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Abstract- This paper presents a boost converter along with a
flyback converter. The Zero Voltage Switching (ZVS) technique
is used to achieve soft switching. A bidirectional boost converter
is connected with an output module as a Parallel Input Serial
Output configuration. The flyback converter with Voltage
Doubler Rectifier (VDR) acts as an output module. This
connection makes a bidirectional boost converter an active
clamp circuit which is connected to the output side in order to
extend the step up ratio. A converter with active clamp technique
is used to recycle the leakage energy, to eliminate voltage spike
due to coupled inductors and also to provide a mechanism to
achieve ZVS. To overcome the efficiency degradation during
light load due to load dependent soft switching of the ZVS, a
control method using Pulse Width Modulation (PWM)
proportional to the load current is used.
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I. INTRODUCTION

Many applications such as electric vehicles (EV),
photovoltaic (PV) grid connected power systems, high
intensity discharge (HID) lamp ballast used in automotive
headlamps in which the start up voltage is up to 400 V, the
DC-DC converter needs to boost the 12 V of the battery
voltage up to required level. Generally speaking, the high
step-up DC-DC converters for these applications have the
following common features.

1)  High step-up voltage gain

2)  High efficiency

3)  Noisolation is required

However the step up capability is limited due to parasitic
resistances, the reverse recovery problem caused by a high
voltage rating of the diode and the large switching losses due
to the hard switching. These are the major obstacles not
allowing the high step-up ratio and efficiency.

To handle these concerns, several converter topologies
adopting the voltage conversion ability were adopted which
had several drawbacks. The usage of voltage multiplier cells
[2]-[4], increases the step up ratio by including one multiplier
capacitor and diode for each phase. Hence, as the output
voltage is increased the number of stages also gets increased
demanding more number of capacitors and diodes. As the
number of capacitors and diodes are increased, the losses and
cost also get increased and the circuit designing becomes
more complex.

A coupled-inductor is employed as a favorable step-up
technique because of its simple structure [5]-[7]. By using
coupled inductor the voltage and current stresses of the active
switches can be reduced. It can achieve a high efficiency and
protect the switch from the high peak voltage. But the voltage
stress on the boost diode is increased and high wvoltage
operation of the diode might induce a high reverse recovery
problem. Besides, as the auxiliary turns of the coupled
inductor are increased to raise a step-up ratio further, an input
current ripple becomes larger in return. Thus, more input filter
is needed.

Another easy approach for a high step-up ratio is the
current fed type converters using a transformer [8]-[11]. A
transformer leakage inductance causes a voltage spike across
the switches so that a snubber circuit is required, resulting in
additional loss. The active clamp approach similar to that
applied on the coupled-inductor scheme releases these
problems and reduces switching losses by using its soft
switching capability. Unfortunately, the clamp capacitors are
connected on the input side so that it has no function of
extending a step up ratio.

Focused on the step-up ratio extension with the concept of
the stacked output capacitors, the high step-up boost-sepic
converter is proposed in [13] and flyback converter is
proposed in [16], [18], and [19] and improved with a
secondary voltage-doubler rectifier. Despite their high step-up
capability, the switch suffers from the hard switching losses.

As a desirable solution to the above mentioned drawbacks,
this paper proposes DC-DC converters using active clamp
technique and pulse width modulation control. It integrates a
bidirectional boost converter with a series output module as a
Parallel Input Series Output (PISO) configuration. This
connection makes the bidirectional boost converter as a active
clamp circuit. Therefore it uses the step up capability of the
stacked output capacitors while maintaining the soft switching
capability of the active clamp circuit.

However the proposed converter has a load-dependent ZVS
condition, which is an inherent characteristic of the active-
clamp circuit. It causes hard switching at a light load and
degrades conversion efficiency. To recover ZVS at a light
load, a control method using Pulse Width Modulation (PWM)
is also proposed.

Il. BLOCK DIAGRAM

The block diagram of the proposed system is shown in fig
1. It consists of flyback converter and boost converter. The

boost converter used is bidirectional boost converter.
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Fig 1. Block Diagram

The soft switching is achieved by using zero voltage
switching in order to reduce the switching losses. The
bidirectional boost converter act as an active clamp circuit.
VDR is adopted at the secondary side to clamp the output
rectifier voltage stress. Also this VDR contributes the increase
in a step-up ratio further. Thus the proposed converter has the
high step-up capability with the help of ZVS Bidirectional
Boost Converter with flyback converter and VDR. With the
features of ZVS , the proposed converter can ensure the high
operating frequency, high step-up ratio, low voltage stresses
across the switches and output rectifiers, soft switching of all
switches, and so on.

The voltage mode controller utilizing the PID control law
is executed for regulating the output voltage cycle by cycle,
since the sampling pulse is updated with the updated pulse. To
improve the efficiency degradation during light load
condition, PWM control is used. According to the load, the
pulse width modulator generates pulses according to which
the converter is turned ON or OFF and regulates the output.

I1l. CIRCUIT DIAGRAM

The circuit diagram of the boost converter and a flyback
converter along with a voltage doubler rectifier is shown in
fig 2.
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Fig 2. Circuit diagram of ZVS flyback-boost converter with VDR

A VDR is adopted at the secondary side to clamp the
output rectifier voltage stress. To increase the device
utilization and simplify the circuit, the common parts
integration between the bidirectional boost converter and
flyback converter is recommended. As shown in Fig.2, a
bidirectional boost converter and a flyback converter can be
integrated easily since the inductor L, and switch Q; become
common parts for both bidirectional boost converter and
flyback converter.

111 (a) High Step-Up Capability

Due to the stacked output capacitors, each output capacitor
voltage is added and the owverall output voltage can be
extended as

Vo=Vco1tVcoz (1

That is, the output voltage of the converters is a sum of the
output voltages of the boost converter and the flyback
converter, which is suitable for high step-up applications.

111 (b) Switch Voltage Stress Clamping

The switch voltage stresses Vo, and Vg, can be clamped to
the partial output voltage Vco;. Thus ,additional protection
circuit for the high voltage spike caused by a leakage inductor
Ly is not required.

111 (c) Soft Switching Capability

The ZVS boost converter act as an active clamp network,
which is not connected to the input side but the output side.
The soft switching characteristics are similar to achieve active
clamp circuit. A main switch Q; has a load-dependent ZVS
condition relying on the value of the leakage inductor Ly,
whereas an auxiliary switch Q, has a wide ZVS load range
resulting from a large boost inductor Ly,. Thus, all switches
can be turned on under ZVS condition if the energy stored in
Ly is sufficient.

However, since ZVS condition of Q is load-dependent and
lost at a light load due to the insufficient loss is inevitable. To
improve the efficiency even at a light load, the pulse width
modulation control is used which can recover the ZVS of Q.
111 (d) Circuit Operation

The switches Q; and Q, are turned ON and OFF
alternatively. Due to the VDR , the circuit acts as a
conventional forward converter when the switch Q; is turned
ON and a flyback-boost converter when Q; is turned OFF. At
the boosting phase, when Q; is turned ON, the transferred
current through a transformer charges a link capacitor Cy,. At
the powering phase, when Q1 is turned OFF, C, is discharged.

When switch Q; is turned OFF, the current lyg(t) charges
the junction capacitor of Q; to Vo and discharges that of Q,
to 0 V in a short time. After the junction capacitor Q; is
charged to V¢, the antiparallel diode of Q, is conducted.
Thus, no protection circuit is required, and the primary
conduction loss can be reduced by using lower voltage —rated
power switches. The conducting antiparallel diode provides
the zero voltage across Q until it is turned ON.

The switch Q,, is turned ON under ZVS conditions and the
diode Dy is reverse biased. The transferred current via the
transformer charges the junction capacitor of Dy; to Vg, and
discharges that of Dg, to OV for a short time respectively.
After completing the voltage transition from Dy, to Dg, the
Dy, is conducted and Cy is discharged. The current ly(t)
changes its direction from positive to negative and keeps
negative slope until the switch Q, is turned OFF. The current
lig(t) flows back to input source.

After the switch Q. is turned OFF, the primary leakage
current lyq(t) charges the junction capacitor of Q, to V¢q, and
discharges that of Q; to OV respectively. After the junction
capacitor of Q, is charged to V¢, the anti parallel diode of Q;
is conducted. The current lyg is linearly increased. This
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increasing current also provides the current snubbing effect of
Ipo2.

Now, the switch Q; is turned ON under ZVS condition.
The current Iy, increases until it reaches the magnetizing
current I, The transferred current via the transformer
charges the junction capacitor of Dy, to Vg, and discharges
that of Do, to 0 V for a short time, respectively.

TABLE 1

CIRCUIT PARAMETERS
Input Voltage, V, 12V
Output Voltage, V, 86.5V
Magnetizing Inductor, L, 280e°H
Leakage Inductor, Ly, 10e®H
Output Capacitors, Co; and Co, 10e°F
Proportional Gain, Kp 25
Integral Gain, Ki 12
Derivative Gain, Kd 0.05

IV. CONTROL STRATEGY
Two control strategies were discussed in this paper. They
were pulse width modulation technique and PID control
technique.

IV (a) Pulse Width Modulation Technique

To improve the output voltage, focused on reducing the
switching losses, several methods are proposed. These
techniques can be classified into two categories: The quasi
resonant technique and the active clamp technique. To
achieve the ZVS of the main switch at any load condition, a
variable frequency control by adjusting the off-time with
complementary gate signals has been proposed [39]. Since the
auxiliary switch is turned ON for a short time before the main
switch is turned ON, the recycled leakage energy can be used
to achieve the ZVS of the main switch, which reduces the
circulating energy effectively compared to the conventional
complementary switching techniques.

The proposed light load pulse width modulation control is
used in order to improve the output voltage and to reduce
switching loss during light load condition. The PWM
technique is used to generate signals or pulses for turning the
switches ON or OFF. In PWM converters the control circuit
regulates the output by fixing the switching frequency and
varying the ON time of the switch. In this the output signal is
compared with a carrier signal and generates a pulse, which is
used to drive the switches.

IV (b) PID control law

In order to regulate the output voltage, voltage mode
controller is used. The voltage mode control executes the PID
control law. A PID controller is a generic control loop
feedback mechanism widely used in industrial control
systems. A PID controller attempts to correct the error
between a measured process variable and a desired set point

by calculating and then outputting a corrective action that can
adjust the process accordingly.

The proportional term makes the change in output that is
proportional to the current error value. The proportional
response can be adjusted by multiplying the error by a
constant value, Kp called as proportional gain.

The integral term causes the steady-state error to reduce to
zero, which is not the case for proportional-only control in
general. The integral term is proportional to both the
magnitude of error and the duration of the error. The
magnitude of the contribution of the integral term to the
overall control action is determined by the integral gain Ki.

The rate of change of the process error is calculated by
determining the slope of the error over time and multiplying
this rate of change by the derivative gain Kd. The lack of
derivative action may make the system steadier in the steady
state. This is because derivative action is more sensitive to
higher-frequency terms in the inputs. Without derivative
action, a Pl-controlled system is less responsive to real and
relatively fast alterations in state and so the system will be
slower to reach set-point and slower to respond to
perturbations than a well-tuned PID system. Hence a PID
control law is used.

V. SIMULATION

The simulation of the flyback boost converter with voltage
doubler rectifier is done using MATLAB and it is shown fig
3.

= -
Fig 3. Simulation model of flyback boost converter with voltage doubler
rectifier

In this two converters are designed. One is boost converter
and the other is flyback converter. The MOSFET switch 1 and
the magnetizing inductor L, is common for both boost
converter and flyback converter. The VDR circuit is also
designed to regulate the output voltage. The load is connected
across the output capacitors in parallel manner. The output
voltage is fed as input to the PWM controller. The PWM
controller generates the pulses to drive the MOSFET
switches. Table 1 describes the parameters for the various
components used in the simulation circuit.

A subsystem is created for the control process. The
output voltage is given as the input to the subsystem. Inside
the subsystem the PID control law and PWM controller are
present. The output voltage and the reference voltage are
summed together and it is given to the PID controller. The
regulated output voltage is fed as input to the PWM
controller. The PWM controller compares the input signal
with a carrier signal and generates output signal which is
demuxed and used as pulses for two switches.
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VI. SIMULATION RESULTS
The input given is 12 V which is shown in fig 4.
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Fig 4. Input voltage waveform

For 10 ohm load the output voltage is 86.5 V and the
output current is 8.65 A. The output voltage and current
waveforms are shown fig 5.
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Fig 5. Output waveform for 10 ohm load

Thus even at the light load condition the output voltage is
stepped up appropriately without any distortions or losses.

VII. CONCLUSION

Non isolated high step up DC-DC converter with pulse width
modulation technique is presented in this paper. The common
parts between the boost converter and the flyback converter
are integrated together. The voltage doubler rectifier is used to
step up the voltage. In addition the ZVS technique which is
used to achieve soft switching and PWM technique which is
used to improve the output voltage during light load condition
is also discussed to discuss ZVS load range. This simple and
effective technique gives many desirable features for high
efficiency and high step-up applications. An improved
technique to enhance the step up capability and to improve the
output voltage during light load condition is proposed and
discussed in this paper. Therefore the proposed converter
topology and control technique can be a promising solution
for high step-up applications.

VIll.  REFERENCES

[1] Qun Zhao and Fred C. Lee, “High-Efficiency, High Step-Up DC-DC
Converters”, IEEE Trans. Power Electronics, vol. 18, no. 1, pp. 65-73, Jan
2003

[2] Marcos Prudente, Luciano L. Pfitscher, Gustavo Emmendoerfer,
Eduardo F. Romaneli, and Roger Gules “Voltage Multiplier Cells Applied to
Non-Isolated DC-DC Converters”, IEEE Trans. Power Electronics, vol. 23,
no. 2, pp. 871-887, Mar 2008

[3] Fang Lin Luo and Hong Ye, “Positive Output Super-Lift
Converters”, IEEE Trans. Power Electronics, vol. 18, no. 1, pp.105-113, Jan
2003

[4] Esam H. Ismail, Mustafa A. Al-Saffar, Ahmad J. Sabzali and
Abbas A. Fardoun, “A Family of Single Switch PWM Converters With High
Step-Up Conversion Ratio” IEEE Trans. Circuits And Systems—I: regular
papers, vol. 55, no. 4, pp.1159-1171,May 2008

[5] Duncan Andrew Grant, Yann Darroman, and James Suter,
“Synthesis of Tapped-Inductor Switched-Mode Converters” IEEE Trans.
Power Electronics, vol. 22, no. 5, pp.1964-1969, Sep 2007

[6] Rong-Jong Wai, Member, IEEE, and Rou-Yong Duan, “High
Step-Up Converter With Coupled-Inductor” IEEE Trans. Power Electronics,
vol. 20, no. 5, pp.1025-1035, Sep 2005

[7] Tsai-Fu Wu, Yu-Sheng Lai, Jin-Chyuan Hung and Yaow-Ming
Chen “Boost Converter With Coupled Inductors and Buck-Boost Type of
Active Clamp”, IEEE Trans. Industrial Electronics, Vol. 55, No. 1, pp. 154-
162, Jan 2008

[8] Sang-Kyoo Han, Hyun-Ki Yoon, Gun-Woo Moon, Myung-Joong
Youn, Yoon-Ho Kim and Kang-Hee Lee, “A New Active Clamping Zero-
Voltage Switching PWM Current-Fed Half-Bridge Converter”, IEEE
Transactions on Power Electronics, Vol. 20, No. 6, pp-1271-1279, Nov 2005

[9] Huafeng Xiao and Shaojun Xie “A ZVS Bidirectional DC-DC
Converter With Phase-Shift Plus PWM Control Scheme”, IEEE Transactions
on Power Electronics, vol. 23, no. 2, pp.813-823, Mar 2008

[10] Ehsan Adib, Student Member, IEEE, and Hosein Farzanehfard,
““Zero-Voltage Transition Current-Fed Full-Bridge PWM Converter”, IEEE
Transactions on Power Electronics, Vol. 24, No. 4, pp. 1041-1049, Apr 2009

[11] Jung-Min Kwo and Bong-Hwan Kwon “High Step-Up Active-
Clamp Converter With Input-Current Doubler and Output-Voltage Doubler
for Fuel Cell Power Systems”, IEEE Transactions on Power Electronics, vol.
24, no. 1,pp.108-115, Jan 2009

[12] Wuhua Li, Yi Zhao, Yan Deng and Xiangning He, “Interleaved
Converter With Voltage Multiplier Cell for High Step-Up and High-
Efficiency Conversion”, IEEE Transactions on Power Electronics, Vol. 25,
No. 9, pp. 2397-2408, Sep 2010

[13] Ki-Bum Park, Gun-Woo Moon and Myung-Joong Youn
“Nonisolated High Step-up Boost Converter Integrated With Sepic
Converter”, IEEE Transactions on Power Electronics, Vol. 25, No. 9, pp.
2266-2275, Sep 2010

[14] Sang-Kyoo Han, Hyun-Ki Yoon, Gun-Woo Moon, Myung-Joong
Youn, Yoon-Ho Kim and Kang-Hee Lee, “A New Active Clamping Zero-
Voltage Switching PWM Current-Fed Half-Bridge Converter”, IEEE
Transactions on Power Electronics, Vol. 20, No. 6, pp.1271-1279, Nov 2005

[15] Wuhua Li and Xiangning He, “A Family of Interleaved DC-DC
Converters Deduced From a Basic Cell With Winding-Cross-Coupled
Inductors (WCCIs) for High Step-Up or Step-Down Conversions”, IEEE
Transactions on Power Electronics, Vol. 23, No. 4, pp. 1791-1801, Jul 2008

[16] Yu-Kang Lo and Jing-Yuan Lin, “Active-Clamping ZVS Flyback
Converter Employing Two Transformers”, IEEE Transactions on Power
Electronics, Vol. 22, No. 6, pp. 2416-2423, Nov 2007

[17] Yu-Kang Lo, Tsu-Shou Kao and Jing-Yuan Lin, “Analysis and
Design of an Interleaved Active-Clamping Forward Converter”, IEEE
Transactions on Industrial Electronics, Vol. 54, No. 4, pp.2323-2332, Aug
2007

[18] Laszlo Huber and Milan M. Jovanovi'c, “Forward-Flyback
Converter with Current-Doubler Rectifier: Analysis, Design, and Evaluation
Results”, IEEE Transactions on Power Electronics, Vol. 14, No. 1, pp.184-
192, Jan 1999

[19] Junming Zhang, Xiucheng Huang, Xinke Wu and Zhaoming Qian
“A High Efficiency Flyback Converter With New Active Clamp Technique”,
IEEE Transactions on Power Electronics, vol. 25, no. 7, pp.1775-1785, Jul
2010.

ISSN: 2231-5381

http://www.ijettjournal.org

Page 168




