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ABSTRACT

The snubber circuit had been used in DC-DC converters under hard switching
conditions for over current and over voltage protection. But, the snubber is lossy and
bulky and is difficult to apply to high trequency switching converters. So, the soft-
switching Buck-Boost converter using a passive snubber composed of a pulse current
4regenerative snubber circuit is proposed. This circuit has the zero voltage soft-switching
action (ZVS). But, the Buck-Boost converter with regenerative snubber has able to
operate in continuous current mode of operation. So, the zero current switching is not
possible in this circuit. The partial resonant circuit is implemented in Buck-Boost
converter. The zero voltage and zero current switching is used during turn-off and turn-on
conditions. Due to its simple circuit configuration, this proposed converter can able to be
controlled by simple (Pulse Width Modulation) PWM signal and the switching losses
reduced by soft switching techniques (ZVS&ZCS). The efficiency of this converter is
tmproved than the Buck-Boost converter with regenerative snubber circuit. The simulink

model for a Buck-Boost converter with regenerative snubber is developed using

MATLAB 7.0.4 and the same is used for simulation studies.
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CHAPTER 1

1. INTRODUCTION
1.1 INTRODUCTION OF SOFT SWITCHED CONVERTER

The DC-DC converter converts a fixed voltage DC source into a variable voltage
DC source. It can be used to step down or step up a DC voltage source. DC-DC converter
circuits are widely used for traction motor control in electric automobiles, trolley cars,
marine hoists, fork lift trucks, mine haulers and DC power generation stage of a
renewable energy system. To realize high conversion efficiency, a soft switching circuit
is useful and effective technologies. In this project work the soft-switching Buck-Boost
converter using a passive snubber composed of a pulse current regenerative snubber
circuit is proposed. In the 1970’s conventional PWM power converters are operated in
switched mode. Power switch have to cut off the load current within turn-on and turn-off
.time under tthe hard switching conditions. Hard switching refers to stressful behaviour of
the power Electronic device. During the turmn-on and turn-off process, the power device
has to withstand high voltage and high current simultaneously, which results in high
switching lbsses and stress. Dissipative passive snubbers are usually added to the power
circuit so that the di/dt and dv/dt of the power device can be reduced, and the switching
losses andistress can be diverted to the passive snubber circuits. However, switching
frequency Qf the power converter is high. Hard switching has a number of effects such as
switching loss, device stress, EMI probiems.
Soft switching techniques have been proposed to reduce the switching loss and
improve th;b performance of converters. They can be classified into two basic categories
1) Zero voltage switching
i) Zero current switching
ZVS reduces the switch turn-off loss by forcing the switch voltage to zero prior to its
current flowing, while ZCS reduces the turmn-on loss by forcing the switch current to zero
before its collector-emitter voltages increases from zero to static value.
Soft switched converters have been researched in recent years for power
converters to improve efficiency and reduce switching losses. A nearly proposed passive

snubber circuit has only passive power components of inductors and capacitors, but its



- benefit is offset by high voltage stresses on converter's switching power devices and it
has simple circuit configuration. The efficiency has improved than the conventional
Buck-Boost converter with snubber circuit. In this project, the partial resonant circuit is
implemented in the conventional Buck-Boost converter to improve the efficiency than the
converter with regenerative snubber circuit. The zero voltage switching (ZVS8) and zero

current switching (ZCS) techniques are used to turn-on and turn-off the switches.

1.2 OBJECTIVES OF THE PROJECT
Conventional PWM power converters are operated in hard switched mode. Power
switch have to cut off the load current within turn-on and tum-off time. The soft
switching have been proposed to improve the performance of converter. The main
objectives of the project is mentioned below
e Zero voltage switching (ZVS) reduces the switch turn-off loss by forcing the
switch voltage to zero prior to its current flowing
¢ Zero current switching (ZCS) reduces the switch turn-on loss by forcing the
switch current to zero
¢ To reduce switching losses
e To reduce high voltage stresses on converter’s switching power devices
¢ The converter's efficiency is largely improved at high frequency operation
* High switching frequency is achieved tor with low switching stress by the

effective soft switching action

1.3 ORGANIZATION OF THESIS
This gives an overall outline of the project report.
CHAPTER 1

It describes the general introduction, objective, hard switching and soft switching,.



..CHAPTER 2

It describes the introduction about Buck-Boost converter. It deals with principle

of operation and advantages of Buck-Boost converter.

CHAPTER 3

It describes about the introduction, principle of operation and methodology of the
Buck-Boost converter with regenerative snubber circuit. It includes the introduction
MATLAB (simulink), simulation details of individual block and simulation results of the

system.
CHAPTER 4

in this chapter deals with introduction, principle of operation, equivalent circuit

and simulation results of the Buck-Boost converter with partial resonant circuit.

CHAPTER 5

It includes the proposed system model and description of all components used in
the hardware. It shows the schematic diagram of the hardware and output waveforms and

test results.

'‘CHAPTER 6

Givés the conclusion and recommendations for the future work.
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CHAPTER-II
2. BUCK-BOOST CONVERTER

2.1. INTRODUCTION

The buck—boost converter is a type of DC-10-DC converter that has an output
voltage magnitude that is either greater than or less than the input voltage magnitude. It is
a switched-mode power supply with a similar circuit topology to the boost converter and
the buck converter. The output voltage is adjustable based on the duty cycle of the
switching transistor. One possible drawback of this converter is that the switch does not
have a terrhinal at ground; this complicates the driving circuitry. Also, the polarity of the
output voltage is opposite the input voltage. Neither drawback is of any consequence if
the power supply is isolated from the load circuit (if, for example, the supply is a battery)
as the supply and diode polarity can simply be reversed. The switch can be on either the
ground sid?e or the supply side. There are two different topologies,

1) Inverting Topology

2) Non-Inverting Topology
The inverting topology of the converter has the output voltage is of the opposite
polarity as the input. The non-inverting topology of the converter has the same polarity as

the input voltage.

2.2. PRINCIPLE OF OPERATION

Fié.z.l shows the circuit diagram of a Buck-Boost converter. As shown, a Buck-
Boost coniverter is nothing but cascade connection of the two basic converters: the step-
down conyerter and the step-up converter. The main application of such a converter is in
) regulated 'dc power supplies, where a negative polarity output may be desired with
respect toithe common terminal of the input voltage and the output voltage can be either
higher or! lower than the input voltage. The two operating states of a buck-boost
converter: When the switch is turned-on, the input voltage source supplies current to the
inductor dnd the capacitor supplies current to the resistor (output load). When the switch
is opened; (providing energy is stored into the inductor), the inductor supplies current to
the load via the diode D.
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Fig.2.1. Circuit Diagram of Buck-Boost Converter

When the power switch is turned ON, the supply current flows through the path
Vy+ =S-L- Vg4 . Hence, inductor L stores the energy during the T, period. When the
switch is switched OFF, the inductor current tends to decrease and as a result, the polarity
of the emf induced in L is reversed as shown in Fig.2.1. Thus, the inductor energy
discharges in the load through the path L.-Load-D-L..There are two modes of operation,

1) Continuous Mode
2) Discontinuous Mode

2.2.1. Conﬂ;inuous Mode of Operation

If the current through the inductor L never falls to zero during a commutation
cycle, the converter is said to operete in contimuous mode. The current and voltage
waveformsliin an ideal converter can be seen in Figure 2.2. The converter is in On-State,
so the swit;bh S is closed. At the end of the on-state, the inductor current [ is increases.
Therefore t=he duty ratio is incrreased to achieve the boost operation.D is the duty cycle. It
~represerts fthe fraction of the commutation period T during which the switch is On.
Therefore JD ranges between 0 (S is never on) and 1 (S is always on).During the Off-state,
the switch IS is open, so the inductor current flows through the load. If we assume zero
voltage drdp in the diode, and a capacitor large enough for its voltage to remain constant.
Therefore. the variation ofi 1; during the Off-period is calculated. As we consider that the
converter dperates in steady-state conditions, the amount of energy stored in each of its

components has to be the same at the beginning and at the end of a commutation cycle.
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Fig.2.2. Waveforms of Current and Voltage in a Buck—Boost Converter Operating

in Continuous Mode

The value of 7, at the end of the Off state must be the same as the value of /; at the
beginning of the On-state, i.e. The sum of the variations of /i during the on and the off
states musi be zero. It can be seen that the polarity of the output voltage is always
negative (a:h the duty cycle goes from 0 to 1), and that its absolute value increases with D,
theoreticalliy up to minus infinity as D approaches 1. Apart from the polanty, this
converter i$ either step-up (as a boost converter) or step-down (as a buck converter). This

converter is referred to as a buck—boost converter.
2.2.2. Discontinuous Mode of Operation

In some cases, the amount of energy required by the load is small enough to be
transferred in a time smaller than the whole commutation period. In this case, the current
through the inductor falls to zero during part of the period. The only difference in the
principle described above is that the inductor is completely discharged at the end of the

commutation cycle (refer waveforms in Fig. 2.3).
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Fig.2.3. Waveforms of Current and Voitage in a Buck—-Boost Converter Operating

in Discontinuous Mode

The,difference has a strong effect on the output voltage equation. As the inductor
current at the beginning of the cycle is zero, its maximum value (at ) is During the off-
- period, 1, i%a]ls to zero. In this mode the load current /, is equal to the average diode
current (/p). The diode current is equal to the inductor current during the off-state.
Furthermor;e, in discontinuous operation, the output voltage not only depends on the duty

cycle, but also on the inductor value, the input voltage and the output current.
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. Advantages of Buck-Boost Converter

Designed for converting an unregulated/unstable de voltage to a regulated de
voltage.

Suitable for marine and automotive applications

Isolated with input and output common ground

Good load and line regulations

Wide input voltage input range

Fully electrical protected

Anodized blue colour aluminium extrusion housing

Inexpensive high current DC/DC converter stabilizes voltage in automotive and
truck applications.

Also can be used to provide regulated voltage from a sealed lead acid or other

battery--excellent for special purpose UPS DC battery backups.
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CHAPTER-III

3. BUCK-BOOST CONVERTER WITH REGENERATIVE SNUBBER
CIRCUIT

3.1. INTRODUCTION

The conventiona! Buck-Boost converter with snubber circuit has been used under
hard switching conditions for over voltage and over current protection. But, the hard
switching has number of effects such as switching losses, device stress, Electro Magnetic
Interference (EMI) problems and less efficiency. To overcome these problems,
nowadays soft switching techniques are used in the power electronic converter circuits.
The regenerative Snubber circuit for a buck- boost converter with soft switching is
provided which reduces the switching losses of the Insulated Gate Bipolar Transistor

(IGBT) in the converter.

3.2. PRINCIPLE OF OPERATION

The soft-switching buck boost converter which uses the passive snubber with
energy regenerative function, and which can be operated under the principle of low dv/dt
turn-off and simple PWM action. The main power converter circuit consists of one active
switch (Q). and the auxiliary passive snubber circuit. The passive snubber circuit with
current regeneration for energy recovery is composed of a snubber diode (D;), a snubber
capacitor (Cy), an auxiliary diode (Dy), a secondary winding of a main inductor (L) which
has the winding turn ratio {n) and a resonant inductor (L.). The converter switches gets
turned ON and OFF at zero voltage of the switch. By the effective soft-switching action
the switching turn-on and turn-off losses are reduced. The switching loss of the soft-
switching circuit becomes smaller than that of the hard-switching circuit due to the

reduction of turn-off dv/dt. The circuit diagram of the Buck-Boost converter with

regenerative snubber circuit is shown in Fig.3.1
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Fig.3.1 Circuit Diagram of Buck-Boost Converter with Regenerative Snubber Circuit.

The converter circuit is shown in Fig.3.1 consists of passive components which
"configure CD (capacitor and diode) snubber circuit and regenerative resonant circuit

assisted with an auxiliary winding of a main inductor. This circuit has simple
configuration and wide operation region of the zero voltage soft-switching action (ZVS).
The regenerative snubber circuit for a Buck- Boost converter with soft-switching (ZVS)
is provided which reduces the switching losses of the Insulated Gate Bipolar Transistor
(IGBT) in the converter. Due to its simple circuit configuration, this proposed converter
able to be controlled by simple {Pulse Width Modulation) PWM signal.

To analyze the behaviour of the proposed converter, the following assumptions
are made:
(i) The main inductor L is much greater than L.
(ii} The main inductor L. is large enough to be treated as a current source [;.
(iii) The cutput capacitor Cqy is large enough so that by varying the duty ratio both buck
and boost operation achieved.
(iv) The power-semiconductor devices are ideal.

(v) The reactive elements are ideal.



3.3 METHODOLOGY
3.3.1 Flow Chart

The detailed methodology adopted for the project is given below (Fig 3.1)

Conventional Buck Boost converter circuit

hJ

Connecting Partial Resonant circuit across the

switch

Y

Implementing soft switching technique ZVS
(Turn-OFF) and ZCS (Turn-ON)

h 4

Design of simulation model using MATLAB

h
Simulation of the circuit using MATLAB

hd

Results for both buck and boost with soft
switching

Fig.3.2 Detailed Methodology of the Proposed Converter Circuit

3.3.2. Equivalent Circuit of Converter

The operation of the proposed converter over one switching cycle is given below.
The equivalent circuits of the proposed converter for each operation mode are shown in
Fig.3.3 (a-¢). At initial condition the current flowing through the resonant inductor (Lr) is
zero, the switch in off state and the snubber capacitor is fully charged. There are typical

four modes in one switching period. The switching sequences are shown in table 3.1.



Table 3.1

Switching Sequences

Fﬁtﬁé/—” Mode 1 Mode | Mode [Mode 3 | Moded |
Device [Gost<ty] 1-1 2 [t2<tSts] taSt<ty
[to<t<t: ] [t<t<t ]
Q On On \ On Off Off
D Off Off \ Off Off On
D, Off On | Off l On Off
|
D. On On \ off \ Off Ooff
. l

A. Mode 1: Snubber Energy Regenerative mode

At mode 1, the active switch Q is turned on and a voltage nVj, 1s reflected across
the secondary winding of the main inductor. As a result, resonance based on L. and Cs
starts partiaily. The snubber capacitor voltage is discharged toward to low level. Due to
the resonance. the regeneration current start flows through the resonant inductor (L,). The
snubber capacitor voltage s discharged towards to low jevel. The snubber capacitor

voltage is fully discharged to zero.

Aode 1

Fig.3.3 Snubber Energy Regenerative mode circuit
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At this time, the additional operation mode of mode 1-1 s started, and the
regeneration current decreases linearly to release the resonant inductor energy. The
snubber capacitor voltage is fully discharged to zero. When the regencration current

becomes zero, mode 2 starts.

Fig.3.4 Snubber Energy Regenerative Mode Circuit

B. Mode: 2 Main Inductor Energy Charging Mode

The main inductor energy is stored from the input side in this mode. When the
- active switch is turned off by the controller gate off signal of duty ratio (00), mode 3 starts
Since the regeneration current i is not to flow continuously at mode 2, the additional
condition of NVin <Vix +Vau should be considered and the conditions to determine the
turn ratio of the auxiliary winding is rearranged as 0 <n <1 considering worst case

output voltage of Vo, =0,



Fig.3.5 Main Inductor Energy Charging Mode circuit

C. Mode:3'Snubber Capacitor Charging Mode

At this mode. the turn-off voltage applied to the active switch

Mode 3

is suppressed by the.

L

. D-’: -
D, —»n{Vin-Ves)

Fig.3.6 Snubber Capacitor Charging Mode

snubber capacitor, and then the turn-off loss of the active switch becomes small. When

the capacitor voltage reaches to Vi, +Vou, mode 4 starts.

D.Mode:4 Main Inductor Energy Releasing Mode

The energy stored in the main inductor is released to the output side in this mode.
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Fig.3.7 Main Inductor Energy Releasing Mode

By the conducting of the diode D3, the inductor current iL, flows through the load side.
" The current linearly decreases as the next equation. This mode ends when 1L, = 0. The
time duration 74 of this mode is obtained by the following. At the turn-on of the switch S

another cycle starts.

3.4. SIMULATION OF SOFT-SWITCHED CONVERTER
3.4.1 MATLAB

The name MATLAB stands for matrix laboratory. MATLAB is a high-
performance language for technical computing. It Integrates computation, visualization,
and programming in an easy-to-use environment where problems and solutions are
expressed in familiar mathematical notation. In this project the modeling and simulation
of the proposed system is done using MATLAB (using simulink and power system block

set tool boxes).

3.4.2 SIMULINK

Simulink is a software package for modeling, simulating, and analyzing non
finear dynamical systems. It is a graphical mouse-driven program that allows somebody
to model a system by drawing a block diagram on the screen and manipulating 1t

dynamically. Simulink is a platform for multi domain simulation and Model-Based



Design for dynamic systems. It provides an interactive graphical environment and a
customizable set of block libraries, and can be extended for specialized applications.
3.4.3 POWER SYSTEM BLOCK SET

The Power System Block set allows scientists and engineers to build models that
simulate power systems. The block set uses the Simulink environment, allowing a model
‘to be built using click and drag procedures. Not only can the circuit topology be drawn
rapidly, but also the analysis of the circuit can include its interactions with mechanical,
thermal, control, and other disciplines. SimPowerSystems extends Simulink with tools
for modeling and simulating basic electrical circuits and detailed electrical power
systems. These tools let you model the generation, transmission, distribution, and
consumption of electrical power, as well as its conversion into mechanical power.
SimPowerSystems is well suited to the development of complex, self-contained power
systems, such as those in automobiles, aircraft, manufacturing plants, and power utility

applications

3.5 SIMULATION MODELS AND RESULTS
3.5.1 BLOCK DIAGRAM OF SOFT-SWITCHED CONVERTER

Simulation work has been done in MATLAB to verify the operation principle of
the proposed soft-switching scheme. In our initial simutation, the dc supply voltage is
given at 150V. The new Buck-Boost converter circuit was simulated with the following
specifications: input voltage V=150V output voltage Vo= Vi +50%=225V at Boost
mode operation and V=45V at Buck mode operation; switching frequency (f) =20 KHz.
The power stage consisted of the following parameters: Main Inductor L=1.5mH;
Leakage inductance referred from aux. winding I=11pH; Snubber capacitor Cs=0.12pF:
Resonant inductor L, =47uH; Active switch (Q) =1200V, 100A. A buck boost converter
provides an output voltage that may be less than or greater than input voltage.
(i.e.). Both buck and boost operation is achieved using the same circuit by varying the

duty ratio of the converter. The duty ratio of the converter is calculated by using the Eq.3.

T '
(S = TUA (3)



A block diagram of electronic control circuit for the proposed modular soft-

switch circuit is shown in Fig.3.8

DC Supply | Buck-boost .| Inductor Storage _ Load
" chopper " Element -
Switching
Device

Regenerative
Snubber L
Circuit

Fig 3.8 Basic Block diagram of Conventional Buck-Boost Converter with Regenerative
Snubber Circuit
The DC supply is given into the conventional Buck-Boost DC/DC converter and
the regenerative snubber circuit has connected across the converter switching device. The
regenerative: snubber circuit consists of a Snubber diode (D;), a Snubber capacitor (Cy),
an auxiliary diode (D,), a secondary winding of a main inductor (L} which has the

winding turns ratio (n) and a resonant inductor (L,).

3.5.2 SIMULATION RESULTS
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Fig.3.9 (a) refers the input de source voltage of the proposed buck boost converter

with regenerative snubber circuit. The input voltage range varies from 150V to 450V.

High input voltage operation is possible by the effect of snubber circuit.
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(b) Output Voltage
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Fig.3.9 (b) shows the output voltage waveform of proposed soft switching

converter at boost mode. The 150V input voltage is given to the converter circuit. When

the power switch IGBT 18 turned ON, the input current flowing throug

h the inductor (L)

and the switch (Q) start rises. Hence, inductor L stores the energy during turn ON (Ton)

period. In boost mode the output voltage (V)-220V is greater than the input voltage Vin-

(150V).
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(c) Snubber Capacitor Voltage
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Fig.3.9 (c) refers the snubber capacitor voltage waveform. At initial condition, the
snubber capacitor Cs is charged to sum of the input voltage {Vi,) and the output dc
voltage (Vo). When the switches are turned ON, the snubber capacitor voltage is

discharged towards to low level.
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(d) Output Voltage in Buck Mode

Fig.3.9 (d) refers the switch voltage & current of the proposed soft switching
converter and the gate pulses for the power switch IGBT at soft switching (ZVS)
condition. The active switches are turned OFF by the gate turn off signal of duty ratio ().
At this mode. the turn-off voltage applied to the active switch is suppressed by the
regenerative snubber capacitor and then the turn-off loss of the active switch becomes
small.

SWITCH VOLTAGE (Vq) &CURRENT (Iq). GATE PULSES FOR IGBT AT SOFT SWITCHING:

Fig:3.9 (e) shows the output voltage waveforms. The converter circuit can be able
to achieve the buck operation by varying the duty cycle of the converter in puise
generator. The input voltage applied in the buck boost converter circuit is 150V and after
the buck operation the output voltage is 45V, If the duty ratio is less than 0.5 then the

converter circuit acts as a buck converter and duty ratio is greater than 0.5 the same



Time (Seconds)

(e) Gate Pulses, Switch Voltage and Switch Current
Fig.3.9 (a-e). Simulation wave forms

converter citcuit will acts as a boost converter. Then the switches are turned ON & OFF
at minimum or Zero Voltage of the switch. So, the switching loss is reduced and

efficiency gets improved.
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CHAPTER-1V

4. BUCK-BOOST CONVERTER WITH PARTIAL RESONANT
CIRCUIT

4.1. INTRODUCTION

The conventional Buck-Boost converter with snubber circuit was used under hard
switching conditions for over voltage and over current protection. But, the hard
switching has number of effects such as switching losses, device stress, Electro Magnetic
Interference (EMI) problems and less efficiency. The regenerative Snubber circuit for a
buck- boost converter with soft switching is provided which reduces the switching losses
of the Insulated Gate Bipolar Transistor (IGBT) in the converter. But, this circuit can bhe
able to operate in continuous current mode of operation. So, it is not possible to
implement the zero current switching (ZCS} in this converter circuit. Finally, the snubber
circuit in the conventional converter was replaced by a partial resonant circuit and both
ZVS. ZCS techniques are used to turn off & on the switches. Its reduces the switching
losses and its improves the efficiency of the converter circuit than the conventional Buck-
Boost converter with regenerative snubber circuit.

4.2. PRINCIPLE OF OPERATION

" The: proposed circuit is shown in Fig.4.1 consists of controlling devices, a step
up-down inductor L, , and a snubber capacitor C, used in the similar way for the
conventional converter. It is considered that the snubber circuit in the conventional
converter is partly replaced by a partial resonant circuit in the proposed converter. Its
consists of a series connected switch-diode pair with a resonant capacitor, which is
operated te a loss-less snubber capacitor. The switching devices in the proposed
converter are operated with the soft switching by partial resonance and with constant
switching frequency. When the switching devices, S1 and S2, are turned off, the inductor
L, current ¢harges the capacitor C, by the partial resonant operation. Therefore, the turn-
off of the S1 and S2 is ZVS. Since the current pulses in DCM converter always begin at

zero, the turn-on of the S1 and S2 is ZCS. Furthermore, at the turn-on of the S1 and 82, 1t
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Fig.4.1. Proposed Buck-Boost DC-DC Converter with Partial Resonant Circuit

is for an accumulated energy in the snubber capacitor to regenerate into the input power
source by partial resonant operation without the power loss of snubber circuit, which is
generally present in the conventional Buck-Boost de/dc converter. As a result, the
proposed converter using a partial resonant circuit achieves the soft switching (the ZCS at
turn-on and the ZVS at turn-off). The power losses of the switching devices are

drastically decreased, and then the proposed converter is operated with high efficiency.

4.2.1 Equivalent Circuit of Converter

The equivalent circuits of the proposed converter for each operation mode are
shown in Fig. 4.2 to Fig.4.5. At initial condition the current flowing through the resonant
“inductor (L,) is zero, the switch in off state and the resonant capacitor is fully charged to
sum of the input and output voltages and there is no current flowing through the resonant
inductor. The switching sequences of the proposed converter are shown in table 4.1. The
operation of the proposed converter over one switching cycle is divided into the

following four sequential modes:



Table.4.1 Switching Sequences

Mode 1 Mode 2 Mode 3 Mode 4
Mode/De | [to<t<t, | [tist<t,) [t<t<t5] [taztsty]
vice
S1 On On Off Off
s2 On On Off Off
D1 Off On On Off
D2 Off On On On
D3 Off Off Off On

A. Mode [jtp<t<t, |:

Mode | begins by turning on both S/ and 52 at the same time. The input voltage
V4 and theicapacitor voltage V.. are added and applied to the inductor L. Then this mode
takes the form of a series LC resonance circuit. The capacitor C, discharges its electric
charge thrpugh the inductor L. Hence this is ZCS. The equations about the snubber
capacitor voltage (V) and the regeneration current (i) for this mode are given in

Eq.4&S5,

Ver =[2V, +V, Jeosw. -1 4
V.V, .

i =—"—""sinw (1) (5

7 )

JL. . L
Where Xr = (— is the characteristics impedance and
-

W, =

is the resonance angular frequency

]
\/z,_- Cr

When the resonant capacitor voltage becomes zero, mode 2 starts. The time
duration of T, is obtained from the following Eq.6

v

o 6
2V, +V, } (6)

T, =4L.C, cos“[
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Fig.4.2-Mode-1 operation
B. Mode 2 [t;<t<ty]:
The main inductor energy is stored {rom the input side n this mode. The snubber
capacitor veltage is fully discharged to zero. Mode 2 begins when the voltage across Cr
becomes zero. Then the diodes D1 and D2 start conducting. The inductor current is

divided into two paths of S1-D1 and D2-52. The inductor current linearly increases as the

. following until the switches are turned off.

Fig.4.3-Mode-2 operation

This mode ends when both $1 and S2 are turned off simultaneously. Then the
time duration T2 of this mode is expressed as
To=Tow Ty (7)

Where. Ton is the turn-on period of the switches S7 and S2, and 12 is the resonant

inductor current.



C. Mode 3 ItzStSt;]:

At this mode. the turn-off voltage applied to the active switch is suppressed by the
snubber capacitor, and then the turn-off loss of the active switch becomes small. Mode 3
begins by turning off both S/ and S2 at the same time. The current flowing through L,
takes a route of D2- C,-D1 and charges C;. Then this mode takes the form of a series LC
resonance circuit. The turn-off of S/ and S2 occurs at ZVS because the voltage of C, is

zero. In this mode. the voltage of Cr and the current of Lr expressed as follows.

Fig.4.4-Mode-3 operation

The. turn-off of S1 and S2 occurs at ZVS because the voltage of C, is zero. When

the capacitor voltage reaches to ViV, the diode D3 starts conducting and then mode 4

V.=V, + \/é:! sin(em,/ +8)

i, =1, cos(m, +8)

1= |1 =S ) ©

starts.

(8)

i

D. Mode 4 [t3<t<t4]:

The energy stored in the main inductor is released to the output side in this mode.
By the conducting of the diode D3, the inductor current ik, flows through the load side.

So, the current decreases linearly until the switches gets turned on. Thus, the entire soft
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Fig.4.5-Mode-4 operation

switching is completed. This mode ends when the resonant inductor current reaches zero.
The circuit returns back to the steady state or initial state as shown in Fig.5.1 and is ready

for the next switching period.

4.3. DESIGN CONSIDERATIONS
4.3.1 Partial resonant Circuit Design

The two main elements to design here are the resonant inductor (L,) and the
resonant capacitor or lossiess snubber capacitor (C,). This is facilitated by fixing the
maximum current in the switch to a certain value Iy The value of the capacitor should
be chosen 10 be as large as possible keeping in mind that its charging duration should not
be longer than the interval during which switches are off. The dv/dt & di/dt (rate of
change in ivoltage and rate of change in current) is determined by the lossless snubber
capacitor (C,), resonant inductor (L) and partially by the load current. The highest dv/dt
happens pinode-4 when the dc link forms a resonance circuit through the resonant
capacitance (C;) and resonant inductor (L;). Implementation of this partial resonant circuit
‘n conventional Buck-Boost converter the circuit able to operate in discontinuous mode

of operation (DCM).



4.3.2 Energy Recovery Circuit Design

The energy recovery circuit consists of the auxiliary diode (D1), resonant inductor
(L,) and the main resonant inductor (L,). The average power to be recovered through this
circuit by the energy stored in resonant capacitor and the energy stored in resonant

inductor over a fundamental cycle.

4.3.3 Condition for ZVS & ZCS

In order to create a condition for zero voltage switching (ZVS), the resonant or
lossless snubber capacitor voltage (V) should be discharged to zero during the switching
period of the converter. To create the condition for zero current switching (ZCS) the
resonant inductor current have to reach the zero value. When the resonant capacitor
voltage and inductor current reaches zero value the switching devices gets turned off and

on due to the LC resonant operation.
4 .4 SIMULATION RESULTS AND DISCUSSIONS

The new Buck-Boost converter circuit was simulated with the following
specifications: input voltage Vi,=100V; output voltage Vo= 2Vin=200V at Boost mode
operation and V,-30V at Buck mode operation: switching frequency (f) =400 kHz. The
power stage consisted of the following parameters: Snubber capacitor C=0.47uF,
Resonant ilhductor L. =100uH; Active switch (Q) =200V, 100A. A buck boost converter
provides an output voltage that may be less than or greater than input voltage. (i.e.) Both
buck and Hoost operation is achieved using the same circuit by varying the duty ratio of

the converter in fixed DC to variable DC.
) The Fig.4.6 shows simulation circuit for buck-boost dc/dc converter for variable
de to fixed dc voltage conversion. To investigate the validity of the proposed system, the
proposed converter is simulated using MATLAB/SIMULINK. In variable DC to fixed
DC the converter output voltage is maintain as constant with variable input voltage. The
error signal is given to the PI controller in order to make the error signal within the

carrier wave limit for comparing the carrier and reference wave. If the reference wave



amplitude is lesser than or equal to carrier wave amplitude then its simulation circuit

parameters for variable DC/Fixed DC is shown in table 4.2
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Fig.4.6 Simulation Circuit for Variable DC/ Fixed DC using
MATLAB/SIMULINK

Table.4.2 Simulation Circuit Parameters
(Variable DC-Fixed DC)

Input Voltage(Vin) 100V - 300V
QOutput Voltage (Vo) 200V
Smoothing Capacitor(Cy } 2000uF

R Load 100€}

4.4.1. Input and Output Voltage

Fig.4.7 infers the input dc source voltage of the proposed buck boost converter
with partial resonant circuit. The input voltage range varies from 100V to 450V in
variable DC/ Fixed DC and the output voltage is maintained as a constant value of 200V.
In Fixed DC/ Variable DC the input voltage is maintained the constant value of

100V High input voltage operation is possibie by the effect of partial resonant circuit.
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Fig.4.7 Input Voltage-100V
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Fig.4.8 Output Voltage-200V

Fig.4.8 & 4.9 shows the output voltage waveforms of proposed soft switching
converter at boost and buck mode. The 100V input voltage is given to the converter
circuit. When the power switch IGBT is turned ON, the input current flowing through the
inductor (L) and the switches start rises. Hence, the inductor L stores energy during turn
ON (Tan) period. In boost mode the output voltage (V)-200V is greater than the input
voltage Viy-(100V) and in buck mode its step down into 35V.
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Fig.4.9 Output Voltage-35V
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Fig.4.10 Output Voltage-200V

4.4.2 Soft Switching Action

Fig.4.11 shows the reduced switching losses by the implementation of soft switching
technique. Here the gate pulses for the switches gets turned on at zero current state.
Because ‘this converter are operated under the discontinuous mode of operation.
Similarly-the switches get turned off at zero voltage of resonant capacitor. The voltage
V¢, becomes zero at model At mode2, the controlling switches are simultaneously turned
off and the capacitor C, is charged by the inductor current ir,. The voltage of C, becomes
equal to “Vy +Vy at mode3. At moded. the current iy, of the inductor reaches zero and

the switches are kept off till the next cycle.
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Fig.4.11 Gate Pulses for Switches, Resonant capacitor voltage and Inductor current
waveforms

Figi4.12 shows the current waveforms through the switches and voltage
| waveforms across the switches. Particularly, the resonant operation of the partial resonant
circuit was partially enforced at only switching turn-on time and turn-off time. It reduces
the losses!and stresses of the resonant devices. The IGBT is used as a switch in
simulation: Here the switches gets turned ON at Zero Current of the resonant inductor
(L,) and thie switches gets turned OFF when the resonant capacitor voltage reaches zero

value.
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Fig.4.12 Switch currents and Switch voltages

Fig. 4.13 shows the relation between system efficiency and an output power. The
output power was measured in the adjusted range of the variable resistor with PWM
switching control for a fixed output voltage of dc 200V, The efficiency is compared with
the conventional converter. The switching losses in buck-boost converter with partial
resonant circuit are less than the regenerative snubber circuit. So, its efficiency was

higher than the conventional buck-boost converter.

Efficiency Curve |

Efficiency (%)

501_ T T T T 1

150 250 500 750 1000 |
Output Power (W) |

Fig.4.13 Relationship between Efficiency and Qutput Power

The efficiency is obtained by using the following Equation,

P

s

Efficienev(n) = —
h - ])U]
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CHAPTER 5

5. HARDWARE IMPLEMENTATION OF SOFT SWITCHED
BUCKBOOST CONVERTER WITH PARTIAL RESONANT
CIRCUIT

5.1 BLOCK DIAGRAM OF BUCK-BOOST CHOPPER

This chapter explains the block diagram and components used for the hardware
prototype of the proposed system. [t includes the photographs of the fabricated model and
output waveforms. The prototype is done only for Buck-Boost DC/DC converter with

partial resonant circuit. The voltage of the system is maintained as a constant value of

12V.

DC
supply

Buck-Boost do/dc

converter

R-
Load

-

MOSFET
Driver

MOSFET
Driver

L

|

-

Voltage Sensor

Current Sensor

4
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1

f

Mitrocontroller
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h

h

| Comparator

Comparator
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The prototype of the proposed system has Buck-Boost converter, Partial resonant

Fig 5.1 Hardware Block diagram

circuit, pulse generation module and micro controller (PIC16F877A) with 5V power

supply. These parts are explained with schematic diagram in following sections.



5.2 SCHEMATIC DIAGRAM

5.2.1. BUCK-BOOST CHOPPER WITH PARTIAL RESONANT CIRCUIT

This circuit consists of active switches S1. 82 and partial resonant circuit which

composed of series connected switch diode pair, resonant inductor and capacitor. These

power

switches are driven by the gate pulse generated by micro controller

(PIC16F877A). This circuit bridge is isolated from the gating circuit by the opto-coupler.

Then the zener diode is used for protection and R-Load is used.

LOAD

Fig .5.2 Schematic of Buck-Boost Chopper

5.2.1.1 ADVANTAGES OF MOSFET

MOSFETS provide much better system reliability.

MOSFET are fast switching devices permit much higher switching frequencies
and there by the efficiency is increased.

MOSFETs have better temperature stability.

Overload and peak current handling capacity is high.

MOSFETS have low leakage current,

NIOSFETs are able to operate in hazardous radiation environments.



5.2.2 MICROCONTROLLER FOR SOFT SWITCHED BUCK-BOOST CHOPPER

The gate pulse for the inverter switches and the switches in soft-switching module
is generated by PIC16F877A controller. This micro controller circuit works in 5V power
supply. So separate step down rectifier unit is made for the controller. The details about
PIC16F877A are given in APPENDIX II. This controiler is isolated from the main

circuits by means of opto-coupler. The schematic of micro controller circuit is shown in

Fig.5.3.
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Fig 5.3 Schematic of Microcontroller Circuit
5.2.3 RECTIFIER BLOCK

The rectifier block contains a step down transformer, which step downs the input
voltage from 220V to 12V. In addition, the step downed voltage is rectified to DC. This
is done by uncontrolled single phase diode rectifier. The output of this block 1s 12V DC.

" The schematic of rectifier is shown in the Fig.5.4.
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Fig 5.4 Schematic of rectifier

5.2.4 MOSFET DRIVER CIRCUIT
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Fig. 5.5 Schematic diagram of MOSFET Driver Circuit

The signal from the controller is not enough to turn ON and OFF the switches in
the converter circuit. So. the output signals from the PIC microcontroiler is given into the
driver circuit. The signal from the driver circuit can be able to witching the devices in the

converter dgircuit. The driver circuit is shown in Fig. 5 5.

5.3 HARDWARE PROTOTYPE

The hardware prototype of the Buck-Boost converter with partial resonant
circuit is shown in Fig. 5.6. It consists of Buck-Boost converter module, driver circuit fro
switching the devices and PICI6F77A microcontroller. The resonant capacitor voltage
and inductor current is measured and its converted into digital format by using the ADC
in microcontroller. A zener diode is connected parallel to the filter capacitor for

protection. The power supply of the controller is drawn from a transformer.



Fig. 5.6 Hardware Photograph



5.3.1. HARDWARE RESULTS

The Fig.5.7 shows the input voltage waveform of the proposed Buck-Boost

converter with partial resonant circuit. Input is varies from 15V - 26V,
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Fig. 5.7 Input Voltage Waveform

Fig, 5.8 refers the output voltage waveform of the converter system. The output

voltage is thken across the load.
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Fig.5.8 Output Voltage Waveform



Fig. 5.9 shows the experimental waveform of Resonant Capacitor Voltage (V).
The Voltage across the resonant capacitor is given into the RB6 pin in PORT B. The

resonant capacitor value is 470 nF.
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Fig. 5.9 Resonant capacitor voltage Waveform

The current through the resonant inductor (I;,) is shown in Fig. 5.10. This current

is given into the RB5 pin PORT B. The resonant inductor is 3mH.
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Fig. 5.10 Resonant Inductor Current Waveform



The switching signal was controlled with a programmed PWM data function table
and a designed voltage-feedback circuit board through the A/D (analog/digital)
converting port of the Microcontroller. The experimental waveforms of switching control
signal are taken from the RC3 pin in PORT C of the PICI6F877A microcontroller. The
switching pulses of SI and S2 are shown in Fig. 5.11.
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Fig. 5.11 Pulses for S1 and $2

Fig.5.12 shows the feedback voltage waveform. The negative feedback voltage is

inverted by using inverting buffer and then its given into the ADC of the microcontroller.
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Fig. 5.12 Feedback Veltage Waveform



The voltage across the switches Sl and S2 is shown in Fig. 5.13. In this project

the MOSFET IRFZ44 is used as switches.
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Fig. 5.13 Switch Voltage Waveform

The waveforms of each part in one cycle switching for the proposed converter is
shown in Fig. 5.7 to Fig. 5.12, in order to verify the partial resonant and soft switching
operation of the control devices. Experimental values are obtained for the case of the load
resistor R;: =47, L= 3mH and C, = 0.47 uF. The switches used in the converter were
“operated \é.fith the soft switching, namely turm-on at zero current and tum-off at zero
voltage, adcording to partial resonant operation. Particularly, the resonant operation of the
partial resénant circuit was partially enforced at only switching turn-on time and turn-off
time. It recipuces the losses and stresses of the resonant devices. The above experimental

results agree well with theoretical studies and computer simulation results previously

stated.
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CHAPTER 6

6. CONCLUSION AND FUTURE SCOPE

6.1 CONCLUSION

A zero voltage and zero current switching buck boost converter using partial
resonant circuit has been proposed. The advantages of partial resonant circuit are:
Implementing the partial resonant circuit, the conventional buck-boost converter able to
operate in discontinuous mode of operation, employing only passive components, it has
simple circuit configuration. So, it can be able to controlled by simple control scheme
.Low cost and improving the reliability, Losses are less and its improves the efficiency by
the effective soft switching operation. The switching devices can turn on and off under
zero current and zero voltage condition. Then the operation principle of the proposed
circuit, its design consideration is described on the basis of theoretical point of view. The
buck boost converter is used to both fixed dc to variable dc and vice versa, it is concluded
that the proposed new soft switching converter with partial resonant reduces the
switching losses compared to hard switching operation. Its improves the efficiency than

the buck bpost converter with regenerative snubber circuit.

6.2 FUTURE SCOPE
In the future scope of the work, the partial resonant circuit can be implemented

for cuk-chppper with soft switching techniques.
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APPENDIX II

ARCHITECTURE OF PIC 16F877A

PIN CINFIGURATION OF PIC16F877A
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TIMER 0 CONTROL REGISTER:
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1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3: PSA: Prescaler Assignment bit
| = Prescaler is assigned to the WDT
() = Prescaler is assigned to the Timer() module
bit 2-0: P82 PS1 PS0; Prescaler Rate Select bits
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bit 7-6: Unimplemented: Read as "0’

bit 5-4;: TICKPSL:TICKPS0: Timer! Input Clock Prescale Select bits
11 = 1:8 Prescale value
10 = 1:4 Prescale value
01 = 1:2 Prescale value

00 = 1:1 Prescale value



bit 3: TIOSCEN: Timeri Oscillator Enable Control bit
1 = Oscillator is enabled
0 = Oscillator is shut off (The oscillator inverter is turned off to eliminate power
drain)
bit 2: TISYNC: Timerl External Clock Input Synchronization Control bit
TMRICS =1

= Do not synchronize external clock input
0 = Synchronize external clock input
TMRICS =0
This bit is ignored. Timerl uses the internal clock when TMRICS = (),
bit I: TMRICS: Timerl Clock Source Select bit
I = External clock from pin RCO/TIOSO/TICKI {on the rising edge)
0 = Internal clock (FOSC/4)
. bit 0: TMR1ON: Timer! On bit
1 = Enables Timerl

0 = Stops Timer!
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(000 = 1:1 Postscale
0001 = 1:2 Postscale
0010 = I:3 Postscale
1111 = 1:16 Postscale
bit 2: TMR2ON: Timer2 On bit
1 = Timer2 is on
0 = Timer2 is off
bit 1-0: T2CKPSE:T2CKPS0:; Timer? Clock Prescale Select bits

00 = Prescaler is 1

(1 = Prescaler is 4

Ix = Prescaler is 16
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0101 = Capture mode. every rising edge



0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCPxIF bit is set)
1001 = Compare mode, clear output on match (CCPxIF bit is set)

1010 = Compare mode, generate software interrupt on match {(CCPxIF bit is set,

CCPx pin is unaffected)

1011 = Compare mode, trigger special event (CCPxIF bit is set, CCPx pin is
unaffected); CCP1 resets TMR1; CCP2 resets TMR and starts an A/D
conversion (if A/D module is enabled)

[ I1xx = PWM mode
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PMF Semiconaucion Proouct speciication
N-channel enhancement mode IRFZ44N
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GENERAL DESCRIPTION QUICK REFERENCE DATA

! rel  Enhancement  moce 5YMBOL [ PARAMETER Mo LRT
o feigaffect power

VErVOwonElate regsace | B Totd power clsspation o W
sty o T A e E
ITEnded U USE In swliched moge resigiance V= 13y
PIRNING - TOZ20AB FiN CONFIGURATION SYMBOL

m DESCRIPTION
1 |gate

2 aran

3 ifsource

@b ! aran

LIMITING VALUES
' mmmwmmmm{mm;

$YMBOL [ParaMETER COMDITIONS MR | X | omiT
Vi | |Crainsource vatage R " P v
Vie | Doaingate votage R. = 20K ) e Y
=L Gate-E0UrTe vorage . i P Y
L Ll curment (DC] T.=250 - & A
4 Draie curent (5C1 T = 100 °C - 35 A
- Diain curtent (oulse pecl vailes [T, = 25 ¢ . 160 A
Py Tolal mﬂ%l ’ Te=25'C - 114y w
To T Siorage & operaing terperature |- -5 175 e
ESD L#HTNG VALUE
SYMEOL | PARAMETER CONDITIONS M | omax [ owe
Vo |Electostatc dtschange capachon Human body model - 2 37
_ voraoe, 3 pins {100 pF, 1.5 Kl
THERMAL RESISTANCES
SYMBOL [PARAMETER COMDITIONS e | max | uwr
'u‘-,‘. v Therrssl mmm jir] - - t4 AN
MW;P basa
=, Therral Tasstance kncion tn i e air 80 . KW
okt




Priliss Semiconductons Procuct sparicaton

N-chanme! enhancement maode IRFZ44N
TrenchMOS™ transistor
STATIC CHARACTERISTICS
T= ursess cheraioe specitiad
SYMGOL |PARAMETER CONDITIONS M. | TYP. | max | uwrr
Visows | DRAIn-s0Ure trezkdou Vi =0V, | = 025 mA; 55 | - - v
= o - T=ssc | s - | -] v
V!"ta}"v:.-. Gae k Vm "'g".’z.s = Vi&l I:'; =1 TA : 2‘{} 3'5 5"& v
T=75C | 1 - - v
T=-35C | - S
b ZRAG GRte VOR3QE Orain cumment [V, = 55V Y., =0 - loeE] 1z | us
~ gaee tewsc | - |- I so | ue
e Gate soume eakage cumant |V, = 1TV V=0V - Joma| wh,
T=t75s | - - 20 | ws
Voo | G2 SOUTCE DrEIkdON vOkagE ||, = <1 A w | - ; v
Roneen, | DFaIN-500TE on-63ate Vi =10V L =254 - 1= f 22 | mi
 |resstnce T=175C | - - 42 | mo
DYNAMIC CHARACTERISTICS
Yoo = 2PC urtess othermise specified
SYMBOL |PARAMETER CONDITIONS M. | TYP. TMax T o
g | |Forwens transconduciance Vi = 25V Iy 254 5 - - g
Lo Input capacitance Vo =V VW =35V Te t - 1380 [ 1800 | pF
Coas Outpait capactiance - 13| wof oF
C Feethack capactiance - 188 | 218 | pF
Total g3 charge Yo =SV L e ST Y, = 1DV - - 82 | rc
g‘fa, ot Souros e ] ) -] - e
Qe Gate-arair miler) charge - - % | ¢
Le | TUTHON Oelay dme Vo = IV L w25 A - 18 | 2€ s
TumHon fise me Vi = IV R, =100 - ol I
H TUm-0f Selay time Remste Ioad - £ 58| s
: TUrHOm 13l 2 - X | & | s
= [intema drEn nouctance NSEEEURS fTom Contact Sorew on - laEl - |
130 1 carre of die
L Intesit gr¥n indkactance Measures irom drain iead & ren N - rH
roam g 0 centre of e
L, Intema sourse Inductance Measued Fom soume kad & mm - |5 - nH
Trom package: to sourne bond pad
REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS
T, = 25°C urfess olenise specitied
SYMBGL [PARAMETER CONDITIONS M. | YR e [owr
e  [Contirmmous revesse dran - - 45 A
ctrery
L Pulsed reyersa grain curerr - - 160 &,
v, Déode Torward wotsge L=28AV,, =0V - Joss )iz v
IL'%RVQ,{;‘GEV - 1.2 -
L Reversa recovery bme fo =<0 A OE = 100 AiE; - a7 - 15
@, Reverse recovery change Vi =10 W, w30V - C.1E - ulz




APPENDIX III

PROGRAM for PIC MICROCONTROLLER

#include<pic.h>

__ CONFIG(0X20A4);
__ CONFIG(0OX3FFF);
unsigned int REFF1;

void main{)
{
TRISC=(); 1
PORTC=0;
TRISA=0XFF; I
ANSEL=0XO0F;
ANSELH=(;
ADCON1=0X80;
PR2==99;
CCP1CON=0X0C;
T2CON=0X04;
CCPRI1L=35;
while(1)
{
ADCONO=0X8I;
delay();
GODONE=I;
while(GODONE);
iffCCPRIL<13)
LIMIT
CCPRIL=15;
if(CCPRIL>75)
LIMIT

PORTC AS OUTPUT

PORTA [ADC] INPUT
//' ADC CHANNEL SELECTION

/f PWM FREQUENCY SELECTION

/' ADC CHANNEL [ANO]

REFF1=(ADRESH*256)+ADRESL;

CCPRIL=T75;

i DUTY CYCLE LOWER

/ DUTY CYCLE UPPER



/3% ok ok ok ok s ok e oo e o ok ok ok ok ok ok ke e sk sk sl sie e Kok K OUTPUT REGULATION

***********************/

delay1(};
if(REFF1>400)
CCPRIL--;
delay();
1If(REFF1<405)
CCPRIL++,;
delay1();
H
i{RB6==0)
CCPRIL=0;
else if(RBS==1)
CCPICON=0X0C;
H
delay()
{
unsigned int i;
tor(i=0;i<100;i++):
F
delayi()
{

unsigned int j;

for(j=0;}<10000;j++);



