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Abstract: This paper presents a programmable hybrid controller for DC-DC resonant converter which provides excellent 

load voltage regulation when input voltage from renewable sources is reduced. The proposed control also gives enhanced 

converter efficiency and soft switching of all the switches from rated load to very light load. In the proposed hybrid 

control, duty cycle, switching frequency and phase shift between active bridges are simultaneously varied in order to 

maintain constant DC bus voltage and maintain zero voltage switching (ZVS) with respect to reduced input voltages from 

renewable sources as well as over a wide load range. The third control variable i.e. phase shift between two active bridges 

regulates output voltage when input from renewable sources is reduced. The experimental and simulation results of the 

programmable hybrid control for resonant converter operating at 3kW with 100 kHz switching frequency are presented 

for input voltage range of 220V-180V to validate the functionality of the proposed control. 

Keywords – switching frequency, DC-DC converter with active bridges, phase shift control, duty cycle, zero voltage 

switching (ZVS) 

  

I. INTRODUCTION 

Globally electrical energy consumption is rising day-by-day consequently imposes the condition to produce 

increased power efficiently. With ever-increasing concerns on energy crisis, the researchers are more inclined 

towards development of renewable energy resources (RERs). The review of literature presented here is organized 

sequentially in the areas of RERs, Power electronics and control using dual active bridge (DAB) converter.  

The review of wind power, photovoltaic (PV) and their maximum-power-point tracking (MPPT) to efficiently 

harness the available renewable energy was reported in [1]-[3]. The above systems have higher reliability, lower 

complexity, cost and lesser mechanical stress on wind generators. Similarly, an overview of the structures for the 

distributed power generation systems (DPGS) based on fuel cell, PV, wind power connected to the utility network 

was presented in [4]. The above structures met with latest set standards regarding power quality, safe running, and 

islanding protection. In the present day power-system scenario, where the intermittent energy source constitutes an 

integral part, power electronics plays a vital role for better energy yield. A review of new trends in power converters 

used for the integration of RERs with/without storage-system technology was presented in [5]. The review was 

based on reliability and maturity in technology. The other aspect is that RERs produce low output voltage. Hence in 

a sustainable energy system the use of high gain DC-DC converters become essential to build up the voltage. A 

significant limitation of conventional DC-DC boost converters required a high duty ratio to provide enhanced gain. 

Further it resulted in problems like electromagnetic interference (EMI), reverse-recovery, low efficiency [6].  

The DC-DC Resonant converters were popularly employed to resort upon above technical hitches. Those converters 

had soft switching, high switching frequency capability with reduced components size for desired voltage gain. The 

comparison of various control techniques for resonant converters was discussed in [7]-[13]. Most of the control 

approaches were based on switching frequency, duty cycle , phase shift and variable inductor control etc. But each 

control has its own limitation and complexity. 

In the past two decades the extensive work was reported by the researchers in the area of converter control to reduce 

switching/conduction losses; improved efficiency, voltage regulation under varying load conditions [14]. The 

research included remarkable contributions such as [15]-[17]. In [15] proposed a new transformer-less inverter 

structure to increase efficiency by eliminating leakage currents, with the aid of „Lyapunov Stability Theorem‟. In 

[16] presented an observer-based control scheme to estimate input voltage and resistive load. The control scheme 

showed outstanding performance. The various measures to overcome the limitations of earlier methods through a 

new two-stage DC–AC symmetric multi-level inverter with modified Model Predictive Control (MMPC) for (PV) 

applications are discussed in [17].  

The prominent attribute of all the above approaches was their applicability for unidirectional power flow control. 

However, due to inherent variable nature of RERs, there exists a mismatch between generation and load. In order to 
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overcome this mismatch, energy storage is an imperative need of the system. The system demands for a bidirectional 

power flow interface between the storage system and the local grid. Wherein storage system acts as energy reservoir 

and maintains the balance between demand and supply.   The dual active bridge (DAB) had soft-switching, step-up 

and step- down operation, simple structure, highly efficient and bidirectional power flow competency [18]. Hence 

the (DAB) became best suitable proposition to address the above issues. For a traditional DAB converter with 

phase-shift modulation [19], the ZVS range was limited by the voltage conversion ratio and load conditions [20]. 

Reference [21]-[30] introduced duty-cycle modulation in one side of a DAB converter to extend the ZVS range and 

reduce the transformer RMS current.  

However, all the above methods for DAB converters seems to deal with improved converter performance either over 

a wide range of  input voltage or centering on the enhanced enactment under varying loads. However, there is dearth 

of studies focusing on objective function of the voltage regulation with respect to varying input voltage and load 

simultaneously. So, there is an acute need to develop a controller which justifies its suitability for the environment 

where both load and input voltage variations are prevalent. The proposed controller is a perfect blend of three 

control variables viz. switching frequency, duty ratio and phase shift between two active bridges to regulate output 

DC grid voltage with respect to load and input voltage variations.  

A two-port Modified series parallel resonant converter is presented with the following attributes: 

1) The converter gives satisfactory performance when supply voltage from renewable energy sources is reduced and 

also from full load to very light loads. 

2) Voltage gain increased by controlling the phase-shift of input and output active bridges when voltage from 

installed renewable energy sources is reduced.  

3) The technique is tested on Modified series parallel resonant higher order tank which has features of both 

series/parallel topologies. 

4) Improved converter efficiency due to soft-switching of all switches. 

5) Centralized computational control of voltage regulation by using digital signal processor with switching 

frequency, duty ratio as well as phase shift between the square wave voltages as control variables. 

The converter is analyzed under steady state as presented in the following sections. A control technique for load 

voltage regulation with respect to load as well as with reduced input voltage of the source is proposed in Section 2, 

along with a mathematical modeling of programmable control. Simulations as well as experimental results are 

presented in Section 3 and paper is concluded in section 4. 

 

II. PROPOSED ALGORITHM MATHEMATICAL MODELING OF PROGRAMMABLE CONTROL 

A control approach for DC output voltage regulation with respect to load and with respect to changing input voltage 

is proposed. Three control variables fs, d, and ϕ 12 are considered. The phase shift, ϕ 12 is the phase shift between 

the square wave voltages of the active bridges on input port and output port. Two control variables fs and d are used 

to regulate output with respect to load, keeping phase shift constant. The control variable ϕ 12 is used to regulate 

output voltage with respect to input voltage, keeping switching frequency and duty cycle fixed. The phase shift, ϕ 12 

is considered positive if vAB leads vA‟B‟ and power flows from source to load. 

 

2.1 Proposed hybrid control  

In conventional switching frequency control, switching frequency is varied to control output voltage whereas in duty 

cycle control output voltage is maintained by changing duty ratio. The resonant frequency of the Modified series 

parallel resonant tank circuit shown in fig. 1(a), ω0 can be expressed using (1) as discussed in [31]-[33]. The circuit 

model of this tank is shown in fig. 1(b). 
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Figure 1(a): Full active bridge higher order resonant tank           Figure 1(b): Circuit model of full active bridge tank 
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The proposed controller exhibits control during two distinct conditions: one, when load is reduced and the other, 

when input voltage from renewable source is reduced. 

 

2.1.1  When load is reduced  

On light loads, output terminal voltage tends to increase and hence decrease in voltage gain is required to regulate 

output voltage. During this condition proposed controller simultaneously adjusts duty ratio and frequency both, 

keeping phase shift fixed in order to maintain desired output voltage. This will regulate output voltage with less 

variation in frequency and duty cycle. The steady state performance is analyzed assuming sinusoidal resonant 

currents and voltages. If duty ratio for all the switches is d, then input voltage applied to resonant tank network, 

vAB(t) that circulates current  iL(t) in the tank circuit is can be estimated using (2) [34]-[35]. 
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The phase angle of voltage vAB(t), ψ can be expressed in terms of duty ratio, d and is estimated using (3). Equation 

(4) determines the overall converter voltage gain in terms of frequency and duty cycle.  

  

]
)2cos(1

)2sin(
[tan)( 1

d

d
df







 

                                                                   (3) 

)sin(2cos1
2

1
0 d

Z

Z
Kd

Zn

Z

V

V
M

in

p

in

p

in






                                             (4) 

Where,  

Rk
R

R L
L

ac
'

2

'8


  

n
K

22
1 

 

)( jRC

Rj
Z

acps

ac
p







                                                                                (5)  

)(
1

1
C

j
LjZ

s
ss


 

                                                                                (6) 

 
)1( 22

2

2






LC

Lj
Z

s

s
pp





                                                                                  (7) 

ZZZZ ppspin 
                                                                                (8) 

The Rac is equivalent ac resistance of load, rectifier and filter. The total impedance of the resonant tank Zin which is 

function of switching frequency ωs, can be expressed as follows: The phase angle of impedance, ϕ  is also the 

function of switching frequency, ωs and expressed using (9). 
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Using developed algorithm, renewed switching frequency, fS‟ and renewed duty cycle d‟ according to change in the 

output voltage are computed using (11)-(12). If VO and VOref  are actual output voltage and reference output 

voltage respectively, then the actuating  control voltage, vC can be calculated using (10),  The k‟ is proportionality 

constant to step down voltage. 

 '

C o Orefv k V V 
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The instantaneous value of resonant current, iL1 flowing through the resonant network is  
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For ZVS operation, the resonant inductor current iL1(t) must lag the square wave voltage vAB(t)  and  angle δ must 

be positive.                                        
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The various angles δ, ϕ  and ψ are plotted against control voltage, vC and depicted in Fig.2. The angle δ is greater 

than zero over a wide range during proposed approach and ZVS is ensured if renewed frequency, fS‟ and renewed 

duty cycle d‟ are kept within limits. 

 
Figure 2:  Variation in various angles with vC 

 

2.1.2  When input voltage from renewable sources reduced  

When input voltage is reduced then converter output voltage tends to be reduced. Therefore, increase in converter 

gain is required in order to get required output DC bus voltage. Under this condition, third control variable ϕ 12 is 

introduced to regulate output with respect to decrease in input voltage from renewable energy sources. The angle 

ϕ 12 is the shift in phase between the square wave outputs of the two active bridges on input port and output port. 

The phase shift, ϕ 12 is considered positive if vA‟B‟ lags vAB. It is stated that the voltage gain of a two active port 

converter with load side active bridge is greater than that with load side diode rectifier bridge. This is because of the 

fact that the phase shift between two ports of converter can reach a maximum angle of 90º. Also the output has a 

wider range due to additional control variable ϕ 12 [30]. If the load resistance is RL , transformer turns ratio is n12 

and load current is Io, then output voltage Vo = IoRL can be expressed in terms of phase shift, ϕ 12 by using (16),  
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The angle of phase shift, ϕ 12 is set to be positive to have power flow from port 1 to port 2. Fig. 3 shows that 

converter gain and hence output voltage increases with increase in phase shift between active bridges. The condition 

for soft switching in the active bridges states that, if port 1 current, iL1 lags its applied square wave voltage, vAB 

then all switches in port 1 bridge operate at zero-voltage switching. However in bridge 2, the condition for ZVS 

changes to leading current i.e. if port 2 current, iout leads its applied square wave voltage, vA‟B‟ then all switches in 



International Journal of Engineering, Applied and Management Sciences Paradigms (IJEAM) 

Special Issue ICRMR-2019 (Goa University, Goa) 155 ISSN 2320-6608 

port 2 bridge operate at zero-voltage switching. The phase shift does not depend on the load [30]. All the pulses 

during phase shift control operate at YSmin and at 50% duty ratio.  

The proposed algorithm estimates appropriate switching frequency, duty ratio and phase shift for regulating output 

voltage with respect to load and input voltage using digital controller DSP TMS320F28335, as shown in Fig. 4.  

 
Figure 3: Variation of per unit output voltage with phase shift 

 

III.  EXPERIMENTAL AND SIMULATION RESULTS 

The programmable control is tested using for a 3 kW, 220/400V Modified series parallel resonant converter 

prototype with a switching frequency of 106 kHz. L1=51.35µH , C1 = 54.32��, L2 = 513.5µH , C2 = 543.2��, 

CP‟ =n2CP =1.643�� and n = 0.55. Fig.6-Fig.8 illustrate the important experimental results when converter was 

operated from rated load to 5% rated load. Fig.9-16 show the key experimental waveforms when converter operated 

with reduced input voltage from 220V to 180V. Fig. 6 shows voltage input to the resonant tank, vAB and resonant 

inductor current, iL1 at 3kW; when operating frequency is at 106 kHz and d=0.48. The current, iL1 is lagging 

voltage, vAB which ensures ZVS of switch SW1. Fig. 7 shows switch voltage and current of SW1. Fig.8 illustrates 

voltage input to the resonant tank, vAB and tank current, iL1 at 5% rated load; when operating at 161 kHz and 

d=0.27. During this operation, phase shift, Φ12 is set to be 20º. Table 2 reveals that the voltage regulation is 

achieved with 161 kHz frequency at 5% rated load whereas it was 398 kHz during switching frequency control. This 

frequency reduction drastically reduces the switching losses, and improves the conversion efficiency.  

 

 

 
Figure 4: Proposed control algorithm 
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Table 3: Variation of phase shift w.r.t. input voltage 

Vin 

(Volt) 

Φ12(degree) 

fs=106kHz, 

D=0.48 

IL1(Amp) Iout(Amp) Vo(Volt) Io(Amp) 

220 20 21.46 11.7 400 7.5 

200 25 23.91 13.03 400 7.5 

180 30 29.86 16.27 400 7.5 

Table 3 shows that by increasing phase shift from 20º to 50º, converter gain can be increased in order to maintain 

output voltage when input voltage is reduced from 220V to 110V in case of modified series parallel resonant 

converter. The port 1 uses a DC source with 220V, to emulate a renewable energy source. All the pulses during 

phase shift control are at 50%. It is observed from the waveforms that the tank current IL1 lags its applied voltages, 

vAB(t) and current Iout leads voltages, vA‟B‟(t), hence ZVS occurs in all switches of port1 and port2. All 

operational waveforms during experimentation are shown in Fig. 9-16 for reduced input voltage. Fig. 9-10 show that 

port 1 tank current lags port 1 voltage vAB and port 2 tank current leads port 2 voltage vA‟B‟ at rated load at 

Vin=220V. It means all the switches are operating at ZVS. Fig. 11 shows that output voltage is maintained at 400V. 

Similarly, Fig. 12-13 show that port 1 tank current lags port 1 voltage vAB and port 2 tank current leads port 2 

voltage vA‟B‟ at Vin=180V. It means all the switches are operating at ZVS. Fig. 14 shows that output voltage is 

maintained at 400V during reduced input voltage. 

 

 
Figur 6:Applied port 1voltage vAB and tank current at rated load 

 
Figure 7: Switch voltage and current at rated load (100V/div,10A/ div.) 

 
Figure 8:  Applied port 1voltage vAB and resonant tank current at 5% rated load (100V/division, 5A/division, 

2.5μs/division) 

 
Figure 9:  Applied port 1voltage vAB and port 1 tank current at rated load at Vin=220V Figure 10:  Applied port 2 

voltage vA‟B‟ and port 2 current at rated load with Vin=220V  (200V/ division, 10A/ division, 5μs/ division) 
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Figure 11:  Applied port 1 voltage vAB and applied port 2 voltage vA‟B‟ at rated load with Vin=220V Figure 12:  

Port 2 output voltage VO and port 1 applied voltage Vin and output dc current at rated load (200V/ division, 10A/ 

division, 5μs/ division) 

 
Figure 13:  Applied port 1voltage vAB and port 1 tank current at rated load at Vin=180V Figure  14:  Applied port 2 

voltage vA‟B‟ and port 2 current at rated load at Vin=180V. (200V/ division, 10A/ division, 5μs/ division) 

 
 

Figure 15:  Applied port 1 voltage vAB and applied port 2 voltage vA‟B‟ at rated load with Vin=180V Figure 16:  

Port 2 output voltage VO and port 1 applied voltage Vin and output dc current at rated load (200V/ division, 10A/ 

division, 5μs/ division) 

 

IV. CONCLUSION 

In this paper, programmable hybrid controller using three control variables for modified series parallel resonant tank 

converter is proposed to interface renewable sources to DC bus in a micro grid. This controller provides excellent 

performance in terms of ZVS, improved efficiency, voltage regulation with respect to reduced input voltage from 

renewable sources at full load. The analysis and experimental results show that the proposed programmable 

controller has a capability to provide voltage regulation with reduced input voltage from sources and also at light 

loads. In this controller switching frequency and duty ratio are simultaneously varied for voltage regulation with 

respect to change in load. The proposed control can also regulate/maintain constant DC bus voltage by changing 

phase shift between two active bridges when input voltage is reduced. It is observed from the figures that tank 

current lags behind its applied voltage in port 1 and tank current leads its applied voltage in port 2. Therefore, ZVS 

occurs in all the switches of port 1 as well as of port 2. Experimental results verify the functionality of proposed 

controller. 
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