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Rectifier in Transformerless Traction Converters 
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Abstract – Cascaded H-Bridge rectifier (CHBR) is a more attractive solution in traction 

application for its transformerless structure. Because of the currents of different cells are 

exactly the same one, it is a challenge job to regulate the voltages of cells with only one 

current controller. In this paper, a PI-based control scheme is presented to deal with the 

voltages balance issue in CHBR. To satisfy the demand of rectifier such as unity power 

factor and regulated output DC voltages, the proposed control scheme consists of two parts. 

One is for shaping the grid current waveform and regulating the sum of DC-link voltages of 

all the cells; the other one is for balancing DC-link voltages. The latter is more concerned in 

this paper and is discussed in detail especially. Simulations and experiments are carried on. 

The results verified the feasibility and effectiveness of the proposed scheme. 
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1. Introduction 

 

Multilevel converter topology is an effective way for us 

to solve to problem of overcoming the voltage limits 

imposed by the power semiconductors. By connecting the 

switching devices in series, it is possible to share the overall 

supply voltage. The state of the art and the most recent 

advances in the area of high-power high-voltage multilevel 

converters are analyzed in [1]. Among all the possible 

topologies, the cascaded H-bridge (CHB) topology is of 

special interest due to its modularity, simple lay out and 

easy control. 

In China railways are supplied with a single-phase 

supply rating up to 25kV. Traditional converters can not 

stand for such voltage levels and step-down converters are 

needed to change the supply voltage level to an accepted 

one. However this kind of low-frequency step-down 

transformer is expensive, bulky and heavy. What’s more, 

the traditional diode based rectifier injects significant 

harmonic currents into the power grid. As the power quality 

is becoming a more and more important concerning issue, 

PWM rectifiers are chosen as the front converters. The 

bidirectional power flow ability is also a bonus of the PWM 

rectifiers. 

The structure depicted in Fig.1 is a very promising 

structure in traction applications. The voltage-source PW

M rectifier is connected directly to the power source b

ecause the series connected H-bridge cells share the hi

gh voltage. Therefore compared to the conventional hig

h voltage drive system, the bulky and expensive transfor

mer could be eliminated through the series connection of 

the switching devices in such topology.  

The control of the front-end cascaded H-bridge rectifier 

is the main challenge of the structure. Two main 

requirements need to be achieved: 

 to guarantee the ac side unity power factor; 

 to maintain the DC-link voltage balance of the 

output H-bridge cell. 

Different power could be transferred from the ac side to 

the dc sides when the DC-link output can be operated 

independently. So the DC-link voltage balancing task is 

difficult.  Lots of DC-link voltage balancing methods have 

been proposed for the CHB based single-phase static 

compensator (STATCOM) [2]. Unfortunately STATCOM 

only delivers reactive power from the power supply, so 

these methods are not applicable in this situation. In [3], the 

balancing is achieved through a redundancy based 

modulation strategy; in [4], the balancing is achieved 

actually through a hysterias controller; in [5], the balancing 

is achieved through a passivity-based control, which is too 

complicated. 

Unlike the references above, this paper proposes a PI-

based solution. A two-cell cascaded H-bridge rectifier is 

considered here. Simulation results as well as experimental 

evidences of this method are presented too. 
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Fig. 1. The structure of transformerless locomotive drive 

system 

 

 

2. Proposal Control Scheme 

 

2.1 Mathematic Model of the CHB Rectifier 
 

The ac side voltages of the H-bridge cell ,ao obv v  are 

determined by: 

              
1 1ao dcv d V                  (1) 

              
2 2ob dcv d V                  (2) 

where 
1 2,d d are the modulation index of each cell.  

Actually they are continuous switching functions. The 

dynamic response of the system is described by the 

equations of inductance and capacitors: 
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If the H-bridge cells are replaced by voltage sources, 

the steady state phasorial diagram of the rectifier can be 

depicted in Fig.2. It should be noted that there are various 

combinations of the ac-side voltage phasors ,ao obv v , 

which may have different directions with abv
. 

   The power consumption of each cell is: 

1 ao sp v i                      (6) 

2 ob sp v i                       (7) 

If the ordinary phase shifted PWM method is used in 

the modulation without special voltage balance algorithm, 

we have
1 2d d d  . Equation (6) (7) can be rewritten 

as: 
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Note that both cells share the same current. Then we 

have: 

 

          
1 2 1 2: :dc dcV V R R               (10) 

 

 

Equation (10) means that the DC-link voltages cannot 

balance themselves under unbalanced load conditions 

without special voltage balance algorithms. 
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Fig.2. Steady state phasorial diagram of the CHB rectifier 

 

2.2 Overall Control Schemes 
 

The overall control strategy of the cascaded H-bridge 

rectifier is shown in Fig.3. The sum of the DC-link 

voltages is controlled through the voltage controller 

( )vG s  (usually an conventional PI controller), the 

output of which is the command of the current. The phase 

and magnitude of the voltage source are evaluated by the 

single-phase PLL. From them is calculated the required 

instantaneous current command
*

si , which is compared to 

the actual current
si . The error is sent to the Proportional 

and Resonant (PR) controller ( )iG s  [6].The PR current 

controller can eliminate the error between the current 

setting signals and the actual current. The form of PR 

controller is as follows: 

2 2

2
( ) i

i p

e

K s
G s K

s 
 


           (11) 

 

Where 
e  is the resonant frequency of the PR 

controller.  

The controller has a conjugate pole of
ej . The 

output of the PR controller is the modulation index d . 
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The voltage balance part can generate the individual 

modulation index of each cell
1 2,d d . The PWM with 

shifted carriers is used for the modulation of the CHB 

rectifiers. The major benefit of this method is the 

significant decease of the current ripple due to the 

multilevel nature of the PWM voltage at ac terminals. In 

this paper, the PWM voltage at the ac side is five-level. 
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Fig.3. Overall control block of the CHB rectifier 
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Fig.4. Voltage balance scheme 

 

2.3 Voltage Balance Scheme 
 

From the point of energy distribution, the voltage balance 

control is to control the power flow of the H-bridge cells. In 

Fig, the active power flowing into the cells are proportional 

to the projection of the ac-side voltage phasors ,ao obv v 
. 

Therefore we only need to control ,ao obv v 
to achieve the 

voltage balance. The orthogonal components of the voltage 

phasors provide us a freedom to construct ,ao obv v . 

In the proposed scheme, we force ,ao obv v to have the 

same direction with
abv . One benefit is that only the 

magnitudes of ,ao obv v  need to be concerned when 

building the voltage phasors.  

If the loads feeding on the DC-link are the same, then the 

magnitudes of ,ao obv v  are the same too. If the loads are 

not the same, the difference between the two DC-link 

voltages could be used as the error signal to regulate the 

magnitudes of ,ao obv v . The voltage balance scheme is 

depicted in Fig.4. 
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Fig.5. Phasorial diagram of the CHB rectifier when usi

ng the proposed voltage balance scheme  

 

To design the PI controller, suitable transfer functions are 

obtained through the linearization and simplification of 

equation (4) and (5).Considering only the dc components of 

the term 
1 2,s sd i d i  [7], equation becomes to: 

     1max max 1 1

12

s dc dcd i dV V
C

dt R
               (12) 

   
2 m a x m a x 2 2

22

s d c d cd i d V V
C

d t R
             (13) 

In order to get the transfer function between 

maxd and
dcV , the load current could be seen as 

disturbances and the ac side current is constant: 

          
max

max

( )

( ) 2

dc sV s i

d s Cs
                (14) 

Then the control block of the voltage balance loop is 

shown in Fig.6. The PI controller design could be carried 

out in s domain using root locus method. 
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Fig.6. Voltage balance loop block 
 

3. Simulation and Experimental Results 

 

The simulation is carried out in Matlab Simulink. The 

parameter of the cascaded H-bridge rectifier is in Table 1.  

 

Table 1. Parameters of the cascaded H-bridge rectifier 

 

Switching frequency 5kHz 

Filter inductance (L) 7.5mH 

Filter inductance resistor 0.2Ω 

DC-link capacitor 2350 uF 

DC-link load 150Ω 

Voltage source (rms) 220V 

DC-link voltage references 225V 

 

The steady state waveform is shown in Fig.7 and Fig.8. 

From Fig.7 we can see that the current is tracking the 

supply voltage very well and the DC-link voltages are well 
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regulated to the goal voltage. Note that there exist 100 Hz 

ripples in the DC-link voltage, so the DC-link voltage 

sample should firstly be processed by a low-pass or notch 

filter. Otherwise the current command would compose 

150Hz components. Fig.8 is the five-level voltage at the ac 

output of the converter.  

Fig.9 and Fig.10 are the transient waveform during the 

load step. At t=0.05s the load of the second cell jumps to 75

Ω. Fig.9 is the ac current and DC-link voltage waveforms. 

The transient is about 0.9s. The PI controller is a little slow 

because of the time delay of the modulator. The modulation 

signals are shown in Fig.10 , from which we can see that 

when the loads are equivalent the modulation signals of 

each cell are the same while they would have different 

magnitudes but same phase when the loads are different. 
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Fig.7. Steady waveform of current, ac voltage and DC-

link voltages 
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Fig.10. Modulation signals of each H-bridge cell. 

 

 

A two-cell CHBR prototype is built in laboratory. The 

parameters are shown as Table 2. The experiments include 

no-load and full-load operating. Figure.11 illustrates the 

load step process from no-load to full-load. The CHBR is in 

steady state before load steps. The DC-link voltages are 

both equal to the reference voltage (60V). Voltage 

vibrations are almost zero with no load. The steady state is 

broken when the load is increased suddenly. The two cell’s 

voltages also do not keep balance any more. However, the 

DC-link voltages are regulated to the reference value in 

some period by controller. During this transition, the grid 

current keeps well in phase with the grid voltage.  Unity 

power factor is achieved.  Fig.12 is shown the AC side 

voltage. Five-level waveform is got by phase shift 

technology. Notice that the vibrations of the DC-link 

voltages becomes larger when the load is increased, 

therefore it results little change of AC side voltage 
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compared to the one with no load.   Fig.13 demonstrates 

the transient of DC-link voltages balancing with the load is 

varied. It again verifies the efficiency of the proposed 

method.  

 

 

Table 2.  Electrical parameters of the system 

 

Switching frequency 5kHz 

Filter inductance (L) 7.5mH 

Filter inductance resistor 0.2Ω 

DC-link capacitor 2350 uF 

Voltage source (peak value) 100V 

DC-link voltage references 60V 

  

 

Fig.11. Measured waveform: grid voltage Us and curre

nt Is; DC-link voltagesUdc1and Udc2. 
 

 
Fig.12. Measured AC side voltage Uafe and grid current Is. 

 

Fig.13. Measured DC-link voltages Udc1, Udc2 and grid  

current Is. 

 

 

5. Conclusion 

 

Cascaded H-bridge rectifier can be used as the active 

front-end of high voltage and high power multilevel 

converters. Such structure can eliminate transformers in 

traditional converter. Therefore it brings significant 

advantages in volume, weight and cost.  To solve voltage 

balance problem of CHBR, the control strategy of the two-

cell CHB converter is presented in this paper. The classic 

control scheme of single phase PWM rectifier is adopted to 

regulate the sum of cells’ voltages and the grid current. The 

double-loop controller can guarantee unity power factor and 

DC voltage regulated to the reference value. Voltages 

balance achieves with the proposed method, which a PI 

controller is employed to deal with the voltage error 

between the measure value and the reference value and 

generate the regulated modulation index to eliminate the 

error. The good performance in both simulations and 

experiments proves the effectiveness of the proposed 

control scheme to manage power distributions on the CHB 

rectifier. 
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