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The	aim	of	this	study	is	to	analyse	magnetic	coupling	between	a	closely	wound	helical	coil	and	a	knitted	helical	coil.	It	is	well	
known	that	efficient	coupling	between	two	or	more	coils	allows	applications	such	as	wireless	power	transfer.	This	approach	might	
be	used	to	integrate	flexible	helical	coils	in	the	borders	of	knitted	garments	to	wirelessly	transfer	power	between	e.g.	a	
wristwatch	and	a	cuff	or	a	belt	and	the	waist	trim.	
For	the	knit	to	act	as	a	coil,	circular	weft	knitting	must	be	used.	In	this	study,	borders	with	different	diameters	and	number	of	rows	
with	integrated	insulated	metal	wire	(windings,	N)	were	knitted	in	the	round.	Cotton	yarn	for	needle	size	3	mm	and	thin	insulated	
Cu	wire	(~200	µm)	was	used.	The	coupling	factor,	k	was	studied	and	a	simple	WPT	test	conducted.	

The	principle	of	the	implementation	 The	equivalent	circuits	 The	measurement	set-up	
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Knitted	helical	coil	–	influence	of	stitch	type	&	N	

Wound	helical	coil	

Knitted	helical	coil	–	1/1	rib	stitch	
Knitted	helical	coil	–	knit	stitch	

L	=	0.3	N1.8	

L	=	0.8	N1.3		

L	=	0.6	N1.3		

R=0.3	N	+	0.09	

R=1.2	N	+	0.28	

R=	N	+	0.22	

Knitted	helical	coil	–	1/1	rib	influence	of	diameter	&	N	

Coil	type	 α	(mH/
cm)	

β	(mH)	 γ		 κ	(Ω	
cm)	

1/1	rib	 0.13	 0.113	 1.3	 0.17	
Winding		 0.065	 0.128	 1.8	 0.09	

L = α ×D − β( )×Nγ

R = κ ×D ×N

Q =ω α
κ
− β
D

⎛

⎝
⎜

⎞

⎠
⎟×Nγ−1

Full	line	fits:	wound	helical	coil	

Dashed	line	fit:	1/1	rib	knitted	coil	

D	=	5.5,	6.8,	10.8,	12.7,	15.9	and	23.6	cm	±	1	mm			
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Measurement	and	simulation	of	the	coupling	factor,	k	

D=6.8	cm	 D=6.8	cm	
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Power Output and for Power E�ciency. COILF1 is observed to be performing marginally

better in terms of performance among the three coils as it has a lower resistance and better

quality factor than COILF2 and COILF4.

4.4 WPT with Knitted Coils - DC Output

As a final measure to calculate the power output of the setup while minimising the e↵ects

of the capacitance of oscilloscope probes on the alternating voltages in the circuits, a full

wave rectifier was added to the secondary circuit before the load as shown in Figure 4.14.

The current-measuring resistor was removed from the secondary circuit, as DC power was

being measured directly.

Figure 4.14: Circuit Design with rectifier in the output circuit

4.4.1 Resonant frequency tuning

The tuning capacitors required adjusting with the shift in the maximum power transfer

frequency of the system due to the removal of the probes. In order to operate the setup at

13.56 MHz with maximum power transfer e�ciency, the following tuning capacitor values

were used, using the analyses done previously as well.

Table 4.6: Primary and secondary tuning capacitors for the final set of knitted coils with DC Output

Coil Name CP1 (pF) CP2 (pF)

COILF1 33 28

COILF2 33 22

COILF4 33 22
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(a) Red LED emitting visible light (b) Green LED emitting visible light

Figure 4.19: LEDs emitting visible light while testing
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@2	cm	

Wireless	power	transfer	

5V	pk-pk	
13.56	MHZ	 33pF	 22pF	

10	kΩ

5	Ω

(a) Real DC Power Output across 10k⌦ load

(b) Power E�ciency with 10k⌦ load and DC Output

Figure 4.16: Distance variation e↵ects on WPT in COIL7 and the final set of knitted coils with DC Output

The power e�ciency of the setup decreases from about 40% at 1 cm to about 25% at 1 cm

with a full wave rectifier present in the secondary circuit. The power output for COILF2 is

observed to increase compared to the other two coils.
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It can be observed in Table 4.4 that COILF1 has the highest quality factor while COILF2

and COILF4 have very similar characteristics. COILF3 however could not be characterised.

4.1.5 Transmitting copper coil with final knitted coils as receiver

The setup was also characterised with COIL7 connected to the network analyser and the

final set of knitted coils placed as the receiver coils, one at a time. This was conducted

at distances from 1 - 5 cm. One set of measurements was done with the tuning setup and

resistors included while the other set was done with only the breadboards, in order to see

the e↵ects of the components on the operation of the coils and the resonant frequency. (See

Figure 4.6)

(a) COIL7 and COILF3 characterisation

with breadboards only

(b) COIL7 and COILF3 characterisa-

tion including tuning setup and other

components

Figure 4.6: Characterisation setups for final knitted coils as receiver coil

It was observed that the main resonant frequency of the setup drops from over 20 MHz

(Figure 4.7a) without the tuning setup to around 11-12 MHz (Figure 4.6b) with the tuning

setup included. The setup then resonates at 13.56 MHz in the probes (which aren’t present

during characterisation with the Network Analyser) with the tuning setup. This shows that

the tuning setup works to bring down the resonant frequency from the natural resonant

frequency of the setup to 13.56 MHz. This can be seen in Figure 4.7.
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HP	8753D	Network	analyser	

Conclusion:	Knitted	and	wound	coils	have	approximately	equal	self-inductance	for	1	<	N	<	10	but	due	to	the	undulating	character	
of	the	stitches	the	length	of	the	metal	required	in	the	knit	is	longer	resulting	in	higher	parasitic	resistance	and	lower	quality	factor.	
Rib	knit	gives	a	higher	self-inductance	compared	to	stockinette.	Both	the	self-inductance	as	well	as	the	resistance	increase	linearly	
with	diameter	however	the	power	factor	for	L	is	higher	than	1.	Thus	using	belt	and	garment	waist	border	will	give	better	power	
transfer	efficiency.	Measurements	and	simulations	show	that	the	coupling	factor	becomes	nearly	independent	of	N	for	N>5.	The	
coupling	factor	increases	logarithmically	with	coil	diameter.	A	simple	experiment	has	demonstrated	successful	AC-DC	power	
transfer	enabling	a	green	LED	to	light	up	at	a	distance	of	2	cm.		
The	advantage	of	knitted	coils	is	that	nearly	perfect	alignment	of	coils	can	be	achieved	naturally.	

4.4.2 Load variation analysis

The e↵ect of varying the load on the performance of the setup with DC Output was inves-

tigated with the coils placed 1 cm apart, at a frequency of 13.56 MHz and input alternating

voltage of 5V; similar to the investigation conducted in Section 4.10. The result of the

investigation is plotted in Figure 4.15.

Figure 4.15: Load variation analysis with COIL7 and COILF1

The results are similar in both investigations, reinforcing the use of 10 k⌦ as the load

resistor value for maximum power transfer e�ciency. This occurs when the impedance of

the two circuits is matched [28].

4.4.3 Variation of distance between the coils

An increase in distance between the coils reduces the power output and power e�ciency of

the setup, as would be expected. The e�ciency in the case of DC Output was measured

against the RMS value of the alternating input voltage of 5V i.e. ⇡ 1.77V. The input power

was measured using just the single probe across the primary current-measuring resistor.

Figure 4.16 shows the power output and AC-DC power e�ciency of the setup with as the

distance between the coils (COILF1, COILF2 and COILF4) is varied.

Note: As the knitted coils are quite wide, the distance has been measured from the point

on the knitted coil vertical plane that is closest to the primary coil.
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AC-DC	output	efficiency	@	1cm	
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