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Development of 2W-Level Wireless Powered Energy Harvesting Receiver using
60Hz power line in Electricity Cable Tunnel

Gi—Chan Jang1, Bo-Hwan Choi1, and Chun-Taek RimT

Abstract

Using high magnetic flux from a 60 Hz high-current cable, a 2 W wireless—powered energy harvesting
receiver for sensor operation, internet of things (IoT) devices, and LED lights inside electrical cable tunnels is
proposed. The proposed receiver comprises a copper coil with a high number of turns, a ring—shaped
ferromagnetic core, a capacitor for compensating for the impedance of the coil in series, and a rectifier with

various types of loads, such as sensors, IoT devices, and LEDs. To achieve safe and easy installation around

the power cable,

the proposed ring—shaped receiver

is designed to easily open or close using a

clothespin-shaped handle, which is made of highly-insulated plastic. Laminated silicon steel plates are
assembled and used as the core because of their mechanical robustness and high saturation flux density
characteristic, in which the thickness of each isolated plate is 0.3 mm. The series—connected resonant
capacitor, which is appropriate for low-voltage applications, is used together with the proposed receiver coil.

The concept of the figure of merit, which is the product weight and cost of both the silicon steel plate and
the copper wire, is used for an optimized design; therefore, the weight of the fabricated receiver and the price
of raw material is 750 gf and USD $2 each, respectively. The 22 W powering capability of the fabricated
receiver was experimentally verified with a power cable current of 100Ams at 60Hz.
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TABLE 1
ENERGY HARVESTING METHODS
Pros. Cons. Availability
* No EMI/EMF problem *  Depending on weather condition
Solar energy ¢ FEasy to install *  Need large area X
* Large amount of energy source * Fragile structure
! . * No EMI/EMF problem * Problem of wear
Piezoelectric energy . . . X
Light weight *  Empensive
* No EMIV'EMF 1 . .
© . . prob em * High energy production cost
Thermal energy * No vibration/noise problem . Low conversion efficienc X
* Long life cycle v
R ener * Abundant in ambient * Distance dependence X
&y *  Widely available « Low power dendity[W/cm’]
e High output power .
. . * High EMI/EMF
Magnetic energy ¢ Simple structure . bui{ O
* Insensible to environment change v
Width
agn;tic
e Thickness
Winding { —
andle
Fig. 1. Electricity cable tunnel environment.
Paglc Pawet Fig. 3. Proposed wireless power receiver
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Fig. 4. Overall circuits of the device.

TABLE I
DESIGN PARAMETERS FOR PROPOSED WIRELESS
POWER RECEIVER

Fixed variables | Design variable | Dependent variable
Number of Parasitic
£ | Frequency | N I .
turns resistance
Relative Cross section

Ur I 2 b Rx current
permeability area

5 | Tx current |d,| Coil diameter | B, | Flux density
Saturation .

B . Iy Airgap P, | Output power
flux density

¥ fs = 60 Hz, ur = 2,000, Is = 100 Arms, Bm = 15 T
S a3 e AAE FFsHh 100Armse] A
A FH4E BAEEY 22 W LED 535 F53hs Al
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Fig. 5. Equivalent model (a) and magnetic circuit model
(b) of the receiver
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Fig. 6. Equivalent receive circuit at maximum power
condition.
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TABLE I
VARIABLES USED

IN FOM

A o] 83 2WH

Copper cost | £5| SiFe sheet

W, |Copper weight| W |SiFe sheet weight| ;| Total weight
E.

cost | £¢| Total cost

Oc Copper density Des

SiFe sheet density

K. | Copper unit cost K,

SiFe sheet unit cost
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Fig. 7. Front view of the receiver.
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Fig. 10. Total weight according to thickness after setting
the minimum airgap.

TABLE IV
THE NUMBER OF TURNS ACCORDING TO
THICKNESS

Thicnkness[mm] 3 5 7 9 12
1650 48 3% 360 345

# of tuns

TABLE V
UNIT PRICE AND DENSITY OF COPPER AND
SILICON STEEL SHEET

Copper  Silicon steel (0.3mm/sheet)
E (KRW/kg) 7,694 4,420
p (kg/m’) 8960 7,650
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Fig. 11. (a) 60Hz 2W Wireless receiver prototype and (b)
LED light operating.
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