Dynamic Wireless EV Charging System
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Idea Sketch : Dynamic Wireless Charging
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Faraday’s Law of Electromagnetics
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Shared Energy Platform : Electreon
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Wireless Charging Roads Example
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Coil Parameter Decision

50cm

21cm

14.5cm

Number of Turns : 15 Average Winding Radius : 14.5cm

Current through wire : | Current through wire : 15 * |



Finding Mutual Inductance

Example 8.13

Two coaxial circular wire of radii @ and b(b>a) are separated by distance /i(h>>a,b) as shown
in Figure. Find the mutual inductance between the wires.

Solution :
Let current 7, flow in wire 1. At an arbitrary point P on wire 2, the magnetic vector potential

due to wire 1 1s given by following Eq.
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Elements of Electromagnetics 6th, Matthew N. O. Sadiku



Choosing Values of L& M & k

a’N?2
L= —=260(uH
1 8a + mw (uH)
B bN 2
27 8b + 1w
UoTa’b?N?

3
2(b2 + h2)2

M

k =

clc; clear all

a = 0.145;

w = 0.21;

muQ = 4*pi*10"-7;

N = 15;

h = [0.01:0.01:0.3]; % choosing displacement between TX~RX (h)
b =10.1:0.01:0.37; % choosing RX coil radius (b)

L1 = (a”2*N"2)/ (8*atpi*w)*10"-4;

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

x = length (b);
y = length (h);

L2 = L20 * ones (x,1);

for i = 1:x
L2(1) = (b(i)"2*N"2)/(8*b(1)+pi*w)*10"-4;

end

MO = (muO*pi*a”2*b(1l)"2*N"2)./(2*(h (1) 2+b(1)"2)"1.5);
M = MO*ones (y, x) ;

for j = 1l:y
for i = 1:x
K(j,1) = ((mul*pi*a”2*b (i)"2*N"2)/(2*(h(j)"2+b(1i)"2)."1
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

.5)) /sqrt (L1*L2 (1)) ;



Choosing Values of L& M & k
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Coil Radius : 14cm, Distance between Coils : 5cm, Coupling Coefficient k = 0.2143



Coil Design

RX - 14cm

T &

5cm

14.5cm

Coupling Coefficientk = 0.2143



FEM Analysis



Charging Coil Modeling
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Charging Coil Modeling
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Charging Coil Modeling : Coil Spacing
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Charging Coil Modeling : Coil Spacing

freq(1)=20000 Hz Streamline: Magnetic flux density
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Charging Coil Modeling : Coil Spacing

freq(1)=20000 Hz Surface: Induced current density, phi component (A/m?)
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Charging Coil Modeling : Coil Spacing

Induced Current Density versus Vertical Distance
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Charging Coil Modeling : Lateral Misalignment




Charging Coil Modeling : Lateral Misalignment

4 % 2D coil2_r.mph (oot

o

4 (1)) Global Definitions
Pi Parameters 1
& Default Model Inputs
2= Materials
4 9 Component 1 (comp?)
I = Definitions
4 A Geometry 1
121 Charger sidet (1)
71 Charger side2 (72
hetal
1 Air (30
A7 Ground B2)
\eh Core (copyi)
[ veh Coill fropy2
[F5 veh Coil2 ropy3)
e )

Rectangle 5 (73)
/7 Magnetic Insulation (B3)
I Copy 4 (copy)
< Mirror 1 fimir?)
&7 Integration path b4y
Mave 1 fmovi)
Form Union i)
I fge Materials
4 N Magnetic Fields (mf)
& Ampére's Law 1
B2 Magnetic Insulation 1
B Initial Values 1
@ External Current Density 1
@ txternal Current Density 2
E4 Perfect Magnetic Conductor 1
£ Magnetic Insulation 2
b Mesh 1
4~ Study 1
M Step 1: Frequency Domain
I [ Solver Configurations
4 [B Results
i Datasets
Study 1/Solution 1 (1) (5o/7)
4 cut Line 2D Weh
4 cut Line 2D Charger
Study 1/Selution 1 (2) (5o/f)

-1.5

0.5

0.5

freq(1)=20000 Hz  Syrface: Induced current density. z component (Aim?) Surface: Induced curres

freq(1)=20000 2 surface: Induced current density, z component (Am?) surface: Induced current denstty,  component (Anm?)

x10*

x10*



Charging Coil Modeling : Lateral Misalignment

Induced Current Density versus Horizonal Distance
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System Design



Reference Vehicle Model : GM Bolt EV

%% Input data

rho_air = 1.226; % Air density [ka/m"3]

g = 9.81; % Gravitational acceleration [m/s"2]

Ke = 500; Ki = 100; % Driver gain

FGR = 7.05; % Gear ratio

R_tire = 0.323; % Tire radius [m]

m_veh = 1625; % Yehicle mass [kal

J_mot = 0.1; % Motor inertia [kg*m"2]

mu_roll = 0.01; % Rolling resistance

A =2.397;, Cd = 0.308; ¥ Air resistance

tau_filter = 0.1;

brk_ta = 1000; % Brake capacity [Nxm]

ta_regen = 250, % Regenerative brake capacity [Nxm]
Tm = 360; % Motor spec.: maximum toraue [N+*m]

Pm = 150000; % Motor spec.: maximum power [W]

RPMm = B8B00; % Motor spec.:
SOC_init = 50; % Initial SOC [%]

C_nom = B0/350 » 1000; % rate capacity [&h]

maximum speed [rev/min]

CDL & 8. Electric Vehicle Modeling



Reference Vehicle Model : GM Bolt EV
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Reference Vehicle Model : GM Bolt EV
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AC-DC Full Wave Rectifier

.model D_id D(Ron=0.0001 Roff=1000G Vfwd=0)

D1 D2
P AN
D_id D_id
¢ » G
l; I
vl 10.132p 0.5 530.52p 0.5
L1 L2 <3 R4
Energy 260 = > a7 E=
ACI/IDC A~ aan SINE(0 220 20k) M 0.5 4
L mm management M Batt
Rectifier oystem "
D3 D4
. KL1 12 {K value} . .
. - . value i i
Inductive pick-up D_id D_id
Electiomagneticfield T 1 T 1 1 Energy transfer
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.param K_value=0.2143
Electric grid .tran 180

Microelectronics Second Edition, Behzad Razavi



Simulation Results : LTspice




Charging System Model

Induced Current Density versus Vertical Distance
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Charging System Model
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Charging System Model
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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
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SOC Comparison : with/without Dynamic Wireless Charging

No-Charge
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Reaching a Charging Station
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SOC Comparison : Driving Conditions UDDS vs HWFET
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SOC Comparison : Driving Conditions UDDS vs HWFET
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SOC Comparison : with/without Dynamic Wireless Charging

UDDS
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SOC Comparison : Constant Speed's

20km/h SOC Charge vs Vehicle Speed
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EV-Charging Roads in the Future

ELECTRIC PRIORITY LANE @ [ |
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