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Design and Development of Microcontroller Based
Electromagnetic Induction Injera Mitad Prototype.

Feleke Fanta M.

Abstract: -Injera is flat, thin, soft, usually circular bread like
staple food for most Ethiopians. Its cooking process islong and
sensitive to environmental conditions. Injera baking reguires
temperature ranging from 150°C to 180°C. To generate this
temperature, most people use biomass products, whereas
thosehaving access to grid connection use locally manufactured
traditional electric injera mitad which uses Nickel-Chrome
resister as heat source. This electric clay mitad consumesat an
average 3 — 3.5 KWand has low efficiency. To improve power
consumption and efficiency of injera cooking mitad, the author
developed Electromagnetic Induction Injera Mitad prototype.
The prototype operation is based on laws of electromagnetic
induction. After complete assembly of the components, a series of
lab and field tests were conducted and it was observed that, for a
similar injera quality, the initial heating up time was reduced to
45%, the power consumption was reduced to 50%, and the
efficiency was increased around 30% comparedto that of
traditional electric injera mitad. .

Key words: - working coil, magnetic field, resonant inverter,
cast iron, eddy current.

l. INTRODUCTION

Injera mitad is Amharic name given to injera baking
apparatus in Ethiopia. It is composed of two words;Injera—a
flat, thin, soft, usually circular bread like staple food item of
most Ethiopians, especially in central and northern parts of
the country;and Mitad — a device made from clay or
ceramics on which injera is directly cooked. Preparation of
injera is a long process. It usualy takes two to four days
from mixing teff grain flour with water to cooking. Fig. 1.1
shows typical injerawith bubbly eyes
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Fig. 1.1 —Injeraof teff grain [17]
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Injera can be produced from almost any staple grain, such as
teff (most preferred), sorghum, millet, and maize.

Its unique property requires thorough understanding of the
entire injera baking process like fermenting under controlled
environment, proper viscosity of batter, serious control of
cooking temperature etc. A good and acceptable injera has
spongy texture with bubbly eyes.[10,11]

Depending on the grain type, batter viscosity and other
environmental  conditions, injera  baking  requires
temperature ranging from 150°C to 180°C [10, 14]. To
generate this temperature,all rural and 30% - 40% of urban
dwellersuse biomass products whereas the remaining urban
dwellers(60% - 70%) use locally manufactured conventional
electric injera mitadfor decades.It uses resistive heater as
heat source. Studies made by different parties showed that
each locally manufactured electric mitad consumes at an
average power of 3.0 — 3.5 KW[10]. It has excessive heat
loss and consequently low operating efficiency.

From the field data collected from 15 locally manufactured
electric injera mitadesthe average power consumption is
indicated in table 1.1.The Initia heating up time is the time
taken by the device to raise the mitad temperature from
room temperature up to the working level (around 170°C).

Tablel. 1 Averaged power consumption of locally
manufactured electric injera mitad [11].

SN. Description | Unit Aver.value

1 Voltage Vv 210

2 Current A 16

3 Working °C 170
temperature

4 Power KW 3.36
consumed

5 Initial min 18
heating up
time

6 Efficiency 45%

It was roughly estimated that, in 2007 around 530,000[8, 10]
locally manufactured electric injera mitades were in use in
the country. Because of rapidly growing energy demand and
shift from biomass to electricity in urban areas, in 2020 this
number is roughly projected to be more than double whereas
the major limitationsof the device do till exist. [10] The
local electric mitad is manufactured from clay which is high
heat load material. In addition,, due to not standardized
manufacturing processes, materials used and assembling
inperfections, it has excessive heat losses, Thus, it is energy
intensive product and has efficiency around 45%.
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Fig. 1.2. Local electric injeramitad [10]

Statement of the problem

Injera baking is exercised 2 - 3 times a week by each
household [11]. Since the local electric injera mitad has low
efficiency, it is responsible for the bulk amount of energy
consumption which is around60% — 70% [14] of the total
household requirement. Thus, demand for energy
efficientinjera mitad with improved power consumptionis
crucial question of the society and energy managing sector
of the country.

Objective of the work

The main objective of this work was to design and develop
electromagnetic induction injera mitad prototypewith
improved power consumption and efficiency compared to
thelocal electric injera mitad.

Operating principle of the prototype.

Inductive heating is a contactless technique which converts
electrical energy into heat based on the principle of
electromagnetic induction. It uses the heating effect of eddy
current and hysteresis losses in ferromagnetic materials
(work piece). When a ferromagnetic material is placed in a
time varying magnetic field, an emf is induced in the
ferromagnetic material. This induced emf causes eddy
currents to flow in the material. According to Ampere’s law,
the Magneto motive force and magnetic field are: -

IHdI =NI=F @
@) ¢ = uHA=BA

According to Faraday’s law, a time dependent magnetic
field through a closed curve induces an electromotive force
(emf) around the curve.
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This induced emf causes eddy current flow in the work
piece and develops ohmic losses (I2Rw loss) which is
responsible for the heating of the work piece..

E. .
® P=—"=i’R,

©)

Where, Eind — induced emf
p — power lossin the work piece
Rw — electrical resistance of the work piece
ieddy —current flowing in the work piece
The amount of heat dissipated depends on the frequency of
the eddy current, magnetic field density and thickness of the
cast iron work piece. In addition to eddy current loss, there
is small contribution of hysteresis loss effect.The total loss
in the work pieceis: -
P=B,.=P.+P, (6)

loss

Where, - eddy current loss

P =K, f?B 1
Y Cin X hysteresis loss

X ;
f — Operating flr:équerlér) B

K& K, — material constants

t — thickness of the work piece

X — Steimetz constant

. MATERIAL SELECTION AND DESIGN
CONSIDERATIONS

Considering availability of required materias in the local
market, materials listed in table 2.1 and given parameters are
taken.

Table2.1 Main materials and given parameters

S/N | components Selected material &
given parameters

1 | Work piece Castiron

2 [ Insulation Ceramics

3 | Working coil Enameled copper wire

4 | Working 150°C - 180°C
temperature

5 | Supply voltage | 220V, 50 Hz

6 | Operating 24 KHz - 30 KHz
frequency

7 | Design power 1.5- 1.8 KW

8 | Control and MCU with sensors
protection

Design consider ations

Cast iron work piece —Due to its peculiar thermal and
magnetic characteristics; cast iron was selected to replace
clay with embedded resistor in traditional electric injera
mitad. It is the main source of the required heat.

The surface of the cast iron where injera batter is poured and
cooked must be nonstick. To obtain nonstick surface a small
drops of flax seed oil and PTFE (Polytetrafluoroethylene)
are carefully  rubbed on the smoother side surface and is
kept in the electric oven having 250°C — 3000C for two
hours with oven door firmly closed.
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After two hours of heating the oven is switched off. Without
opening the door, the work piece is left in the oven as the
oven cools down to room temperature. This treatment
process was repeated three to five times. By filling the
microscopic cavities on the cast iron surface, the flax seed
oil and the PTFE develop a protective layer where the risk
of food sticking is avoided and simultaneously the work
piece becomes corrosion resistant. Table 2.2 shows
specification and dimensions of selected cast iron work
piece.
Table 2.2 Specifications of thecast iron

No Description Parameters
1 Density ( Yy ) 7150 kg/m®
2 Relative permeability () 250
3 Electricdl Resistivity a room | 9.61x 10°Q.m
temperature (py,)
4 Specific heat capacity (c,,) 460 JKg.°C
5 Thermal conductivity (Aw) 50 W/m.K
6 Diameter (D) 0.55m
7 Thickness (hy) 0.005m

Ceramics insulation — Two pieces oftraditional ceramics
manufactured for this project are used as main insulation.
One is to accommodate working coil and the second is to
insulate the coil from the cast iron work piece.

Table 2.3 Specification of ceramicsinsulators

No Parameters

Description

1 Density ( Y') 2800 kg/m®

2 Relative 1
permeability (u)

3 Electrical 1x10Q.cm
Resigtivity at room
temperature (p¢)

4 Specific heat | 0.80 JKg°C
capacity (Cc)

5 Thermal 3W/mK
conductivity (Ao

6 Diameter (D) 0.57m

7 Thickness (hy, Max | = 0.008 m &

0.006m

Working coil - It is a flat planar coil wound from multi
stranded enameled and twisted copper wires. Coil
parameters are shown in Table 2.4.

Table 2.4 Specification of working coil

No. Description value

1 Cross-section of the [ 8.0 mm?
bundle

2 Diameter of a strand 0.72 mm

3 Cross-sectional area of | 0.41 mm?
astrand

4 Number of stands in | 20 strands
parallel

5 Actual diameter of the | 4 mm
bundle

6 Number of turns 41 turns

7 Total length of thecoil | 36 m

8 Outer diameter of the | 0.55m
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coil

9 Inner diameter of the [ 0.030 m
coil

10 Inter-turn space | 2.5 mm
(uniform)

11 Height of the cail 4 mm

Structural arrangement of main components

Castiron

Ceramics

Coil

Ceramics
Shielding

Field conveyor
Arrangement of main component [11]

i, CONTROL AND PROTECTION SYSTEM

The basic parameter to be controlled is temperature of injera
mitad. The microcontroller gets the signal from the
temperature sensor embedded in the cast iron. It is
programed to make OFF the induction coil driver circuit
when the temperature reaches 180°C (max.) and to make it
ON when it falls to 150°C (min.) for teff grain injera. Block
diagram of the system isshownin Fig. 3.1.

Power supply . ‘.
24V de l an
t —

e SUpply Induction Selecion switch
sovae ™ Rulty el e [we{and disolay
Power Supply Micro Wduction
aVdec == ocmrolior Il'rt.‘l':LDr.:}Inn focl

LE D dissplary Termpirabure L

SETSO i

Fig. 3.1 Block diagram of the system

Power supplies (220 V, 50 Hz; 24V dc; 5V dc) - The
mains power supply is 220 V, 50 Hz. The 24 V dc power
supply module is to power the fan and the relay. The 5V dc
isto power the microcontroller and the amplifier.

Induction coil driver module - This module is
commercially available and is aload resonant converter type
in which the working coil is a part of the resonant circuit.
The power flow to the coil is controlled by the converter
switching frequency.
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IMNDUCTION COIL DRIVER
MODULE
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Fig.3.2 Driver module and selector switches
withindicator LEDs.

Thethree LEDs D2, D3, and D4 indicate the different power
selection options for cooking injera . The forth LED
indicator (D5) indicates the readiness of the system to
switch ON the module. The higher the power, the faster the
heat generation across the work piece. The driver module
varies the operating frequency from 24 kHz to 30 kHz.
Microcontroller circuit - The heart of the circuit is the
PIC16F877A microcontrollerin whch required program is
installed. The LCD is used to display information regarding
the actua temperature that is processed by the
microcontroller. The relay also is used to isolate the low
voltage and high voltage in the circuit.
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Fig.3.3 .The microcontroller circuit

A 24V dc voltage was applied to the relay coil viatransistor
as the driver of the relay. The microcontroller converts the
analog voltages coming from the temperature sensor to
digital signa. These conversions are made in order to make
the microcontroller process the signal. At 520 ADC vauein
the microcontroller (representing maximum work piece
temperature), the relay is activated and turns OFF the
induction driver module. When a 505 ADC value in the
microcontroller is detected (representing. minimum work
piece temperature), it switches ON back the induction coil
driver module. The ADC value is dependent on the work
piece temperature sensed by temperature sensor. Thus, the
microcontroller controls the maximum and minimum injera
baking temperature. The microcontroller circuit uses 4 MHz
clock operating frequency.

Temperature sensor - The circuit uses thermocouple as a
sensor for the temperature across the induction work piece
plate. The said sensor converts the heat into a voltage. This
voltage is very small enough for the microcontroller to
process. The microcontroller needs at least 1 mV in order to
process effectively. The output of the thermocouple was
found out to be 10 micro volts per degree centigrade. Thus,
it needs to be amplified in order to be processed by the
microcontroller.  The output of the thermocouple was
connected to the input of the voltage amplifier as shown in
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fig. 3.3. The circuit uses LM 358 operational amplifier.The
amplifier has two stages for amplifying the voltage coming
from the thermocouple. The first stage uses a voltage gain of
10 and the second stage uses a gain of 2.

The configuration used in the circuit was non-inverting
amplifier configuration.

. R
Gain=—

in

Where, R:=the feedback resistor,
Rin = the input resistor.

?T

Fig.3.3 Thermocouple with amplifier

Protection system - The following devices are
implemented as protection system in the prototype
development.

e Main circuit breaker and fuse for overload and short
circuit protection

e Auto power off if the work piece is overheated (above
180°C).

o Auto Power off if the work piece is not on place.

e Over current protection

o IGBT overheat protection.

Experimental results and the prototype performance

All components of the prototype are properly assembled and
a series of laboratory and field tests were conducted to
verify the performance of the developed prototype with the
set objectives.

Table 3.1 shows summary of thetest results.

No Parameters value

description (Average)

1 | Average Room 20°C
temperature

2 | Input voltage 220V
(regulated)

3| Input current 9.35A

4 | Input power 1.70 KW

5 | Injerabaking work 140°C - 170°C
piece surface
temperature range
6 | Heating up time of
work piece up to
150°C

9.5min
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Table3.2Parameters of the prototypeand local Electric 8. J Acero, R. Alonso, JM. Burdio, L.A. Barragan, and C. Carretero,
mitad compar ed “A model of losses in twisted-multistranded wires for planar windings

used in domestic induction heating appliances”, in Proc. IEEE Appl.

No. Loca prototype | Remarks Power Electron. Conf. (APEC), 2007, pp. 1247-1253.
Indicators | Electric 9.  Jones, R, Diehl, J}C,, Simons, L., & Verwaal, M. , The Development
Mitad of an Energy, Efficient Electric Mitad for Baking injera in Ethiopia”.
! 2017 DOI: 10.23919/DUE.2017.7931827.
1| Average 16-18 | 8-10 45% 10. Danas Electrical Engineering - Energy Efficiency Standards and
Initial min min improved Labeling. Project document on Electric Injera Mitad. May, 2015.
heati ng 11. Feleke Fanta, Dr. Vinyl Ho Oquifio - Design and development of
. Electromagnetic Induction Injera Mitad, IRJET, Volume: 06 Issue:
up time 05, May 2019.
2 | Average 3.2 1.70 KW | 50% 12. Materials data book; Cambridge University of Eng. Dept. 2003
consumed | 4.00 improved 13 ,eAdliltllDOSiGG/D Application note - Induction cooking everything you
Power at KW need to know.
full load 14. Awash Tekle “Experimental investigation on performance
3 | Efficiency | 45% — 75.30% | 20% characteristics and efficiency of eectric injera baking pans
0 i (,,mitad)”, MSc thesis, 2011, AA University
- 25 % improved 15. F. Bordry, Power converters: definitions, classification and converter
S [ Injera V.good | V.good | Comparable topologies, CERN, Geneva, Switzerland.
texture 16. Garedew Ambaw Tsige, “Performance analysis and reliability testing
of a ceramic bake ware for an electric injera baking stove.” Addis
Ababa University, 2015.
V. CONCLUSION 17. Dave Sood — Consultant, Great Falls, Virginia 22066 USA, May 10,
. 2010; “Injera electric baking: Energy use impactsin Addis Ababa
F_rom the laboratory and f|elq test results we observed that, Ethiopia”.(A World Bank-funded Study)
since the surface of the cast iron was carefully seasonedthe
baked injera did not stick to the surface of the cast iron and
was easily removed from _|t. The Mitad tgmperature was BIOGRAPHY
carefully controlled by microcontroller within £10% of
working temperature. The initid heating up time iS ~— " Feeke Fanta M., Received advanced diploma in
improved practically about45% compared with local electric electrical technology from Bahidar Polytechnic Institute,

mitad. The Power consumption and efficiency of the Ethiopia. Following graduation, he worked as electrician

; . in Ethiopian Fabrics textile factory, Asmara. He studied
prototype are also improved as seen in table 4.2. Therefore, ‘, ,¢‘ his BSc & MSc in Electromechanical Engineering at
the prototype can replace the traditional electric injera Zaparodie Machine Building Institute, Ukraine.
mitad. Following MSc graduation in 1990, he worked in different factories and
government offices till 2004. Since September 2004, he has been lecturer in
Adama Science and Technology university in electrical power and control
engineering department. His research interest includes Electrical machines
and power electronics and electrical control systems.

Fig 3.4 Injera cooked on the prototype
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