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Abstract 
 
This article treats the development of one of the equivalent electrical models for a single phase power supply for one 
magnetron; in particular that of its own high voltage (HV) transformer newly dimensioned. This single phase system supplies 
a voltage doubler and current stabilizer circuit, which supplies a single magnetron. Then, by star connecting the three identical 
models of the single-phase power supply for one magnetron, we obtain a new character three-phase high voltage power 
supply for industrial microwave generators with one magnetron per phase. The simulation with EMTP (Electro Magnetic 
Transcients Program) in nominal operation has given the theoretical results close to the experimental measurements. Finally, 
the magnetrons’ failure of the microwave generator was also treated and allowed to observe the interaction’s influence 
between magnetrons; also the regulation of the anode current has been achieved successfully. 
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1. Introduction  
 
Figure 1 shows the schematic diagram of the new three-phase 
high voltage power supply for one magnetron per phase 
[1][2][3][4], which corresponds to a star connection of three 
equivalent electrical models of the single-phase power supply 
for one magnetron. It is composed of an equivalent electrical 
model of its corresponding single-phase HV transformer with 
magnetic leakage flux [5][6][7][8], which supplies one 
voltage doubler and current stabilizer circuit that supplies one 
magnetron. In the first part of this article, we present a global 
equivalent circuit diagram of this power supply. The 
simulation with EMTP [9][10][11] of the new three-phase 
high voltage power supply’s nominal operation allowed to 
observe its different time curves of different currents and 
voltages in order to be compared with those obtained 
experimentally in conventional single-phase high voltage 
power supply for single magnetron [12][13][14]. The anode 
current regulating process in each magnetron has been 
completely verified. 
 The second part of this article was devoted to studying the 
influence of the magnetrons’ failure on the new three-phase 
high voltage power supply for one magnetron per phase. 
In this failure’s study; we will successively analyze the 
following cases: 
 
- One faulty magnetron and two magnetrons in service. 
- Two faulty magnetrons and one magnetron in service. 
- Three faulty magnetrons. 
 
 
2. Modeling of the new character three-phase high 
voltage power supply for one magnetron per phase 

 
 
2.1. Equivalent circuit model of Single-phase high voltage 
power supply for two magnetrons. 
Fig. 2 refers to the equivalent circuit diagram of this power 
supply; in particular that of the quadrupole model in π of its 
single phase transformer [5][6][12]. Each of the three 
saturable inductors is a function of its own reluctance 
[11][13][14], so it’s also a function of its own permeability in 
a précised part of the correspondent magnetic circuit, which 
is supposed fictitiously closed, and in which n2 secondaries 
turs are rolled. This model was successfully verified 
[2][3][4][15] and showed that each magnetron delivers its full 
desired power. 
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Fig. 1. Character three phase high voltage power supply for one 
magnetron per phase. 
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Fig. 2. Electrical equivalent model of the single phase high voltage power 
supply for one magnetron 
 
 
2.2. Simulation with EMTP of the new three-phase high 
voltage power supply for one magnetron per phase.  
This new system in the fig. 1 and fig. 3 was obtained from star 
coupling the three identical models, which are described in 
fig. 2. These three models will be supplied respectively by 
single-phase voltages with the same R.M.S. value of 
the voltage 220Volts – 50Hz, and a phase difference of 120 
degree. 
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Fig. 3. Character three phase high voltage power supply for one 
magnetron per phase (Equivalent circuit model) 
 
 
 The simulation with EMTP [16][17][18] of electrical 
nominal functioning of the assembly in fig. 3 allowed to 
observe the time curves (in fig. 4(A)) of voltages (condensers, 
magnetrons, secondaries) and currents (diodes, magnetrons, 
secondaries). 
 For each magnetron of one phase in nominal operation 
(220V and 50Hz in primary side), the electric current’s 
signals (diodes, magnetrons and secondaries) and voltages 
(condensers, magnetrons and secondaries) may constitute an 
assembly which have the same form as that of single 
magnetron’s conventional power supply. These signals are 
periodic variable quantities (but they are not sinusoidal), 
globally for all three phases simultaneously feeding two 
magnetrons, therefore there are three successive sets of 
signals which are phase shifted by 120 degrees. 
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(A) (B) 

Fig. 4. (A) The simulation’s results with EMTP of a character three phase 
high voltage power supply for one magnetron per phase.(B) The 
experimental waveforms of currents and voltages of a single phase high 
voltage power supply for one magnetron (nominal mode) 
 
 
 It is affirmed that the curves obtained through simulation 
in EMTP [16][18][21] of the new power supply’s three-phase 
device of one magnetron per phase (in non-linear regime), are 
in accordance with the experimental waveforms recorded in 
the case of single magnetron’s single-phase power supply 
(fig.4.B). 
 The pace obtained of each magnetron’s current reflects 
the flow of its full useful power. So the phase shift between 
the three magnetrons’ currents (which equals 120 degrees) 
confirms the absence of interaction between the magnetrons 
of one phase and those of next phase. The operating points of 
all magnetrons are no longer disturbed. 
 During the simulation with EMTP [19][20][21] of this 
new three phase character high voltage power supply of one 
magnetron per phase, the current’s regulation process in each 
of the three magnetrons of the microwave’s generator was 
verified while observing the stability of the variations in 
current in each magnetron compared to those in primary 
voltage (± 10% of nominal voltage). The fig. 5 shows the 
current’s waveforms in each magnetron corresponding to the 
respective values of 200 V and 240 V for primary voltage in 
the supply network. 
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Fig. 5. Stabilization of the anode current of the magnetron in relation with 
variations in the mains voltage +10% of the nominal voltage 
 
 
 It is noted that the maximum value of the current’s 
amplitude in each of the two identical magnetrons in each of 
the three phases remains below an acceptable limit 
(Imax<1.2A), which respects the constraints imposed and 
recommended by the manufacturer of magnetrons, therefore 
it ensures the correct operation of microwave’s tube with 
reasonable average current (300 mA) without exceeding the 
recommended peak current. Given the above, the current’s 
stabilization process in each magnetron is completely 
verified. 

 
 

3. New three phase character HV power supply: study of 
magnetrons’ failure  
 
Table 1. The possible failures’ cases of three magnetrons for 
the studied microwave generator: 
Types of  
magnetron’s  
failures 

Phase I Phase II Phase III 

One faulty / 
Two in service 

One faulty  
magnetron 

One 
magnetron  
in service 

One 
magnetron  
in service 

Two faulty / 
One in service 

One faulty  
magnetron 

One faulty  
magnetron 

One 
magnetron  
in service 

Three faulty  One faulty  
magnetron 

One faulty  
magnetron 

One faulty  
magnetron 

 
The electrical behavior’s simulation through EMTP 

[17][18][20][21] of three-phase high voltage power supply 
for one magnetron per phase was performed for each case of 
failure which is shown in Table 1. The observation of the 
waveforms obtained from the currents and voltages allowed 
analyzing the different characteristics of high voltage circuit 
and particularly that of magnetron’s current. 

 
3.1. Case of one faulty magnetron and two magnetrons 
in service. 
The simulation’s results with EMTP [22][23][24] of the 
assembly in Fig. 6. (A) are shown in Fig. 6. (B). It is noted 
that the faulty magnetron reduces the operation of its 
corresponding voltage doubler, consisting of diode and 
capacitor 0.9 µF at the level of this capacitor’s loading 
through the diode with the secondary peak voltage supplied 
by the high voltage transformer. 
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Fig. 6. (A) Circuit model of a character three phase HV power supply for 
N=1 magnetrons per phase. Case of one faulty magnetron in the phase 1. 
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Fig. 6. (B) Waveforms of currents and voltages of the circuit in fig. 6. 
(A). Case of one faulty magnetron in the phase 1. 
 
 
 The faulty magnetron of one phase has no interaction 
effect on the operation of the two other functional 
magnetrons. Given that their operating points are not 
disturbed. 
 The current’s control process in each of the two 
magnetrons in service of microwave’s generator was verified 
through simulation with EMTP [20][25][26] in which we 
observe (for this new three-phase high voltage power supply 
of two magnetrons per phase) the stability of the variations in 
current in each magnetron compared to those in primary 
voltage (± 10% of nominal voltage). The fig. 7 shows the 
current’s waveforms in each magnetron corresponding to the 
respective values of 200 V and 240 V for primary voltage in 
supply network. 
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Fig. 7. Stabilization of the anode current of the magnetron in relation with 
variations in the mains voltage +10% of the nominal voltage 
 
 
 It is noted that the maximum value of the current’s 
amplitude in each magnetron in each of the two phases 2 and 
3 remains below an acceptable limit (<1.2 A), which respects 
the constraints imposed and recommended by the 
manufacturer of magnetrons, therefore it ensures the correct 
operation of microwave’s tube with reasonable average 
current (300mA) without exceeding the recommended peak 
current. Given the above, the current’s stabilization process in 
each magnetron is completely verified. 
 
3.2. Case of two faulty magnetrons and one magnetron 
in service 
The simulation’s results through EMTP [18][23][26] of the 
assembly in Fig. 8. (A) are shown in Fig. 8.(B). It is noted that 
each of the two faulty magnetrons reduces the functioning of 
its corresponding voltage doubler, consisting of diode and 
capacitor 0.9 µF at the level of this capacitor’s loading 
through the diode with the secondary peak voltage supplied 
by the high voltage transformer. Each of the two faulty 
magnetrons doesn’t disturb the functioning of the other 
magnetron in service. 
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Fig. 8. (A) Circuit model of a character three phase HV power supply for 
one magnetron per phase. Case of Two faulty magnetrons (phase1 and 
phase2) 
 
 
 The two faulty magnetrons of the two phases (phase 1 and 
phase 2) have no interaction effect on the functioning of the 
other functional magnetron (of phase 3). Given that their 
operating points are not disturbed. 

.
0,60 0,61 0,62 0,63 0,64

-8000

-6000

-4000

-2000

0

2000

4000

6000

8000

Vs3

Vs1

Se
co

nd
ar

ies
 V

ol
ta

ge
s (

V)

TIME (s)

Vs2

0,60 0,61 0,62 0,63 0,64
-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

is2

Se
co

nd
ar

ie
s C

ur
re

nt
s (

A
)

TIME (s)

is3

is1

 

0,60 0,61 0,62 0,63 0,64
-8000

-6000

-4000

-2000

0

2000

4000

6000

8000

C
on

de
ns

er
s V

ol
ta

ge
s (

V
)

TIME (s)

vc2

vc1

vc3

0,60 0,61 0,62 0,63 0,64
-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

id3

D
io

de
 C

ur
re

nt
s (

A
)

TIME (s)

id3

id3

 

0,60 0,61 0,62 0,63 0,64
-8000

-6000

-4000

-2000

0

2000

4000

6000

8000

M
ag

ne
tr

on
s V

ol
ta

ge
s (

V
)

TIME (s)

vm2

vm1

vm3

0,60 0,61 0,62 0,63 0,64
-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

M
ag

ne
tr

on
s C

ur
re

nt
s (

A
)

TIME (s)

im3

im1

im2

 
Fig. 8. (B) Waveforms of currents and voltages of the circuit in fig. 8. 
(A). Case of Two faulty magnetrons (phase1 and phase2). 
 
 
 The current’s control process in the magnetron in service 
of microwave’s generator was verified through simulation 
with EMTP [17][22][23] in which we observe (for this new 
three-phase high voltage power supply of two magnetrons per 
phase) the stability of the variations in current in functional 
magnetron compared to those in primary voltage (± 10% of 
nominal voltage). The fig. 7 shows the current’s waveforms 
in each magnetron corresponding to the respective values of 
200 Volts and 240 Volts for primary voltage in supply 
network. 

 

0,60 0,61 0,62 0,63 0,64
-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

U1=U2=U3=200 V

M
ag

n
et

ro
n

s 
C

u
rr

en
ts

TIME (s)

im3

im1

im2

0,60 0,61 0,62 0,63 0,64
-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

U1=U2=U3=240 V

M
ag

ne
tr

on
s 

C
ur

re
nt

s

TIME (s)

im3

im1

im2

 
Fig.9. Stabilization of the anode current of the magnetron in relation with 
variations in the mains voltage +10% of the nominal voltage 
 
 
 It is noted that the maximum value of the current’s 
amplitude in functional magnetron remains below an 
acceptable limit (<1.2 A), which respects the constraints 
imposed and recommended by the manufacturer of 
magnetrons, therefore it ensures the correct operation of 
microwave’s tube with reasonable average current (300 mA) 
without exceeding the recommended peak current. Given the 
above, the current’s stabilization process in each magnetron 
is completely verified. 

 
3.6. Case of three faulty magnetrons. 
The simulation’s results through EMTP [23][25][26] of the 
assembly in Fig 10A are shown in Fig 10B. It is noted that 
each faulty magnetron in each phase reduces the functioning 
of its corresponding voltage doubler, consisting of diode and 
capacitor 0.9 µF at the level of this capacitor’s loading 



R. Batit, M. Chraygane, M. Ferfra and B. Bahani/ 
 Journal of Engineering Science and Technology Review 9 (1) (2016) 145-150 

 

	
	

149 

through the diode with the secondary peak voltage supplied 
by the high voltage transformer. In order to find the maximal 
debit of microwaves’ power, we have just to replace the 
defective magnetrons with the new ones. 
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Fig. 10. (A) Circuit model of a character three phase HV power supply 
for one magnetron per phase. Case of three faulty magnetrons per phase. 
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Fig. 10. (B) Waveforms of currents and voltages of the circuit in fig. 10. 
(A). Case of two faulty magnetrons per phase. 

 
 

4. Conclusion 
 
We have described in this article a study of the nominal 
operation’s feasibility using EMTP of a new character three-
phase high voltage power supply for microwave generators 
with two magnetrons 800 Watts per phase which can deliver 
up to 4800 Watts useful power at 2450MHz.  
 The simulation with the EMTP code of the new power 
supply with one magnetron per phase allowed us to verify the 
current control process in each magnetron; which ensures the 
protection of all magnetrons against any possible variation in 
voltage entrance of the three-phase supply network. 
The feasibility test of the electrical operating under nominal 
conditions of the new three-phase character power supply 
system with one magnetron per phase has been proved 
conclusive. It can be extended without any problem in the 
case of a power supply with N=2,3,…10 magnetrons per 
phase at nominal conditions.  
 On the other hand, the failure of M among the N (N=3) 
powered magnetrons does not change the functioning of the 
(N-M) remaining functional magnetrons (M <= N). 
The study of feasibility of the new three-phase power supply 
with multi magnetrons per phase (one magnetron per phase in 
our case), led us to initiate the study of the real three-phase 
power supply with multi magnetrons per phase by modeling 
and dimensioning adequately its new own correspondent 
three-phase shunts transformer, which reduces the size, 
volume, weight and electrical wiring then reduce the cost of 
implementation and maintenance of microwaves generators. 

 
______________________________ 
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