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-
Problem Statement

What is the theoretical upper bound of the inductive
power transfer (IPT) efficiency of a given pair of flat
half-filled coils?

* Are there analytic expressions for power transfer and
coil losses?

° Are very high switching frequencies (>10MHz)
necessary to reach the efficiency limit?
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-
Most Relevant State-Of-The-Art

In order to find the efficiency limit the state-of-the-art
within the following topics has been brought together
and partially extended:

* Optimum IPT operating conditions!!]
* Coil pair mutual inductancel?]

* Eddy current losses in litz wirel3]

* Radiated losses!#]
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>
Proposed Approach

* If the currents in primary and secondary
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coil are 90° phase shifted, and the ratio ~ 72.0pt = =1 10
of their amplitudes 1s correctly selected ( =/ 1+ (ﬁ) )
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* The coupling coefficient of two flat half- 10° g SRS RARLL S AL

filled disc coils can be approximated <0 .

with less than 3% error using a FEM- r‘OE a

based and experimentally verified curve S Errmee :
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>
Proposed Approach

* The coil’s ohmic resistances, comprising
conduction and eddy current losses, can
be asymptotically approximated, as
experimentally verified on 5 different
coil samples. (skin depth &, litz wire
strand diameter d,.)
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° Additionally each coil represents a
magnetic dipole which radiates power
equivalent to the losses in a resistance
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>
Proposed Approach

10

° With the derived approximations the
coil quality factor Q for coils with
optimally selected thickness can be
calculated as function of the frequency
and its maximum can be expressed # T T
analytically. O e
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Fig. 10. Quality factor ¢ of a flat disc coil with diameter d = 20em as
function of the frequency for different strand diameters. The coil height is set
to the optimum value but Timited o fr < 0.05d.

°* The quality factor shows a plateau,
which 1s usually exploited in order to L£<03d,
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minimize the inverter frequency. The :
efficiency at this plateau depends only 10 Rl o T o

on coil diamter d, gap g between the
coils, and strand diameter d,.-.
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Advantages Over Existing Literature

* Simple, yet accurate, analytical approximations for coupling factor, coil
AC resistance and efficiency are provided.

* The expressions can be used for dimensioning of simple IPT systems
without the need for FEM or to answer the question if the problem at hand
can actually be solved by an IPT system.
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. _d
Constraints, Challenges, Future Steps

* The coils are placed in free space, but in practice either ferrite shielding
plates or, with some distance to the coil, conductive shielding plates have
to be used. Except for the losses in the ferrite shields, these situations
could also be described analytically using current mirroring methods [5].

* In practice the construction of litz wire coils with many thin strands is,
which is required for high efficiency, 1s complicated and usually prevents
reaching the efficiency limit.

* Also for low coupling situations the losses in the compensation capacitors
limit the overall system efficiency and the tolerances of the compensation
capacitors have to be compensated by tuneable capacitors.
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