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ABSTRACT
The heat stress and time consuming experience in the frying of groundnut in North-East  
Nigeria gives a great discomfort to the processors. The effects of this risk, among other  
inherent risks, on the workers are very hazardous and posed a serious health challenge to  
their  lives.  When  excessive,  this  can  cause  heat  stroke,  a  condition  that  can  either  
threaten their lives or cause dire consequences. In order to alleviate this problem, an  
induction heater suitable for the frying of groundnut with almost zero heat stress and less  
time consuming is proposed. This study used the principle of soft switching in design and  
construction of the induction heater. It is achieved by addition of resonant elements to a  
pulse width modulated inverter to provide soft switching. The resonant circuit brings the  
current to zero in order to provide zero switching for the inverter switch.  This inverter  
provides soft commutation and higher efficiency as compared to the hard switching PWM  
inverter  and  it  therefore  alleviates  the  problems  associated  with  it.  The  proposed  
resonant inverter system configuration has the significant advantage of being capable of  
suppressing the irritating acoustic noise, lowered switching losses, reduction in electrical  
dynamic stresses,  considerable  reduction of  EMI and increase the  efficiency.  Various  
samples of groundnuts were collected and dried using the induction heater and other  
types of heaters available in the market from different parts of the North Eastern State of  
Nigeria.  It  was  found  that  the  proposed  inverter  performed  better  in  terms  of  the  
efficiency, safety and output power.
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Introduction
Groundnut  is  an  upright  or  prostrate  annual  plant.  It  is  generally  distributed  in  the 
tropical, sub-tropical and warm temperate zones. Groundnuts are important component of 
Nigerian diet and about 5 percent of the estimated 58.9 g of crude protein available per 



head per day is contributed by groundnut.  Nigeria is a major producer of groundnuts 
accounting  for  25%  of  world  exports  (IFPRI,  1994).  In  Nigeria,  the  processing  of 
groundnut into various products is mostly done by women either for home consumption 
or for commercial purposes the most common commercial products of groundnut are: 
groundnut oil, groundnut cake .The processing of groundnut is both the source of income 
and employment to a large proportion of rural women in northern Nigeria. Groundnut 
frying is highly labour-intensive in this part of the world due to the crudeness of the 
methods used, as it is carried out at an artisan level [Taiwo and Babatunde, 2013].
The  condition  under  which  groundnut is  fried  can  bear  significant  determinants  on 
occupational  hazards.  These  conditions  could  manifest  in  the  forms  of  unsafe 
environment  and  unsafe  acts/behaviour  on  the  part  of  the  workers.  Studies  have 
demonstrated that the traditional methods of groundnut frying are still in use today. These 
methods  have  been  associated  with  various  forms  of  occupational  hazards  that  bear 
significant impact on the health of the workers. [ Samuel and Adefila, 2012]
The  processes  of  food  heating  system  using  electrical  heating  appliances  therefore 
provides  a better approach to the heating system over the traditional and crude method of 
heating. But this also brings about a tremendous waste of energy and time. It also exposes 
the users to danger of electrocution. In efficiency characterised the operation of these 
devices. This is because these devices are operating in hard switching mode which leads 
to an increase in loss of power electronics components and could not run under high 
power and frequency condition due to  high switching and conduction losses.  It  is  of 
necessity to find a means of providing an improved and better heating device that will 
reduce the time losses in heating processes, conserved energy and of higher efficiency 
compare to the existing heating devices.
The  advance  in  the  invention  of  power  switching  semi  conductor  devices,  digital 
electronics and digital signal processing had make the power electronics to become the 
major technology in many fields previously employing other means for power conversion 
and control.  This  flexibility incurred by the power electronics had make it to find its  
application not only in industrial application but also in widely employed in everyday 
home appliances.
One major area in which the power electronics find its application is in induction heating 
application system for food processing. The process of generating this high frequency 
alternating  current  had  hitherto  being  difficult.  With  innovative  advances  of  power 
switching  semiconductor  devices  such  as  Metal  Oxide  Field  Effect  Transistors 
(MOSFET), Insulated Gate Bipolar Transistors (IGBT) and carrier storage trench gate 
Insulated  Gate  Bipolar  Transistors  designed  for  high  frequency  switching  and  their 
related hybrid drive IC modules had actually made the high frequency A.C less difficult 
to generate.



Increases in switching losses and the electrical dynamic voltage and current stresses due 
to  hard  switching  of  these  power  semiconductor  devices,  related  EMI  losses  are 
incidental  to  high frequency switching in  the  power conversion system.  The chopper 
replaced switch of a standard switch mode power supply topology with a resonant switch.
However, increases in switching losses and the electrical dynamic voltage and current 
stresses due to hard switching of these power semiconductor devices, related EMI losses 
are  incidental  to  high  frequency  switching  in  the  power  conversion  system.  The 
implication is that power efficiency and conversion ability could be lowered in the power 
conversion  system  [Anjana,  Sija  and  Eldhose,  2013].  One  solution  suggested  by 
[Shiniario, Shinji, Takayuku, 2005] is to replace the chopper switch of a standard switch 
mode  power  supply  topology with a  resonant  switch.  The  resonance  switch  uses  the 
resonance of circuit capacitance and inductances to shape the waveform of either the 
current  or  the  voltage  across  the  switching  elements  in  a  way  that  when  switching 
occurred  there  is  no  current  through  or  voltage  across  it  and  hence,  no  power  is 
dissipated. This process is term soft switching
Higher energy conversion efficiency at high frequency switching can be obtained by soft 
switching techniques. This can be sub categorized into two methods viz: Zero -Voltage 
Switching and zero- Current Switching. Zero voltage switching refers to eliminating the 
turn-ON switching loss by having the voltage of the switching circuit set to zero right 
before the circuit is turned ON. Zero current switching is to avoid the turn OFF switching 
loss by allowing no current to flow through the circuit right before turn OFF. The voltage 
or current administered to the switching circuit can be made zero by using resonance 
created by an L-C resonance circuit. 
Various soft switching inverter topologies have been developed such as auxiliary quasi 
resonant  dc  link  (AQRDCL)  [Divan,  1986].  In  the  inverter  a  resonant  circuit  was 
incorporated with an active clamping switch and clamping capacitor. It was interfaced 
between the D.C power supply and DC bus supplying the inverter. The inverter switching 
devices are switched ON and OFF at  zero-voltage instants of the resonant dc link to 
achieve  lossless  switching.  The  problem  of  high  voltage  stress  across  the  inverter 
switches and continuous resonant operation of the dc link was noted. The problems were 
solved with auxiliary quasi resonant dc link (AQRDCL), an Active clamped resonant Dc 
link (ACRDCL) was developed [De Donker and Lyons, 1991]. 
Another topology that was developed by [Fang, SU and Tolbert, 2004] was an auxiliary 
quasi resonant dc tank (AQRDCT) for achieving soft switching. It has the advantage to 
generate a quasi resonant dc bus voltage while dc power is transmitted from the dc supply 
directly. It required additional devices that increase the cost and the resonant control is 
more complex.  A new switched-mode resonant inverter, which is term the Φ2 inverter, 



that  is  suited  to  operation  at  Very  High  Frequencies  and  rapid  on/off  control  was 
introduced by [Juan, Rivas, Yehui, Olivia, Anthony, and Perreault, 2007]. Features of this 
inverter topology include low semiconductor voltage stress, small passive energy storage 
requirements,  fast  dynamic  response,  and high flexibility  of  design.  Another  solution 
proposed to minimize converter switching losses is a PWM boost full bridge converter in 
which the leading switches realize ZCS under wide load range and the lagging switches 
realize zero voltage switching under any load [Ajitha and Kalaiarasi, 2010]. 
Two major topology of inverter are full bridge and half bridge topology.  According to 
[Nitai and Pradip, 2011] the full bridge topology can offer the higher output (up to 5KW) 
and control flexibility and its efficiency can be significantly optimized through the proper 
control strategy. It requires more components and therefore increases in the cost. Half 
bridge topology is robust and smaller in size and can produce output suitable for home 
use induction cooker. It is cheaper than full bridge topology. More efficiency can also be 
obtained by further operating the half bridge inverter in dual modes. It comprises of two 
half bridge inverters: a class D half bridge with high power output range and class DE 
which operates in the medium to low power output range. The mixture of these operating 
modes achieves high efficiency levels over a wider range of power output [Samathal and 
Usha, 2013].
This work deal with the development of a resonant ZCS-PWM high frequency using half 
bridge  inverter  topology  operating  at  a  constant  frequency  for  the  induction-heated 
cooking system appliance. 

Methodology
The block diagram of a resonant soft switching PWM high frequency inverter is shown in 
Figure  1  for  small  consumer  induction  heating.  It  is  composed  of  minimum  circuit 
components and two power switching devices. This high frequency converter is based on 
a  constant  frequency variable  power regulation  function scheme and is  for  induction 
heating  loads  such as  cooker,  warmer  and super  heated  steamer.  The  inverter  circuit 
proposed here can efficiently work under two principles of soft switching schemes based 
upon both Zero Current Switching and Zero Voltage Switching commutation arms.
The high frequency inverter as shown in Figure 1  composed of diode bridge rectifier 
with non smoothing filter Lf, Cf (Cf1, Cf2) that convert the single phase 50 Hz – 220V AC 
to non smoothing DC power sources. The non smoothing filter in the input side consists 
of inductor Lf to block higher harmonic current components, and capacitors Cf1, Cf2 to 
bypass higher harmonics current components. 



Figure 1 Main Circuit of Resonant Inverter.
Design of the Inverter Circuit

Figure 2 Schematic diagram of the series resonant inverter circuit

Finding the Conduction Angle 
The equation 1 can be used to find the conduction angle

Q=cos-1(2wscovsIp-1) (1)
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Where ws is the switching frequency (Hz), Co is the output capacitance (f), Ip peak 
current (A) through the switching device

Finding the Inverter Output Power  
The inverter output power can be found using equation (2)

Pout=VsIp2π(1-cosQ) (2)

The phase lag  α, between the fundamental component of the mid-point voltage and the 

load current can be found using equation (3).

α=tan-1(π-Q+sinQcosQsinQsinQ)
(3)

The desired value of Q-factor for the RLC network of figure 2 is assumed as 3.75. The 
natural frequency of the circuit can be found using equation (4)

fr=fs2(tanαQ)2+4 -tanαQ (4)

The value of the load resistance can be found using equation (5)

R=VSπIP1-cosQ (5)

The inductance and capacitance value is calculated below,



C=5µf, f=25kHZ, Wo=1LC , L=1WO2C,

Impedance, ZO=LCΩ
To calculate the average current and RMS current through the switch of Figure 2, 
equation 6 and 7 would be used respectively

IS-avg=IP2π1-cosQ (6)

The RMS current through the switch is calculated as follows: 

Is-rms=1TsotonIP2sin2 (wst)

(7)

IS-rms=IP22Q-sin2Q2π
Advantages and disadvantage of induction heater over other heaters
+ The coil stays cool, and is therefore safer,
+ Higher efficiency, i.e. lower electricity bills,
+ Constant output power,
- Higher initial cost and
- Only cooking vessels with a high resistivity and relative
permeability can be used.

Results from the Prototype constructed.



The prototype was successfully designed and manufactured. It was used to dry different 
grams of groundnuts taking from different parts of Adamawa, Bauchi and Gombe State 
(North East Nigeria) and the corresponding times to reach the dry point were taken. The 
same quantities of groundnuts were dried using the conventional heating system available 
in the market such as electric heater and halogen heater. Table 1, Table 2, Table 3,Figure 
3, Figure 4 and Figure 5 give the results. 

Table 1 Different Grams of groundnuts and Time to dry using different heating 
system in Yola

Groundnut
 (grams)

TIME( seconds)
High frequency 
Inverter

Electric Heater Halogen Heater

250 55 170 126

500 98 260 202

600 170 282 227

700 210 320 293

1000 245 418 372

Figure 3   Different Grams of groundnut and Time to dry using different heating system 
in Yola

Table 2 Different Grams of groundnut and Time to dry using different heating 
system in Bauchi

Groundnut
 (grams)

TIME( seconds)
High frequency 
Inverter

Electric Heater Halogen Heater

250 55 170 126



500 98 260 202

600 170 282 227

700 210 320 293

1000 245 418 372

Figure 4   Different Grams of groundnut and Time to dry using different heating system 
in Bauchi

Table 3 Different Grams of groundnut and Time to dry using different heating 
system in Gombe

Groundnut
 (grams)

TIME( seconds)
High frequency 
Inverter

Electric Heater Halogen Heater

250 55 170 126

500 98 260 202

600 170 282 227

700 210 320 293

1000 245 418 372

Figure 5   Different Grams of groundnut and Time to dry using different heating system 
in Gombe

Performance Evaluation
The performance of the induction heater was tested using different grams of groundnut in 
different parts of Adamawa, Bauchi and Gombe State. The performance is tabulated as 
shown in table 1, 2 & 3. Figure 3, 4 & 5 depicted the time it takes induction heater and 



other types of heaters to dry different grams of groundnut. It is observed that it takes the 
induction heater less time to dry the groundnut as compare to electric heater and halogen 
heater. 

Conclusion 
An induction heater was designed base on the principle of soft switching technique. It  
was then constructed and tested. The prototype operates in a safe, effective and stable 
manner. It was faster, clean, safe and economical compare to the other types of heating 
system.
It can therefore be concluded that induction heating is a very interesting subject and one 
that is very important in a society like Nigeria that is increasing focused on safety and 
reducing wastage of energy and time in people’s  day to  day lives.  Induction heating 
marks a step improvement over other cooking methods in all these areas and is without 
doubt going to become the accepted method of domestic and industrial cooking in future. 
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Appendix  COMPLETED CIRCUIT ON THE VERO BOARD






