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Abstract— A hybrid power quality compensator (HPQC) is 

proposed in this paper for comprehensive compensation 

under minimum dc operation voltage in high-speed traction 

power supplies. Reduction in HPQC operation voltage can 

lead to a decrease in the compensation device capacity, 

power consumptions, and installation cost. The parameter 

design procedures for minimum dc voltage operation of 

HPQC are being explored. It is shown through simulation 

results that similar compensation performances can be 

provided by the proposed HPQC with reduced dc-link 

voltage level compared to the conventional railway power 

compensator. The system rating can thus be reduced. It is 

also verified that HPQC would operate at the minimum dc 

voltage with the proposed parameter design via simulations. 

A hardware prototype is constructed and the experimental 

results show that through the proposed design, HPQC is able 

to provide system unbalance, reactive power, and harmonic 

compensation in cophase traction power with reduced 

operation voltage. The cophase traction power supply with 

proposed HPQC is suitable for high-speed traction 

applications. 
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I. INTRODUCTION 

TRACTION power supply systems usually suffer from 

different power quality problems [1]–[3]. One of the widely 

applied modes is the single-phase voltage electrified traction 

load.  

Due to the fact that traction loads are dynamic and 

time varying, huge amount of negative sequence current is 

injected into the three-phase power grid, causing undesired 

system unbalance. In addition, applications of nonlinear 

power electronics converters in locomotives also inject 

significant amount of harmonics into the system. Existence 

of harmonics and system unbalance in the power system 

may generate undesired heat loss and cause damage to the 

system [4]. In addition, due to the fact that most train 

loadings are inductive, the system may possess reactive 

power. The presence of reactive power in the power system 

may indicate inefficient usage of the apparent power 

supplied by the system [5]. With increasing usage of novel 

technologies in traction loads, the problems may 

becomemore severe [6]. Various techniques have been 

proposed to solve the system unbalance problem in traction 

power supply. When balanced transformers such as Scott 

and roof-delta transformers are used, the system unbalance 

problem can be relieved [7]–[9]. However, with varying 

traction loads, the system can hardly be completely 

balanced. Moreover, the technique usually involves 

construction of special transformers, which add to the total 

equipment cost. In addition, there is no help against the 

problem of reactive power and harmonics. Compared to 

passive compensators, active compensators can provide 

better dynamic and comprehensive compensation. Railway 

power compensator (RPC) was thus proposed as a universal 

compensation device which can provide fast and dynamic 

unbalance, reactive power and harmonics compensation in 

traction power [10], [11]. Cophase traction power supply 

system is one of the newly proposed traction power systems 

which solve the problem of excessive neutral sections 

installation in traction power supplies [12]–[14]. Elimination 

of neutral sections may reduce the velocity loss of the 

locomotives, and cophase traction power thus has high 

potential as high-speed traction power supply system. 

Locomotive loads are connected across the same single-

phase output to avoid risk of phase mixing. The 

compensation device (such as RPC) is then connected into 

the system to provide system power quality compensation. 

Various RPCs have been proposed for cophase traction 

power systems [15]–[18]. However, the popularity of 

cophase traction power is prohibited by the high operation 

voltage of the compensation device.  

The initial cost of passive compensation device is 

only USD$5/kVA while that of active compensation device 

is aroundUSD$60/kVA[19]. It would be advantageous if 

active compensators can be combined with passive ones 

during compensation [20]. Different pieces of research have 

been done on usage and design of hybrid filter [21]–[23]. 

However, there is still lack of research on the application 

and parameter design of hybrid structure in the power 

compensator for the cophase traction power supply system. 

For instance, in cophase traction power involving V/V 

transformer, active power injection is required for system 

unbalance compensation. This makes the analysis and 

design different from the traditional hybrid filter. In this 

paper, a hybrid device combining active and passive 

compensators, named as the hybrid power quality 

compensatorcophase traction power supply. The parameter 

design procedure for minimum HPQC voltage operation as 

well as the minimum voltage rating and reduced number of 

switches achievable is discussed. The parameter design for 

the minimum HPQC voltage operation and the minimum 

operation voltage achievable is investigated in Section II. 

Simulation verifications are given in Section III concerning 

HPQC compensation performances under minimum 

operation dc voltage, as well as its comparisons with 

conventionalRPC. Hardware descriptions and experimental 

results are then presented in SectionIV. Finally, the research 

targets and major contributions are concluded in Section V. 
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II. PROPOSED SYSTEM CIRCUIT CONFIGURATIONS 

In this project, the substation transformer is 

composed of two single-phase transformers, and is 

commonly known as the V/V transformer. The three-phase 

power grid is transformed into two single-phase outputs (Vac 

and Vbc phases) through V/V transformer. The locomotive 

loadings are all connected across the same single phase 

output (Vac ), leaving another phase (Vbc ) unloaded. The 

HPQC is composed of one back-to-back converter and is 

connected across the Vac and Vbc phases, so as to provide 

power quality compensation for the system. The circuit 

configuration of the proposed cophase traction power supply 

with HPQC is shown in Fig. 1. In contrast to conventional 

structure, the converter is connected to the Vac phase of the 

transformer via a capacitive coupled hybrid LCstructure. As 

will be discussed later, this results in the reduction of 

converter dc bus voltage of HPQC. The compensation 

algorithm of the proposed HPQC is similar to that in 

conventional RPC and is not discussed here. Details may be 

found in [16] and [19].It can be observed that with 

capacitive coupled  

 
Fig. 1: Block of HPQC 

 
Fig. 2: HPQC In The Proposed Cophase Traction Power 

LC structure, the amplitude of VinvaLC in HPQC can 

be less than that of VinvaL in RPC under the same 

compensation current. With capacitive coupled structure in 

HPQC, XLCa is of negative value, and it results in reduction 

of VinvaLC . 

III. SIMULATION VERIFICATIONS 

MATLAB is an interactive system whose basic data element 

is an array that does not require dimensioning.MATLAB for 

further analysis. Simulink,developed by Math Works, is a 

viable tool for model, simulate and analyze multi-domain 

dynamic systems. Its primary edge is a graphical block 

diagramming tool and a customizable set of block libraries. 

It offers tight combination with the rest of the MATLAB 

environment and can either drive MATLAB or be scripted 

from it. Simulink is widely used in control assumption and 

digital signal processing for multi-domain simulation and 

Model-Based Design. Simulink is a building block diagram 

environment for multi-domain simulation and Model-Based 

Design. It supports scheme level design, simulation regular 

code generation, and continuous test verification of 

embedded system. 

          The circuit schematic of the system used in 

simulations is provided in Fig. 3.  

           The parameters are selected as close to practical 

applications as possible [16], [19], [27]. The substation V/V 

transformer is composed of two 20 MVA single-phase 

transformers, with turning ratios of 41kV/27.5 kV and 41 

kV/13.75 kV. Traction loads are simulated using rectifier RL 

load, with linear capacity of 15 MVA. The compensation 

device is then connected across the two single-phase outputs 

of V/V transformer to provide power quality compensation 

of the system. Notice that the LCL filter is included here to 

filter the ripples introduced by the compensator. 

 
Fig. 3: Simulation for HPQC Reduced Switches 

 
Fig. 4: Input Voltage of 41Kv 

Is said to be line voltage and it is given as in MUX voltages 

is given. 

 
Fig. 5: Voltage across Ac & Bc Points 

http://en.wikipedia.org/wiki/MathWorks
http://en.wikipedia.org/wiki/Dynamic_systems
http://en.wikipedia.org/wiki/Visual_modeling
http://en.wikipedia.org/wiki/Visual_modeling
http://en.wikipedia.org/wiki/Library_%28computer_science%29
http://en.wikipedia.org/wiki/MATLAB
http://en.wikipedia.org/wiki/Control_theory
http://en.wikipedia.org/wiki/Digital_signal_processing
http://en.wikipedia.org/wiki/Model-based_design
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Fig. 6: Input Current 

Fig 6 shows that simulated Line current waveforms 

of proposed method for Hybrid power quality compensator 

for high speed traction power systems. 

 
Fig. 7: Output Voltage 

This Fig.7 shows that simulated output voltage 

waveform of  proposed method for Hybrid power quality 

compensator for high speed traction power systems. 

 
Fig. 8: Dc Link Voltage 

This Fig.8 shows that simulated DC Link voltage 

waveform of  proposed method for Hybrid power quality 

compensator for high speed traction power systems. 

 
Fig. 9: Output Current 

This figure shows that simulated Output current 

waveform of  proposed method for Hybrid power quality 

compensator for high speed traction power systems. The 

output is  15amps. 

 
Fig. 10: Power Quality 

This figure shows that simulated waveforms of 

power quality of proposed method for Hybrid power quality 

compensator for high speed traction power systems. 

 
Fig. 11: THD during Sag 

This shows the THD (Total Harmonic Distortion) 

of proposed method for Hybrid power quality compensator 

for high speed traction power systems during sag condition. 

 
Fig. 12: THD after Sag 

This shows the THD (Total Harmonic Distortion) 

of proposed method for Hybrid power quality compensator 

for high speed traction power systems after compensation. 

IV. CONCLUSION 

A HPQC with reduced dc voltage operation compared to 

conventional RPC during compensation is proposed in 

thispaper. The parameter design for the minimum HPQC 

voltage operation is being discussed, and the minimum 

HPQC voltageoperation point achievable is explored. It is 

found that theminimum HPQC operation voltage rating is 

dependent only onthe traction load PF. Itincreases with 

increasing load PF. For instance, with load PF of 0.85, the 

minimum HPQC voltage rating is only 0.48. It is also 

verified through simulation that the HPQC would operate at 

the minimum voltage with the proposed parameter design, 

and the voltage operation point is lower than that of 

conventional RPC. 
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