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Abstract 

This paper shows a general separating and unbalances arrangement for electric traction frameworks utilized an 

immediate power control-based calculation. For balanced three-stage three-wire framework, the proposed stream trade 

between the system and the pile so that the fast complex force is dealt with relentless. Accordingly, any nonlinear uneven 

weight is seen by the three-stage supply as a balanced straight load. The proposed procedure is assessed on power 

substations with open delta (V-V) and Scott transformer feeders and for two-level and twofold converter in the force stage. 

Keywords: shunt active filters; harmonics distortion; power control; rail transportation power system 

Received: 16th December 2015; Revised: 14thMarch’ 2016; Accepted: 24thMay; © IJCS New Liberty Group 2016

Introduction 

Electric traction systems for travelers and cargo 

utilization different power transformer arrangements, 

keeping in mind the end goal to bolster single-phase 

systems from the three-stage supply. The traction system 

can be used in the rail line farin country in Venezuela. It 

does can be produce-force utilizing a Scott transformer. 

This transformer converts three-phase to two single-

phase lines him. One of the line bolsters both methods 

for the Charallave–Caracas segment (30 km), with a 

slope of 4.068%. The other line bolsters both methods 

for the Charallave– Cua segment (22.5 km), with less 

movement and a slope of 0.8%, bringing about fewer 

loads for this stage. For this setup, the Scott transformer 

has an unbalance in the scope of 12–20% in typical 

operation, and 40% for crisis operation. The railway 

system, utilizes eight four-wagon trains, with a large 

portion of the wagons controlled. Each controlled wagon  

has four 600 kW incitement machines nourished with 

DTC controlled VSCs and single-phase PWM in the 

rectifier front end. The normal current aggregate interest 

mutilation for typical operation of the system is around 

20%. 

Harmonic and unbalance compensation system 

On adjusted three-phase systems feeding balanced 

linear loads, the momentary active and reactive terms of 

the complex power are steady and equivalent to p(t) = 

3VI cos(φ) and q(t) = 3VI sin(φ). A shunt active filter is 

used, directly connected to the power system using a 

voltage rising transformer. Proposed compensation 

scheme is given in Figure1.active and reactive power 

controls for multi-level compensation that can be utilized 

to change the system’s power factor. Figure2. 

demonstrates the open delta (V-V) and Scott 

transformers utilized as often as possible to unite a 

traction substation to the electric system.  
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Fig. 1. Proposed method for single compensation scheme 

 

Fig. 2. Rail line Traction system transformer schemes (a) 

open-delta transformer (b) Scott transformer 

 

For invariant power space vector transformation is 

defined as, 

     (1) 

V-V Transformer Space Vector Model 

The open delta (v-v) transformer model voltage, turns, 

current ratios 

 

                                              (2)      

The above equations can be used to find the voltage, 

current space vector ratios can be 

 

                     (3) 

 

 

Scott Transformer Space Vector Model 

Transformer ratio is evaluated using Ampere and 

Faraday Laws for scott transformer model, 

 

  (4) 

The voltage and current space vectors calculated in 

the transformer’s primary winding as function of the 

secondary winding voltages and currents are, 

  

              (5) 

Active and Reactive Power Control 

          DPC concept, an SMC scheme for regulating to 

the instantaneous active and reactive powers of grid-load 

converters is exploited. Voltage and space vectors are 

taken as,  

  (6) 

From figure 1, the active filter can be modeled as, 

                                     (7)  

                                                        (8)   

Where 

                                    (9) 

                             (10) 

The prompt apparent power portrayed by (6) can be 

ascertained with the deliberate variables 

and , in any discrete time k. 

The rectifier voltage  is taken as, Where Ts is the 

control period, is the change in the apparent 
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power due to a null vector in the rectifier voltage, 

and  is defined as follows: 

The rectifier voltage is integrated in the converter 

utilizing standard space vector modulation. Likewise 

with other DPC calculations, the reactor parameters are 

needed for figuring the evaluated estimation of the power 

system voltages, the dynamic and receptive force 

qualities and the upgraded worth for the converter 

voltage showed in .  

Harmonics Filtering and Balance Using DPC 

In a power system with a high short out proportion 

(ISC/IL ≥ 20), the voltage mutilation created by 

harmonics or unbalanced currents can be ignored. The 

unbalance is characterized utilizing the proportion 

between negative V2 and positive V1 arrangement 

V2/V1. For three-stage voltage and current, a general 

expression counting music and unbalance is gotten with 

symmetrical segments and Fourier extensions taken as, 

The voltage and current space vectors are obtained by 

applying (1)–(10) 

Fig. 3. Proposed multilevel compensation scheme 

 

The instantaneous power  becomes, 

Enforcing a constant instantaneous complex power , 

eliminates the time dependence in for a strong voltage 

supply. Hence, the first and fourth terms in are constant 

when n = m, corresponding to harmonic filtering in the 

current sequence with strong voltage supply. The second 

and third terms for (n = m) in are zero for instantaneous 

constant complex power , leading to the following 

expression. To obtain zero in the following relations 

need to be satisfied. According to for constant 

instantaneous power (_s = P + jQ) unbalance is 

eliminated and voltage and current have similar 

harmonic composition.                            

Multilevel Compensation 

Figure 3 demonstrates the open delta 

transformer (V-V) used to join a traction substation to 

the electric grid, while the voltage space vector 

ascertained in (11) is orchestrated with the dual converter 

modulation technique displayed.               

Fuzzy logic control 

Fuzzy rationale turns out to be better known 

because of managing issues that have instability, 

unclearness, parameter variety and particularly where 

system model is complex or not precisely characterized 

in scientific terms for the composed control activity. The 

origination of the fuzzy rationale presented by Zadeh is a 

mix of fluffy set hypothesis and fuzzy inference system 

(FIS). Components of a fuzzy set have a place with it 

with a certain degree, called level of participation. The 

level of enrollment is a consequence of mapping the info 

to specific standards utilizing a membership function 

(MF). The movement which maps the predetermined 

information to the yield utilizing fuzzy rationale is 

known as, fuzzy inference. A fuzzy inference system can 

be named: (a) Fuzzification: this is the procedure of 

changing over any fresh esteem to practically equivalent 

to etymological variable in view of certain MF (b) 

Inference engine: recreates human choice, (c) Learning 

base: comprises MF definitions and essential guidelines 
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like IF-THEN or it is mix of condition part with their 

related principles (d) Defuzzification: is the movement of 

changing the fuzzy output into a fresh numerical quality. 

In this project principle control data variable is the DC-

link voltage error and output of FLC is the peak value of 

the reference source current. The range of working 

current, standardization and de-standardization is one of 

the critical configuration variables of fuzzy controller. 

The piece chart representation of fuzzy logic controller 

with interface system is indicated in Figure 2. The 

scaling component Ge, Gce, and Gu are accustomed to 

scaling the info and yields according to the planning of 

FLC. 

Extension results  

Fig. 4a. P and Q due to Pref variation 

 

Fig. 4b. Compensation currents due to pref variation 

 

Fig. 4c. Active and reactive power due to qref variation 

 

Fig. 4d. Compensation currents due to qref variation 

 

Fig. 4e. Waveforms for the Scott transformer connection 

for different railroad load profiles 

 

Conclusion 

The proposed DPC-based pay arrangement 

diminishes negative succession streams mixed by an 

uncompensated electric footing framework using any 

power transformer affiliation. This system can be used to 

diminish the current total harmonic distortion to values 

consenting to global regulations, and in addition deals 

with the force variable found in the regular coupling 

point between the footing substation and the framework. 

Furthermore, the remuneration technique in perspective 

of the fleeting force control calculation with direct space 

vector representation, diminishes the framework's current 

total harmonic distortion to admissible degrees (<20%) 

and reduces the general unbalance from 97% to 18% for 

more lamentable case operation. The double converter 

remuneration plan using a snappy force control 

calculation with direct space vector handling reduces the 

uneven streams to suitable spans (<10%) and lessens the 

general unbalance from 42.8%to 3.8%. The twofold 

converter's topology has been attempted as a dynamic 
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channel, for extended power change using lower voltage 

exchanging devices. 
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