
Dynamic Wireless EV Charging System

[너와 나의 연결고리]

2016024102 윤지원

2017083309 원윤재

2016033736 이정현



Idea Sketch

- Wireless Charging

System Design

- Simulink & LTspice

FEM Analysis

- Modeling in Comsol

Result Analysis

- Change in SOC versus Velocity



Idea Sketch



Idea Sketch : Dynamic Wireless Charging

Hyundai HMG Journal



Wireless Charging Methods

Hyundai H-Mobility Class



Faraday’s Law of Electromagnetics

emf = −𝑵
𝒅∅

𝒅𝒕
[V]

- 전자기 유도

- 유도 기전력

- 유도 전류

Nissan Global GM Chevrolet



Electreon

Shared Energy Platform : Electreon



Wireless Charging Roads Example

Tel Aviv, Israel
Electreon

Daejeon, South Korea
KAIST



Coil Parameter Decision

Number of Turns : 15

Current through wire : I

Average Winding Radius : 14.5cm

Current through wire : 15 * I

50cm

21cm

14.5cm=



Finding Mutual Inductance

Elements of Electromagnetics 6th, Matthew N. O. Sadiku



Choosing Values of L & M & k
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clc; clear all

a = 0.145;

w = 0.21;

mu0 = 4*pi*10^-7;

N = 15;

h = [0.01:0.01:0.3];   % choosing displacement between TX~RX (h)

b = [0.1:0.01:0.3];    % choosing RX coil radius (b)

L1 = (a^2*N^2)/(8*a+pi*w)*10^-4;

L20 = (b(1)^2*N^2)/(8*b(1)+pi*w)*10^-4;

x = length(b);

y = length(h);

L2 = L20 * ones(x,1);

for i = 1:x

L2(i) = (b(i)^2*N^2)/(8*b(i)+pi*w)*10^-4;

end

M0 = (mu0*pi*a^2*b(1)^2*N^2)./(2*(h(1)^2+b(1)^2)^1.5);

M = M0*ones(y,x);

for j = 1:y

for i = 1:x

K(j,i) = ((mu0*pi*a^2*b(i)^2*N^2)/(2*(h(j)^2+b(i)^2).^1.5))/sqrt(L1*L2(i));

end

end

surf(b,h,K)        % coupling factor K

axis on

xlabel('x : secondary coil radius');

ylabel('y : distance to coil');

title('z : coupling factor k for different values of b & h');

grid on



Choosing Values of L & M & k

Coil Radius : 14cm, Distance between Coils : 5cm, Coupling Coefficient k = 0.2143



Coil Design

TX

RX
14cm

14.5cm

5cm

Coupling Coefficient k = 0.2143



FEM Analysis



Charging Coil Modeling



Charging Coil Modeling



TX

RX
14cm

14.5cm

5cm

Charging Coil Modeling : Coil Spacing



Charging Coil Modeling : Coil Spacing



Charging Coil Modeling : Coil Spacing



Charging Coil Modeling : Coil Spacing



Charging Coil Modeling : Lateral Misalignment



Charging Coil Modeling : Lateral Misalignment



Charging Coil Modeling : Lateral Misalignment



System Design



Reference Vehicle Model : GM Bolt EV

CDL 실습 8. Electric Vehicle Modeling



Reference Vehicle Model : GM Bolt EV



Reference Vehicle Model : GM Bolt EV



AC-DC Full Wave Rectifier

Microelectronics Second Edition, Behzad Razavi



Simulation Results : LTspice



Charging System Model

𝒆𝒎𝒂𝒙
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Charging System Model



Charging System Model



Result Analysis



SOC Comparison : Bolt EV

Test 1. SOC Comparison with/without Dynamic Wireless Charging

Test 2. SOC Comparison between Driving Conditions : UDDS vs HWFET



SOC Comparison : with/without Dynamic Wireless Charging

No-Charge

Charging

Test 1



Reaching a Charging Station

1.89%

5%



SOC Comparison : Driving Conditions UDDS vs HWFET

Charging Road



강남대로(UDDS)

경부고속도로(HWFET)

SOC Comparison : Driving Conditions UDDS vs HWFET

Test 2

1500m



173s 62s

UDDS HWFET

SOC Comparison : Driving Conditions UDDS vs HWFET

차량 속도

충전 효율



UDDS HWFET

0.2787% 0.1323%

SOC Comparison : with/without Dynamic Wireless Charging



20km/h

0.3759%

50km/h

0.1738%

80km/h

0.1068%

차량의 속도가 빨라질수록, SOC 충전량은 급격히 감소
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EV-Charging Roads in the Future



고찰

- 상용 무선충전 시스템에 대한 실험값 부족, 정확한 데이터 반영 X

- 차량 탑재 Li-Ion 배터리(LG화학) 데이터시트

- 충전회로 세부 Parameters (RLC) 

- COMSOL 모델링의 한계 : 실제 모델 반영 어려움

- 주행 중 충전 효율(15%) 향상을 위한 시스템 개발 필요
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