
Introduction
The magnetically coupled resonant wireless power transfer (MR-
WPT) as an efficient technique of powering e-textiles possesses
different systems. This research presents the simulations of
embroidered planar 2-coil and 4-coil systems using solid copper
wires constructing the equivalent models of Litz wires.

Materials and Methods
Figure 1a shows the photograph of embroidered textile sewn on the
surface of a piece of textile. The conductive track adopts silk-coated
copper Litz wires consisting of 36 individual strands of 40 µm copper
wires. The overall diameter of the Litz wire is 0.3mm, therefore, the
simulation model exploits 0.3mm copper wire.

Figure1 a.(left) photograph of embroidered textile coils. 

b. (right) Models of Transmitter and Receiver Coils.

Figure 1b shows the 4-coil WPT model which has additional driving
and load coils. The transmitter and receiver are designed to be
identical with a 0.4mm coil turn separation and the inner air core is
8cm × 8cm.

Power transmission of both systems are studied and compared by
varying separation, rotation angle and misalignment distances at
resonance (5 MHz).

Figure 2.Top view of coils in study of (a)separation (b)axial 
misalignment (c) receiver rotating around transmitter and (d) 

self-spinning of receiver. 

Results and Discussion
By observing the results of coil separation study, the frequency
splitting occurs when the transfer distance is below 8cm for 2-
coil system and 10cm for 4-coil system.

Figure 3. Coil separation study at (left) resonant 5MHz and (right) 
at tuned frequency.

The 2-coil system was driving from 4MHz to 6MHz at 4cm and 6cm
coil separation, the transfer efficiency 𝜂 = |𝑆!"|! was plotted as a
function of frequency. The peak efficiency occurs at 4.4MHz and
5.6MHz for 4cm separation. As the separation was increased to 6cm,
the splitting range narrowed, the peak efficiency firstly occurred at
4.6MHz and then 5.2MHz.

Figure 4. The MR-WPT efficiency of 2-coil system analysed in frequency 
domain at a separation of (left) 4cm and (right) 6cm.

Figure 5. The MR-WPT efficiency of 4-coil system analysed in frequency 
domain at a separation of (left) 4cm, 6cm,8cm and 10cm.

The 4-coil system had a longer frequency-splitting range of 10cm than
2-coil system of 8cm. From Figure 5, the two peak power efficiency
cases unified as the transfer distance or the coil separation was
increased, where the impact of mutual inductance was minimised. To
overcome this impact, both the systems were tuned to the peak power
frequency at short separation below 10cm. The new results were plotted
in Figure 3.

Figure 6. The MR-WPT efficiency of 2-coil and 4-coil systems analysed in
axial misalignments below 14cm and two types of receiver rotation.

Conclusion
The 4-coil exhibits better power efficiency for distance over 10cm for
all studies. What’s more, the 2-coil and 4-coil systems had close power
efficiencies over 90% after tunned to the peak power frequency.
However, the simulation models didn’t analyse the impact of skin
depth on solid copper conductor and Litz wire conductor. The real
experiments using Litz wire in the same geometry of these models will
have a better performance.


