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Abstract—This original work treats a new simulation method
of a new type of high voltage power supply for microwave
generators with N magnetrons (treated case: N=2 magnetrons),
used as a source of energy in the industrial applications. This new
power supply is composed of a single-phase HV transformer with
magnetic leakage flow, supplying two parallel cells, which
multiplies the voltage and stabilizes the current. The doubler
supplies one magnetron. The transformer is presented by its «
equivalent circuit. Each inductance of the model is characterized
by its relation "flow-current™. In this paper, we present a new
approach validation of the @ model of the special transformer
using Matlab-Simulink code. The theoretical results compared
with the experimental measurements, is in good agreement with
them. The use of this tool Matlab-Simulink, has allowed us to
confirm the possibility of the operation of this new system
without interaction between magnetrons, with a view to a
possible optimization which lead to reduce the weight, the volume
and the cost of implementation while ensuring the process of
regulating the current in each magnetron.
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l. INTRODUCTION

This work, with industrial character, touches the electrical
engineering field for an application hyper frequency linked to
the production of the microwave energy. It is within the
framework of the development the modeling of manufacturing
technologies of power supply for industrial microwave
generators and in particular that of his HV transformer with
magnetic shunts. This paper discusses a new simulation method
modeling a new high-voltage power supply for N=2
magnetrons 800Watts-2450 MHz of the figure 1, used as a
source of energy microwave. The design of this new power
supply uses a HV transformer with magnetic leakage supplying
two cell voltage doublers and stabilizers of current [1-13]. The
transformer with magnetic shunts ensures the stabilization of
average anode current in each magnetron, thanks to the
saturation of his magnetic circuit. The trend towards this new
power system will be considered a different version of the
single-phase  model currently manufactured by the
manufacturers of the domestic or industrial microwave ovens.
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The modeling of this new generation of power supply for a
magnetron passes necessarily by the modeling and the
dimensioning of its own new HV transformer with magnetic
shunts.
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Fig. 1. New single-phase high voltage power supply for N= 2 magnetrons
(Amperex Technology)

Our objective in this paper is on the one hand, to treat the
modeling of the single-phase power supply designed currently
to power normally, in nominal mode, one magnetron which is
Moulinex brand. On the other hand, basing on this power
supply to treat the modeling, for the first time, of the new
power supply for N = 2 magnetrons using the tool Matlab-
Simulink. The paper is organized as follows:

Firstly, we discuss the modeling of the single-phase power
supply currently used in the microwave generators. The
modeling with Matlab-Simulink uses the power supply of the
model developed by Mr. Chraygane of the transformer which is
a m quadruple. The results will be compared with those
obtained experimental.
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Secondly, we present a new method validation of the &
model of the single-phase HV transformer for microwave
generators with N=2 magnetrons. This model has been tested in
simulation software digital Matlab-Simulink. The signals
obtained will be compared to the experimental measurements.

Thirdly, for the first time, we treat the possibility of the
operation of this new system in case of failure of one or two
magnetrons. This which allows to obtain relative to the current
device gains in space, volume, cost of implementation and
maintenance and makes this new device more economical
while ensuring the process of controlling the current in each
magnetron.

Il. MODELING OF THE CURRENT POWER SUPPLY FOR ONE
MAGNETRON

The modeling already developed [1-11] of a single-phase
HV power supply for one magnetron 800 Watts- 2450 MHz
(Figure 2) is to model essentially the special HV transformer
with magnetic leakage which ensures the stabilization of the
means anodic current in the magnetron.
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Fig. 2. Current power supply for one magnetron (Amperex technology)

The equivalent model of the selected transformer will be
integrated into the overall scheme of the power supply to be
adapted to the modeling of the whole system with Matlab-
Simulink.

The equivalent circuit should translate the behavior of the
whole power including the magnetron and the transformer with
shunts. The simultaneous solution of the electric and magnetic
equations of the whole system is too complex and the solution
can be only digital (Matlab-Simulink) that analytical, with the
possibility to study the choice of materials and dimensions of
the transformer with possible optimization.

The figure 3 shows the incorporation of the m equivalent
circuit of the transformer in the power supply resulting from
the electric and magnetic equations of its operation. The
advantage of this model is in its single-phase equivalent circuit
referred to the secondary, which seems more comfortable to
study the operation of the transformer with Matlab-Simulink.
This model is called as natural because each inductance, with
iron core, is based on the reluctance, therefore the permeability
of a very specific part of the magnetic circuit supposed
fictitiously closed on which are coiled n, turns (secondary).

Vol. 4, No. 12, 2013

The immediate relevance of this model is to assign at each
inductance a non linear relation "flow-current” of the form
n,¢(i) from the geometrical parameters of a specific portion of
the magnetic circuit, allowing translating its real operation in
non linear mode.

Fig.3. II quadruple model of the transformer leakage referred to the
secondary

To perform this modeling [1], [3],[4] we have sought to
integrate the model of the transformer in the power circuit from
the source to the magnetron (Figure 3), where we represented
the microwave tube by its equivalent circuit deduced from its
electrical characteristic that is formally similar to that of a
diode with dynamic resistance of 3500hms and threshold
voltage E~3800 volts.

The elements of the model, in particular the non linear
inductances, were determined from the magnetic characteristics
of plates and the geometrical dimensions of the transformer.
Each element of a saturable portion of the magnetic circuit, of
section S and of medium length |, is represented by its
inductance L(i)=n2®(i)/i where the quantity n,®() and its
corresponding current i can be determined from the curve B(H)
of the material used and the geometrical elements using the
relations:

To validate this model, we have carried out tests on a
microwave generator composed of the following elements:

e A HV transformer with magnetic shunts characterized
by: f=50 Hz, S=1650 VA, U;=220 V, and U,=2330 V
(resistance of the primary referred to the secondary
r’1=100Q2, secondary resistance r,=65C, number of
primary turns: n;=224, number of turns in the secondary
n, = 2400).

e A condenser with a capacity C=0.9 pF and a high
voltage diode DHT.

e A magnetron designed to function under an

approximately voltage ~4000 VV
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To obtain its nominal power, it needs an average intensity
Imean~300 mA, but without exceeding the peak value of its
current (Ipeak <1,2 A).

In addition, the data from the manufacturer made it possible to

§
s ,
extract the values E=3800V and R = 3500hm. -~ ]
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Fig. 4. B. Concordance of the theoretical waveforms, obtained by Matlab-
Simulink, of currents and voltages (nominal mode)
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Fig. 4. A. Concordance of the experimental waveforms of currents and
voltages (nominal mode)
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The figures 4A and 4B show that in nominal operation
(U;=220 V and f= 50Hz) the results of the simulation by
Matlab-Simulink of the device, in non linear regime, are in
concordance with the forms of the experimental waves
observed in these same conditions. Indeed, between values
peak to peak, the relative differences will never exceed 4%.

Taking into account the precision of various data and the
acceptable tolerances on operation of the magnetron, the
validity of the modeling using Matlab-Simulink was
satisfactory. On the other hand, the stabilizing effect of the
magnetron current has been verified with respect to the
variations of the primary voltage of 10% of the nominal voltage
(£20V).

Il.  SIMULATION THE MODEL OF THE NEW HV POWER
SupPPLY UNDER MATLAB-SIMULINK

The modeling previously simulated [13-15] of the new HV
power supply for two magnetrons 800 Watts-2450 MHz (Using
The EMTP code) is to model essentially its special HV
transformer with magnetic leakage. This transformer ensures
the stabilization of the average anodic current in each
magnetron. Integrated in an overall scheme of the new HV
power supply for N = 2 magnetrons, it is suitable for the
modeling the whole by a powerful tool for the numerical
calculation Matlab-Simulink.

The equivalent diagram must translate the behavior of the
whole, including the two magnetrons and the transformer
cannot be separated from the external circuits. Too complex to
be analytical, the solution can be only digitally using suitable
software (Matlab-Simulink).

Magnetron 2

Fig. 5. New power supply for N = 2 magnetrons: Validation of the modeling
with Matlab-Simulink

The figure 5 shows the integration of the model of the new
transformer in the circuit of the new HV power supply from the
source to the magnetrons.

Vol. 4, No. 12, 2013

Each inductance of this model is a function of the
reluctance of the portion of the magnetic circuit that it
represents. The simulation by Matlab-Simulink, in non linear
regime linked to the saturation of magnetic circuits, is possible.
Then each non linear inductive element is represented by its
characteristic, depending on the relation:

n,*®=n,*B*S & i=(H*/)/n,

Under matlab-Simulink each inductance is represented by
a block diagram (figure 6) and its elements are the following:

e An integrator allows you to deduct the flow from the
voltage measurement.

e A function called Loockup table: this is a block which
the input-output relation is defined by the user. In the
dialog box, which is created when you click on the
icon of the LUT, it defines point by point the relation
input-output. It is here the couple of values (i,®)
deducted from those (H,B) and the geometrical data for
the three inductances.

e Animposed current source.

E
e
L
. 1 |
v 5 L - | - —t\p| 5_9
1
Voltage Integrator  Lookup Table ~ Controlled Current
Measurment Source

Fig. 6. Block Diagram of a non-linear inductance in Matlab-Simulink.

Thus, the figure 7 shows the overall scheme of the HV
power supply for two magnetrons simulated using the software
Matlab-Simulink.

We validate this model by comparing the results of
simulations with those obtained from the tests already made
[13-15] on a generator microwave composed of the following
elements:

e A HV transformer with magnetic shunts characterized
by: f=50 Hz, S=1650 VA, U;=220 V, and U,=2330 V
(resistance of the primary referred to the secondary
r’1=100Q2, secondary resistance r,=65C, number of
primary turns: n;=224, number of turns in the secondary
n, = 2400).

e Two voltage doublers which each one is composed of a
condenser with a capacity C=0.9 uF and a high voltage
diode DHT.

e Two identical magnetrons which each one is designed
to operate under a voltage of about 4000V. For its
nominal power, it needs an average intensity
Imoy=300mA, but without exceeding the peak current
may destroy it (Imax <1.2 A).
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Fig. 7. Circuit of the new HV power supply for N = 2 magnetrons simulated
using Matlab-Simulink code in nominal mode (non-linear regime)).

The figures 8 and 9 resulting from simulation of the device
by Matlab-Simulink and those obtained in practice are in
accordance. The peak current magnetron obtained by Matlab-
Simulink (-0.96A) that remains close -1A after practical results.
Indeed, from peak to peak value, the relative differences never
exceed 6%. The simulation was satisfactory by Matlab-
Simulink.
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Fig. 8. Experimental waveforms of currents and voltages (nominal mode)
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Fig. 9. Simulation with Matlab-Simulink code: waveforms of voltages and
currents (nominal mode)

IV. VIRIFICATION OF FUNCTIONING OF THE NEW POWER
SuUPPLY IN CASE OF FAILURE

The study of operation of two magnetrons is performed.
Now we are going to deal with a study which is the first of its
kind in this area, the case where the one of the two or the tow
magnetrons fails. We will repeat the simulation and see the
curves of currents and voltages using the code Matlab-
Simulink to envisage the influence of magnetron failure on the
operation of the remaining magnetron.

A. Case of one magnetron in failure

The feasibility study of the operation at the nominal mode
of this new system of figure 10 was undertaken. It is to
highlight if it is possible to supply a single magnetron which
the other is in failure.
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Fig. 10. Simulation of the circuit of the HV power supply using the code
Matlab-Simulink in non linear regime for one magnetron on and the other off.

The simulations with Matlab-Simulink the mounting of the
figure 10 have helped to raise the temporal oscillograms of the
currents and the voltages of the figure 11. The diagram of this
figure was simulated to account for the operation of the new
power supply for a microwave generator able to deliver, in this
case, under 220V the full power 800Watt useful at 2450MHz.

We note that the signals obtained for the magnetron in
operation are identical to those in normal operation (without
fail) of a conventional power supply with a single magnetron.
This confirms the absence of interaction between the
magnetrons.

The operating point of the magnetron in operation is
therefore not more disturbed, which crucial for a stabilized
power supply with current. In addition, the failure of one
magnetron does not affect the operation of the remaining
magnetron. It suffices to replace the magnetron off by a new
magnetron.

B. Case of two magnetrons in failure

Now we are going to treat the case where the two
magnetrons are in failure. We are going to repeat the
simulation and visualize the curves of currents and voltages
using Matlab-Simulink code to envisage the influence of the
magnetrons in failure on the normal operation.

Vol. 4, No. 12, 2013
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Fig. 11. Oscillograms of currents and voltages of the modeled circuit during
the simulation in non linear regime with Matlab-Simulink code (M. in failure)
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Fig. 12. Simulation circuit of HV power supply using the code Matlab-
Simulink in non linear regime for two magnetrons in failure.

Fig. 13. From the non linear characteristics already established of each
inductance using Matlab-Simulink code, we simulated the electrical behavior
of the HV circuit of the power supply in the Figure 12 where the two
magnetrons are off. The oscillograms obtained during this simulation are
represented in the Figure 13.

The results in Figure 13 demonstrate that the failure of the
tow magnetrons M; and M, does not disturb the normal
operation of the new transformer. So the new system can work
without any problems while respecting the constraints
recommended by the manufacturer.

The study of operation at the nominal mode of the new
power system with two magnetrons in the case of a failure is
conclusive. The conclusive study of the new power supply will
certainly push us to undertake the study of a new power supply

Vol. 4, No. 12, 2013

with several magnetron (N >2), which will allow without doubt
reduce the volume, the weight and the electrical wiring and
therefore guarantee a decrease in the cost of implementation
and maintenance of microwave generators.
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Fig. 14. Oscillograms of currents and voltages of the modeled circuit during
the simulation in non-linear regime with Matlab-Simulink code (M;&Mj in
failure)

V. CONCLUSION

The modeling using Matlab-Simulink code of the nominal
operation of a new HV power supply for microwave generators
with two magnetrons is conclusive. This new type of power
supply can deliver up to 2*800 = 1600 Watts Useful at 2450
MHz after his own adequately sized transformer with magnetic
shunts.

The observations made using the Matlab-Simulink code
show an excellent agreement between the simulated and the
real tests. This code has confirmed the validity of the model in
the non linear regime. On the other hand, the failure of one of
the two magnetrons not affects the operation of the remaining
magnetron.

As perceptive, this work can also be done similarly to the
case of the same type of HV power supply for several
magnetrons each power output 1000 Watts or 1200 Watts at
2450 MHz, which contributes to the development of the
effective modeling of a new systems power for several
magnetrons 800 Watts, 1000 Watts or 1200 Watts at 2450 MHz
for microwave generators using in industrial applications.
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