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Low Frequency Multi-Level Switching Strategy Based  
on Phase-Shift Control Methods 
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Abstract – In this paper, we propose an electric circuit using one common-arm of H-Bridge 

inverters to reduce the number of switching components in the multi-level inverter combined 

with H-Bridge inverters and transformers. And furthermore, we suggested a new multi-level 

PWM inverter using PWM level to reduce THD (Total Harmonic Distortion). We use a 

phase-shift switching method that has the same rate of usage at each transformer. Also, we 

test the proposed prototype 9-level inverter to clarify the proposed electric circuit and 

reasonableness of the control signal for the proposed multi-level PWM inverter.  
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1. Introduction 

 

 Recently reduction of total harmonic distortion in an 

inverter has been researched using a multi-level inverter 

[1]-[11]. In proportion to the increase of output voltage 

level of the multi-level inverter, the number of switching 

elements was increased. However, because it has less 

harmonic distortion and smaller /dt dv , it is widely 

applied to industrial applications instead of the existing 

PWM (pulse width modulation) inverter. An isolated multi-

level inverter using a common-arm is proposed to replace 

HBML (H-Bridge multi-level) that needs a number of 

independent power supplies and switching components [12]. 

The isolated multi-level inverter of H-Bridge inverter and 

transformer combined reduces the number of the switching 

components less than a non-isolated inverter. But, when the 

same transformer of the non-isolated inverter is used, the 

switching frequency is increased [13]-[14]. 

In this paper, a novel phase-shift control method is 

proposed to reduce the switching frequency of the 

common-arm type isolated multi-level inverter using the 

same transformers. The proposed switching method keeps 

up the same switching frequency using step pulse wave 

method so that each arm of the inverter generates only one 

switch per base frequency. To evaluate the proposed 

switching method, we simulate the each switching pattern  

of the multi-level inverter using the same existing 

transformer and a novel phase-shift control method. And we 

make and test isolated 3kW prototype multi-level inverter 

using the common-arm. 

 

 

2. Multi-level inverter using transformer 

 

2.1 Isolated multi-level inverter using an existing  

common-arm 

 

Fig. 1(a) shows the isolated multi-level inverter of H-

bridge circuits and transformer combined. In Fig. 1(a), the 

primary coil of the transformer parallels with the power 

voltage and the secondary coil is serial with it [5]. Each H-

bridge inverter generates dc-link voltage of positive, 

negative, and zero according to the switching function. And 

the end output voltage 
OV  is the sum of output voltage of 

each H-bridge that is connected to the serial. In Fig. 1(b), 

output of each H-bridge inverter in the isolated HBML 

inverter using transformer is determined by the command 

voltage polar. In the case of H-bridge that is in charge of the 

voltage level, the inverted polar is not generated in the same 

command voltage polar domain. The arm signal that 

determines the polar is classified in the inverter to have this 

condition. If the signal determining the polar is the same 

and the same DC-link voltage is used, the arm of each H-

bridge can be shared. Therefore, Fig. 1(b) shares the arm of 

each H-bridge in Fig. 1(a). So we can reduce the number of 

components on one side of the H-bridge arm that is in 

charge of the polar of voltage [7]-[8]. 
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(a) Transformer type HBML inverter. 
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(b) The improved HBML inverter using the common-arm 

 

Fig. 1. Configuration of 9-level HBML inverter using 

      transformers. 

 

2.2 Multi-level switching signal for utilization coefficient  

of existing same transformer 

 

Fig. 2(a) shows switching periods of voltage and voltage 

level section is permitted to each transformer to positive 

command voltage. 

When we use the same transformer, the switching pattern 

based on the switching function using the step pulse wave 

method generates switching function subdivided so as to 

have the same voltage integral that is permitted to each 

transformer. The switching method to have the same 

utilization coefficient is many, but the base method is the 

same. Fig. 2(b) shows the switching periods of each level. 

The period 
mT  that is permitted to each level is divided by 

the number of inverter N . It is the subdivided period. 

m
nm

T
T

N
                                    (1) 

 

In each level N  is permitted to the periods 
nmT , to 

make the same width of the permitted voltage, switching 

interval in each level is divided by the number of 

transformer to make the N unit of the positive voltage. It is 

switched alternately. When the proposed method is used, 

the maximum magnetic flux of each transformer is the same. 

The switching method in Fig. 2 has the disadvantage that 

the switching frequency is increased to the same capacity of 

each transformer. 
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(a) Switching pattern. 
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(b) Switching period to voltage level period. 

 

Fig. 2. The switching function of HBML inverter using 

 the same rating transformers.  

 

2.3 A novel switching signal using phase shift control 

 methods 

 

Fig. 3 shows the switching signal of HBML inverter 

using phase shift control methods that has 4 transformers. 

The switching signal of each inverter determines the 

sequence of inverters turned off according to the sequence 

of inverters turned on. The proposed switching method 

reduces the switching frequency in a common-arm type 

isolated multi-level inverter using the same transformer can 

keep up the same switching frequency using step pulse 

wave method that adapts phase shift control method. 

Fig. 3 shows the basic concept to generate switching 

frequency that determines dwell angle of each inverter 

using phase shift control method in a multi-level inverter. 
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The intersection point of the voltage of each level and the 

sinusoidal command voltage is the same with the existing 

multi-level inverter. 
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If the intersection point n  that satisfies (2) exists, the 

dwell angle of inverter is determined by the following 

equation. 
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where
0 0  . 

 

If (2) is not satisfied, dwell angle of n -th inverter is 

determined by the following equation. 
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The angle of extinction is determined by the following 

equation. 

 

180n N n                              (5) 

where N = the total number of level voltage. 

 

 
Fig. 3. Multi-level switching strategy based on phase-shift 

control. 

 

3. Simulation and test result 

 

To evaluate the switching pattern of the proposed multi-

level inverter, the transformer combination and switching 

frequency permitted to each transformer module is 

confirmed by simulation through specification in Table 1. 

To use the same transformer, the switching frequency is 

simulated to confirm utilization coefficient of the same 

transformer based on 1:1:1:1 transformer. And PWM 9-

level inverter of 1 transformer to PWM and 1:1:1 multi-

level inverter combined is tested. 

Fig. (4) shows the output voltage and command voltage 

of PWM hybrid 9-level inverter that has exclusive PWM 

module and output wave of each transformer. The voltage 

level of 9-level inverter can be increased to a maximum 15-

level using 1 transformer that is an exclusive PWM module.  

The switching frequency of each transformer module, in 

case of 9-level inverter, is constant.  

 

Table 1. Parameters of the Experimental Setup 

Specification Condition 

Output voltage 220 [V] 

Input voltage 55 [V] 

Power 3 [kW] 

Load capability 3 [kVA] 

Load efficiency 80 [%] 

 

 
Fig. 4. The simulation output voltage & wave form of each 

transformer of 9-level PWM inverter (the same 

utilization coefficient of transformer). 
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The switching frequency of 
2INV  transformer module 

is higher than that of 
3INV and

4INV Therefore, to solve 

this problem, the module having the higher switching 

frequency is changed in each period. Fig. (5) show 9-level 

multi-level inverter using phase-shift control method and 

hybrid PWM 9-level inverter that reduces the switching 

frequency in the existing same transformer. 
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Fig. 5. The simulation output voltage & wave form of each 

transformer of 9-level PWM inverter (phase shift 

control method). 

 

Fig. 6(a) shows the controller part to control the output 

of multi-level inverter and the power stack part that 

supplies power to the transformer. The process to control 

the multi-level inverter is DSP (TMS320F2812) in Fig. 6(b) 

and the sampling frequency is 15[kHz] using A/D 

interrupter of timer 1 overflow method. The analog circuit 

is constructed to detect input and output voltage and current 

of multi-level inverter using op-amp TL084. And A/D 

converter of the DSP detects the voltage and the current. 

On-off signal of each switching component is controlled by 

10 PWM terminal of the DSP. To prevent arm short, the 

dead time is set by 5 [S]. Fig. 6(c) shows the power stack 

part of the multi-level inverter and the gate amp to supply 

the controlled signal. 

Fig. 7 displays the phase switch signal of each arm, 

switch signal of common-arm and the command value of 

output voltage in 9-level inverter having 4 transformers 

using phase shift control method when the modulation 

index is 1. 

 

Controller part Controller Board

Microprocessor

(TMS320F2812)

     
(a) Control part         (b) Microprocessor part 

 

Power Module
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(c) Power stack part. 

Fig. 6. The control part composition. 

 

The switching frequency is the same to the step pulse 

wave method that switches 1 per base frequency. And the 

switching signal of the common-arm generates the phase 

switching signal that is the same with the existing switching 

signal according to the polar of the command voltage. 

Therefore, for half period of positive signal, the switching 

pattern in the switching frequency of each H-bridge module 

is reduced by using the proposed phase shift control method. 
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Fig. 7. Common-arm & each switching signal. 

 

In order to analysis the characteristic the common-arm, 
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Fig. 8 shows the output wave of each arm and the 

difference between wave of the common-arm and wave of 

another arm. When we use the phase shift control method, 

the multi-level characteristic to generate the output voltage 

is the same as the existing switching pattern to generate 

multi-level. And, according to the polar of the common-arm, 

the polar of the output voltage is the same. Fig. 8 shows 

each wave of the multi-level inverters that are serially 

connected. And the polar of the output voltage is the same 

according to the polar of the common-arm. 

Fig. 9 shows each wave of the multi-level inverter that is 

serially connected when gate signal of each inverter is 

permitted. 
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Fig. 8. The output of each arm. 

 

INV2

+

INV3

+ 

INV4

INV3

+ 

INV4

VO

INV4

 
Fig. 9. Each wave form of multi-level inverter. 
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Fig. 10. The output voltage & FFT analysis. 

The most below wave in Fig. 9 is the output voltage of 1 

transformer, and the above waves are the output wave of 2, 

3, and 4 serial transformer. The output voltage has 15 levels. 

Fig. 10 shows the output voltage and the harmonic 

distortion analysis of the output voltage. 

 

 

4. Conclusion 

 

In this research, a common-arm of each inverter is used 

for reducing the switching components of a multi-level 

inverter of H-bridge inverter and transformer combined. 

The capacity of the transformers that generate the level is 

equalized using the switching method that makes the same 

coefficient utilization of the transformer connected to each 

inverter. 

To use the same transformer, the switching frequency of 

the switching pattern that controls the sum of integral for 

each level increases. So the proposed phase-shift control 

method keeps the switching frequency up and it is the same 

frequency of the step pulse wave method that switches once 

per base frequency. 

To evaluate the proposed switching pattern using the 

phase-shift control, simulation results are presented. And 

the experimental system was set up using a prototype of 9-

level inverter. 
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