameters in the HCB topology (i.e., R, L, Lp, Cp). These values are randomly generated 

using a uniform distribution with a lower and upper bound. For instance, the individual 

i is shown by the vector Xi = [Ri, Li, Lp,i, Cp,i]. The value of parameter Xi[k] is determined 

by Equation (14), where k is the index of the vector Xi, α is generated randomly between 

[0, 1], and Xi,min[k] and Xi,max[k] are the lower and upper bounds of parameter kth of 

individual Xi. 

Xi = Xi,min[k] + α(Xi,max[k]  − Xi,min[k]) (14) 

To evaluate an individual, the values of design parameters are implemented in the 

dynamic model of the HCB in the MATLAB/Simulink environment, and then the output 

signals for HCB operation, including the interruption time, recovery time, and peak fault 

current, are measured. These results are used to calculate the fitness function, as given in 

Equation (15). The value of the fitness function determines the chance of selecting an 

individual for the next generation (i.e., selection and crossover). 

F(x) =
1

f ′(x)
 (15) 

The individuals with higher fitness value have a higher probability of remaining in 

the next generation. This can be achieved via a selection operation with the roulette wheel 

approach, as expressed by Equation (16), in which the area of each segment is proportional 

to the fitness value of the individual. Then, the roulette wheel is spun a number of times 

that is equal to the population size to select the individuals with the highest fitness value. 

The selected individuals (parents) will go through crossover and mutation operations to 

produce new individuals (children). 

ps =
F(x)

∑ F(x)n
i=1

 (16) 

Crossover operation combines two parents (p1 and p2) and produces children (c1 

and c2 ) for the next generation. This process is carried out by using a single-point 

crossover, and the crossover probability is the set of pc = 0.8. We often choose a random 

value (pr) between [0, 1] and compare it with the crossover probability. If pr ≤ pc, the 

crossover is performed. The crossover point on both parents is randomly generated 

between [1, 4]. It determines the number of parameters that are taken from each parent. 

The parameters preceding the crossover point are copied from p1 to c1 and from p2 to 

c2. The parameters of p1 following the crossover point are placed in the corresponding 

positions in c2 and vice versa for the remaining parameters of p2. Otherwise, if pr > pc, 

the parameters of p1 and p2 are directly copied into c1 and c2, respectively. 
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Figure 3. Flowchart of the proposed MOGA for optimizing parameters in the HCB 

In order to avoid local optimal solutions and to explore new search areas, a mutation 

operation is randomly applied to a group of parents to generate children. In this process, 

we generate a random number in the range of [0, 1], and the mutation probability is the 

set of pm = 0.2 to mutate the selected individual. If pr ≤ pc, mutation is performed by 

random parameters according to the uniform distribution. 

The algorithm iterates until the value of the multi-objective function f ′(x) converges 

or the number of iterations reaches a predefined value. Finally, the best individual is 

found as the optimal solution of the design problem. 

4. Simulation Results 

4.1. Test System 

To optimize the parameters of the HCB topology in [21] using the proposed MOGA, 

the configuration and system implementation of the HCB are shown in Figure 4. The 

proposed model has been implemented in MATLAB/Simulink on a computer with an 

Intel (R) Core (TM) i5-7200U CPU @ 2.50 GHz and 32 GB of RAM memory. The simulation 

model parameters are provided in Table 3 for the HCB model and Table 4 for the MOGA 

model. 
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Figure 4. Configuration of the test system for optimizing parameters in the HCB 

Table 3. Parameters of the HCB 

Component Symbol Value 

Rated DC voltage Vdc 100 kV 

Rated DC current Idc 1 kA 

System inductance Ldc 50 mH 

Capacitor precharge voltage Vpre − C −100 kV 

Load resistance RL 100 Ω 

Threshold current Ith 3 kA 

Protection voltage level VMOV 200 kV 

Table 4. Parameters of the MOGA 

Parameters Type Value 

Population size (np) Randomly normalized 30 

Selection probability (ps) Roulette wheel 2/30 

Crossover probability (pc) Single point 0.8 

Mutation probability (pm) Uniform random 0.2 

Stopping criteria (ng) Number of generations 500 

4.2. Results and Analysis 

4.2.1. Results of optimizing parameters for the HCB by using the MOGA 

The convergence process of the objective functions is shown in Figure 5, and the total 

computation time for the whole training process is about 2 h. The multi-objective value 

with the sum of three values of objective functions is shown in Figure 5a. The single-

objective values are represented in Figure 5b–d. The value of objective function 1 

represents the peak fault current, objective function 2 represents the interruption time, 

and objective function 3 represents the recovery time. It is obvious that the convergence 

curve of the objective functions decreases with an increasing number of generations. 

Initially, the multi-objective value is evaluated based on the initial population, and 

therefore the multi-objective value is high at 0.38, but as the number of generations 

increases, the multi-objective value improves due to the application of the three 

operations of selection, crossover, and mutation in the MOGA procedure. This continues 

until, at 200 generations, the optimal solution is found. With the optimal solution, the 

model has a multi-objective value equal to 0.016. As a result, the optimal values of the 

HCB parameters are [R, L, Lp, Cp] = [54 (Ω), 3.74 (mH), 0.32 (mH), 2.63 (uF)]. 
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(a) (b) 

  

(c) (d) 

Figure 5. Convergence curve of: (a) multi-objective value, (b) value of objective 1, (c) value of 

objective 2, (d) value of objective 3 

4.2.2. Comparison of using the initial and optimized parameters of the HCB 

The performance of the HCB using the optimized parameters and the initial 

parameters is compared. Figures 6–10 show the simulation results of the current and 

voltage waveforms of the branches in the HCB. Figure 6 depicts the total current Icb of 

the component currents in the HCB branches. 

Under normal operation (before 0.04 s), the capacitor C is precharged to −100 kV, and 

the system current flows through switch S1 in branch 1 with a nominal current of 1 kA, 

as shown in Figures 6 and 7. 

When a fault occurs on the load side at 0.04 s, the system current increases rapidly. 

When the system current reaches the 3 kA threshold, an open signal is sent to switch S1, 

and its contacts generate an arc. After a 2 ms delay, thyristors T1a and T1b are turned on, 

and the inverse current Iinj generated by the LpCp resonant circuit in branch 2 is injected 

to oppose the arc current. As a result, the current Inom in branch 1 decreases to zero and 

the arc extinguishes at 0.04315 s for both cases, using the optimized and initial parameters, 

as shown in Figure 7. The fault current is commutated into branch 2. The voltages across 

the MS Vms and the capacitor VC increase rapidly at the same time, as shown in Figures 

9 and 10. When the increasing Vms equals the system voltage, the peak fault current is 

7.56 kA for the initial parameters and 6.75 kA for the optimized parameters. Continuously, 

the increasing Vms  exceeds the turn-on voltage of the MOV at 0.044 s for the initial 

parameters and at 0.04323 s for the optimized parameters, and the fault current is 

commutated to the MOV in branch 3. The MOV absorbs the remaining fault energy in the 

system until the fault current is reduced to zero at 0.04743 s for the initial parameters and 

at 0.04645 s for the optimized parameters, as shown in Figure 8. It is obvious that the total 
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time of fault current interruption from fault inception to fault clearing is 7.43 ms (from 

0.04 ms to 0.04743 ms) for the initial parameters and 6.45 ms (from 0.04 ms to 0.04645 ms) 

for the optimized parameters. 

After the fault current interruption is completed, switch S2 is fully opened after 20 

ms at 0.06743 s for the initial parameters and at 0.06645 s for the optimized parameters, as 

shown in Figure 10. The HCB is isolated from the rest of the system. To resume operation, 

the HCB must recover from the overvoltage on the capacitor element. This process begins 

with the discharge of the capacitor overvoltage to the system voltage. This process takes 

0.54 ms with initial parameters and 0.056 ms with optimized parameters, as shown in 

Figure 10. Furthermore, the polarity of the capacitor is reversed in comparison to the 

normal condition, so the capacitor polarity is changed. In this study, the process takes 

1.984 ms with the initial parameters and 0.275 ms with the optimized parameters. The 

recovery time to the normal condition of the capacitor after the discharging and reversing 

operations is 2.52 ms for the initial parameters and 0.37 ms for the optimized parameters. 

7.56 kA

6.75 kA

6.45 ms

7.43 ms
 

Figure 6. Current waveform of Icb of the HCB 

 

Figure 7. Current waveform of Inom in branch 1 of the HCB 
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Figure 8. Current waveform of Iinj in branch 2 of the HCB 

–

 

Figure 9. Voltage waveform of MS in branch 1 of the HCB 

0.37 ms 2.52 ms

–

–

–

 

Figure 10. Voltage waveform of C in branch 2 of the HCB 

Clearly, the performance of the HCB with optimal parameters exceeds that of the 

HCB model in [21], as shown in Table 5. Using the optimal parameters, the peak value of 

the fault current is reduced by 5.66% (from 7.56 kA to 6.75 kA), the interruption time is 

reduced by 7.06% (from 7.43 ms to 6.45 ms), and the recovery time of discharging and 

reversing the capacitor is reduced by 74.39% (from 2.52 ms to 0.37 ms). 

Table 5. Results of the optimal parameters for the HCB 

Component (Unit) Initial Parameters Optimized Parameters Reducing (%) 

Ipk (kA) 7.56 6.75 5.66 

Tint (ms) 7.43 6.45 7.06 

Trec (ms) 2.52 0.37 74.39 
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5. Conclusions 

An MOGA-based optimization model using the weighted sum method to find the 

best design parameters with high performance for the HCB topology has been proposed. 

This work has considered the three objective functions of peak fault current, interruption 

time, and recovery time. The simulation results confirm that the optimal values of HCB 

parameters are found without affecting the overall performance of the HCB. Moreover, a 

comparison study of the HCB topology with initial and optimal parameters has also been 

carried out. The proposed work using the HCB with optimal parameters outperforms the 

previous work using the existing HCB parameters. Clearly, the optimal value of the HCB 

parameters in this work is smaller than the existing parameters in the previous study, 

which leads to the size of the passive elements in the HCB topology being reduced by the 

MOGA application. In addition, compared to the reference parameters, the operation of 

the HCB using the optimized parameters can significantly reduce the magnitude of the 

peak fault current by 5.66%, the interruption time by 7.06%, and the recovery time by 

74.39%. It can be concluded that the use of the MOGA to optimize the HCB parameters 

not only reduces the size and cost of the HCB, but also improves the overall service 

reliability of the entire HVDC system while also mitigating the damage caused by fault 

currents. 
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