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Abstract 

Electric locomotives in the traction power systems represent huge nonlinear single-phase loads and they affect 

adversely the public electrical grid stability and the power quality. Some of such problems are related to the 

harmonic distortion and the Negative Sequence Components (NSCs). The Rail Power Conditioners (RPCs) are 

widely used to accomplish harmonics mitigation, besides NSCs compensation, then, maintaining balanced and 

sinusoidal public electrical grid currents. This paper presents a comprehensive comparison study between three 

different RPCs based on the two-level converters and a V/V power transformer. The Four-Wire Rail Power 

Conditioner (FW-RPC), the Three-Wire Rail Power Conditioner (TW-RPC) and the Half-Bridge Rail Power 

Conditioner (HB-RPC) are the main conditioners of interest. The main contribution of this paper is to perform a 

comprehensive comparison between the aforementioned RPCs, including the control algorithms and the 

compensating performance regarding the power quality problems. Simulation results with different operation 

scenarios are presented to establish an appropriate comparison between the aforementioned RPCs topologies. 
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1. Introduction 

From the beginning of railway electrification, power quality improvement was a major factor to obtain an efficient 

traction power system in terms of operating costs and power system stability. Therefore, many research projects 

have been dedicated in the last decades for power quality enhancement when using the rail electrification (Perin 

et al., 2015). The high-speed electric locomotives, nowadays, are using the single-phase alternating current (AC) 

traction power system for the long-distance electrification. Many countries in Europe, as Finland and Portugal, are 

using the single-phase 25 kV, 50 Hz AC power system for the high-speed trains. Other countries, like Austria and 

Germany, are using the single-phase 15 kV, 16.7 Hz AC power system for the high-speed traction applications 

(Krastev et al., 2016). However, as long as the electric locomotives are huge single-phase loads connected to the 

three-phase public electrical grid through several single-phase traction power transformers, this leads to power 

quality deterioration of the three-phase public electrical grid. Consequently, several adverse influences will affect 

directly the public electrical grid performance (Langerudy et al., 2017). Fig. 1 shows the single-phase traction 

power transformers to interface between the three-phase public electrical grid and the single-phase traction 

electrical grid. However, this typical connection contributes to a poor power quality on the three-phase public 

electrical grid side, because it does not totally solve the problem of currents imbalance (Perin et al., 2015). 

Power quality term indicates a wide area of parameters, such as voltage and current imbalance, harmonics, voltage 

fluctuations (sags and swells), reactive power, etc. The most challenging ones, in case of electrified railways, are 

the harmonic currents and the Negative Sequence Components (NSCs) of currents resulting from the three-phase 

currents imbalance (Gazafrudi et al., 2015). Consequently, poor power quality leads to higher power losses, less 

power system efficiency and higher operating costs for the electric locomotives. In order to overcome the 

above-mentioned drawbacks and to improve the public electrical grid power quality, power electronic conditioners 

nowadays are a proficient solution. 

The Rail Power Conditioner (RPC) is one of the power electronics systems to suppress the locomotives negative 

effects on the three-phase public electrical grid side, thus, maintaining balanced public grid currents without NSCs 

and with reduced Total Harmonic Distortion (THD) (Luo et al., 2011). Usually, The RPC system consists of a V/V 

power transformer (or a Scott power transformer) and power converters connected between two load sections 

through step-down coupling transformers. The load sections are separated by a catenary neutral section as shown 

in Fig. 2 (Gazafrudi et al., 2015). Considering the different possible scenarios, this paper presents a comprehensive 

and comparative study between three different RPC topologies based on the two-level converters and a V/V power 

transformer with two load sections (discontinuous catenary line with a neutral section) for 25 kV, 50 Hz traction 

power systems.  

The first topology is the Four-Wire Rail Power Conditioner (FW-RPC), which consists of two single-phase 

full-bridge back-to-back converters, sharing the same DC-link with eight power switches (IGBTs) (Luo et al., 

2011). The second topology is the Three-Wire Rail Power Conditioner (TW-RPC), which consists of three legs 

and six power switches, where one of the legs is connected directly to the grounded wire of the two single-phase 

load sections voltages (Wu et al., 2012). The last topology under comparison is the Half-Bridge Rail Power 

Conditioner (HB-RPC), which consists of two single-phase half-bridge converters connected by two capacitors in 

series and a grounded midpoint (Ma et al., 2013). The RPCs topologies under comparison in this study are shown 

in the Fig. 3. 

 
Fig. 1. Using single-phase power transformers with neutral sections to alternate between public electrical grid phases. 
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Fig. 2. RPC connection with a V/V power transformer in electrified railways systems. 

 

Fig. 3. RPCs topologies based on two-level converters. 

Over the last few years, it has been noticed that railways substations have grown in use of RPC systems for the 

economic use of the public electrical grid. However, a comparative study between FW-RPC, TW-RPC, and the 

HB-RPC was not enough clarified in the literature. In this context, the main contributions of this paper are related 

with a detailed and a comprehensive comparison about the aforementioned RPCs topologies, as well as the control 

algorithms and the public electrical grid power quality in terms of harmonic currents and NSCs when using each 

topology individually. Section II and section III present in details the indicated RPCs topologies and the respective 

control algorithms. Section IV presents the simulation results with different operation scenarios to establish an 

efficient comparison between the topologies, taking into consideration the case of a load variation with time to 

evaluate the performance of each topology. Section V presents the main compensators characteristics and the 

advantages/disadvantages of using each RPC topology. Finally, section VI presents the main conclusions of this 

work. 

2. RPC Compensation Principle 

The main objective of RPC scheme is to compensate the NSCs and the harmonic currents on the three-phase public 

electrical grid side. However, power quality issues on the load section sides of electrified railways were not under 

interest by scholars because the traction load has a poor power quality by nature (Gazafrudi et al., 2015). 

Consequently, the majority of power quality studies in electrified railways systems are focusing on the power 

quality improvement of the three-phase public electrical grid side. 

In this study, load sections voltages Ux and Uy have the value of 25 kV, 50 Hz and they are in phase with the 

corresponded line voltages UAC and UBC, respectively, as presented in equation (1), where KT is the turns ratio of 

the V/V power transformer. Before turning on the RPC system and after assuming the power factor of the two load 

sections is nearly 1, the load currents for both load sections ILx, ILy are in phase with UAC and UBC respectively. By 

another meaning, Ix, Iy currents on the secondary side of the V/V power transformer and IA, IB currents on the 

primary side of the V/V power transformer are in phase with UAC and UBC line voltages, as shown in the phasor 

diagram of Fig. 4 (a). 

 Ux = UAC / KT ,    Uy = UBC / KT (1) 

The RPC main task is to balance between the public electrical grid currents IA, IB, IC, in order to eliminate the 

effects of NSCs of currents. This is possible by compensating both of the active and the reactive power. The RPC 
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shifts a quantity of half the active load power difference from the fully loaded section (in our study, section x) to 

the partially loaded section (in our study, section y) (Tanta et al., 2017a). In this case, the currents after shifting 

the active power difference are equal to IA1, IB1 and IC1 as shown in the Fig. 4 (b), the equations (2) and (3). The 

difference between the load sections currents ILx, ILy and the phase currents Ix, Iy should be generated by the RPC, 

called the compensation currents Irx, Iry. The currents Irxa and Irya are the active components of the compensation 

currents injected by the RPC. 

 𝐼Ȧ1 = 𝐼Ȧ + 𝐼ṙxa1 ,     𝐼Ḃ1 = 𝐼Ḃ + 𝐼ṙya1 ,     𝐼Ċ1 = − 𝐼Ȧ1 − 𝐼Ḃ1 (2) 

 

𝐼Ȧ = 
𝐼L̇x

KT

 ,      𝐼Ḃ = 
𝐼L̇y

KT

  

Irxa1 = 
Irxa

KT 
 =

1

2 KT

 (ILx − ILy),       Irya1 = 
Irya

KT

 = 
1

2 KT

 (ILx − ILy) 

(3) 

 
Fig. 4. RPC phasors: (a) Before compensation; (b) After active power compensation; (c) After active and reactive power compensation. 

The currents after shifting the active power are still imbalanced, then, a quantity of reactive power should be 
compensated by the RPC (Luo et al., 2011; Wu et al., 2012). The converter (x) compensates a quantity of a capacitive 

reactive power (𝐼ṙxr1 leads the voltage U̇AC), while the converter (y) compensates a quantity of an inductive reactive 

power (𝐼ṙyr1 lags the voltage U̇BC) because section (x) has a bigger load than the one in section (y). The final currents 
after compensating both of the active and the reactive power are presented in the equation (4) and in the Fig. 4 (c). 

 
𝐼Ȧ2 = 𝐼Ȧ1 + 𝐼ṙxr1 ,     𝐼Ḃ2 = 𝐼Ḃ1 + 𝐼ṙyr1 

 

(4) 

 
Irxr1 = 

Irxr

KT

 = 
1

2 KT

 (ILx + ILy) tan
π

6
 ,     Iryr1 = 

Iryr

KT

 = 
1

2 KT

 (ILx + ILy) tan
π

6
 

 

(5) 

3. RPC Control Algorithm 

The control algorithm of the RPC should give the orders to inject the compensation currents, then acquiring 

sinusoidal and symmetrical currents on the public electrical grid side without NSCs. In this context, and from the 

equations (2) and (3), the equation (6) gives the public electrical grid currents values after only shifting the active 

power difference from the highly loaded section to the lightly loaded one. 

 
𝐼Ȧ1 = 

ILx + ILy

2 KT

 e-j30  ,   𝐼Ḃ1 = 
ILx + ILy

2 KT

 e-j90 (6) 

The previous equations (4), (5) and (6) give the final values of the public electrical grid currents after compensation. 
The currents, in this case, are balanced and have the same magnitude as in equation (7). 

 
𝐼Ȧ2 = 

1

√3 KT

 (I
Lx

 + ILy) e
j0

  ,    𝐼Ḃ2 = 
1

√3 KT

 (I
Lx

 + ILy) e
-j120  ,     𝐼Ċ2 = 

1

√3 KT

 (I
Lx

 + ILy) e
j120

 (7) 

The instantaneous values of the load sections currents can be used to obtain the peak values of the public electrical 

grid currents after compensation, as in the equation (8) (Luo et al., 2011). 
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 iLx = ILxam sin (ωt − 30)  + ILxrm sin (ωt − 120) + ∑  iLxh

∞

h = 2

    

 iLy = ILyam sin (ωt − 90)  + ILyrm sin (ωt − 180) + ∑  iLyh

∞

h = 2

    

(8) 

The active and the reactive peak current components of load section (x) are respectively, ILxam and ILxrm. The 

hth order of the instantaneous harmonic currents of load section (x) is the current iLxh. The same is applicable for 

the load section (y) instantaneous current equation. Multiplying the instantaneous values of iLx and iLy by 

sin (ωt −  30) and sin (ωt −  90), respectively, gives the peak values of Ix2, Iy2 after filtering the signals by using a 

low pass filter (LPF) and multiplying the signal by 2/√3 , as shown in the Fig. 5. The instantaneous phase currents 

after compensation ix2, iy2 are acquired after multiplying the peak values with the correspondent sine waveforms. 

The final reference currents irx
*  , iry

*  are calculated according to equation (9). The final reference currents are 

multiplied by KD, the turns ratio of the coupling transformers (Joseph and Thomas, 2014; Luo et al., 2011). 

 irx
*  = ix2 − iLx ,   iry

*  = iy2 − iLy   

irxs
*  = KD irx

*  , irys
*  = KD iry

*   
(9) 

 
Fig. 5. Control algorithm to calculate the compensation currents references. 

The RPCs topologies under interest use only high-voltage capacitors to obtain the DC-link voltage. However, a 

DC-link voltage control is indispensable to guarantee a good operating performance of the RPC. Fig. 6 (a) shows 

the DC-link voltage control for the FW-RPC topology. Only one proportional integral (PI) controller is used to 

correct the error between the reference value of the DC-link voltage Vdc,ref  and the instantaneous actual value vdc. 

The output of this PI controller is multiplied by sin (ωt − 30) and sin (ωt − 90) to obtain two signals synchronized 

with irxs
*  , irys

*  . Two PI controllers are used to correct the error between the actual and the reference value of the 

compensation currents. Then, a Pulse Width Modulation (PWM) technique is used to drive the power switches 

(Langerudy and Mariscotti, 2016). 

 
Fig. 6. DC-link voltage control and PWM modulation: (a) FW-RPC; (b) TW-RPC; (c) HB-RPC. 

The TW-RPC topology has the same DC-link voltage control as shown in the Fig. 6 (b). However, three PI 

controllers are used to drive the power switches by using PWM technique. The DC-link voltage control of the 

HB-RPC topology requires a PI controller to equalize the voltage between vc1 and vc2. Additional PI controller is 

used to follow the reference value of the DC-link voltage Vdc,ref . Two PI controllers are used to correct the error 

between the actual and the reference value of the compensation currents (Kaleybar et al., 2013). 
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4. Simulation Results 

The simulation models for the FW-RPC, TW-RPC and HB-RPC have developed by using the PSIM software for 

power electronics simulation. In order to make a real comparative case study between the aforementioned RPCs, 

the simulation models will contain varied loads values to study the dynamic response of each RPC, besides some 

other characteristics. A common electrical traction system was selected as a case study with model parameters as 

shown in Table 1. The arbitrary full nominal load value for each load section is equal to 3.7 MW, where the loading 

summary during the simulation is presented in Table 2. The RPC is turned on after 0.2 second and when both of 

the load sections (x) and (y) were fully loaded. The RPCs topologies are compared by using stationary optimized 

PI controllers that guarantee an efficient performance between topologies. The RPCs were tuned properly at their 

best configuration and setting points, where the optimized PI controllers decrease the error of the DC-link voltage, 

besides minimizing the variations of the DC-link voltage during the transient states. 

Table 1. Simulation model parameters. 

Parameters Symbol 
Values 

Unit 
FW-RPC, TW-RPC, HB-RPC 

Public electrical grid voltage UAC, UBC 66 kV 

Traction electrical grid voltage Ux, Uy 25 kV 

DC-link capacitor initial voltage Vdc, initial 2.5 kV 

Turns ratio of V/V transformer  KT 2.65 - 

Turns ratio of coupling transformer  KD 25 - 

Traction electrical grid frequency f 50 Hz 

IGBTs Switching frequency fsw 10 kHz 

DC-link capacitance Cdc 100 mF 

Converter line inductance  Lx, Ly 1 mH 

Table 2. Load sections values during the simulation. 

Time (second) 0.1 → 0.2 0.2 → 0.4 0.4 → 0.6 0.6 → 0.8 0.8 → 1 

Section (x) Full Full Half Half Half 

Section (y) Full Full Full Half No load 

RPC Off On 

4.1. FW-RPC Compensator 

The FW-RPC has 8 power switches and two back-to-back converters as shown in the Fig. 3. The results of the 

public electrical grid currents during simulation are shown in the Fig. 7 (a). The FW-RPC was turned on after 0.2 

second and the currents before the indicated time (before compensation) were imbalanced. The NSCs of currents 

had the biggest value before compensation, which harmfully affect the power quality of the public electrical 

system. 

The FW-RPC started to compensate the NSCs of currents after 0.2 second. Consequently, public electrical grid 

currents were balanced and the NSC waveform was significantly decreased as shown in Fig. 7 (b). As a result of 

NSC decrement, the Positive Sequence Component (PSC) will increase to reach the Root Mean Square (RMS) 

value of the public electrical grid currents. The PSC and NSC currents vectors of the public electrical grid at the 

fundamental frequency 50 Hz are calculated by using equation (10) (Ladniak, 2014). The zero sequence 

component of currents has no value in the electrified railways systems as long as the traction transformers do not 

have the fourth wire (Gazafrudi et al., 2015; Ladniak, 2014). 

   PSĊ  = 
 1 

 3 
 ( 𝐼Ȧ + α 𝐼Ḃ + α2 𝐼Ċ),     NSĊ  = 

 1 

 3 
( 𝐼Ȧ + α2 𝐼Ḃ + α 𝐼Ċ) ;    α =  ej120 ,  α2 = ej240 (10) 

Fig. 7 (c) shows the compensation currents irx, iry, which are provided by the FW-RPC to compensate both of the 

active and the reactive power as in the phasor diagram of Fig. 4. The RPC performance is closely influenced by 

the DC-link voltage stability during each operation scenario. For instance, and as shown in the Fig. 7 (d), the 

DC-link capacitor was charged during the period between 0.2 and 0.4 second. Therefore, currents waveforms 

during that period had the highest NSCs ratio among the subsequent periods. After 0.4 second, the DC-link voltage 
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was constant during each case study and the NSCs ratio was remarkably reduced. The DC link voltage control of 

the FW-RPC is shown in the Fig. 6 (a). 

 
Fig. 7. FW-RPC simulation results: (a) Public electrical grid currents during the simulation; (b) PSCs and NSCs of public electrical grid 

currents; (c) Compensation currents provided by the FW-RPC; (d) DC-link voltage of FW-RPC. 

The active power waveforms for the FW-RPC are shown in the Fig. 8. The total input active power that is 

consumed by the load sections and the compensator is shown in the Fig. 8 (a). The load sections power varies 

during the simulation, as shown in the Fig. 8 (b) and the Table 2. All the RPCs topologies have the ability to shift 

half of the load active power difference from the highly loaded section to the lightly loaded one. Consequently, 

Fig. 8 (c) demonstrates the shifted active power difference which is provided by the highly loaded section converter 

to the lightly loaded section converter. For instance, in the period between 0.4 and 0.6 second, the load section (y) 

was fully loaded with 3.7 MW (PLy waveform) and section (x) was loaded with the half of the full load (PLx 

waveform). As a result, the active power should be provided by section (y) converter (negative waveform) to be 

consumed by section (x) converter in the period between 0.4 and 0.6 second. The negative waveform of Pcy refers 

to the direction of the active power from section (y) converter to section (x) converter. 

 
Fig. 8. Active power waveforms: (a) Total consumed power from the public electrical grid (input power); 

(b) Load sections active power; (c) Active power provided / consumed by the FW-RPC converters. 

4.2. TW-RPC Compensator 

The TW-RPC consists of 6 power switches assuming a three-phase current controlled converter with a single 

DC-link capacitor as shown in Fig. 3. The control algorithm and the DC-link voltage control are shown in Fig. 5 

and Fig. 6 (b), respectively. The simulation model parameters of TW-RPC has exactly the values indicated in 

1

1
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Table 1, besides the loading conditions values for both load sections indicated in Table 2. Simulation results of the 

public electrical grid currents are shown in the Fig. 9 (a). The currents are balanced after 0.2 second and the 

compensation currents provided by the compensator irx, iry, irz, are shown in Fig. 9 (c). The DC-link voltage 

performance in Fig. 9 (d) is almost similar to the one of the FW-RPC. The results show a better dynamic 

performance of the TW-RPC than the FW-RPC topology and at the same operation conditions. 

 
Fig. 9. TW-RPC simulation results: (a) Public electrical grid currents during the simulation; (b) PSCs and NSCs of public electrical grid 

currents; (c) Compensation currents provided by the TW-RPC; (d) DC-link voltage of TW-RPC. 

4.3. HB-RPC Compensator 

The HB-RPC contains only 4 power switches to generate the compensation currents. However, in order to feed 

the same traction load with a nominal power of 3.7 MW, the DC-link voltage should be 100% larger than the other 

types of RPC compensators as shown in the Fig. 10 (d). In addition, the DC-link of the HB-RPC is formed by two 

capacitors in series with a grounded center-split midpoint. The voltage stress on the HB-RPC power switches is 

two times the voltage stress of the FW-RPC and the TW-RPC. The high value of the stored energy in the HB-RPC 

DC-link capacitors ensures a good dynamic response of the compensator to match the same dynamic performance 

of the FW-RPC and TW-RPC compensators. 

 
Fig. 10. HB-RPC simulation results: (a) Public electrical grid currents during the simulation; (b) PSCs and NSCs of public electrical grid 

currents; (c) Compensation currents provided by the HB-RPC; (d) DC-link voltages of HB-RPC. 

1

1
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5. RPCs Compensators Evaluation 

The power quality issues (NSCs and harmonics in the case under study) are the main significant part in the selection 

process of the RPC topologies in the electrified railways systems. In order to evaluate the RPCs performance, 

Table 3 shows the NSCs ratio of the public electrical grid currents before compensation (0.1 → 0.2) and after 

compensation (0.2 → 1). The values indicated in Table 3 are presented in the steady state after the transient. The 

NSC ratio before compensation is almost half of the PSC of public grid side currents (51%), then the public grid 

power quality is highly deteriorated. After 0.2 second, the RPC compensator is turned on and the NSC ratio is 

significantly reduced to 7.2% or less. The FW-RPC has a more robust performance than the TW-RPC when only 

one load section was loaded (0.8 → 1), while the NSCs ratio has increased in the same period when using the 

TW-RPC. In the rest of the periods, the FW-RPC and the TW-RPC have a similar performance regarding the NSCs 

compensation. The HB-RPC compensating performance is highly related to the DC-link voltage value, where 

during the period of the lowest load value (0.8 → 1), it gives the best performance among the other compensators. 

Table 3. NSCs ratio in the public electrical grid currents for the studied RPCs during simulation (NSC/PSC %). 

Time (second) 0.1 → 0.2 0.2 → 0.4 0.4 → 0.6 0.6 → 0.8 0.8 → 1 

FW-RPC 

51% 

5.7% 3.9% 3.7% 4% 

TW-RPC 3.9% 3.6% 4% 4.9% 

HB-RPC 7.2% 3.9% 3.4% 3.1% 

Among the studied RPCs topologies, the TW-RPC is the favored in terms of performance and the total costs, since 

it has the same FW-RPC compensating capability with less 2 power switches. In addition, TW-RPC requires less 

space for installation comparing to the FW-RPC topology as shown in Table 4. The voltage stress, current stress 

and the equivalent switching frequency of IGBTs have the same values in both topologies of FW-RPC and 

TW-RPC. Consequently, similar factors and conditions are considered in the selection process of power switches. 

The HB-RPC seems to be the cheapest option as it only requires four power switches. However, the tradeoff here 

is between the cost and the performance. Other aspects should be in consideration when choosing the HB-RPC 

compensator. For example, the equivalent switching frequency would decrease by 50%, which can increase the 

high-frequency currents harmonic contents (Ma et al., 2013). Furthermore, the voltage stress for each power switch 

would be double (2 p.u.; per unit), which determines to use switches with a higher voltage stress capability. 

Moreover, the DC-link voltage is usually selected to be 100% larger than other RPC topologies to improve the 

dynamic performance and to guarantee a reliable operation of the HB-RPC (Tanta et al., 2017b). The required 

power switches with a higher voltage stress, besides the required high voltage DC-link with two capacitors in 

series and the control complexity could make the total costs of the HB-RPC are similar to the ones of the TW-RPC. 

The DC-link capacitors are not very cheap and the required power switches with a higher voltage stress are more 

expensive. Also, and after a long time, the capacitors (namely electrolytic capacitors) are more subject to power 

failures and have an expected lifetime shorter than the power switches. Consequently, the reliability of the 

HB-RPC will diminish and will be adversely affected over time. 

Table 4. Comparing the main characteristics between the studied RPC topologies. 

RPC 

Power switches (IGBTs) characteristics 

DC-link 

voltage 

Control 

complexity 
Costs 

Space 

utilization IGBTs 

number 

Equivalent 

switching 

frequency 

Voltage 

stress 

Current 

stress 

FW-RPC 8 2 fsw 1 p.u. 1 p.u. 1 p.u. * *** *** 

TW-RPC 6 2 fsw 1 p.u. 1 p.u. 1 p.u. ** ** ** 

HB-RPC 4  fsw 2 p.u. 1 p.u. 2 p.u. *** */** * 

6. Conclusion 

This paper reviews three different Rail Power Conditioner (RPC) topologies based on two-level power electronics 

converters and a V/V power transformer, in 25 kV, 50 Hz electrified railways systems. The RPC compensator is 

mainly used to suppress the Negative Sequence Components (NSCs) of currents on the public electrical grid side, 



Mohamed Tanta / TRA2018, Vienna, Austria, April 16-19, 2018 

 

which are the main reason for power quality deterioration. The Four-Wire RPC (FW-RPC), the Three-Wire RPC 

(TW-RPC) and the Half-Bridge RPC (HB-RPC) are evaluated through the simulation models to study the general 

characteristics and performance of each topology. The same parameters are used during the simulation and the 

RPCs were adjusted properly at their best configuration and setting points to ensure an effective comparison 

between the indicated RPCs. The control algorithm for each RPC is also presented as a part of this comparative 

study. The simulation results show the compensating performance of RPCs at the same operation conditions. All 

the indicated RPCs have the ability to compensate the NSCs and to improve the public grid power quality. 

However, the TW-RPC is the recommended RPC among the other topologies in terms of costs and performance, 

because it requires less power switches (IGBTs) than the FW-RPC, maintaining the same performance and other 

aspects (e.g., voltage stress, current stress and switching frequency of IGBTs). The results show that many factors 

should be considered when selecting the HB-RPC for power quality improvements when using the electrified 

railways systems. Although the HB-RPC only needs half of the FW-RPC IGBTs, which is advantageous in terms 

of costs, it has some drawbacks in terms of IGBTs voltage stress, higher DC-link voltage, besides the control 

complexity. Moreover, the equivalent switching frequency is reduced by 50% when using the HB-RPC topology, 

which can increase the high-frequency currents harmonic contents, thus causing some deterioration in the power 

quality of the public electrical grid. 
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