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1. INTRODUCTION

The study of the nominal energetic functioning bé t optimized HV power supply with two
magnetrons used in the various industrial apptioathas never been done, despite the existeraehafory
[1],[2],[3] on the modeling and optimized implemation of the transformer. This article deals wikte t
energetic study of a new optimized power supplthwil = 2 magnetrons, this optimization is based
essentially to study the modelling of its speadiahsformer with magnetic shunts.

This work is divided in two parts, In the first pawe present the equivalent model of the
transformer retained (with the geometrical paramsetaken as a reference (see appendix)) whichbaill
integrated into the overall scheme of the powepbuthat will be suitable for the modeling and opitiation
of the whole device [4],[5],[6],[7].[8], with thedip of the numerical simulation software Matlab-8limk
code. The experimental measurements allow to velidee simulated results of this model. Subsequewt
will establish the calculation of the power obtairtey simulation so as to highlight the stabiliziefflect of
the current in each magnetron.

The second part will be devoted to improving optiation of the new transformer with N=2
magnetrons, We will highlight the influence of eaygometric parameters on the electrical functiomihthe
new power supply with N=2 magnetrons, . Based @nghometric parameters corresponding to the new
selected solution, we will validate the nominaldtioning of the new transformer. This latter wilte tsaving
of weight and volume, makes the new power supplyenegonomical. The new transformer derived from the
optimization study must release an average powaunal 2400Watts=2*1200Watts for each magnetron.
Finally, we will check the current regulation presén each magnetron.
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2. MODELLING THE NEW POWER SUPPLY WITH N=2 MAGNETRONS
2.1 Description of the model

We will triy to incorporate the model of the tramsher in the circuit of the new HV power supply
from the source to the magnetrons figurel [9], Whi® will represent each microwave tube by its egjent
circuit deduced from its electrical characteristids similar to that of a diode with dynamic r&since
R=AU/Al Ohm and threshold voltage E. Each storable irmhoet oft model [10], of sectiors and average
lengthl, presents a characteristit{i) that we can determine on the basis of Bifel) curve of the material
used and the geometric parameters, by the reladiijsB*S and i=(H*l)/n .
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Figure 1. quadrupole model of the transformer supplying taagnetrons

2.2 Simulation of the nominal functioning of the new power supply with N = 2 magnetrons by Matlab-
Simulink code
We will try to present in Matlab-Simulink code eautnlinear inductance of the model with a block
in which we introduce the points of the magnetmatturve of the used material , this block is cosgubof
the following elements figure2:
> Anintegrator to convert the voltage in flow.

> A (Lookup table=f( @)) function, which accepts a large number of N pointlating to the
currents.
» Animposed current source.
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Figure 2. Block diagram of a nonlinear inductantéhe model

After that, we will collect the three blocks of tin@nlinear inductances and introduce then using
Matlab-Simulink code, in the overall scheme of plosver supply with N=2 magnetron Figure3.
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Figure 3. The scheme of the entire model of thegz@mupply with N=2 magnetrons in Matlab-Simulink

To validate this model we perfomed a tests [11]haee used a microwaves generator composed of
the following elements:

- High voltage transformer with shunts has the follgywcharacteristics:f=50 Hz, S=1650 VA;#220V,
and, vacuum k2330 V (primary resistance view from secondary;in10Q, secondary resistance
r,=65Q, number of primary turns;n224,

- Two voltage-doublers each of which is composed afredenser with capacity C = B and a high
voltage diode Ry.

- Two identical magnetrons each one designed to tpataa voltage of approximately 4000 V, for its
nominal power, the microwave tube needs a averigasity L., = 300mA, but without exceeding the
peak current may destroy the magnetrgn,€1,2A). In addition, the data from manufacturer ted
extract the values E=3800 V and R=330

The geometrical dimensions of the transformer alow to determine the parametets , Ls Lo

and by exploiting the characteristics of sheet tg®, this will allow to find the value ofL’s)°*=3.551 H.

On the basis of the non-linear characteristicsadlyeestablished of each inductor and by using thdein

developed in Matlab-Simulink code, we will simuldlte electrical behavior of the HV power supplycait
with N=2 magnetrons.
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Figure 4. Simulation with Matlab-Simulink : Forraévoltage and currents waves (nominal operation)
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Figure 5. Experimental waveforms of currents aoltiages
(nominal mode)

The nominal electrical functioning of the new poveeipply with two magnetrons was simulated
with the help of Matlab-Simulink software, by usirg HV transformer with shunts suitably sized to
supplying two magnetrons. We see that the signais fthe figure4 have the same form of the signals
obtained by experience with conventional power suppmprising a HV transformer for a single magoatr
figure5, this confirms the lack of interaction betm the powered magnetrons. The operating pointiseof
magnetrons are not disturbed, this is essentia &iabilized current of the power supply.

The curves from the figure4 thus confirm that eathgnetron can operate properly in nominal
operation (Y=220 V et f=50 Hz), to debit full microwave powef{=300mA, I .=1A), which makes the
simulation of this model satisfactory. On the othend, the stabilizing effect of the current in teac
magnetron, has been conclusively verified figutegobserving, with Matlab-Simulink code, the evaut
of the current in each magnetron relative to théatians of primary voltage +20V .
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Figure 6. Stabilization of the magnetron currenédch magnetron relative to the variations of
section voltage of +10% of the nominal voltage

2.3 Energetic validation of the new power supply with N = 2 magnetronstaken asreference

In this part we will validate the nominal functiogi of the new power supply by the power
calculation. The temporal curves of voltageg(ty at terminal of each magnetron and the currépty
passing in each one [12], will allow sampling oé thalues of voltages and currents, which will l¢ad
computing the value of the instantaneous power ecth8]. This same curve will allow thereafter, to
establish the average power curve during a peiigard7. This indicates that the transformer defven
average power equal to 2400Watts. That is to saetill be 1200Watts for each magnetron. This icorsf
full power operation of the new power supply with=N2 magnetrons.

Improved Optimization of the Nominal FunctioningaOfligh Voltage Power Supply ... (A. Belhaiba)
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Figure 7. Instantaneous power and average powercofmagnetrons

3. IMPROVED OPTIMIZATION OF THE TRANSFORMER WITH N = 2 MAGNETRONS ON
THE BASISOF ITSMODELING

3.1 Influence of different geometric parameters

By exploiting the Matlab-Simulink code and varyitige reference parameters in precise intervals.
30 < a <50, 2050 f,< 2750, 10 <ng< 18, 0,45 << 1,05, we noted for each simulation the maximum
current values and the average current, the figwhedws the results of variation of the average and
maximum current values according to the parametettse transformer.
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Figure 8. Simulation results of the magnetron aureecording to geometric parameters of the
transformer

The simulation results shown in figure8 illustrdtat the variation of the geometric parameters
change the nominal operating of power supply, Wilslead to define a strategy that aims to minienihe
volume of the transformer while respecting the rec@ndation imposed by the manufacturer.

3.2 Improved optimization of thetransfor mer with shunt

The previous results highlight the influence of lkeggarameter on the electrical behavior of the
transformer and the magnetron current [14], whilofi special interest to us. The algorithm studied
previous work mainly aims to minimized the voluofehe transformer, regardless of the nature oenels
or the electrical power of the selected solution.

In this part we will apply a strategy that aimsnnimize the volume of iron and copper of the
transformer and therefore its cost, by studying gmultaneous influence of more than one paranteyer
minimizing at the same time the number of tumpsthe width “a” of the core unwound and the number
“ng” of the sheets stacked of each shunts.
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By using the Matlab-Simulink code and thequadruple model, we will simulate
possible configurations, of the transformer paranset

, for different
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Figure 9. Network of obtained curves

Using the network of curves (Figure9) leads to deainfinity of selected solution, that respond of
the norm imposed by the manufacturer. Table 1 suiaesgsome solutions.

Table 1. Possible solutions of parameter settingsrespects the norms imposed by manufacturers

Name of e (mm n, V(iem®

solution B(H) Ms a(mm) mm) em
A Sh¢ 18 40 0.75 2750 1502
B S 18 40 0.75 2400 1496
C So1 14 40 0.45 2350 1486
D She¢ 14 50 0.75 2400 2217
E AFKso; 18 50 0.75 2050 2229

From the table above we see that the C solutiosepits a better volume gain of iron and copper.
And therefore the cost of the whole device.

3.3 Energetic validation of the selected solution
By using the geometric parameters of the transforwtd@ch corresponds to the selected solution

adopted for the simulation of the model, We withslate for this case the electrical behavior & thvV

power supply circuit for N=2 magnetrons, The wavef®e of voltages and currents are shown in figurelO.

From this latter we see that the waveforms fromGheolution are in good agreement with those obthin

the first part, the C solution presents a simdtars reduction of copper and section, as it resportte

specifications imposed by the manufacturer so that magnetron operates in full powe,(=300mA

Ima=1A).
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Figure 10. waveforms of voltages and currentsterdonfiguration parameters of the transformer of
selected solution

Figurell shows the waveforms in the two magnetreladive to the variations of primary effective
voltage 200V and 240V. We note that the maximum laoge of the current remains less than the
admissible limit value recommended by the manufact(l.2A). With this configuration parameters, the
control process of current is completely secured.
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Figure 11. Stabilization of the magnetron currefative to variations £10 % of the nominal voltage
in primary for geometric parameters of the C soluti

To validate the energetic functioning of the neptimized transformer with two magnetrons, we
calculate the average power that must be in theraftl1200Watts.
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Figure 12. Instantaneous power and average powmomagnetrons of the C solution

IJECE Vol. 2, No. 5, October 2012 : 708 — 716



IJECE ISSN: 2088-8708 a 715

We see from the figurel2 that the new transformigh W = 2 magnetrons resulting from the C
solution, has the same characteristics with thatipusly treated, the average and instantaneousmpow
curves show a full-power operatiog,2400W, that is to say 1200Watts for each magnetron

4. CONCLUSION

We have succeeded to define a proper strategwiimatto maximize the volume of the transformer
with two magnetrons, while ensuring the proper fioming of each magnetron.

For industrial applications requiring the same powbhe new optimized power supply presents
relative to the present solution taken as a reteretie gain of volume and weight and the therefibwe cost
of the overall system, between the two systemstréresformer becomes more economical while presgrvi
the full power functioning.

Appendix
During this work, we took as references the pararsebf the model of the transformer with
magnetic shunts.

a=28mm
b =60mm
e= 075mm
n, =18

n, =224

n, = 2400

Figure 13. geometric parameters of the transfo(nederence case)
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