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Abstract  

In this paper, a bidirectional dc–dc converter is proposed for 

the automotive engine/battery hybrid power generators. The 

two-stage bidirectional converter employing a fixed-frequency 

series loaded resonant converter is designed to be capable of 

operating under zero-current-switching turn-on and turn-off 

regardless of voltage and load variation, and hence its 

magnetic components and EMI filters can be optimized. Also, 

a new autonomous and seamless bidirectional voltage control 

method that combines two individual controllers for low-

voltage side control and high voltage side control by 

introducing a variable current limiter is proposed to provide 

uninterrupted power to critical ac loads and reduce the size of 

the dc bus capacitor and the transition time.  

  

  

1. Introduction  

STANDBY or emergency generators are often used as backup 

power supplies for buildings, industrial facilities, and power 

plants in the event of a loss of utility power [1].In addition, 

remote power generation for military, industrial ,and personal 

use requires a reliable, compact, and a lightweight power 

generation system. The diesel generation system has been used 

as backup power supplies or remote power generators 

[2].Since the engine generator may not be able to respond to 

sudden load changes, energy storage devices should be used 

along with the engine generator to level out the erratic changes 

in power balance between the generation and load 

consumption [3], [4].Energy storage device is used along with 

a bidirectional dc–dc converter (BDC) in order to match the 

voltage level and/or achieve efficient charging and discharging 

operation [5].Fig. 1 shows an automotive engine/battery hybrid 

power generation system. The BDC is located between the 

high-voltage dc bus and the low-voltage battery which is also 

connected to the dc loads such as antilock brakes, electric 

power steering, heated seats, electronic ignition, and HVAC in 

the vehicle. The dc–ac inverter converts the dc power to ac 

power to supply the critical ac load in the vehicle such as 

broad  casting equipment  of outside broadcast van 

and communications equipment of tactical vehicle. The ac–dc 

converter converts the ac power from the engine generator to 

the dc power, regulating the high-voltage dc bus [6].If the 

engine generator is capable of supplying the total demanded 

power of ac and dc loads, the ac–dc converter will be able to 

regulate the high-voltage dc bus, and the BDC will deliver the 

power from the engine generator to the low-voltage side. If the 

engine generator is shut down or the total demanded power of 

the ac and dc loads is greater than the maximum power of the 

engine generator, high side bus voltage will drop off to a 

voltage depending on the capacitances of the dc bus capacitor. 

 

 

 

 

 

Then, the BDC is required to take over the regulation duty of 

the high-voltage dc bus by changing over from VL control 

(battery charging) to VH control (battery discharging) so that it 

should be able to deliver power from the battery to the ac load. 

Therefore, in order to provide uninterrupted power to the 

critical ac loads and reduce the size and cost of the dc bus 

capacitor, the transition from VL control to VH control of the 

BDC should be seamless and as short as possible. This is a 

crucial performance of the BDC, especially, in the automotive 

application where electrolytic capacitors cannot be used due to 

limited lifespan and bulky nature . A seamless changeover of 

the control target from VL control to VH control or vice versa 

has not been discussed so far. The BDC should provide a 

galvanic isolation and a high step up/down voltage conversion 

ratio in the application where the low-voltage battery is used. 

Typical topology candidates with these C requirements include 

half-bridge, full-bridge, and push-pull pulse width modulation 

(PWM) converters], ,dual active bridge (DAB) converters  and 

two-stage converters[7-11] .The PWM converters usually 

necessitate passive or active clamping on the low-voltage side 

to clamp the surge voltage generated by the leakage inductance 

of the transformer. The active clamping technique makes the 

converter not only clamp the surge voltage, but achieve zero-

voltage switching (ZVS) turn-on of all the switches. A 

drawback of the active clamped PWM converter is high turn-

off switching losses . The DAB has a modular and symmetric 

structure and can achieve ZVS turn-on without auxiliary 

components. However, the DAB has limited ZVS range and 

high-circulating currents for applications requiring wide 

voltage variation. The ripple current of the DAB converters is 

high and especially problematic in the low-voltage 

applications. Two-stage converters consist of a non-isolated 

stage and an isolated stage. Since the non-isolated stage is 

operated to regulate the voltage and power. flow, the isolated 

stage can be designed with minimum components’ rating. 

Even though the power is passing through two conversion 

stages, the two-stage converter could achieve a higher 

efficiency especially in a wide voltage range application 

.In this paper, a two-stage BDC is proposed for automotive 

engine/battery hybrid power generators. The proposed two-

stage BDC consists of a non-isolated converter and a fixed-

frequency SRC. The SRC is designed to be capable of 

operating under ZCS turn-on and turn-off regardless of voltage 

and load variation in both forward and reverse operation. A 

method of adjusting dead time of the SRC will be presented to 

minimize the turn-on switching losses associated with energy 

stored in MOSFET’s output capacitances during the ZCS turn-

on process. Also, a new autonomous and seamless 

bidirectional voltage control strategy is proposed to provide 

uninterrupted power to the critical ac loads and reduce the size 

of the dc bus capacitor and the transition time 
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  Fig.1 Block Diagram Of Proposed System 

 

2. Literature Review  

In this paper Bidirectional DC-DC converter is proposed for an 

automotive  solar/battery hybrid power generator. The two-

stage bidirectional converter employing a fixed-frequency 

series loaded resonant converter is designed to be capable of 

operating under zero-current-switching turn-on and off 

regardless of voltage and load variation, and hence its 

magnetic components and EMI filters can be optimized[12-

16]. Also, a new autonomous and seamless bidirectional 

voltage control method that combines two individual 

controllers for low-voltage side control and high-voltage side 

control by introducing a variable current limiter is proposed to 

provide uninterrupted power to critical ac loads and reduce the 

size of the dc bus capacitor and the transition time. In the 

existing system the BDC (Bi-Directional DC-DC Converter) 

has half bridge rectifiers; it has some disadvantages like 

voltage will be reduced to half while it returns to the load.So 

we implemented BDC with the full bridge rectifier, so the 

voltage level will be increased twice as much of the input 

voltage.   

  

3. Proposed System  

The system proposed in this paper has some advancement; 

they are the solar power generation and the Bi-Directional 

Full Bridge DC-DC converter. In the existing system the BDC 

(Bi-Directional DC-DC Converter) has half bridge rectifiers it 

has some disadvantages like voltage will be reduced to half 

while it returns to the load. So we implemented BDC with the 

full bridge rectifier, so the voltage level will be increased 

twice as much of the input voltage[17-22]. The features of the 

proposed system are:  

 Since we use the multi-level inverter the harmonics 

are been reduced and we obtain sinusoidal wave. 

 The BDC with the full wave rectifier will produce 

more voltage than the existing system i.e. the input 

voltage will twice as that of the output voltage. 

 Good power management capability between ac port 

and ultra capacitor 

 High efficient due to presence of full bridge 

bidirectional dc-dc converter. 

 Soft switching operation is possible without 

additional resonant circuit.  

 

  

Fig. 2 Block Diagram of Proposed System.  

The proposed BDC consists of two power conversion stages: a 

non isolated converter and a fixed-frequency SRC. Since the 

SRC is operated at fixed frequency and fixed duty, all 

components can be designed with minimum voltage and 

current rating[23-28]. The non isolated converter is operated to 

regulate either high side voltage VH or low side voltage VL 

according to the demanded load power and availability of the 

engine generator.  

  

 

  

 

Fig. 3: Circuit Diagram Of Proposed System 

 

4. Existing System and Description , Its output feeding 

a dc–dc full-bridge converter. The current in all three input 

inductors of the boost rectifier rises whenever the switch is ON 

and falls whenever the switch is OFF. A nearly sinusoidal 

input current with high-frequency components that can be 

filtered out can be achieved in all three phases if the input 

inductor currents are discontinuous[30-34]. Two separate 

switch-mode converters still need to be used; however, there is 

still a need to reduce cost and complexity; thus single-stage 

ac–dc converters that integrate the functions of PFC and 

isolated dc–dc conversion in a single power converter have 

been proposed. In most of these converters, the converter is 
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either a four-switch two level or three-level full-bridge 

converter, but its input current waveforms match those of the 

three-phase single-switch boost rectifier shown in Fig. 3.  

  

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Existing Block Diagram 

  

Drawback  Of  Existing System: 

They have just a capacitor filter at their output, which is 

insufficient for many industrial applications. 

 They are implemented with three separate ac–dc 

boost converter modules, one for each input phase but 

this is an expensive approach and it is a challenge to 

perfectly synchronize the operation of each module 

relative to the others; 

 Since the input currents must be discontinuous to 

achieve input PFC the peak current stress of the 

semiconductor devices is very high and significant 

filtering is required to attenuate the large amount of 

high frequency noise fed back to the line; 

 The input current has significant distortion as the 

converter has difficulty performing PFC and dc–dc 

conversion simultaneously The converter operates 

like single-stage forward or low power full-bridge 

converters that have just a single controller that is 

used to regulate just the output voltage. Since the 

primary-side dc bus voltage is not regulated, the 

converter thus has the same problems as these 

converters, especially with issues related to a 

potential excessive dc bus voltage and excessive peak 

currents at the output (due to design efforts to adjust 

the charge equilibrium of the bulk capacitor at the dc 

bus to limit the dc bus voltage) that make the 

converter impractical for most industrial applications  

 

5.Hardware Description 

The hardware system of the proposed converter is 

implemented using a PIC micro-controller. The software 

system like Proteus, Mplab, and Microprocessor is used for 

the system design for coding the pulses in to the PIC 

controller. The power supply circuit is designed that will 

control the PIC and driver circuit to drive the pulses to the 

MOSFET. 
 

Bidirectional Dc-Dc Converters: 

In principle, bidirectional power transfer between 

two unipolar  DC voltage sources may be established with two 

unidirectional DC–DC converters C1 and C2. There, C1 is 

used to transfer power from port 1 to port 2 (forward 

direction, forward operating mode) and C2 is needed to 

transfer power in the opposite direction (backward direction, 

backward operating mode). In order to illustrate an example 

of a practical converter realization including galvanic 

isolation, full bridge DC–DC converters with high frequency 

(HF) transformers and output inductors are employed for C1 

and C2 

 

 
             FIG.5.BDC Converter 

 

The Single-Phase Dual Active Bridge (DAB) Converter: 
It contains two voltage sourced full bridge circuits or half 

bridge circuits (or even push-pull circuits) and a HF 

transformer. The reactive network simply consists of an 

inductor L connected in series to the HF transformer; hence, 

the DAB directly utilizes the transformer stray inductance. 

Due to the symmetric circuit structure, the DAB readily allows 

for bidirectional power transfer[35-36]. The main advantage of 

the DAB is the low number of passive components, the evenly 

shared currents in the switches, and its soft switching 

properties. With the DAB converter topology, high power 

density is feasible 

 
Fig..6. The Single-Phase dual Active bridge (dab) converter 

 

Three-Phase DAB Converter: 
It uses three half bridges on the HV side and another 

3 half bridges on the LV side. It requires 3 converter inductors 

and 3 HF transformers (which can be consolidated on a single 

three phase HF transformer. The three-phase DAB is operated 

with a modulation scheme similar to the conventional 

modulation scheme employed for the single-phase DAB 

(phase shift modulation. However, different to the single-

International Journal of Pure and Applied Mathematics Special Issue

323



 

phase DAB, further performance enhancements using 

alternative modulation schemes are not feasible for the three-

phase DAB 

 
Fig..7 The Three-Phase dual Active bridge (dab) converter 

 

Microprocessor  Introduction & Features 

This Versatile programmer is a dedicated PIC Micro 

controller Programmer. All the PIC series of IC’s except the 

17 series can be programmed with this Hardware through 

RS232 Port of PC. This programmer also supports ICSP 

programming for on board programming of supported flash 

PIC devices.  MPLAB IDE, PIC CCS C compiler Demo 

software with MPLAB Plug-in, and programming instructions 

are provided in CD-ROM. The programmer software is 

compatible to Windows 98, Windows 2000, and Windows XP 

platforms. A Soft copy of the user manual is also included in 

the CD, in addition to the hard copy provided with the Kit. 

This Dedicated programmer is for programming a wide range 

of PIC Micro controllers including EEPROMS, PIC12 series, 

PIC16 series & PIC18 series of IC 

 SPECIFICATIONS 
 Auto detection of programmer by software  

 Regulated Power supply 5,13.5V  

 Auto Flash upgrades through serial port  

 16 MHz crystal Oscillator  

 Built in RS232 connector  

 ZIF socket for easy programming  

 External ICSP Interface for on board programming  

 Programmable configuration and ID  

 Selective Erase and programming for supported PIC 

Devices  

 Manual / Auto Reset  

 Configurable COM Port.  

 Program, Read, Verify and Blank check Modes  

 Hex Code Editor  

 Program & Verify fly Window  

 Switchable to MPLAB software  

 Extensive Integrated Help  

 Debug vector Read & write  

   

 

                           .  

  

 

 

 

 

 

 

Buck Converter Step-Down Converter 
 

In this circuit the transistor turning ON will put voltage Vin 

on one end of the inductor. This voltage will tend to cause 

the inductor current to rise. When the transistor is OFF, the 

current will continue flowing through the inductor but now 

flowing through the diode. We initially assume that the 

current through the inductor does not reach zero, thus the 

voltage at Vx will now be only the voltage across the 

conducting diode during the full OFF time. The average 

voltage at Vx will depend on the average ON time of the 

transistor provided the inductor current is continuous. 

 

 
 

Boost Converter Step-Up Converter 

While the transistor is ON Vx =Vin, and the OFF state the 

inductor current flows through the diode giving Vx =Vo. For 

this analysis it is assumed that the inductor current always 

remains flowing (continuous conduction). The voltage across 

the inductor and the average must be zero for the average 

current to remain in steady state. 

 

 
 
Buck-Boost Converter 

The buck, boost and buck-boost converters all transferred 

energy between input and output using the inductor, analysis is 

based of voltage balance across the inductor. The CUK 

converter uses capacitive energy transfer and analysis is based 

on current balance of the capacitor. The buck-boost converter 

works by storing energy in the inductor during the ON phase 

and releasing it to the output during the OFF phase. With the 

transformer the energy storage is in the magnetisation of the 

transformer core. To increase the stored energy a gapped core 

is often used 
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6.CONCLUSION 

This paper proposes a BDC for automotive engine/battery 

hybrid power generators. The features of the proposed BDC 

are 

as follows: 

1) The proposed topology preserves the advantages of the 

two-stage dc–dc converter: a) The switching method is 

simple in that voltage regulation and mode transition are 

carried out only by the nonisolated converter. b) All 

components’ ratings of the isolated converter are optimized. 

2) Small Lr can be used since the proposed SRC is not used for 

regulation, which leads to the following advantages: a) The 

SRC has very small gain variation according to load variation, 

and therefore the proposed BDC can be designed for wider 

voltage range. b) The SRC is less sensitive to the resonant 

component tolerances, and therefore suitable for high volume 

manufacturing. c) Small Lr can be easily embedded in the 

transformer. 

3) The proposed SRC is capable of achieving ZCS turn-on and 

turn-off regardless of voltage and load variation. A method of 

adjusting dead time of the SRC has been presented to 

minimize the switch turn-on losses associated with energy 

stored in MOSFET’s output capacitances during the ZCS turn-

on process. 

4) An autonomous and seamless bidirectional voltage control 

method with a variable current limiter has been proposed to 

provide uninterrupted power to critical ac loads and reduce the 

size of the dc bus capacitor. Experimental results from a 5-kW 

prototype were provided to validate the proposed concept. The 

maximum efficiencies including gate drive and control circuit 

losses are 95.13% at 1.3 kW in charging mode and 95.08% at 

1.5 kW in discharging mode, respectively. 
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