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ABSTRACT 
 
Nowadays, due to the concern regarding the environment, 
energy-efficiency performance in microwave ovens are 
required. This paper presents the output performance 
enhancement of domestic microwave oven. The power 
output and efficiency of the oven is calculated by using the 
test procedure discussed in the IEC 60705. The main 
component for the efficiency enhancement of oven are 
vanes type continuous wave magnetron and the high 
voltage circuit. As per the literature, 3-D particle in cell 
modelling in CST studio suite software is used for the 
modelling of the magnetron to examine the performance of 
the magnetron. The geometrical parameters of the 
magnetron are changes to achieve the desired efficiency 
for the oven. Further, modelling of the π quadruple model 
of non-linear transformer with doubler circuit has been 
done in MATLAB Simulink environment. The simulated 
and the experimental data has been collected and 
compared. It is found that there is approximately less than 
5% variation in the simulated and the experimental results. 
Also, the performance of the oven has been enhanced 
approximately by 4.5%. 
 
Key words : Microwave oven, Magnetron, High voltage 
circuit, MATLAB-Simulink, Efficiency. 
 
1. INTRODUCTION 
 
The research works that has been done previously 
regarding the microwave ovens (MWO) 
efficiencyincluding its main components such as 
magnetron (MGT) and the high voltage circuitry which 
includes high voltage transformer (HVT) with magnetic 
shunt and the doubler circuit are rare. The areas such as 
microwave ovens, radar, and heating system used high 
power microwaves. These waves are generated by the 
MGT oscillator. Because of the automated manufacturing 
techniques and Mass production, MGT become unbeatable 
among other microwave generators specially in case of 
domestic MWO.  Continuous wave (CW) and pulsed are 
two mode of operation for the MGT.  
 
The efficiencyɳ of the magnetron is given by  

 
ɳ = ɳ 1 − ≅ ɳ 1 −                    (1) 
 
Where푟  and 푟  are the cathode and anode radius, ɳ  is the 
efficiency of the circuit, v, e and m are the velocity, charge 
and mass of electron, V is the anode voltage, n is the 
resonator number, 휔is the angular frequency and magnetic 
field is represented by B. Different power rating of  MGT 
are there such as 1–30 kW at 2.45 GHz  and 1 to 100 kW 
at 915 MHz . MGT with higherefficiency and power 
output are required in scientific [1], industrial [2] and 
energy sectors [3].  Steps has been taken for the 
development of such MGT’s.  Along with these steps, for 
rising the efficiency of MGT it is required to reduce the 
velocity of electron refer to (1). Also, the count of anode 
resonators should increase, narrowed action space size and 
condensate the magnetic field. It is difficult to analyse and 
design the MGT because of the nonlinear interaction of the 
wave. But due to the technological advancement in the 
recent years some powerful software’s are available that 
helps to analyse [4], [5] the charge and electromagnetic 
simulation with their interaction in the MGT. Many 
publications on PIC simulation for oven magnetrons are 
available [6], [7], [8], [9]. Further, there is another part in 
the microwave oven i.e. high voltage circuit. Modelling 
and simulation of the high voltage circuit has been done 
using MATLAB Simulink environment. Theory for the 
shunt transformer are completely different than the 
conventional one. Various literature for the modelling of 
conventional transformer are available [10], [11], [12], 
[13], [14] but for shunt transformer are rare. Doubler 
circuit composed of a diode and capacitor supplied by the 
phase leakage flux transformer are the main compontnes of 
the high voltage circuit [15], [16], [17]. The function of the 
doubler circuit is to stabilize the current and double the 
voltage that are coming from the transformer side.  To 
summarize, the paper is organized as follows. Section 2 
briefly describe the methodology that has been used for 
making of more efficient MWO. It includes the mechanism 
for the interaction of electron with the traveling wave. 
Section 3 describe the approach to increase the efficiency 
of the oven. The influence of the vane length and other 
parameters has been discussed briefly. Modelling of high 
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voltage supply for MGT using MATLAB Simulink 
environment has been disused. The influence on the high 
voltage supply by change in MGT parameters are studies 
in section 4. Finally, the conclusion has been drawn in 
section 5. 
 
2. METHODOLOGY  

Efficiency and power output of the oven is calculated 
according to the IEC60705 standard [18].  This standard 
describes the test procedure for the same.  

The microwave power output and efficiency are 
calculated refer to (2) & (3) 
 

푃 = 		
4.187 ×푚 (푇 − 푇 ) + 0.55 ×푚 (푇 − 푇 )

푡 						(2) 

 ɳ = 100 × 																																																																														(3) 

Where, P is the microwave power output (W), ɳ is the 
efficiency, 푇  is the initial temperature of water (°C), 푇  
is the ambient temperature (°C), 푇  is the final 
temperature of water (°C), 푚  is the mass of the container 
(g), 푚  is the mass of the water (g), t is the heating time 
(s), excluding the heating up time required by magnetron 
filament, 푊  is input power including the heating of 
magnetron filament. Therefore, the major factor that 
influence the efficiency of MWO are ‘P’ and ‘푊 ’. Ratio 
of ‘P’ and ‘푊 ’ has to be increased for the more 
efficiency. This could be possible by increasing the 
penetration of microwaves inside the load. The 
penetration of the waves can be increased by increasing 
the number of waves. This can be achieved by the 
interaction of electron with the RF wave as shown in 
Figure 1. In this figure traveling wave and electrons are 
experience constant electric field in azimuthal direction. 
In the accelerating electric field, electron moves toward 
the cathode side whereas opposite in deaccelerating field 
[19]. Electron that give energy to the wave is known as 
favourable-phase electrons whereas those take energy 
from the wave are known as unfavourable phase electron. 

For high conversion of energy, most of the potential 
energy present in the electron should give to the 
microwave fields during gap crossing. Equation (4) 
shows the rough criteria for the same. 

푚 푣
2

푒푉

= 	
퐵
퐵

1− 푟
푟

16 푙푛 푟
푟

																																				(4) 

 
Figure 1: Traveling wave and drifting electron                     

                  interaction inside the magnetron. 
As MGT generally operated well above the Hull cut off 
condition. Therefore, the factor present in the bracket is 
low in nature. 

3. APPROACH TO THE HIGH EFFICIENCY OF 
THE MICROWAVE OVEN 

The above mention literature is used to achieve the rise in 
efficiency of the system. The details are given below. In 
order to achieve high efficiency and low noise, it is best 
to make the actual magnetic field close to the uniform 
magnetic field and increase in the favourable electron, 
after reducing the electron motion space. Hence the 
length of the vane is changed while keeping other 
parameters constant as shown in Figure 2. The initial 
magnetron is named as M1 and the parameter changed 
magnetron is named as M2.  

 

 
Figure 2: Magnetron Anode Vane 

It is also note that, by doing these changes there is 
adverse effect on the motion of electron. To maintain the 
Lorentz force and synchronization of electron with RF 
wave there is need of intense magnetic field. Sr Ferrite 
magnet is used for the generation of that amount of field. 
An additional advantage of this is, achievement more 
uniform magnetic field inside the interaction space. 
Hence noise in system reduces that enhances the power 
output of the magnetron. 

3.1 Modelling of High Voltage Supply for Magnetron 

The modelling of the high voltage part is done to check 
the inputs to the magnetron. These parameters should lie 
within the rated capacity of the magnetron. The high 
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voltage supply model has been made by using a Simulink 
software “MATLAB R2017a”. The Simulink model and 
the subsystems are shown in Figure 3, Figure 4, Figure 5 
respectively. 

Figure 3 shows the electrical equivalent circuit of the 
microwave oven, which includes voltage doubler circuit 
as shown in Figure 4 and single-phase leakage flux 
transformer with nonlinear inductances as shown in 

Figure 5. Nonlinear inductance cell composed of 
capacitance and diode. A voltage source is used to give 
supply to the π quadruple model of non-linear 
transformer or single-phase leakage flux transformer. The 
nonlinear inductance of the magnetic circuit is the 
function of the reluctance are shown in Figure 5. 

 

 
Figure 3: Matlab Simulink Model of High Voltage supply for Magnetron 

 

 
Figure 4: Matlab Simulation Circuit of Voltage doubler cell 

Equation (5) and Equation (6) has been used to calculate 
the nonlinear element of the circuit [20], [21], [22], [23]. 

푛 ∗ 휙
= 푛 ∗ 퐵 ∗ 푆																																																														(5) 

푖
= (퐻 ∗ 푙)

푛 																																																																							(6) 

Where, 푙 = Average portion’s lengths, 푛 = Number of 
turns in secondary coil, S= Unbound core section, 휙 = 
flux by turn, B= Magnetic field, H= Magnetic flux 
density. 

Using transformer geometrical parameters and B-H curve 
data, one can calculate flux and current relation as shown 
in Figure 6 and Figure 7. 100 data values of 휙 and I have 
been used for the look up table. These values further used 
in look up table.  

 

 
Figure 5: Matlab Simulink Circuit of Nonlinear Inductance 

 
Figure 6: Flux Vs Current Curve of primary and secondary side 
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Figure 7: Flux Vs Current Curve of Shunt in HVT 

The output of the voltage doubler further moves to the 
magnetron. To achieve the desired electrical parameters 
for the magnetron, changes has been done in High 
voltage circuit. Two different HVT are used. One with 
the secondary voltage rating of 2285±30V named as T1 
and other with 2150±30 V named as T2 are used. Along 
with this different capacitor having rating 0.86 and 1 
microfarad further named as C1 and C2 respectively has 
been used.  

    

4. RESULTS AND DISCUSSION 

The output of the microwave oven is found experimentally 
using the IEC 60705 standard. Further for high voltage 
supply lie in the rated capacity range, simulation outputs 
are checked and verified experimentally as given in table 
(1). Experimental arrangement for the system is shown in 
Figure 8.  

Figure 9 represent the simulated and experiment waveform 
of the anode voltage for the desired case.  

The experimental and simulated results for the inputs 
parameters to the magnetron are in good relation. After 
analysis it is found that, the deviation in the simulated and 
experimental result are lie in the range of 0-5%.  

 
Figure 8: Experimental arrangement for the testing of microwave 

oven 

(a)      (b) 

Figure 9: (a) Experiment waveform of Anode voltage; 
            (b) Simulink waveform of Anode voltage 

 
Table 1 MGT Input Parameters Values 

S.no. HVT Capacitor MGT 

Practical Values Simulated values (%) Error 

Anode 
Voltage 

(V) 

Anode 
Current 
(mA) 

Anode 
Voltage 

(V) 

Anode 
Current 
(mA) 

Anode 
Voltage 

(V) 

Anode 
Current 
(mA) 

1 T1 C1 M1 3900 272 4010 273 2.82 0.368 
2 T1 C1 M2 3910 270 4093 269.1 4.68 0.333 

3 T1 C2 M2 4106 295 4153 305.2 1.14 3.46 

4 T2 C1 M2 4250 250 4210 241.8 0.94 3.28 

5 T2 C2 M2 4350 280 4260 282.5 2.06 0.893 

 

The performance of the oven with the magnetron and high 
voltage circuit are shown in the table (2). 

From table (2), the temperature rises in the desired case i.e. 
with M2 and T2 and C2 in oven is more as compared to 
other cases. 

 

The operating time condition for all the cases are same i.e. 
55 sec. Three second are required by magnetron to start. 
Hence the actual time will be 52 second.  Also, the 
efficiency of the desired system is 57.9% which is 
approximately 4.5% more than the running case. 
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5. CONCLUSION 

In previous literatures, MAGIC-3-D codes and CST studio 
environment has been used to study and design the CW 
vane type magnetrons. It is found that the interaction of 
particles with the wave can be increased by intensify the 
field and by reducing the interaction gap. This is because 
of the formation of uniform field in between cathode and 
anode gap in which the particles interact with the waves 
and transfer the energy known as microwave energy.  
It is found that there is 10 degree rise in temperature in the 
same operating time for the microwave oven. 
This is because of the more penetration of waves inside the 
water present in the cavity of the oven. Also, there is rise 

in the efficiency of the microwave oven by approximately 
4.5%.  
 
The modelling and simulation of high voltage supply to 
the magnetron has been implemented in the MATLAB 
Simulink environment.  
It reveals that the input parameters to the magnetron are 
within the limit and the values are verified experimentally. 
After verification it is found that there is 0-5% deviation in 
the simulated and the experimental values.  
 

 

 
Table 2 Performance of the MWO with Different Cases 

S.no. HVT Capacitor MGT Power input 
(Watt) 

Initial water 
temp. (oC) 

Final water 
temp. (oC) 

Power output 
(Watt) 

Efficiency 
(%) 

1 T1 C1 M1 1275 10.9 19.5 682 53.4 

2 T1 C1 M2 1318 9.9 19 719 54.6 

3 T1 C2 M2 1510 10.1 20.3 813 53.8 

4 T2 C1 M2 1190 10.3 18.3 628.5 52.8 

5 T2 C2 M2 1370 9.9 19.9 794 57.9 
 

REFERENCES 
 
1. A. C. Dexter et al, First demonstration and 

performance of an injection locked continuous 
wave magnetron to phase control a 
superconducting cavity, Physical review special 
topics-accelerators and beams, vol. 14, no. 3, 
pp.032001, March 2011. 
https://doi.org/10.1103/PhysRevSTAB.14.032001 

2. I. Tahir, A. Dexter, and R. Carter, Noise performance 
of frequency and phase-locked CW magnetrons 
operated as current-controlled oscillators, IEEE 
Trans. Electron Device, vol. 52, no. 9, pp. 2096–2103, 
Sep. 2005. 
https://doi.org/10.1109/TED.2005.854276 

3. T. Mitani, H. Kawasaki, N. Shinohara, and H. 
Matsumoto, A study of oven magnetrons toward a 
transmitter for space applications, in Proc. IEEE 
Int. Vac. Electron. Conf. (IVEC), pp. 323–324, April 
2009. 
https://doi.org/10.1109/IVELEC.2009.5193408 

4. Computer Simulation Technology AG, CST 
Microwave Studio 2010 - Workflow and Solver 
Module, 
2010,available_at_http://eee.guc.edu.eg/Courses/Com
munications/COMM905%20Advanced%20Communi
cation%20Lab/Sessions/MWS_Tutorials.pdf. 

5. B. Goplen, L. Ludeking, D. Smithe, and G. Warren, 
User-configurable MAGIC for electromagnetic 
PIC calculations, Comput. Phys. Commun., vol. 87, 
pp. 54–86, May 1995. 
https://doi.org/10.1016/0010-4655(95)00010-D 

6. J. I. Kim, J. H. Won, H. J. Ha, J. C. Shon, and G. S. 
Parkand, Three-dimensional particle-in-cell 
simulation of 10-vane strapped magnetron 
oscillator, IEEE Trans. Plasma Sci., vol. 32, no. 5, pp. 
2099–2104, Oct. 2004. 
https://doi.org/10.1109/TPS.2004.835525 

7. D. H. Kim, S. S. Jung, J. I. Kim, and S. G. Jeon, 
Three-dimensional particle-in-cell simulation on a 
magnetron oscillator with mismatched loads, J. 
Korean Phys. Soc., vol. 54, no. 4, pp. 1675–1679, 
April 2009. 
https://doi.org/10.3938/jkps.54.1675 

8. J. I. Kim, J. H. Won, and G. S. Park, Electron 
prebunching in microwave magnetron by electric 
priming using anode shape modification, Appl. 
Phys. Lett., vol. 86, no. 17, pp. 171501-1–171501-3, 
April 2005. 
https://doi.org/10.1063/1.1896098 

9. M. C. Balk, 3D magnetron simulation with CST 
STUDIO SUITE, in Proc. IEEE Int. Vac. Electron. 
Conf. (IVEC), pp. 443–444, Feb. 2011. 
https://doi.org/10.1109/IVEC.2011.5747066 

10. M. Chraygane, M. Ferfra, and B. Hlimi, Analytical 
and experimental study of the distribution of flux 
in the transformer with shunts of a high voltage 
power supply for magnetron 800 Watts at 2450Hz, 
article, journal Physical and Chemical News, PCN, 
vol. 27, pp. 31-42, 2006. 

11. M. Chraygane, M. Ferfra, B. Hlimi, Analytic 
determination of the flux and the currents of the 
leakage flux transformer of a high voltage power 
supply for magnetron used for the industrial 



Ankur Singhal et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(2), March - April 2019, 265 - 270 
 

270 
 

micro-waves generators 800 Watts – 2450 Mhz, 
Phys. Chem. News, PCN, vol. 40, pp. 51-61, 2008. 

12. M. O. Ahmedou, M. Chraygane, M. Ferfra, New pi 
model validation approach to the leakage flux 
transformer of a high voltage power supply used 
for magnetron for the industrial micro-waves 
generators 800 watts,International Review of 
Electrical Engineering (I.R.E.E.), vol. 5, no. 3, pp. 
1003-1011, 2010. 

13. Mukerji, Saurabh Kumar Goel, Sandeep Kumar Basu, 
Kartik Prasad, Experimental determination of 
equivalent-circuit parameters for transformers 
with large series-branch impedances, International 
Journal of Electrical Engineering Education, vol. 43, 
pp. 352- 357, Oct. 2006. 
https://doi.org/10.7227/IJEEE.43.4.7 

14. B. Kawkabani, J.-J. Simond, Improved modeling of 
three-phase transformer analysis based on 
magnetic equivalent circuit diagrams and taking 
into account nonlinear B-H Curve, Journal 
Electromotion, vol. 13, no. 1, pp. 5-10, 2006. 

15. T. Aguili and M. Chraygane, An original power 
generators for microwave, General Review of 
Electric - France, GRE, 5, pp. 49-51, 1990. 

16. M. Chraygane. PhD Thesis, Claude Bernard 
University-Lyon I, France, n° 189 (1993). 

17. M. Chraygane, M. ferfra and B. Hlimi, Modeling of a 
high voltage power for microwave generators 
industrial in one magnetron, 3EI journal, Paris, 
France, vol. 41, pp. 37-47, 2005. 

18. IEC60705 (2014). 
19. Stanley. Humphries, charged particle beams, Courier 

Corporation, (2013). 
20. A. Bouzitet. al, Modeling of new single-phase high 

voltage power supply for industrial microwave 
generators for n= 2 magnetrons, International 
Journal of Electrical & Computer Engineering, vol. 4, 
no. 2, pp. 2088-8708, April 2014. 
https://doi.org/10.11591/ijece.v4i2.5686 

21. M. Vakilian, and R. C. Degeneff, A method for 
modeling nonlinear core characteristics of 
transformers during transients, IEEE transactions 
on power delivery, vol. 9, no. 4, pp. 1916-1925, Oct. 
1994. 
https://doi.org/10.1109/61.329524 

22. M. O. Ahmedou, M. Ferfra, N. El Ghazal, M. 
Chraygane, and M. Maafoufi. Implementation and 
optimization under matlab code of a hv power 
transformer for micowave generators supplying 
tow magnetrons, Journal of Theoretical and Applied 
Information Technology, vol. 33, no. 2, pp. 30, Nov. 
2011. 

23. B. Bahani, A. Bouzit, M. Chraygane, M. Ferfra, N. El 
Ghazal, and A. Belhaiba. Modeling of a new high 
voltage power supply for microwave generators 
with three magnetrons, International Journal of 
Electrical and Computer Engineering (IJECE), vol. 3, 
no. 2, pp. 164-170, April 2013. 

      https://doi.org/10.11591/ijece.v3i2.2238

 
 
 


