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Abstract: A new parallel resonant soft-switching DC link inverter which can deal with the output power from thermo-

acoustic energy generation system is proposed. Auxiliary resonant unit is added to DC link to make DC bus voltage de-

creased to zero periodically, which realized all switches with zero voltage operation of in the inverter. The time of the du-

ration for the DC bus zero voltage has nothing to do with the load current. The same bridge arm in the inverter is not 

made instantaneous short circuit and controlled reliably. Random duration of zero voltage was obtained through the on-off 

instant control of the auxiliary switch. Various flexible pulse width modulation strategies can be applied in the soft-

switching inverter. The topology structure is put forward and the circuit working principle is analyzed in this paper. The 

equivalent different working modes are analyzed and the mathematical equations are given. The principle of parameter 

design is put forward according to the circuit structure. The experiment is carried out and through it the validity and cor-

rectness of the theoretical analysis is proved. 
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1. INTRODUCTION 

Inverter technology is one of the basic power electronic 
transformation technologies, which has been widely used in 
various occasions. For example, the variable frequency speed 
regulation for the AC motor, uninterrupted power supply, 
motor braking energy feedback, solar power, geother-
mal power, wind power [1]. Since Dr Divan has put forward 
parallel resonant soft-switching DC-link soft switching in-
verter, researchers have proposed several improved struc-
tures [2-14]. In the paper [12] the topology structure is pro-
posed that the large capacity electrolytic capacitor is in series 
in the DC bus. It make the neutral point potential be drifted 
in a lighter load condition. This will has effect the generation 
mechanism of DC link with zero voltage. The paper [13] 

proposed clamped resonant DC link inverter topology struc-
ture. The advantage is to reduce the resonance peak voltage 
and the defect is that the value still is higher than DC voltage 
to increase the voltage stress. In the paper [14] the topology 
structure is proposed is that the auxiliary switch device using 
is more, which makes the switch control complex and loss 
increase. According to the parallel resonant DC link inverter 
characteristics and overcome the above shortcomings. A new 
parallel resonant DC link inverter topology is proposed in 
this paper. The topology structure has the following charac-
teristics. (1) The large capacitance is not in the DC bus, 
which cannot cause the neutral potential changes. (2) Ran-
dom duration of zero voltage is obtained through the turning  
 
 

on instant control of one auxiliary switch. Various flexible 
pulse width modulation strategies could be applied in the 
soft-switching inverter. (3) The time of the duration for the 
DC bus zero voltage has nothing to do with the load current. 
The duration zero-voltage time has nothing with the resonant 
inductor setting current and depends only on the resonant 
component values. (4) The energy storage component is not 
in the DC bus, only one switch, making the loss smaller. (5) 
The same bridge arm in the inverter is not 
made instantaneous short circuit during the soft-switching 
and controlled reliably. 

The topology structure is put forward and the circuit 
working principle is analyzed in this paper. The equivalent 
different working modes are analyzed and the mathematical 
carried out and through it the validity and correctness of the 
equations are given. The principle of parameter design is put 
forward according to the circuit structure. The experiment is 
theoretical analysis is proved. 

2. THE CIRCUIT STRUCTURE AND WORKING 
PRINCIPLE 

2.1. The Circuit Structure Link Inverter Circuit and 
Equivalent Circuit Structure are Shown in Fig. (1 and 2), 
Respectively 

Auxiliary resonant circuit;  PWM inverter;  Per-
ceptual load; In order to simplify the analysis, make the fol-
lowing assumptions: 

All components in the circuit are ideal. 
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The resonant inductance Lr is far less than the load in-
ductance, the resonant cycle is very short. The load current 
can be equivalent to a constant current source in a resonant 
switching cycle. 

The DC power supply voltage is an ideal voltage 
source. 

The parallel capacitance can be equivalent to 

  
C

r
= 3C

s
 

The circuit structure is simple, and is composed of the 
DC power supply, the auxiliary circuit and the inverter cir-
cuit mainly. The auxiliary circuit includes the resonant in-
ductance Lr, the resonant capacitance Cr, Cr1, three switches 
S1, S2, S3 and the diode VD1, VD2, VD3. The voltage and 
current direction in figure are defined as the positive direc-
tion. 

2.2. The Working Principle 

Different working model of equivalent circuits are shown 
in Fig. (3). The designed circuit during a switching cycle is 
divided into seven working modes. The whole circuit wave-
forms are shown in Fig. (4). 

Mode 1 t0-t1: At t0 the switch S1 is in the conducting state. 
The switches S2 and S3 are turned off. The current and the 
energy through the switching S1 flow from the power voltage 
E to the load. The circuit is in a stable conducting state and 
the resonant circuit does not work. The inductor current Lr is 
zero and the capacitor voltage Cr Cr1 is E zero respective 
 

ly at t0. The duration time depends on the AC output voltage 
needed by PWM controlling of the inverter circuit waveform 
duration time.  

Mode 2 t1-t2: The switch S2 is added to the drive signal. 
The switch S2 is turned on with the zero current because of 
inductance Lr. The inductor current is increased linearly, and 
is Ia at t2. The aim of the desired current have enough energy 
to maintain Lr, Cr resonant circuit to finish resonance pro-
cess. The expressions 
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Mode 3 t2-t3: The switch S1 is turned off at t2. The switch 
S1 is turned off with zero voltage, because the capacitance Cr 
voltage is E. The switch S1 is turned off, at the meantime, the 
resonant circuit starts to resonate. In this process, the capaci-
tance Cr discharges. The capacitance Cr provides the current 
not only for the load but also the inductance. The inductor 
current is added to the maximum Im and the capacitor Cr 
voltage is zero at t3. The expressions 
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Fig. (1). Proposed three-phase parallel resonant DC link inverter.  

 

 

Fig. (2). Inverter equivalent circuit. 
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(a) Mode 1 

 

 

(b) Mode 2 

 

 

(c) Mode 3 

 

 

 

Fig. (3). Contd… 
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(d) Mode 4 

 

 

(e) Mode 5 

 

 

(f) Mode 6 

 

Fig. (3). Contd… 
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(g) Mode 7 

 

 

(h) Mode 8 

 

 

(i) Mode 9 

Fig. (3). Action mode circuit. 
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Fig. (4). Inverter waveform. 
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Mode 4 t3-t4: The diode VD3 is turned on with zero volt-
age because the switch S2 is not conducted. Then the induct-
ance Lr and the capacitance Cr1 begin in resonance. The ca-
pacitor Cr1 voltage is added to -E1 and the inductor current is 
reduced to zero at t4. The DC bus voltage is zero and the 
diode VDS is in the conduction. The current flows the load 
through the diode VDS. The expressions 
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Mode 5 t4-t5: The diode VD3 is turned off with zero cur-
rent because the inductor current is zero. The length of this 
period of time can set arbitrarily according to when the main 
switches of the inverter circuit need and at any time the 
switch S3 may be turned on. The period of time is  

Trandom.  

Mode 6 t5-t6: The switch S3 is added to the drive signal. 
The switch S3 is turned on with zero voltage because the 
diode VD3 is in the conduction. After the switch S3 is turned 
on, the inductance Lr and the capacitance Cr1 begin in reso-
nance. The capacitor Cr1 voltage reduces and the inductor 
current increases gradually. The inductance Lr and the switch 

S3 are formed discharge circuit. The inductor current is -Im at 
t6. The capacitor Cr1 voltage is zero. The load current flows 
through the diode VDS. Turn on the main switches of the 
inverter circuit with zero voltage in this process. The expres-
sions  
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Mode 7 t6-t7: The switch S3 is turned off with zero volt-
age. The diode VD2 is conducted and the inductance and the 
capacitance begin the resonance. The inductor current de-
creases and the capacitor Cr voltage increases gradually. The 
parts of inductor current supply for the load and the other 
parts are in resonance with the capacitance Cr. The inductor 
current is Ib and the capacitor Cr voltage is E at t7. The reso-
nance process is over. The expressions  
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Mode 8 t7-t8: The diode VD1 is turned on with zero volt-
age because of the DC bus voltage E at t7. The inductor cur-
rent supplies the power for the load and the rest of the cur-
rent feeds back to the power supply through the diode VD1 at 
the same time. The inductor current linearly decreases and is 
I0 at t8. The expressions 
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Mode 9 t8-t9: The switch S1 is turned on with zero voltage 
at t8. The power source and the inductance supply the power 
for the load together. The inductor current linearly decreases 
and is zero at t9. The whole process is over. The expressions 
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3. THE CONDITION AND CONTROLLING STATEGY 
OF THE SOFT SWITH IMPLEMENTATION 

3.1. The Condition the Soft Swith Implementation 

Based on the above work mode analysis, all the main 

switches of the inverter can be turned on with zero voltage. 

The set value of the inductor current is

  

I
a

>
E

Z
1

I
0

. Accord-

ing to the work mode analysis, if DC bus voltage can be E 

through the resonance, the resonant inductance should have 

enough pre-charge current and current peak value. In order 

to achieve the soft -switching in the whole process, the in-

ductance current set value the resonant current peak value, 

the load current value and the capacitance voltage value must 

be detected during the working process. The current  volt-

age and resonant circuit element parameters meet the above 

conditions. 

3.2. The Control Strategy  

The control system is made up of the auxiliary resonant 

controlling circuit and the main controlling circuit of the 

inverter. The work of the resonant circuit is to provide the 

condition for the switches of the inverter which is turned on  

 

and turned off with zero voltage. When the switch VTs need 

to change the status, it need lag for a while to switch. This is 

dead zone time for the hard switching inverter. This is less 

than the time of the DC bus zero voltage. When the switch S1 

is in normal conduction, the switches VTs of the inverter are 

not in the action state. Before the switch S1 is turned off, the 

switch S2 is turned on. The resonant inductance current value 

is detected and the set value is made. What to do can ensure 

the resonant inductance have enough energy to complete all 

the resonant process. Turn off the switch S1 and detect the 

DC link voltage. When the DC link voltage value is zero, the 

switch S3 will be turned on and the switches in the inverter 

begin to act. Before the switch S3 be turned on, there is peri-

od of random time Trandom. The turning-on the switch S3 

is controlled automatically at the moment the inverter needs 

to act. Random duration of zero voltage is obtained through 

the turning on instant control of one auxiliary switch. Ran-

dom duration of zero voltage is chosen by in the soft-

switching inverter controlled strategies. Various flexible 

pulse width modulation strategies could be applied in the 

soft-switching inverter. After the inverter completed the 

switches work and the DC link voltages naturally be changed 

the DC supply voltage. The DC link voltage is detected. 

When the DC link voltage value fall to zero and rise to E, it 

is equal to the power voltage and the switch S1 is turned on 

with zero voltage. According to mode 4 mode 5 and mode 6, 

the time of the DC bus zero voltage can be calculated. 
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4. THE EXPERIMENTAL RESULTS AND ANALYSIS 

In order to verify the effectiveness of the proposed circuit 
theory analysis, the hardware circuit structure is built and the 
experiment has been carried on. the working parameters as 
follows: the switching frequency 10KHZ, Lr 70uH, Cs33nF, 
Cr191nF, E300V.The measured experiment waveform is 
shown in Figs. (5-13). It can be seen that the DC bus voltage 
drop to zero, then back up to E and the zero voltage grooves 
is formed. The resonant capacitor Cr is the DC bus voltage. 
When the resonance capacitance Cr voltage is zero in the 
resonance process, all the switches in the inverter bridge can 
be realized easily to switch with zero voltage. At this mo-
ment the current of the resonant inductance Lr is the  

  

 

Fig. (5). Resonant inductance Lr current waveform. 
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Fig. (6). Capacitor Cr voltage waveform. 

 

 

Fig. (7). Terminal voltage and the current waveform when the switch S1 is turned on and turned off in the hard switching condition. 

 

 

Fig. (8). Terminal voltage waveform when the switch S1 is turned on in the soft switching condition. 

 

 

Fig. (9). Terminal voltage waveform when the switch S1 is turned on in the soft switching condition. 
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Fig. (10). Terminal voltage waveform when the switch S1 is turned off in the soft switching condition. 

 

 

Fig. (11). Current when the switch S1 is turned off in the soft switching condition. 

 

 

Fig. (12). Phase A current waveform is in the soft switching. 

 

maximum Im, the length of the period with zero voltage 
switching can be controlled by the resonant parameters Lr

Cr1. After the process for three switches in the inverter bridge 
with zero voltage is finished, the current maximum of the 
resonant inductance is -Im. With the resonance, the voltage 
value of the resonant capacitor Cr is E. The rest inductance 
current through the diode flow back to the power voltage in  
 

Fig. (5, 6). The whole process is over. It can be seen from 
the Fig. (7) that under the hard switch condition, when the 
switch S1 is turned and off, the change rate of the voltage and 
the current are very obvious, the peak and the oscillation 
emerge, and the big loss is made in the switch process. It can 
be seen from the Fig. (8, 9) that due to the effect of reso-
nance capacitance Cr, the switch S1 is turned on with the zero  
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voltage and the rate change of the voltage is very weakly. It 
can be seen from the Fig. (10, 11) that due to the effect of 
resonance capacitance Cr, the switch S1 is turned off with 
the zero voltage, the rate change of the current is very weak-
ly. Compared with the hard switching condition, the switch-
ing loss is very small and the designed circuit is rational. The 
output phase A current waveform is smooth and has no oscil-
lation phenomenon. The output power quality is stable, as 
shown in Fig. (12). The parallel resonant DC link inverter 
efficiency in the hard switching and soft switching condi-
tions was tested respectively, as shown in Fig. (13), in the 
article. It can be seen that the efficiency under the condition 
of soft switch inverter is obvious higher than that of hard 
switching condition. 

CONCLUSION 

A new parallel resonant DC link soft switch inverter is 
put forward in this paper. The following conclusions are 
come to from the experiment. (1) The DC bus voltage can 
fall to the zero through the auxiliary resonant circuit periodi-
cally and the sustained maximum voltage is E. Which over-
come the problem of the resonant capacitance instantaneous 
withstand the peak voltage higher than the dc power supply 
voltage when the bus voltage from zero rises. (2) The invert-
er output phase current sine wave is smooth without distor-
tion. (3) Compared with hard switch inverter, efficiency is 
greatly enhanced. (4) The soft switching inverter is suitable 
for medium and small power field. Through the above prove 
is that the result of the experiment is good consistency with 
the theoretical analysis. 
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