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ABSTRACT

Energy crisis problem glooms around the globe, now every one’s attention is turning towards the use of
renewable energy sources in an effective manner. Solar energy which is primarily the best renewable energy
source, can be utilized to charge the re-chargeable batteries and by doing so electrical consumption can be reduced.
However the problem with the solar energy is that, when solar panel absorbs the solar energy it gives out un-
regulated DC output, which cannot be used for further applications. By regulating the voltage coming out from the
solar panel using DC-DC converter, and also by stepping it up the ,it can be used to charge rechargeable
batteries(automotive batteries) and also the charging time is also reduced by employing a stepped up voltage to the
battery.
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INTRODUCTION

A ZETA CONVERTER is an electronic circuit which converts a source of direct current (DC) from one voltage
level to another. It is a Switched DC -DC converter which provides a regulated and stepped up output voltage. It is
widely applied to maximize the energy harvest for photovoltaic systems and for wind turbines, hence they are
called power optimizers. In this paper, ZETA converter is designed controlled using a Pl controller and the
corresponding output response is simulated using MATLAB software. Also the response of ZETA converter when
it is subjected to line and load variations is simulated.

WORKING AND SIMULATION OF ZETA CONVERTER
ZETA CONVERTER WORKING:

When the switch S is “on”, and the diode D is “off”. This region takes the time from 0 to d1 TS seconds.
The inductor Lm stores the energy received from the rectifier. The capacitor C1 supplies energy to the load (R) via
the inductor Lo, and the capacitor Co the currents through the inductors Lm and Lo increase linearly, while no
current flows through the diode.

When the switch S is “off”, and the diode D is “on”. This region begins at the time d1 Ts seconds, and ends
by d2 Ts seconds. The diode D is forward biased due to the voltage across the inductor Lm has reversed polarity,
while the currents ILm and ILo decrease linearly. The stored energy in the inductor Lm is transferred to the
capacitor C1. The load R receives energy from the inductor Lo. Hence, the current iD=iC1+iLo.
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FIG.1 Design Of ZETA Converter  FIG.2 ZETA Converter Simulated Output
ADVANTAGES OF ZETA CONVERTER
e Provides a non-inverted output.
e Stable output response is obtained.
o Control over the circuit, proves to be effective.

e Fewer transients in the output response.
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e Circuit losses is less when compared to SEPIC converter.

ZETA CONVERTER CIRCUIT CONTROLLED BY PI CONTROLLER

ZIEGLER NICHOLS CLOSED LOOP TUNING METHOD:

1. The system is first bought to the steady state.

2. A small disturbance is created in the system by changing the set point. The unstable systems begin to oscillate.

3. We tune the gain K until we obtain sustained oscillations. From the sustained oscillation, we record the
ultimate gain value Ku and the period of oscillation ( Pu).

For a Pl controller, the formula Ki and Ti are:

Proportional Integral Ko Ti
Controller Kp= Ku2.2 Ti=PJ/1.2

From the output we obtained,
Kp=0.015136; Ti= 0.333; Ki=3

F1G.3 Final Zeta circuit with tuned PI controller FIG 4.PI controller employed ZETA OUTPUT

TABLE.1 Varying output values for change in Kp & Ki

Vin(V) 6 8 12
ol Kp 0.01 0.01 0.01
Ki 3 4 3 4 3 4

Rise time(s) 0.01 0.001 | 0.0026 | 0.0013 | 0.01 | 0.0019
Settling time(s) | 0.04 0.03 0.02 | 0.015 | 0.08 | 0.06
Absolute error | 0.2714 | 0.2035 | 0.2538 | 0.1903 | 0.236 | 0.1819

PARAMETERS FORMULA VALUES
Switching Frequency | f=1/T ; T=Ton-Tos | 15KHz
Time Period T=1/f 6.67e-5
Duty Cycle K=(Ton/T) 75%
Output voltage Vo=V(K/1K) 24V
Inductance L=[(1K)R/2f] L1=200uH
L2=200uH
Capacitance C=(K/2fR) C1=200uF
C2=22F
C3=2200uF

LOAD REGULATION:
Keeping Resistive load constant at 31ohms, varying the inductive load, Respective settling time of
the of the output waveform is recorded.
INPUT VOLTAGE: 8 V
OUTPUT VOLTAGE: 24V

INDUCTANCE (mH) | Settling Time(seconds) Ts
270 0.1

590 0.12

1073 0.28

1232 0.3

LINE REGULATION:
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Keeping the Impedance load Constant, R= 31 ohms and L=270mH. As the input voltage is varied
about the range of (6-12)V during the conduction mode,the desired output voltage of 24V is achieved.

Fig 5.0utput response when line voltage is varied.
APPLICATION OF ZETA CONVERTERS IN RECHARGING AUTOMOTIVE BATTERY FROM
SOLAR PANEL

An automotive battery is a type of rechargeable battery that supplies electric energy to an automobile. An
automotive SLI battery (starting, lighting, and ignition) powers the starter motor, the lights, and the ignition
system of a vehicle's engine. Automotive SLI batteries are usually lead-acid type, and are made of six galvanic cells
in series to provide a 12-volt system. Each cell provides 2.1 volts for a total of 12.6 volts at full charge. Heavy
vehicles, such as highway trucks or tractors, often equipped with diesel engines, may have two batteries in series
for a 24-volt system or may have parallel strings of batteries.In order to recharge the automotive battery, solar
panels can be used. From the solar panel, unregulated DC output is regulated using the ZETA converter. This
regulated DC voltage is also stepped up using ZETA converter, thus a regulated and stepped up voltage can be
given to automotive battery for charging purpose.

SOLAR PANEL | ZETA CONVERTER AUTOMOTIVE
BATTERY

CONCLUSION

The objective of this paper is to emphasize how ZETA converter,can be used in efficient conversion of
solar energy into a useful electrical energy,which can be primarily used as a stored electric charge and later can be
used as a alternative for electrical energy.Focussion on automobile industries inparticular,ZETA converter can be
used to charge the AUTOMOTIVE BATTERIES.By employing ZETA converter in the solar grid circuit,it will
regulate and step up the output the voltage coming from the solar panel and it can be used in efficient charging of
automotive batteries. Thus,if everyone of us started using more and more renewable energy powered devices with
efficient transfer of energy, the energy crisis can be minimized at a greater level. Thus by using such efficient
energy transfer technique, more and more renewable resources powered devices will be used, thereby reducing the
rate of consumption of nonrenewable sources.
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