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Fig. 4. Scheme of the circuit for the SPICE simulation.

that, even if the current reaches a value of several hundreds
of amperes, its energetic content is limited to about one joule
(i.e. the energy stored in the capacitor before the protection
circuit intervention) so it can be transiently managed by the
PE switches without introducing thermal problems.

As visible in Fig. 5(b), the short circuit of the receiver forces
the current in the transmitter towards zero via a series of sinu-
soidal pulsations. This behavior is typical of the magnetically
coupled resonant circuit [13] but is not here treated in detail.

V. IMPLEMENTATION AND TESTING

The ensemble of diode bridge, filter capacitors and protec-
tion circuit has been implemented and mounted in a unique
compact case that has been directly connected to the receiver
coil and the compensating capacitor. The resulting object is
shown in Fig. 6 and Fig. 7 while the adopted components for
the protection circuit are listed in Table II.

TABLE II
ADOPTED COMPONENTS FOR THE PROTECTION CIRCUIT

Components Symbol Model

Zener diode Dz1 1N5368B
Zener diodes Dz2, Dz3 1N5388B
Thyristor T MCO150-12io1
Filter capacitors Cf1, Cf2, Cf3 C4BSPBX4300Z

All the components have been chosen by considering a
safety factor of two with respect to the values obtained from
the simulation. The chosen thyristor is able to carry a rated
current of 158 A with a maximum forward surge current
of 2 kA. The same component can tolerate a non repetitive
current time derivative of 500 A/µs. The overall threshold
voltage of 450 V has been obtained by combining two Zener
diodes 1N5388B with a breakdown threshold of 200 V in
series with the Zener diode 1N5368B having a breakdown
threshold of 50 V. The filter capacitors have rated voltage and
current of 630 V and 38 A respectively. Each capacitor can
tolerate a repetitive current peak of 1793 A. The inductor Lt

has been built by using two C-shaped cores made of laminated
silicon steel.

(a)
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Fig. 5. Representative waveforms of the SPICE simulation of the protection
circuit intervention. (a) Voltage V

DC

over the capacitors C
f1

, C
f2

and C
f3

and current in the thyristor Lt. (b) Transmitter current I
1

and load current.

The system has been tested by directly supplying the diode
bridge with an isolated voltage supply. The output voltage of
the supply has been varied via ramp until reaching the overall
breakdown voltage of the Zener diodes. This has allowed a
slow charge of the filter capacitor while maintaining controlled
the current provided by the supply.

Real implementation
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SAFETY FACTOR  2 WITH RESPECT 
TO SIMULATION RESULTS

Rated curr = 150 A, 
Max. Forwad surg. Curr = 2 kA
Max. current rate of rise = 500 A/us
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Conclusions

• The implemented fast hardware protection resulted 
effective

• It is based on few simple components
• It does not need to be controlled
• Automatic recover if the fault does not perstist 
• The fault can be detected from the trasmitter side that 

can turn-off the system



Thank you!
Any question?

You can write me at vincenzo.cirimele@polito.it
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