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Wireless Power Transfer (WPT) system consists of a transmitter connected to main power source causes
a varying magnetic field, generating flux, due to which current is induced in the receiver coil. The design of
coil parameters vary depends upon the application. Wireless charging of office communication systems is
emerging technology worldwide which makes transfer power to the office communication devices like Lap-
tops, Mobile Phones, Display Monitors, LED displays, Printers without using regular copper cable wires.
The most popular method for wireless power transfer can be achieved by resonant inductive coupling. This
paper focuses on the application of wireless power transfer from one source to multiple receiver loads. The
idea is to power the basic need in office life, such as wireless laptop charging, wireless cell phone charging,
wireless power transmission to printer. Mobile application in this paper defines as a mobile device or porta-
ble device that can be applied anywhere in office or at home. The motivation for this proposed model is to
charge multiple mobile devices wirelessly. Traditional wired power solutions in office communication sys-
tems create clutter, reduce mobility, and limit scalability. Wireless power transmission (WPT) offers a prom-
ising alternative by eliminating cables and enabling flexible workspace arrangements. This study focuses on
designing a multi-coil resonant WPT system.

Keywords: WPT (Wireless Power Transfer), Transmitter coil, Receiver coil, Charger, Finite element method

(FEM).
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1. INTRODUCTION

In 1826, Andre- Marie Ampere showed that electric
current produces a magnetic field. In 1830, Michael Far-
aday described the electromotive force that drives cur-
rent in a conductor loop by a time-varying magnetic flux.
[4] In 1864, J.C. Maxwell predicted the existence of radio
waves and gave the concept of unified electricity and
magnetism, called electromagnetism. Bolstered by Max-
well's theory, Heinrich Rudolf Hertz succeeded in show-
ing experimental evidence of radio waves in 1888. The
prediction and Evidence of the radio waves at the end of
19th century was the start of the wireless power trans-
mission. [4] The need for instant practical sources for
charging devices also increases from time to time, there-
fore one electrical source (transmitter) that can be used
for multiple loads will be a great benefit [8, 13-16]. In-
ductive chargers are highly efficient, but the range is
limited to only a few centimetres. Transmission coils re-
quire symmetry in shape and size and stringent align-
ment so that all magnetic flux created by transmission
coil is received by acceptor coil. Multiple devices can be
charged at once using resonant magnetic coupling.
Transmitting and receiving coils resonate at fixed fre-
quency which improves efficiency of transfer. Distance
between these coils and their position with reference to
one other is much more flexible because of loose
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coupling. Low coupling factors caused by increase in
range or disturbance in coil alighment is made up for by
high quality factor.

This paper focuses on the application of wireless
power transfer from one source to multiple receiver
loads. The idea is to power the basic need in office life,
such as wireless laptop charging, wireless cell phone
charging, wireless power transmission to printer. The
mobile application in this paper defines as a mobile de-
vice or portable device that can be applied anywhere in
the office or at home.
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Fig. 1 — Power transmission by resonant inductive coupling

2. MISALIGNED COIL ANALYSIS

Grover developed a general method to calculate the
mutual inductance between circular Filaments located
at any position with respect to each other [4]. Using mag-
netic vector potential approach, the formulated model
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for computing the mutual inductance between filamen-
tary coils with both lateral and angular misalignments
was obtained in [2]. As shown in Figure 2 there are two
coils with parallel axis, so there is only lateral misalign-
ment between them. The notations used in Figure 2 rep-
resent as Magnetic permeability of vacuum o, Radius of
secondary coil Rs, Radius of primary coil Rp, Separation
distance between coils ¢, Lateral misalignment d, angle
used for integration from primary coil g6, The mutual in-
ductance when two coils are in parallel planes is given

by
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Fig. 2 — Two coils in parallel planes but misaligned

Using (2.1) for some values of the two-coil system
(Table 1) as shown in Figure 2, mutual inductance and
coupling coefficients are computed and plotted in Figure
3.

Table 1 — For some values of the two-coil system

S.No. Measurement name Value
1 Coil radius R, 19 cm
2 Coil radius Rs 19 cm
3 Coil distance ¢ 15 cm
4 Lateral displacement d | 0 to 20 cm
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Fig. 3 — Mutual inductance variation

The peak value of M in Figure 3 is 0.1291 pH which
is achieved when both coils are perfectly aligned, and
this value is verified with the formula given in Grover’s
book [3]. To verify the nature of calculated mutual in-
ductance, FEM study is carried on the two-coil system to
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find out mutual inductance with misaligned condition. A
comparison of calculated and simulated output is shown
in Table 2 and plotted in Figure 4. From figure 4 it is
seen that there is a change in mutual inductance of
about 4-10 % with a lateral displacement of 0.01m to
0.2m range.

Table 2 — A comparison of calculated and simulated output

Lateral
Displace- Calculated M FEM value of M | % age dif-

ment (in H) (in H) ference

0 1.29E-07 1.2330E-07 4.50
0.01 1.29E-07 1.2302E-07 4.50
0.02 1.2796E-07 1.2218E-07 4.51
0.03 1.2655E-07 1.2078E-07 4.56
0.04 1.2462E-07 1.1887E-07 4.61
0.05 1.2220E-07 1.1645E-07 4.71
0.06 1.1933E-07 1.1361E-07 4.80
0.07 1.1606E-07 1.1037E-07 4.90
0.08 1.1243E-07 1.0676E-07 5.04
0.09 1.0848E-07 1.0281E-07 5.23
0.10 1.0427E-07 9.8600E-08 5.44
0.11 9.9831E-08 9.4160E-08 5.68
0.12 9.5213E-08 8.9620E-08 5.87
0.13 9.0452E-08 8.4850E-08 6.19
0.14 8.5585E-08 8.0090E-08 6.42
0.15 8.0644E-08 7.56150E-08 6.81
0.16 7.5660E-08 7.0300E-08 7.08
0.17 7.0661E-08 6.5190E-08 7.74
0.18 6.5672E-08 6.0270E-08 8.23
0.20 5.5820E-08 5.0430E-08 9.66
1,4000E-07 T
1,2000E-07 -
1,0000E-07 -
8,0000E-08 \
6,0000E-08 Ny
4,0000E-08
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Fig. 4 — Mutual Inductance for calculated vs FEM values
3. DESIGN OF WPT SYSTEM

The design parameters for coil designing for the pri-
mary coil and secondary is based on Amended form of
original Wheeler formula for an Archimedean spiral coil
has been used to calculate the geometric parameters of
the spiral coil from the estimated value of self — induct-
ance.
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Fig. 5 — Archimedean spiral coil

A modified and more usable version of the Wheeler

formula can be derived as
N2(Dgyr+Din)?
T B(15Dgus—7 Dy )2.54

Dout = Din + 2w + (S + Ww)(2N — 1)

Where Douw: = outer diameter; Di» = inner diameter, S =
spacing between turns; w = diameter of the wire used.

Table 3 —Primary Coil Specifications

Primary Coil Specifications:
Number of turns (V) 17
Inner diameter Din 50 mm
Wire diameter (w) 1.02 mm
Turn spacing (s) 1 mm
Outer diameter Dou 118.68 mm
Wire length (esti- 45m
mate)
Inductance L 28.29uH
Capacitance C 1.44 uF
Resonant frequency 25 KHz

The secondary load for multiple resonant pickup coils
is calculated and are shown in Table 4. The electrical pa-
rameters were calculated for 20 V output with multiple
loads as 50 W, 10W, 5 W at 25 kHz resonant frequency.

Figure 6 shows the Block diagram of WPT System. Al-
ternating Current (AC) of 230 V with 50 Hz main power is
stepped down to low voltage AC by conventional 50 Hz iron
cored transformer which is then rectified by a bridge recti-
fier to develop Direct Current (DC) voltage. This DC volt-
age is again made to AC by a PWM inverter using
MOSFETS and capacitors being switched at 25 KHz which
is then fed to a resonating high frequency coil acting as pri-
mary of an air core transformer. Another matching reso-
nating coil formed as secondary drives the load. Figure 7
shows the Block Diagram of Multi coil Resonant WPT Sys-
tems for 3 different loads.

Table 4 — Calculation of multi receiver secondary coil

Secondary Coil Pa- for 50 W for 10 W for 5 W load
rameters load load
Number of turns 10 5 4
Wire diameter 1.02 mm 1.02 mm 1.02mm
Turn spacing 1 mm 1 mm 1 mm
Outer diameter 7.04 cm 4 cm 3.016 cm
Wire length (esti- 1.58 m 047 m 0.28 m
mate)
Inductance 5.86 uH 0.95 uH 0.43 uH
Mutual Inductance 1.172 uH 0.19 uH 0.086 uH
Capacitance 6.96 uF 42.66 uF 94.25 uF
Resonant fre- 25 KHz 25 KHz 25 KHz
quency
Resistor 8 ohms 40 ohms 80 ohms
Current 2.5 A 0.5 A 0.25 A
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Fig. 6 — Block diagram of WPT system

IA(maIns |¢| Rectifier |:>| [verter }:b Primary

Conpetin| P PG |

<= (Rt | <) g L5081

| tey | Recer |¢-| B C
| tey )< Redter |¢|&ﬁmm < secnt G|

Fig. 7 -Block diagram of multi coil resonant WPT systems
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Fig. 8 — Design of WPT System for 50 W load

Fig. 10 - WPT system for 5 W-10 W load

_———

Fig. 11 - Design of Receiver coil for 5 W

Figure 8 shows the design of a wireless power trans-
fer system for charging electronic gadgets. The proposed
design able to charge the mobile devices wirelessly. The
distance between primary and secondary coil varies
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from 5 mm to 100 mm. The power received in secondary
coil able to charge the mobile electronic gadgets. Figure
9 shows the output power received in misaligned second-
ary coil up to the distance of 100 mm. The maximum
power transferred is 45.6 W. Figure 10 shows the output
power received in perfectly aligned secondary coil is 10
watts with respect to distance 15 mm having 92 effi-
ciency. The secondary coils shown in Figure 10 and Fig-
ure 11 can be able to receive power of 10 W, 5 W when
perfectly aligned with primary coil shown in Figure 8.
The power received in secondary coils is in the range of
5 W-45 W and is best suited for charging portable elec-
tronic devices.

3.1 Comparison Between Existing Models with
Proposed Model

A comparison of the performance of this system with
previously published work in terms of PTE, power deliv-
ered to loads (PDL) and spatial freedom is given in Ta-
ble 5. Typically, efficiency is quoted as “DC-to-DC”, with
input power measured at the PTU amplifier input and
output power measured at the PRU rectifier output.

Table 5 — Comparison of WPT systems with PDL < 10 W and
increased spatial freedom

[15] [16] 7 [18] [19] Proposed work
Device type | Implantable |Hearing aid| Test structures. | Mobile |Smart watch+ | Mobile, Smart phone
sensor open air phone | Mobile phone
MaxPDL | 24mW 28mW 275 mW W TW+5W W 10W
Max PTE 21% 28% 3% 60% 5% 92%
PTE DCtDC | DCtoDC | colltocol |DCtoDC | DC toreg 5V DCDC
terminal
Spatial 20 em 360° inside | Axially aligned. | Planar 360° Planar charging
Freedom | distance bowl |11 coil dizmeter | charging | cylindrical | surface, along with in
spacing surface. | charging | the range of 15mm
32x22 cm?|  surfaces
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Table 6 provides a comparison of the wireless charg-
ing systems in terms of source power, frequency, and ef-
fective charging distance. In the proposed model the re-
ceiver coil sizes are minimized so that it can fit in with
the mobile or smart phone.

Table 6 — Comparison of wireless charging system in terms of
source power, frequency, distance

Source Effectilve

System Power Frequency CI}arglng
Distance

RAV Power 7.5 W 110-205 KHz | 8 mm
Duracell Power-
mat 18 W 235-275 KHz | 5 mm
Energizer Qi 22 W 110-205 KHz | 11 mm
Writicity WiT-
2000M 12 W 6.78 MHz 20 mm
UW Prototype 30 W 13.56 MHz 100 mm
Proposed Model 50 W 25 KHz 100 mm

4. CONCLUSION

The design of wireless power transmission system to
full fill the requirement of office communication is suc-
cessful to charge the electronic gadgets. In the present
research work the transmission distance will be in-
creased to some centimeters and the magnitude of power
will reach about 5 to 50 Watts without creating harmful
radiation in the surrounding ambient. The proposed
model can meet the application of wireless power trans-
fer from one source to multiple receivers such as to
power the basic need in office communications, such as
wireless laptop charging, wireless cell phone charging,
wireless power transmission to printer.
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IIpoexTyBaHHA 6AraTOKOTYIIKOBOI PE30HAHCHOI 0€3apOTOBOI mepeaaydi eHeprii
OJ1a opicHMX KOMYHIKAIIIMHUX CHUCTEM

Lala Bhaskar!, Pradeep Kumar?, Kishore Naik Mude?

L Amity Institute of Information Technology, Amity University Uttar Pradesh, India
2 Systec R&D, Porto, Portugal

Cucrema 0esnpotoBoi mepenaui ereprii (BIIK) ckimamaersesa 3 mepegasaya, IMIKIIIOYEHOTO J0 OCHOBHOTO JI7Ke-
peJia JKUBJIEHHS, SKUY CTBOPIOE 3MIHHE MATHITHE I10Jie, FTeHepYoUr MATHITHUN MOTIK, Yepe3 SKUi y MpUAMAaJbHIN
KOTYLII IHyKyeThest ctpyM. KoHcTpyxRIis mapaMeTpiB KOTYIIKH 3aJIesKUTh Bl 3acTocyBaHHs. BeanporoBa 3apsnka
0hiCHUX KOMYHIKAITIAHUX CUCTEM — I1e HOBA TEXHOJIOTISI ¥ CBiTi, AKa JI03BOJISIE TepeaBaTh €Hepriio Ha 0(iCHI KO-
MyHIKAI[IAHI IPUCTPOi, TaKl K HOYTOYKHM, MOOLIbHI TesedOHM, MOHITOPH, CBITJIONIONHI aUCILIe]l, IpUHTEpH, O0e3
BUKOPHUCTAHHS 3BUYAWHHUX MITHUX KabespHUX poBonis. HalmomyisipHinmuiii meros 6e31poToBol mepenadi eHeprii
MoOske OyTH JOCATHYTHH 34 TOTIOMOTOI0 PEe30HAHCHOIO 1HAYKTUBHOTO 3B'a3ky. L[ crarra 3ocepemskeHa Ha 3acToCy-
BaHHI 0€37IPOTOROI IepeIayl eHeprii Bif] 0JHOTO JpKepea 10 KUIbKOX TPUHUMaJIbHIX HaBAHTAKEHb. [es mosArae B
TOMY, 111006 3a/J0BOJILHUTH OCHOBHI IMOTPeOH 0(iCHOTO KUTTS, TaKl AK 0e3poTOBa 3apsaKa HOYTOYKIB, Oe3apoToBa
3apsnka MOOUTEHUX TesledoHIB, 6e3MpoToBa mepegava eHeprii Ha mpuHTep. MoOiIbHe 3aCTOCYBaHHSA B I CTATT1
BU3HAYAETHCA AK MOOIJIBHUM a00 ITOPTATUBHUH MIPUCTPIN, SKAM MOYKHA 3aCTOCOBYBAaTH OyIb-1e B odici abo Bmoma.
Mertoro 11i€1 3a1IporIOHOBAaHOI MOl € 6e3[pOTOBA 3apsiAKa KIJIBKOX MOOLIPHUX IpucTpoiB. Tpanuiiiiai 1poTosi pi-
IIeHHS JIJIA KUBJICHHS B 0PICHUX KOMYHIKAIIMHUX CHCTEMAX CTBOPIOIOTH 6e3J1aJ, 3MEHIIIYI0Th MOOLIBLHICTE Ta 06-
MesKyITh MacirTaboBaHicTb. BeamaporoBa mepenaua eneprii (BITHK) mpormonye nepcekTuBHy aibTepHATHBY, yCyBa-
oun KabeJti Ta 3a6e3neuyoun IHyYKe PO3TallyBaHHs pobodoro mpoctopy. Lle mocimimreHHs 30cepepreHo Ha IIpoe-
KTyBaHHI 0araToKOTYIIIKOBOI pe30HAHCHOI crcTeMu Geaaporosoro Tpaucmoprepa (BIIT).

Knwouosi ciosa: BITE (6esmporosa mepemaua eneprii), Korymka nepegasaua, Korymka mpuiimaua, 3apsagunia
mpuctpiit, Meton crkinyenuunx esiementis (MCE).
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