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Abstract

The purpose of this paper is to develop the better con-
troller for Push-Pull DC to DC converter for obtaining Im-
proved Dynamic response. The Push-Pull DC to DC con-
verter is modelled dynamically considering the system out-
put voltage .This paper presents an advanced control ap-
proach on Fuzzy Logic Control to obtain the steady out-
put voltage and Pi filter is added to minimise the ripple in
output voltage .The dynamic characteristics of the closed
loop system is analysed. Also a comparative analysis of
other controller is insured. The performance of proposed
controller is illustrated using MATLAB Simulink. The pro-
totype model is built and verified. The Simulation and Ex-
perimental results validate each other, which show that the
presented method is both satisfactory and consistent with
expectation.
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Keywords: DC to DC converter plays a vital role in
conversion of power. The proposed Push-Pull DC to DC
converter has a simple circuit and reduced voltage drop than
forward converter. The Fuzzy Logic Controller generates
the control signal to obtain the controlled output voltage
and also provides improved dynamic response. Presented re-
sults challenge the view that at low-Voltage improved steady
state error.

1 INTRODUCTION

The most recent contribution addresses the complication and exclu-
sive power needs of healthcare systems such as imaging equipment,
surgical equipment , home healthcare therapeutic devices, and as
well as other critical medical applications that require pure and con-
sistent power for the maximum level of performance. The design of
medical grade DC to DC converter demanding for large standard
range of high isolation DC to DC converters (Li.et.al.,2004) with
wide power range and low input and output DC voltage.

The switched mode converters are the power electronics cir-
cuits which are most commonly used for changing the voltage level.
These converters are used for various applications to vary from no
load to full load with high efficiency (Datasheet). The most useful
power converter is the buck converter, which step-down the volt-
age at a lower value (Mude.et.al., 2012).The design, analysis and
control of the switching converters are the important factors that
have to be considered and also a suitable controller is in demand for
the industrial applications. The PWM method is the well known
process (Florin.et.al, 2007, Mousumi.,2011,Qiang.,2010).

Fast increase in the development of high switching frequency
power electronic devices in the recent years led to the study of
power electronic converters. In power electronics the power density
is important consideration. To improve it the effectual technique is
increasing the switching frequency.On boosting the switching fre-
quency, first the switching losses should be minimized. In systems
with low value of input voltage, the conduction loss is the major
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thought. The Push-Pull DC to DCconverterErichson.et.al.,2001,
NedMohan.et.al.,1995, Mousmi.et.al.,2012) is used for low and medium
power systems. In several industrial applications, in case of criti-
cal systems, low, steady state output voltage with good transient
response is required. Fastest switching speed of the converter will
direct to introduction of EMI, which interferes in the usual opera-
tion, thus the study of soft switching has become more essential.

In number of industries, the dynamic response of the system
for power, the uninterruptable power supply is restricted by cer-
tain uncertainties like time domain specifications. Further, when
fed by PWM converter, suffer from high switching loss, more con-
duction loss and electromagnetic interference. A Push-Pull res-
onant topology, working over ZVS condition (Boornamate.et.al,
2002, Lawler.et.al, 2001, Subrahmanya.et.al, 2012) is used, but
it is hard to decrease output voltage ripple. Then an LC and
LCL (Arun, 2007) resonant push-pull topology (Liu.et.al, 1990,
Zhigan.et.al.,2003) is designed, where the primary and secondary
switches will switch on and switch off under ZVS and ZCS. In these
resonant converters, it is easy to control the current flowing through
capacitor at the output, but it leads to large voltage and current
stress on switches and also higher conduction loss is tough to con-
trol. To provide better control on output voltage and superior
transient response, the closed loop system is used.

Conventional method of closed loop system uses a PI controller,
which is very sensitive to parameter variations. The PID con-
trollers are used in the largest part of industrial application because
of its simplicity, clear functionality, feasibility and poor transient
and steady state response. Fuzzy Logic controller (Abraham.et.al.,
1994, Ranjani.et.al., 2014, Stefanos.et.al., 2014) was suggested as
a new and proposed controller than the conventional PI and PID
controllers (Veeresh.et.al, 1993). Fuzzy Logic Controller (Dragan.,
2013,Sooraka.et.al., 1998) is reasoned by human knowledge where
the mathematical model is complicated because of non linearities
and uncertainties. The Fig: 1 Existing system without pi filter and
controller. The work done earlier do not deal with closed loop Fuzzy
Logic controlled PushPull DC to DC converter. The improvement
in dynamic response with FLC was not reported. The dynamic re-
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sponse of hybrid forward converter is presented (Anand.et.al ,2016)
.The fuzzy logic controller was designed (Pedrycy.et.al, 1993) to
overcome the variations due to environmental and load variations.
In this paper, the output voltage regulation for Push-Pull DC to
DC converter fed storage battery is controlled using FLC methods.

This paper presents an isolated bidirectional DC-DC converter
topology for application as a battery charger. The block diagram
of proposed converter is shown in Fig. 2, is a modification of well
known topology, namely Push-Pull DC to DC converter.
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Push-pull
converter
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P dow Rectifier Load
transformer

power
supply
Pulse
amplifier
Micro-
controller

Figure 1: Block diagram of existing system
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Figure 2: Block diagram of proposed converter system

The proposed converter provides the desired flow of power for
battery charging with FLC than the independent isolated power
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converters in conventional schemes. Other advantages of the pro-
posed topology include low stresses on the switches because of soft
switching, improved galvanic separation, small ripple at the output
voltage, rapid transient response and reduced steady state error.
The paper also provides detailed steady state analysis for power
flow topological modes. A generalized design procedure is given
that facilitates design of the power converter. The paper is struc-
tured as follows: Section 2 presents the description and operating
modes of the converter. Controller design analysis is described in
Section 3.The results and discussion is described in section 4.In or-
der to validate and to provide verification for the proposed system
the experimental results is given in Section 5. Finally section 6
presents the conclusion.

2 Topology And Operating Mode Of Con-
verter

2.1 Topology and operating modes of the con-
verter

The soft switching of Push-Pull DC to DC converter is used in the
current work.Fig: 3 gives the basic circuit diagram of Push-Pull
Converter and the timing diagram is shown in Fig.4.

. Ty
ﬂ e + Vour
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- - -

PWM CONTROL

Figure 3: Basic Push-Pull Converter
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Figure 4: Timing diagram of Push-Pull converter

The Push-Pull converter is operated by alternatively switch-
ing on the two transistors. As Current flows in the primary of
the transformer at the same time, current flows in secondary also.
When transistor A is switched on, the input voltage appear across
the upper part of the primary winding with dotted negative termi-
nal. On the secondary side, a negative voltage will emerge across
the windings which forward bias the second diode. Thus allows the
flow of current through the inductor which in turn supplies both
output capacitor and load. If transistor B is switched on, the in-
put voltage appear across the lower part of transformer primary
winding with positive dot polarity. Thus the identical voltage will
appear across the secondary winding which will forward bias the
first diode. This allows the current to flow through output capaci-
tor and load. In proposed topology the transistors are replaced by
MOSFET switches because of less conduction and switching loss.

It is well suited for the applications of low input voltage. Thus,
it is widely used in converters operating at 12V in battery powered
systems. The timing diagram gives the relationship between input
and output pulses. The pulse denoted on ”A” gives the switch-
ing pulse for MOSFET S1 and the pulse denoted on ”B” gives the
switching pulse for MOSFET S2.The secondary side voltage pulses
are double as that of the frequency of operation of PWM controller.
The DC output voltage is given by equation 1 and the peak ampli-
tude of secondary pulses are given by equation 2. This characteristic
highlights the use of Push-Pull converter for low voltage converters.
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The DC output voltage is given by

Vou = Vs (72 ) (1)

Where V ,, =peak amplitude of the secondary pulses

Vo = (Vin = Vo) * (3¢ ) = Ve (2)

3 Controller Design Analysis

3.1 PID Controller Design

Push-Pull DC to DC converter uses the conventional proportional,
integral and derivative controller (PID) to reduce the steady state
errors. In this controller, the parameters proportional, integral and
differential gains K, K, and Ky are designed by using Ziegler-
Nichols method which is given in Table.1. The Circuit model for
Push-Pull DC to DC converter with PID controller is shown in
Fig:5.Here a step change in input voltage is applied which leads to
a step change in output voltage. The output is sensed and com-
pared with the reference signal, which generates the error signal
the difference between the measured and output voltages is given
by equation (3). The firing angle of the switches is varied by varying
the pulse width which is proportional to this error signal. The step
change in output voltage is nullified by the use of PID controller.
The output voltage of this controller is obtained by equation (4).

Ve=V ref ~ V meas (3)
The output voltage of the controller is

‘/1 = Kpme + Kzn f Bdt + Kde% (4)
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Table 1: Values of Kp,,,K;, and Ky

Parameters Symbol | Value
Proportional gain | K, 0.12
Integral gain K; 0.16
Differential gain K4 0.092

Figure 5: Simulink model of the proposed Push-Pull DC to DC
converter with the PID Controller

3.2 Fuzzy Logic Controller Design

Fuzzy Logic Controller can provide improved control for this method,
without the knowledge of mathematical model. Though it should
undergo the following process. The fuzzification , where the real
values are converted to fuzzy set values using IF-THEN rule. Here
by using linguistic depiction the fuzzy values are set ,which pro-
vides good control. Next is the inference mechanism ,it helps the
experts for decision making in the analysis and use of knowledge to
control the system in the most excellent way Lastly the defuzzifi-
cation, the output from inference engine which is in fuzzy set state
are converted to the actual output. In FLC design it is essential
to illustrate the following inputs, the difference between the output
voltage Vo of the Push-Pull Converter and reference voltage Vref is
the error Ve (q) is the first input given by equation (5) and the dif-
ference between the error at qth sampler and Ve(q-1) gives change
in error Vee(q) is the second input given by equation (6).

Ve(q) = Vref - Vo (5)
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Vee(q) = Ve(q) - Ve(q-1) (6)

These inputs are fed on to FLC respectively, the output ob-
tained is due to the change in duty cycle of the switches S3 and
S4.The controller input-output gain varies from -1 to 1, as they
are normalized, it facilitate the controller fine-tuning. The discrete
time integration in FLC is that, the duty cycle is calculate through
FLC output in the ¢** sampling Ad (q) and adding it to the pre-
ceding sampling d (k-1). The output of FLC is compared with
high frequency carries signal to generate the switching pulse, Outl
switching pulse for S4 is obtained by comparing the FLC output to
carrier without phase shift and for Out2 the control signal is ob-
tained by comparing the carrier signal with 180° phase shift .This
FLC output increases the type of the system and thus decrease the
steady state error. The schematic diagram is shown in Fig: 6.

3.2.1 Fuzzification

The Fuzzy rules require minimum data input and linguistic rules.
Here the membership function used to produce the control signal
is of triangular shape which is shown in Fig.7.The five variables
negative big (NB), negative small (NS), zero (Z), positive big (PB)
and positive small (PS) are used for error ‘e’ and change in error

7Ae7

Switching Pulss ta 54

Qutpu Voltage n

Fuzzy Logic
Controlles

Ak

Refarence Vale

Figure 6: Schematic diagram of FLC
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Figure 7: Triangular membership function of fuzzy set rules a) Error
b) change in error and c¢) Output pulse

3.2.2 Rule Base

The rule base is the relationship between input and output values
based on IF-THEN rule. In the proposed system the controller is
designed with 5 fuzzy sets for each linguistic variables, where 25
rules are generated which may be defined as a mamdani linguistic
model given by equation (7)

If Ve, is C ;1 and Vee(g) is C ;2 then A aiis D ; (7)

where Ve, and Vce(, are the linguis i inpu s and A ai is the
output variables. The C ;; and C ;5 are the values of input variables
for which the output is D ; in the universe of disclosure.

The rules are framed based on the knowledge of Push-Pull DC
to DC converter. If output voltage is higher than the reference the

duty cycle has to be increased and if it is less than the reference
the duty cycle has to be decreased. The rule is showed in Table: 1.

10
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3.2.3 Inference Mechanism

The inference mechanism is based on the intersection of member-
ship grades using Mamdani mini fuzzy implication as given in equa-
tion (8).

X = min{ve(k),vee(l)} x Cy (8)

Where ve(k) and vee(l) are membership grades obtained from
the intersection function and the results are taken as z; and ¢

Table 2: Fuzzy set rules

e/Ae NB NS Z PS PB

NB NB PB NS PB PS
NS PS NB PB Z NS
Z PS PB Z NB PB
PS Z NS PS PB NS
PB PS NB NS NB Z

The controlling rules for this system are given in table: 1. Pro-
posed systems have been designed using five membership function;
the system transient response had been improved.

3.2.4 Defuzzification

In defuzzification the value from inference engine is converted to
actual value for processing the system. Here Centre of gravity by
Mamdani type shown in equation (6) is used.

. b [v(k
Aai = 722’}{)(15)) (9)

Jotk)y=p(h=(%)) (10)

The centre of g avi A ai an be determin d using the equation
(9) where by is the centre of the membership fun i n and v (k) is
the area beneath the membership function v (k) .It is determined
by using the equation (10) where p is the base and h is the height
of the membership function.

11
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4 Results And Discussion

4.1 Closed Loop Fuzzy Logic Control Simula-
tion Results

The designed FLC control is implemented in Push-Pull DC to DC
converter for low voltage battery charger. The PIC16F84 microcon-
troller is used to obtain the control signals for the switches. The
Push-Pull converter is designed using IRF840 MOSFETSs,IN4007
diodes, an inductor with 1mH,a capacitor of 4700 uF and load re-
sistance of 500 2. The input voltage of 48 V and Output voltage of
12V.The converter is modelled using MATLAB Simulink and also
designed .The FLC is included using Fuzzy logic toolbox. Fig:8
gives the circuit diagram of Push-Pull DC to DC converter with
FLC in closed loop .The step change in input voltage from 48V
to b8V at 4ms is shown in Fig:9, the switching pulses for S; and
Sy are shown in Fig:10,the switching pulses for S3 and S, is shown
in Fg:11 the transformer primary voltage is shown in Fig:12, the
transformer secondary voltage is shown in Fig:13 and the controlled
output voltage is shown in Fig:14.

Figure 8: Simulink Model Of Push-Pull DC to DC Converter with
Fuzzy Logic Controller

12
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4.2 Simulation Results Of Comparative Analy-
sis Of PI ,PID and FLC

The closed loop control of Push-Pull DC to DC converter with PI
controller, PID controller was done. Here the comparative analy-
sis of time domain specifications in its output voltage waveform is
shown in Fig: 15. Also the steady state output voltage waveform is
shown in Fig: 16.The analysis shows that the time domain specifica-
tions of FLC yields better steady state error.Fig:14 shows that the
ripple content is more using PI and PID controller than FL.C. Hence
FLC proves to have better steady state value than other controllers.

Output voliage in volis

Time i sec

[

PERE —Plcomaier [
_3. —PID controiter
= — |
o 125 'l
@ oy IRy
D A A Comtentt e
- wyyyrerery
£
~ N

0.81 082 083 084 085 0.86 087

Time m sec

Figure 16: Steady state output voltage of FLC
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5 Experimental Results

In order to verify the simulation results, the experimental setup
is developed as shown in Fig: 15. The block diagram of the pro-
posed converter system consists of the power supply, user inter-
face, driver circuit, power circuit, switching pattern generation unit,
FPGA Controller Section and the output unit. The control signal
for switches is generated and controlled by using FPGA, the field
programmable Gate Array. The FPGA is configured using a hard-
ware description language (HDL).The elements used are MOSFET
TIRF840,8A,DIODE-DYQ48,Inductor ImH,2A Capacitor of 4700 uF,
resistors of 500 ,5W ADC-DCF8591,4 Chanel,8bit and snubber
capacitor of 1nok2000,2KV 1nF.The experimental results are vali-
dated as shown Fig:17. The step change in input voltage is shown
in Fig: 18 jthe switching pulses for S 1 and S 2 with 20m/div
,5V/div are shown in Fig:19,the switching pulses for S 3 and S 4
with 20ms/div ,5V/div is shown in Fig:20,the transformer primary
voltage with 50ms/div ,10V/div is shown in Fig:21 | the transformer
secondary voltage with 100ms/div ,10V/div is shown in Fig:22 and
the controlled output voltage transient is shown in Fig: 23.

ey DRIVE CIRCUIT

- I
POWER SUPPLY

- - . ‘v . ' L(‘]'I -
e N ._" b ,D
- PUSH-PULL CONVE
Figure 17: Prototype model of FLC based Push-Pull DC to DC
converter
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Figure 18: Step change in Input Voltage (200ms/div, 10V /div)
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Figure 19: Switching pulses of Sy and Sy ( 20ms/div,5V/div)
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Figure 20: Switching pulses of S3 and S, (50ms/div,5V /div)
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Figure 21: Transformer primary voltage (50ms/div ,10V/div)
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Figure 22: Transformer secondary voltage (100ms/div 10V /div)
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Figure 23: Controlled output DC voltage (500ms/div, 2V /div)
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Table 3: Comparison table for PI controller,PID controller and FL.C
based systems

. . Steady
Rise Peak Settling Peak Stato

Controller time time time  Voltage
error

(s) (s) (s) v) (v)

PI

Controller 0.03 0.5 0.54 1.42 0.27
PID

Controller 0.015 0.46  0.30 9.41 0.08
FLC 0.02 0.03 0.02 0.01 0.5

The transient specifications of Push-Pull DC to DC converter
with PI controller ,PID controller and FLC are tabulated in Table:
2 .The results validate that the transient response using FLC gives
the improved values such as the peak voltage of 0.01V and the
steady state error of 0.5 V. The Simulation and experimental results
using FLC for Push-Pull DC to DC converter are compared.

6 Conclusion

The paper presents the Soft switching of Push-Pull DC to DC con-
verter using Fuzzy Logic Controller for low voltage applications.
The Fuzzy logic controller was designed with less number of mem-
bership functions and minimum number of fuzzy sets. The FPGA
was used to program and implement the Fuzzy Logic Controller.
Also the comparative analysis of time domain specifications shows
that the FLC plays the vital role than other conventional con-
trollers. The transient response gives that the settling time is 0.03
and the steady state error is 0.5V. It was noticed that the ripple
was minimum in FLC compared to conventional controllers. The
results proved that the output voltage is well controlled using FLC.
An experimental prototype model designed and implemented and
it validates the simulation results.
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