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Abstract:  With the rapid development of high-speed and high- power railway system, power quality issues such as the negative 

sequence current and harmonic current caused by electric locomotives becomes more and more critical.  

The properties of locomotive load include high instantaneous power, high power factor, low harmonic components, and so on. 

High-speed locomotives with a high-power factor use four quadrant pulse width modulation (PWM), however they generate a lot 

of harmonic currents over a wide spectral range. Large amounts of harmonic current produced by the electric traction power supply 

system are injected into the power grid since most electric locomotives are single phase rectified loads with frequent random swings. 

As a result, the supply grid voltage and current are asymmetrical, and harmonic content increases, causing a slew of issues such as 

overheating, transformer service life shortening, and relay protection device mis-operation. These issues have a significant impact 

on the safe and stable operation of power systems.  

This paper proposes a comparative study of Half Bridge Railway Power Conditioner (HBRPC) with Shunt active power filter 

STATCOM used to implement effective compensation of NSC and harmonic current 

The comprehensive compensation for NSC and harmonic currents is implemented using STATic COMpensators (STATCOMs). 

Because distribution STATCOMs are frequently mounted on the three-phase side and carry high voltage, their cost and 

compensation capacity are usually high. 

HBRPC is made up of two half-bridge converters connected in series by two capacitors. In comparison to the typical RPC, the 

HBRPC only requires two capacitors and two power switch legs. The HBRPC conditioner can decrease half of the power switches 

while still performing the same function as RPC, resulting in cheaper cost and hardware complexity.  

Finally, MATLAB simulation and results have verified the proposed structure and its control method effectively.  

 

Index Terms – HBRPC, STATCOM, NSC, Fuzzy, FFT Analysis, Compensation. 

I. INTRODUCTION 

Power quality is becoming a major challenge for the traction power supply system due to the increasing growth of high-speed 

railways. High-speed locomotive loads differ from standard electrified railway locomotive loads in a few ways, including great 

instantaneous power, high power factor, low harmonic component, and high negative sequence components. A significant quantity 

of negative sequence current is injected into the grid, which has an adverse effect on the power system. For example, it increases 

motor vibration and excessive loss, lowers the output capacity of transformers, and disrupts relay protection. The traction supply 

system and power system for high-speed rail are at risk from these negative effects. As a result, steps must be taken to reduce harmonic 

and negative sequence current. A three-phase power grid can experience significant negative Sequence current (NSC) because to the 

electric traction system's ability to split a three-phase symmetrical supply into two separate single-phase sources. High-speed 

locomotives with a high-power factor use the four-quadrant pulse width modulation, but they also produce a lot of harmonic currents 

over a wide spectral range. These NSC and harmonic current would have a significant impact on the grid's capacity to operate reliably 

and efficiently, which might increase the traction system's power losses, shorten the traction transformer's lifespan and reliability, 
and cause sensitive equipment to malfunction. 

The STATCOM shunt active filter is one of the most commonly utilized in mitigating power quality issues caused by harmonic 

currents. In this sort of filter, a current is introduced that, when combined with the supply current, causes the cancellation of current 

harmonics, leaving only the fundamental component of current needed to power the system. This scheme is used to balance out 

imbalanced currents, compensate for reactive losses, and eliminate harmonic current. 

Two half bridge converters are connected in series by two capacitors to form the half-bridge railway power conditioner (HBRPC). 

The HBRPC only needs two capacitors and a pair of power switch legs in comparison to the conventional RPC. The proposed HBRPC 

conditioner can decrease half of the power switches while doing the same task as RPC, which can result in reduced costs and less 
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complex hardware. For HBRPC, a balanced voltage (BV) control is proposed to mitigate the error of two capacitor voltages and 

ensure the device's normal operation. A double-loop control scheme is proposed to maintain the dc-link voltage constant and to 

achieve dynamic tracking of the current reference signals. 

II. COMPENSATION BASED ON HALF BRIDGE RAILWAY POWER CONDITIONER 

A railway static power conditioner (RPC) based on half-bridge converters (HBRPC) is made up of two half-bridge converter 

coupled by two capacitors in series. The HBRPC only needs two capacitors and a pair of power switch legs in comparison to the 

conventional RPC. This power conditioner can reduce the number of power switches in half while doing the same task as RPC, 

which lowers the cost and hardware complexity. For HBRPC, a balanced voltage control is suggested in order to reduce the error 

of two capacitor voltages and maintain proper operation. A double-loop control is also suggested to maintain the stability of the dc-

link voltage and to achieve dynamic tracking of the current reference signal. 

HBRPC is composed of two power switch legs and two dc link capacitor, with two switch legs coupled by two capacitors in series. 

A dynamical energy balance can be achieved by treating one half-bridge converter for rectification to absorb energy and to charge 

the dc-link capacitors and the other one for inversion to release energy and to discharge the dc-link capacitors. As a result, this 

power conditioner is essentially two half-bridge converters connected in back-to-back fashion. Thus, the traction power arms can 

receive active power from the HBRPC. It would be possible for HBRPC to transfer active power from one power arm to the other 

power arm, compensate for NSC, and suppress harmonic currents if it could implement a sensible control technique to modify the 

output voltage and current of two half bridge converters. This HBRPC topology can eliminate a pair of switch legs with four power 

switches as compared to RPC. Thus HBRPC can lower costs, hardware complexity, and power losses while performing the same 

task as RPC. Although the equivalent switching frequency would decrease by 50% and the switch voltage stress of the HBRPC 

would double, this could result in an increase in harmonic contents. 

Fig. 1. Compensation system based on half-bridge converter. 

 

For the high-speed railway’s power quality, a comprehensive compensating system called HBRPC has been proposed. It is based 

on two half bridge converters. When compared to traditional RPC, there are reduced number power switches, which lowers the 

cost, power losses and hardware complexity. Fuzzy control is used to achieve quick monitoring of the current reference signal and 

enhance the performance of dynamic compensation in a real time reference detection approach for NSC and harmonic currents 

under V/V traction supply system. A BV control has been suggested to mitigate the unbalanced impact on system performance and 

eliminate the voltage imbalance by taking into account the dc-link voltage balance of two capacitors. Finally, simulation and 

experimental results have shown that HBRPC system has a significant impact on harmonic current suppression and NSC 

compensation. The HBRPC is a new approach to regulating the power quality of the railway system. 

III. SIMULATION OF HBRPC 

To validate the project, which is based on a half bridge converter and its control technique, a simulation model of HBRPC based 

on fuzzy logic is developed using MATLAB software. Assume that the power requirements for the ‘a’ and ‘b’ phase traction power 

arms are each supplied by a single phase at a different wattage. Here, R-L are used as a load model.    

For compensated and uncompensated circuits, Ia and Ib stand for the a and b phase traction power currents. The voltages of two 

dc-link capacitors are Vdc and Vdc1. Two traction power currents that are not equal before adjustment contain a lot of harmonic and 

NSC currents. However, after switching to HBRPC at 0.3s, it can transfer a set amount of active power from ‘b’ phase traction power 

arm to the other and compensate the particular reactive power and harmonic current for two traction power arms correspondingly. 

Two traction power currents get balanced after adjustment. The harmonic currents are significantly reduced. Two capacitor voltages 

are out of balance prior to the HBRPC adjustment at 0.3s. After installing the HBRPC, the BV controller can internally enhance the 

time it takes for various power switches to conduct or shut down, increasing the amount of energy that can be used to discharge 

capacitors C1 and C2. Two capacitor voltages stabilize after some duration of adjustment. The voltage balance of the DC link is thus 

established. 

Figure 3 depicts the load currents of two traction power arms prior to compensation, and Figure 5 depicts the traction currents of 

two traction power arms after compensation. With HBRPC’s compensation, the harmonic components in the currents of two traction 

power arms are less than one of the two load currents. The harmonic currents of two traction power arm currents are considerably 

reduced, according to a specific harmonic current comparison of two traction power arm currents before and after compensation. 
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Fig. 2. Simulation model of uncompensated system. 

 

Fig. 3. Traction currents waveform before compensation. 

Fig. 4. Simulation model of compensated system. 
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Fig. 5. Traction currents waveform after compensation. 

 

By use of the FFT Analysis tool in MATLAB Total Harmonic Distortion (THD) of compensated and uncompensated circuits is 

calculated. The total harmonic distortion is reduced from 44.08 % to nearly 18%. So, the harmonic currents are effectively suppressed. 

FFT analysis also provides 3rd, 5th, 7th, 9th harmonics data of both circuits. It shows that the harmonics level is effectively reduced. 

 

Table 1. Percentage of the significant current harmonics before compensation 

 

Order of Harmonic 

Current 

I-3rd % I-5th % I-7th % I-9th % 

Percentage 30.91 18.66 13.33 10.36 

 
 

Table 2. Percentage of the significant current harmonics after compensation 

 

Order of Harmonic 

Current 

I-3rd % I-5th % I-7th % I-9th % 

Percentage 12.23 7.84 7.02 3.80 

 

IV. COMPENSATION BASED ON SHUNT ACTIVE POWER FILTER 

     The shunt active power filter (SAPF) shown in Fig. 6 is a voltage source inverter (VSI) that is linked in parallel with the load. It 

is controlled in order to produce the load's necessary reactive and harmonic currents. 

A current equal in size to the harmonic current but out of phase with it is injected by SAPF. In this scenario, the SAPF acts as an 

injector of current, phase-shifting by 180° the harmonic currents produced by the load. Any kind of load regarded as a harmonic 

source can be used according to this approach. Moreover, the SAPF can correct the load power factor with the right control strategy. 

The power distribution system perceives the nonlinear load and active power filter as perfect resistors in this manner. In order to 

cancel current harmonics on the AC side and bring the source current into phase with the source voltage, it is controlled to draw or 

supply a compensating current I from or to the utility. 

Fig. 6. Shunt active power filter. 
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V. SIMULATION OF SHUNT ACTIVE POWER FILTER 

To validate the project, which is based on a shunt active power filter and its control technique, a simulation diagram of STATCOM 

based on d-q reference frame theory is developed using MATLAB software. Here, R-L are used as a load model. 

Changing the a-b-c axes to the d-q-0 axes is referred to as reference frame transformation. the transition in coordinates from the 

three-phase a-b-c stationary coordinate system to the d-q-0 rotational coordinate system. In this case, the a-b-c coordinates are first 

transformed into alpha-beta coordinates, then into d-q-0 coordinates. It is necessary to have two separate transformation matrices: 

one for Clarks and one for parks transformation. 

 Integrators are employed in synchronous reference frame PI-based controllers to remove the steady state error of the DC 

components of the reference signals' 0–d–q coordinates. The current harmonics are represented as DC components in their associated 

reference frames in accordance with the 0-d-q frame theory, and the integrators remove the steady state error of each harmonic 

component. Using the Park transformation, reference signals are converted first into 0 −α – β stationery frame, then into 0 – d – q 

rotating frame. In order to achieve the desired regulated reference signal, the steady state error is eliminated using the PI controller. 

The process is then advanced by converting the voltage reference signal from the 0–d–q spinning frame back to the a–b–c stationary 

frame, which will serve as the reference signal for the pulse width modulation (PWM). 

Fig. 7. Simulation model of shunt active power filter compensated system. 

Fig. 8. Three phase current waveform after compensation. 

 

By use of the FFT Analysis tool in MATLAB Total Harmonic Distortion (THD) of compensated and uncompensated circuits is 

calculated. The total harmonic distortion is reduced from 36.94 % to nearly 18 %. 

 
 

VI. CONCLUSION 

A comprehensive compensation systems HBRPC and Shunt active filter have been presented to improve power quality of the 

high-speed railway traction supply system, which is based on two half-bridge converters and STATCOM, in this paper. 

Comparative study can be effectively done on various aspects. HBRPC bears less voltage stress as it is installed on load side 

whereas Shunt active filter bears high voltage stress as it is source side compensation technique. Compared to the traditional RPC, 

HBRPC requires the less number of power switches, so the cost, power losses and hardware complexity are reduced 

correspondingly. While for shunt active filter compensation for railway traction power supply system requires large capacity rating 

devices and hence it is comparatively high-cost solution. As compared to Shunt active power filter, HBRPC is compact in design 

and less complex and hence HBRPC is more reliable compensation technique. Finally, MATLAB simulation and experiment 

results have confirmed that the proposed HBRPC compensation system has a good effect on negative sequence current 
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compensation and harmonic current suppression. Even though the half bridge converter has some drawbacks, the proposed HBRPC 

provides a new attempt for managing the power quality of the high-speed railway traction supply system. 
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