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IPT basics - Main components
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IPT evolution
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IPT basics - Circuit modeling
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IPT basics - Introducing resonance
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Current waveform

Transmitter current (/)
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DC/AC output voltage (V) M < Mo

The currents remain

sinusoidal in each
working condition
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Current waveform
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130 ms for a vehicle speed of 40 km/h
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Received current in the battery

Dynamic IPT =) Pulsed magnetic field
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15 uT @ 85 kHz|
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WPM

jth spectral component of the field under analysis
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limited above 10 kHz

the WPM corresponds
to the application of a

scale factor
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Sinusoidal bursts at 50 Hz Weighted waveforms
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Sinusoidal bursts at 85 kHz Weighted waveforms

The peak exposure can be evaluated by means of a
time-harmonic formulation



Stationary IPT system

Rx: | =j26 A

Ferrite u, N = 8 turns

= 2000 \ /

Tx: 1 =j26 A
. +« N=8turns
Aluminum
0=3-10"S/m
z
vl .
X
aligned coils

..

misaligned coils (SAE J2945)



Magnetic flux density

Aluminum Carbon fiber



Exposure scenario

Exposure scenario 1

Exposure scenario 2

Exposure scenario 3



Induced electric field

Further details:

[1] De Santis, V.; Giaccone, L.; Freschi, F. Chassis Influence on the Exposure Assessment of a Compact EV during WPT Recharging Operations. Magnetochemistry 2021, 7, 25.
https://doi.org/10.3390/magnetochemistry7020025

[2] De Santis, V.; Giaccone, L.; Freschi, F. Influence of Posture and Coil Position on the Safety of a WPT System While Recharging a Compact EV. Energies 2021, 14, 7248.
https://doi.org/10.3390/en14217248



Dynamic IPT system

» frequency 85 kHz

(max) power 7.7 kW

50 transmitters:

* 1.5 mlength, 0.5 m wide, 0.5 m gap
* 26A
* 10 number of turns

1 receiver
* based on standard SAE J2954
* rear position 13 A
* 10turns

Ulteriori dettagli:

Rapporto Tecnico sulla valutazione dell’esposizione umana ai campi elettrici,
magnetici ed elettromagnetici (gamma di frequenza da 1 kHz a 300 GHz) emessi
da sistemi per il trasferimento di potenza senza contatto (WPT)

—




Dynamic IPT system: experimental application

UG FEVas



Dynamic IPT system: experimental application

100 m of charging lane (46 transmitters)

Rated power 22 kW

Rated frequency 85 kHz

Magnetic gap 25 cm

Maximum tested speed 70 km/h

Maximum static efficiency 91% (power referred)

Max. in-motion efficiency 85% (energy referred)

eCoFeva FLBRIC



Dynamic IPT system
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Magnetic structure - Design

A magnetic structure is added in order to
confine the magnetic flux in a better
defined region

Air-coupled Ideal desired
coils shape
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Magnetic structure - Design

A magnetic structure is added in order to
confine the magnetic flux in a better
defined region
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Magnetic structure - Optimisation

Optimization based on the
differential evolutionary
strategy algorithm
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Magnetic structure - Physical implementation



Laboratory setup



On-road installation - Coil embedding
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