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ABSTRACT

Induction method of cooking is extensively used for its high effectiveness and safe way of
cooking. This paper provides presentation on design and implementation of a solar powered DC
induction cooker.The energy from the sun is used as the power source of the cooker. When solar
power is not available, the cooker can also be operated by battery. The design of the proposed
induction cooker has been developed by modifying conventional AC induction cooker. The
main purpose of this cooker is to serve the rural areas where electricity is not always available.
Incremental conductance (IC) technique has been used as the procedure of the MPPT which
confirms charging of battery by taking in maximum power from the PV panel and the proposed
induction cooker will be operated by these batteries. Time taken for cooking different food
items has been studied and it is observed that this induction cooker can serve the purpose of
cooking for a small family satisfactorily.

Keywords: MPPT; Incremental conductance; Induction cooking; Battery; Quasi resonant;
IGBT; Power level; Duty cycle; Solar panel; Arduino uno

Introduction

Cooking is one of the significant human activities as food is
our one of the basic needs of life. Most of the people in rural
areas use wood, biomass and kerosene for cooking. This
cooking process is very inefficient and generates a lot of
smoke which causes indoor air pollution and different diseases.
It also causes deforestation and environmental hazards in the
country (Bassily and Colver, 2004). A small number of rural
people use LPG for cooking purpose which is also very
costly. Moreover, the supply of LPG is decreasing day by
day. Cooking with electricity can be a great solution to this
problem. Among different kinds of cooking, induction method
of cooking is commonly used because of its cleanliness,
high efficiency, safety and high performance (Acero et al.
2008).

Although, induction cooking eliminates health concerns,
the environmental impacts depend on the methods of
electricity generation. Cooking with solar energy is the
safest, environmentally friendly and convenient way to
cook. It can play a major role in solving future energy
crisis problems in least developed countries like Bangladesh.

*Corresponding author’s e-mail: shaetil23@gmail.com

Solar PV technology can be used for induction cooking
with a battery backup as a storage medium. Due to the
rapid decrease of the cost of PV panel, solar powered
induction cooking has become cost competitive solution.
In recent years, many studies have been done on improving
induction cooking technologies. FEM simulation model of
conventional induction cooker built with circuit and coil
has found that the magnetic field generated is uneven and
localized resulting poor performance (Meng et al. 2009).
Forest et al. (2000) have experimented on the effects of
pan material on the cooking purpose. The study between
different types of converters has been done by Vishnuram
et al. (2020), studied five types of pan material and
concluded that increasing switching frequency reduces
coil cost and increase effectiveness of the cooker. Sibiya
and Venugopal (2017) have experimented on the modes of
switching. Liang (2017) examined a device which is
heated using induction method with half bridge resonant
inverter simulation.
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An induction cooker has been designed in (Ekkaravarodome
et al. 2013) that presents weak heating energy saving with
high speed cooking and with many ranges of temperature.
Fire hazards of different induction cookers have been
reviewed (Arthur and Fong 2013). Jain et al. (2015) investi-
gated the optimization possibilities of a quasi-resonant induc-
tion cooker. Authors have claimed that the performance of
the coil can be enhanced by minimizing the resistance of the
coil and the IGBT can be optimized by reducing the tail
current in soft switching mode. Adhikari et al. (2017) have
designed a solar based quasi resonant dc induction cooker
and simulated in Proteus but this was not implemented in
hardware. The model prepared in Thirithandar ez al. (2009)
of induction cooker has been designed to operate at an output
of 500W and with a frequency of 24 KHz. Authors have used
a series resonant inverter in the cooker and it was only
designed for alternating current (AC). Weber (2015)
designed an induction stove of 500W to 1KW with 24V input
from battery but efficiency of the cooker was low due to its
simple design and control system. A solar based DC induc-
tion cooker has been implemented with half bridge inverter
(Sibiya and Venugopal, 2017). The limitation of the study is
that the power level was too low to cook foods properly.

From the above literature review it is seen that there is no
model of induction cooker which is powered by DC voltage
and works satisfactorily. The proposed system describes an
MPPT based solar induction cooker which can be operated
by 48V battery and the inverter topology that has been used
here is quasi resonant topology which gives the highest
efficiency among all the inverter topologies. Incremental
conductance method has been used to trace out the maximum
power point of the panel.

Materials and methods
Block diagram of the system

Figure 1 shows the complete block diagram of the solar
power-driven dc induction cooking system. An MPPT based
solar charge controller has been designed to collect maxi-
mum power from the solar panel and deliver this power to the
cooker and the battery. The design has included an induction
coil which takes power from solar panel and battery using
quasi resonant inverter topology. The temperature of the
cooker can be controlled by controlling the power level.

Maximum power point tracking (MPPT)

In this paper, incremental conductance (IC) algorithm has
been used for maximum power point sensing because IC
method is one of the efficient methods among all the MPPT
techniques which is shown in Fig. 3. IC attempts to improve
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the tracking time and produces more energy on a vast irradia-
tion on changing environment (Xuesong et al. 2010). The
calculation of maximum power point can be done by using
the connection between dI/dV and —I/V. If dP/dV is negative
then maximum power point tracker (MPPT) lies on the right
side of current position and if the MPP is positive then the
MPPT is on left side. If MPP lies on right side, dI/dV< -I/V
and then the PV voltage must be decreased to reach the MPP
(Xuesong et al. 2010).

MPPT Charge
o Controller

DC-DC Converter

'

Auto switch

!

Quasi Resonant Induction Coil
Inverter

Fig. 1. Block diagram of the proposed system

Battery Charger

PWM Control

When voltage increases power also increases and it is seen
from Fig. 2 that when PV panel operates on the left side of the
maximum power point, power increasesand when panel
operates in the right of MPP with the decrease of voltage
power reaches to maximum. So, perturbation will be same
when dP/dV > 0 and vice versa. The process should continue
until dP/dV=0.

Left Hand Side: LHS Hizht Hand Side: BHs

F

b«

L

V. |
My o

Fig. 2. I-V and P-V curve and maximum power point of
PV module IC algorithm is seen on Fig. 3 (Vinodh-
kumar et al. 2012)
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Fig. 3. Incremental conductance flowchart

Principle of induction cooker

Induction heating refers to the procedure of heating by
electromagnetic induction that creates eddy current inside the
cooking pot. The generated resistance leads to joule heating.
An alternating current with high frequency passes through
the coil of the induction cooker (Viriya et al. 2002). The
frequency of the alternating current relies on the switching
frequency of the IGBT. The coil of the induction cooker acts
as a primary and the bottom layer of the pot acts as a
secondary coil. So, the whole system is working like a trans-
former. The working principle of the induction cooker is
shown in Fig. 4 and 5.

3, ~Jnducted Current
I AN N AN
|

Efectrigal
Maghetic

N A

Fig. 4. Scheme of an induction cooking

Eddy current induced in the conductor generates heat. The
quantity of heat produced follows the joule’s law of heating
which is equation 1:

Q=P =Ri® =Vl oo (1)

Eddy Current

Top Plate
Coil

High Freguency
Resonant Converter

Fig. 5. Induction current at the bottom of the pot

Fig. 5. Induced current beneath the pot, where Q and P [in
Watt] represent the power being converted from electrical
energy to thermal energy, I [in Amps] is the current that
passes through the conductor (For this particular case, the
eddy current), V [in Volts] is the voltage drop across the
component (e represents the electromotive force here) and R
(in Ohms) is the equivalent resistance of the conductor.

Quasi-resonant topology

Among different converters quasi resonant converter is used
most in case of induction cooker because it requires only one
IGBT for switching. It is considered as a good conciliation
between cost and energy transformation effectiveness. It is
very usual for single burner cooker (Jain et al. 2015). Fig. 6
shows the proposed topology.

; 1 |
BUS = Cpus G 1GBT I_

Fig. 6. Quasi resonant topology used for induction
heating system

By changing the duty cycle the power level of the induction
cooker can be controlled. For a certain pot maximum power
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level and maximum main voltage of the switch and resonant
capacitor can be calculated from QR theory and approximat-
ed by the equation no 2-5.

2.E
Viws = 55 s (1)
1
e A ——— (1)
V cC=DUus
Ly = TON-% ...................................................... (1)
— TonVdcobus .....cocooooiiiiioiieeeeeeeeen, 1
V;‘ES - m ( )

Table I. Circuit parameters of MPPT

Whereas, E signifies the energy stored into the inductive part of
the load during the T, phase. The peak current is proportional
t0 Ty, V... TESONant voltage V. can be expressed in terms of
T,yand V usually T is kept constant throughout the
mains semi period. T, can be set by PWM driving signal.

de-bus’

MPPT Charge controller

The proposed MPPT of this paper is based on DC-DC Buck
Converter. The main MOSFET switch is a P-Channel
MOSFET (IRF-9540). In order to drive this MOSFET a Low
side N-Channel MOSFET (IRF-540) is used. This is called a
High Side P-Channel drive and Low Side N-Channel drive.
Fig. 7 shows that the gate of the P-Channel is connected to
the drain of the N-Channel MOSFET. The PWM signal goes
to the gate of the N-Channel. The positive terminal of the PV
Panel is connected to the source of the P-Channel and
negative terminal is connected to the ground. A current
sensor (ACS-712) has been used to sense the current of the
output circuit. A voltage divider has been used to sense the
output voltage of the battery. The Incremental conductance
MPPT code has been added to the Arduino UNO to calculate
the maximum amount of power that the PV source can give.
Table 1 shows the circuit parameters of MPPT. Circuit
Parameters of MPPT

Table 1. Circuit Parameters of MPPT

S.No. Parameters Values
1 Solar Panel 500 W
2 Open circuit Voltage of Solar panel 72 V
3 Solar Panel Short Circuit Current 15 A
4 P-Channel MOSFET IRF 9540
5 N-Channel MOSFET IRF 540
6 Inductor 500 mH
7 Capacitor 220 uF
8 Switching Frequency 31.6 KHz
9 Current Sensor ACS 712
10 Battery 48V,80Ah
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Fig. 7. Circuit Diagram of MPPT Charge Controller
(Saha et al. 2019)

The circuit diagram of MPPT after hardware implementation
is shown in Fig. 8.

Current Sensor
ACS 712

Capacitor
Diode

Voltage Divider Resistor
Inductor 500 mH

NMOS IRF 540
PMOS IRF 9540

Arduino Uno

Fig. 8. Hardware implementation of MPPT (Saha et
al. 2019)

Fig. 9. Circuit diagram of conventional induction cooker
(Sibiya and venugopal, 2017)
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Induction Cooker

To design the proposed induction cooker the conventional
circuit of AC induction cooker has been used. Fig. 9
represents circuit diagram of conventional induction cooker
which is operated by 220 V AC power supply. As shown in
the circuit a full bridge rectifier is used to alter the AC supply
into DC. So, the main circuit works on DC.

From this it can be understood that, the cooker can be operat-
ed with DC voltage. As the output of solar panel and battery
is DC, the induction cooker can be functioned by both the
solar panel and battery. The proposed induction cooker in this
paper is based on this theory. For operating the induction
cooker with DC voltage, the design of the conventional
circuit is modified.

The proposed circuit does not require rectifier as the voltage
source is DC. As shown in Fig. 9 the conventional circuit
uses R1, R2, R3, R4, R43 and R33 resistors as voltage divid-
er in order to send the voltage to microcontroller. If 48V DC
is supplied instead of 220V AC because of these resistors’
microcontroller receives voltage in microvolt range which is
very difficult to sense. So, the proposed system uses resistors
of small values instead of this resistor so that the microcon-
troller senses the voltage properly. Rest of the reaming circuit
remains unchanged. The microcontroller used in the proposed
design is S3F84BS8. It is a newly developed Samsung’s
microcontroller. Fig. 10 represents the circuit diagram of
proposed solar based DC induction cooker after redesigning
the circuit. The resistors marked in the figure are eliminated
while designing the circuit for 48V DC. Fig. 11 shows the
hardware of the circuit of the proposed induction cooker.
Resistors indicated in the figure are replaced by small valued
resistors so that the proposed induction cooker can be operated
by small voltage. This proposed induction cooker is operated
by Solar PV Panel or 48V DC battery. In order to operate the
induction cooker properly, minimum voltage is required 48V
DC. Otherwise, the cooker will not run. The cooker coil takes
maximum 5.6 A current. In order to cook food by this cooker
for a small family (3-4 persons), minimum number of hours
required will be 5 approximately which is experimentally
calculated by the proposed cooker. In order to operate the
cooker at its maximum power solar panel has been connected
via battery.

The system is designed in such a way thatby charging the
battery once, cooker can be operated for two days (average 5
hours daily). So, battery size is required 10h*8.3. A= 83 Ah.
Four 12V, 80Ah batteries connected in series have been used
to operate the cooker. In order to charge the batteries a S00W
panel has been used. The open circuit voltage of the panel is
72V and short circuit current is 15A. Using an MPPT circuit

between solar panel and battery, the battery can be charged
with approximately 12A during peak sun hour. So, number of
hours required to charge the batteries are approximately
80Ah/12A= 6 hour 40 minutes.
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Fig. 10. The circuit diagram of proposed induction cooker

Fig. 12 shows the coil of the proposed induction cooker. The
number of turns of the coil is 24. After integrating the modi-
fied circuit and the induction coil, solar powered dc induction
cooker is ready for operation. Fig. 13 shows the designed
induction cooker. As shown in the figure, the power of the
induction cooker is measured by wattmeter. A control circuit
is used to change the power level of the cooker. A fan is used
to protect the circuit from overheating.

R3 IIM
Fig. 11. Hardware of the working circuit

‘\\

Fig. 12. Coil of the Induction cooker
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Induction
Coil

Control Circuit

Inductor Cooker

Main Clrcuit

Watt Meter

Sola Panel

Inducten Cooker

Fig. 14. Experimental setup of induction cooker

Results and discussions
MPPT

The purpose of using maximum power point tracking
(MPPT) circuit is to charge the batteries by taking maximum
power from the solar panel. Solar Panel used in this
experiment is of 1250 W. It is seen from Fig. 15 that power

Power Wz Time

430
440
430
4
& am
o am
W
300
M

a0

4
0 5 10 1i o 25 a0 35

Tive (1vin)

Fig. 15. Power VS Time graph of MPPT
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remains in the maximum point during the whole time of
the experiment. This shows the efficiency of the MPPT.
The IC method would be more efficient than P and O
method for MPPT. The future scope of this paper will be
the comparison between two methods of MPPT. Power vs.
Time graph is shown in this figure.

Induction cooker

Proposed induction cooker can be operated at six power
levels. Different power levels indicate different ranges of
power. By increasing the duty cycle ratio power level can be
increased. Table II shows the voltage, current and power at
different power levels. The power increases gradually from
35W to 220W by increasing the duty cycle ratio.

Table II. Voltage current and power at different power levels

Power  Voltage (V) Current Power

Level (A) (W)
1 48.8 1.38 67.7
2 48.34 2.86 138.6
3 47.92 4.57 220.3
4 473 6.37 300
5 47 7.2 350.4
6 46.3 8.3 391.1

Power levels change due to the changing of duty cycle of the
IGBT gate voltage. In order to study the performance of the
cooker IGBT gate voltage wave form has been observed. An
oscilloscope is connected to the induction cooker circuit to
see the wave form of the IGBT gate voltage and the switching
frequency. Positive terminal of the oscilloscope is connected
to the gate terminal in IGBT and negative terminal is
connected to the source terminal of IGBT. Fig. 16 shows the
IGBT gate voltage wave form at power level 1. Here duty
cycle ratio is 24.43% (+Duty from figure). With the increase
of power level duty cycle increases and duty cycle ratio is
61.5% at power level 6 which is shown in Fig. 17. It is seen
that with the increase of duty cycle power level increases.

Same food items were cooked in gas stove and ac induction
cooker (2000W) in order to compare the time required for
cooking among gas stove, ac induction cooker and designed
cooker. Table III shows the comparison of the times taken by
all three cookers. It is seen from the table that even though
the induction cooker has taken more time than gas stove and
ac induction cooker for cooking, the difference is not huge.
The foods were cooked within decent time duration and it can
be used for a family.
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Fig. 16. IGBT gate voltage waveform at power level 1

RIGOL

Fig. 17. IGBT gate voltage waveform at power level 6

Table III. Time Required for Cooking of Different Item
on Induction Cooker and Gas Stove

SI.  Items Quantity Duration Durationin ~ Duration in
N in Gas Stove AC Induction  Proposed
o (min) cooker (min)  pduction

Cooker (min)

1 Water 1000 ml 10 12 20
Boil
2 EggBoil 1 piece 10 12 15
3 Instant 1 packet 6 6 8
Noodles
4 Rice 150 gm 15 16 18

The conventional induction cookers in the market cannot be
operated on DC supply. The induction cooker of this paper
can be connected with a battery and solar panel directly. It
can solve cooking problems in remote areas of Bangladesh
where heavy load shedding occurs and can lessen the
pressure of energy demand of the national grid.

Conclusions

This paper presents a novel system where an Induction
Cooker that is powered by photovoltaic panel or battery
has been implemented. Quasi Resonant inverter topology
is used to drive the IGBT. By using MPPT circuit battery
has been charged within 7 hours approximately. This
battery is used to run the cooker for 2 days. Different items
of foods have been cooked by the cooker to evaluate the
performance and the cooking times are compared.
Proposed cooker has been designed considering rural
arecas where electricity is not available. As the supply of
gas is decreasing, proposed cooker can be a good alterna-
tive to gas stove. There is a scope of study to increase the
power level furthermore.
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