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Fig. 2.2 Inductive Power Transfer system configuration with series—series
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Table 2.1 Circuit paramater nomenclature in Fig. 2.3

Parameters Description
L; Lo Self inductance for transmitter and receiver coils
C, Co Compensation capacitance for transmitter and receiver
R, R Internal resistance for transmitter and receiver
M Mutual inductance with respect to L; and Ls
Feg Equivalent load resistance with respect to rectifier
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Fig. 3.6 Coil shape for reference [18] (a) Square coil (b) Octagonal coil

¥ 32 A% Wheeler &2 3t Azt

Table 3.2 Coefficients for modified Wheeler expression

Layout K; K,
Square 2.34 2.75
Octagonal 2.25 3.55
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Table 3.3 Inductance calculation results

Coil not combined Coil combined with

Case Eq. (3.3) with the ferrite core the ferrite core
(FEM result) (FEM result)
Inductance[pH] 481.42 475.79 891.72
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Fig. 4.1 Figure for understanding the proposed coil design method (a) When

R

finding the optimal solution without applying the optimization algorithm (b) When

finding the optimal solution by applying the optimization algorithm
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9 4.2 Ansys Maxwell 9]
Ansys Maxwell ol #l|3}dol 4] & A

Fig. 4.2 Coil modeling in Ansys Maxwell (a) Coil modeling considering actual
winding (b) Single-turn coil modeling in Ansys Maxwell demo file
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B 2nsys Electronics Desktop 2021 R2.2 - Project4

H

Save o . Record PRun Pause | Open Command Show/Hide

O Paste X Delete  Seript~ Script > Script Window  ACT Extensions
Desktop View Simulation Automation Ansys Minerva

Y 45 Ansys Maxwellol o] 23 HE W3t AL 7%

Fig. 45 Convenient functions for scripts in Ansys Maxwell

Dim oAnsoftApp

Dim oDesktop

Dim oProject

Dim oDesign

Dim oEditor

Dim oModule

Set oAnsoftApp = CreateObject ("Ansoft.ElectronicsDesktop")
Set oDesktop = oAnsoftApp.GetAppDesktop ()

Set oProject = oDesktop.SetActiveProject ("Projectl")

Set oDesign = oProject.SetActiveDesign ("Maxwell3DDesignl")
Set oEditor = oDesign.SetActiveEditor ("3D Modeler")

Set oModule = oDesign.GetModule ("BoundarySetup")

(a)

import ScriptEnv

ScriptEnv.Initialize ("Ansoft.ElectronicsDesktop")
oDesktop.RestoreWindow ()

oProject = oDesktop.SetActiveProject ("Projectl")
oDesign = oProject.SetActiveDesign("Maxwell3DDesignl")
oEditor = oDesign.SetActiveEditor ("3D Modeler"™)
oModule = oDesign.GetModule ("BoundarySetup")

(b)
9 46 23HE 7|5 75 23 (a) Visual Basice 2 7|53dS o (b)
IronPythono. 2 7] &3S of

Fig. 46 “Record script” function results (a) In Visual Basic (b) In IronPython

_32_



1o,
N
olr
I
4
juic)
N
§
_\7\_1‘
my
o
e
i
)
of\i
r o)
)
Ll
o
°

FHeH26].

1) oAnsoftApp

oAnsoftAppoll Ad® WHo]S %3 Visual Basicoly IronPython & Z 213
o]E0o] COM AHE A3 Ansys MaxwellS 53l ojw) COM AHE o%3}
71 93k A o]&2 ‘Ansoft.ElectronicsDesktop’ B+= ‘AnsoftMaxwell. MaxwellScript’

o] F M AEE F gt

re

ol

2) oDesktop
oDesktopel] Ad® Waoji= Ansys Maxwell 2¢2] Desktop ™ol &= AA 2

ZeAE $ AE0e qE B4 FaAs7] 98 s

3) oProject
oProjectol] A o1% v #of

== A2 7 Tk

rlr
[K
t
i
[
=
Ak
N
=2
¥2
rlr
I
it
)
[m
o3l
rJ
Ak
=2
=
o
N
ofr

4) oDesign

5) oEditor

oEditor< tIA}Ql 2 ztell A& dAFAY st 7les FAT F U+s
2AHEES AHEE & Ut

6) oModule

oModule2 Ansys MaxwellodlA A &3t= A4 BRES AES = 9t} o= 59
Boundary, Excitations, Analysis, Mesh 5 =52 7|5& A& 5 )

_33_



oAnsoftApp

oDesktop

oProject

oDesign

oModule

19 47 Ansys Maxwell 2T HEo| Ao W4 A== #A[26].

Fig. 4.7 Variables hierachy relationships in Ansys Maxwel scripts[26].
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“Record Script”& &3] 2 W7 -

7 Zo] Visual Basics &3 7|58ttt 19 499 Visual Basic ~23HEE
MATLAB === WEefof st ofgol 22 tx& Fa] WMAEsHA W MATLAB

= Tl 2AHE $24T F AA FoH26]

- Visual Basic 23 HEE MATLAB =t ®#H3 73

1) Visual Basic®] CreateObject 5 MATLABOIA A3+ actxserver()= W
%

“

2) Set o] AA L T

5

=
g %

rlo

g

5

‘2 WA

Set oAnsoftApp = CreateObject(“Ansoft.ElectronicsDesktop”)

— oAnsoftApp = actxserver(‘Ansoft.ElectronicsDesktop’);

3) WHE invoke TFE o835kl A, Array Al R Array W &ES ()
& $235 (12 W4

oDesign.ChangeProperty Array(“NAME:AllTabs” ... —

invoke(oDesign, ‘ChangeProperty’, { NAME:AllTabs’ ...

9 23YPE Fn Peo] Ao

QY

Delete(oAnsoftApp);
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¢ gtHE F3 MATLAB s st =W a9 4109 2o #HA4d
UL FZE wpAlEE Fo] 10mmE 50mm= At 1% 48 (b)ok 2ol 2d WA w

R

AL g 10mmol A 50mm=E vhE 4 9l

Froperties 2%
Marme | Value | Unit |Evaluated V.. |
rin 10 mm  10mm D
tw 34 ‘mm 3.4mm D
rout 100 ‘mm  100mm D

Propeties o ox|
Name | Value | Unit [Evaluated V... |
rin ‘50 mm  50mm D
e 34 mm 3dmm Ihn
rout 100 ‘mm 100 D

(b)
1% 48 MATLAB £3HE A4S 918 2 oA (a) 2 WE BHAF 1y,

10mmd o (b) ZY W7 WA E 1 = 50mm ¢ o
Fig. 4.8 Example coil for writing a MATLAB script (a) Coil inner radius ri,

=10mm (b) Coil inner radius 1, = 50mm
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Dim oAnsoftApp
Dim oDesktop
Dim oProject
Dim oDesign
Dim oEditor
Dim oModule
Set oAnsoftApp = CreateObject ("Ansoft.ElectronicsDesktop")
Set oDesktop = oAnsoftApp.GetAppDesktop ()
oDesktop.RestoreWindow
Set oProject = oDesktop.SetActiveProject ("Project
Set oDesign = oProject.SetActiveDesign (" 113
oDesign.ChangeProperty Array ("N , Array("!
"LocalVariables"), Array("NAME: ps", Array ("NA

, Array("NAME:PropServers",

c=", "10mm"))))

a9 49 2 W4 wAE WA $&S 7157 Visual Basic 23 HE

Fig. 4.9 Visual Basic script recording coil inner radius change

clear all; clc;

% Interface the Ansys with Matlab

oAnsoftApp = actxserver( Ansoft.ElectronicsDesktop’);
oDesktop = oAnsoftApp.GetAppDesktop();
oDesktop.RestoreWindow

oProject = oDesktop.SetActiveProject('Projectl');
ocDesign = oProject.SetActiveDesign('Maxwell3Designl');

invoke(oDesign, 'ChangeProperty’, 5
{'NAME:Al11Tabs', {'NAME:LocalVariableTab', {'NAME:PropServers', 'lLocalVariables'},
{'MAME:ChangedProps ' ,{"NAME:rin', 'Value:="', 'S@mm'}}}});

a8 410 MATLAB ZE® WH3ls ~0HE 35
Fig. 4.10 Script code converted to MATLAB code
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Step 5) otefjol ol AAtgt
‘fz opz‘( opz‘) fz*l(‘X;*l,opz‘)|
if Af; <¢

Finish the algorithm

else
WL P
if AX <e,
Finish the algorithm
else
X=X o
AX, =05+ AX_,
i=i+1
Return to Step 4
end
end

047] 1 lupper_‘X;i—i_A‘X;r X

1, lower
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1. Set the optimization
problem

2. Choose the center point
of scan area X, and define
the scan area X, +AX;

|

3. Define the number of
levels(nl.) and the number

of points(nP)
. —X;i:x‘-’napr
Hoembeummdreiel_| s,
B =i+l
5. Calculate
Aﬁ:lﬁ,o}x - ﬁ-l,opr[
Calculate
= |Xi,up_uer = X(',iuwerl
No AKi = nP—1
Yes
Finish the algorithm

( End

a9 411 20 A 5 daes

Fig. 4.11 Scan and Zoom algorithm
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1. Select the
compensation circuit
and coil shape

Change design
constraints

2. Set the system design
requirements and initial
coil design constraints

3. Interface MATLAB
with FEA program

4. Execute
Scan and Zoom

5. Get the final optimal
efficiency and coil shape
parameter values

’ Design complete

End

a9 412, AdteE A

FEA program

3-1. Transfer the coil
shape parameter value
to FEA program

3-2. Change the coil

shape parameter values

I

3-4. Transfer the data
and calculate the

3-3. Analyze the coil

and get the circuit

efficiency in MATLAB | parameter
fasdd Aw 2AAA BEE

Fig 4.12 The proposed FEM-based coil design flowchart
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B mwolA HAsE A= A B3I Lol F&S FHU

=
47l A At 27 A 7 dadEss ST o7 2d AE HEw

=

e

S

al
a HAF b= Case 1 2 Case 20 AA A FzHAd wpEt).

e

maximize N(Rin, Rour)
(5.3)

subject to amm < R, < R,y < bmm

FeaarddS 93 AFH 4L CPU: AMD Ryzen 7 5800X 8-Core Processor

3.80GHz, RAM: 64GB%! 2t oA A a3t

5.1.1 Case 1: 10mm < Rij; < Rowt < 100mm¢¥ 7%
By z7ow EE E&S 5% oldow MAdm 1 9 AHA aTAPom

100W F -8 dE Al=dls #4387 918 54 F3+ 100kHz, =9 A2 50V
= AR 2ds 887 Al = A oF 34mm, T8 3 e A4S
0.10mm, T2 7}t 4= 500 AA 9 Litz wireE AF&3c) ojejdt Arel 1 9 A4
QA AA AR 7% 513 ® 529 2t

% 51 Case 19 A7 2d FAAAAE Axg A7 QLA

Table 5.1 Design requirements for inductive power transfer in Case 1

Parameter Values

Output Power (Pgu) 100W

Operating frequency (f,) 100kHz
Output voltage (Vou) 50V
Load resistance (Ry) 25Q
Target coil-to—coil efficiency (1) >95%

¥ 52 Casel? mZAdAA AkzxA

Table 5.2 Coil design constraints for Case 1

Parameter Values
Inner radius (Rin)

10mm < Rin < Rowt < 100mm
Outer radius (Roy)

Air gap (g) 95mm

Wire diameter (dy) 3.4mm

Coil thickness (ty) 3.4mm
Ferrite W-D-H 200mm x 200mm x 5mm
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| Start )
Initial design
and design .
constraints Design

FEM simulation [ tmprerement

1) Determine R,
maximizing i

Over target efficiency?

2) Determine By
maximizing i

R e Design complete

End

a9 54 A Hus 93 49 [12]¢] f2d4dA 55 =

Fig. 5.4 Modified [12] coil design flow chart for performance comparison
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¥ 53 Case 19149 mdAA Wy AHs v

Table 5.3 Performance comparison of coil design methods in Case 1

FEA
Test method Rout Rin Efficiency
executions
99.72%/97.95%
1) Conventional 100mm 10mm 180
(Single/Winding)
2) Sweep all Rout, Rin 100mm 30mm 98.135% 171
3) Proposed 100mm | 30.625mm 98.1349% 53
¥ 535 XY Aotsts LA W e FEA A8 3= 3714 W Eog 71 ¢
%t 2 WHES FEA A8 Slg7t 7P watal 29 B os AL 3 v E 4
g&0o] 3 WHoz F3k Ay 2 AE B F Auh sHANE 7]E FEA 7|9 32
AA A gd AA FetrgE S8l 3 280 2, 3 a8 R8T v =4 Ust
=i ole ¥ gy % 2FHEANE FAStE ZEY WREAZES TV wimol JlF
Aol 2, 3 W HET wjg WA ALlEo] F&o] =A ALEAY] wiEolth 1H
el Fd HHA &S 7FA A ‘Winding” 715 o]l &3te] a&& il ™ 97.95%
7F oA Ao oyt Ay ES Fd 7€ FEA YA W2 Aotsts 2L A7
Rt od AW Wk ol ARE B8 S £FF & Ak 0% 297 9
B Sedel AEeIM E AN e 2 wABD At P e =

5.1.2 Case 2: 10mm < Rijy < Rowt < 200mm<Y 7§

Case 1 475 ®W Route] 100mmolA =& E&o] U2 3s I F U} =
A WAF 7 W oA A= Aol ofd =Y A

Shelatr] 9l Y RHAE = 200mm7bA] WEl A5k Case 2014 Case 14 Ab
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¥ 54 Case 29 A7 H=3
Table 5.4 Design requirements for inductive power transfer in Case 2

Parameter Values

Output Power (Pgyu) 100W

Operating frequency (f,) 100kHz
Output voltage (Vou) 50V
Load resistance (Ry) 25Q
Target Coil-to—coil efficiency (1) >95%

¥ 55 Case 29 mdAA Akzxd

Table 5.2 Coil design constraints for Case 2

Parameter Values
Inner radius (Ri,)
10mm < Riy < Rowt < 200mm
Outer radius (Roy)
Air gap (g) 95mm
Wire diameter (dy) 3.4mm
Coil thickness (ty) 3.4mm
Ferrite W-D-H 400mm x 400mm X 4mm
2) 2% Rin, Row =9
A9 e 29 Alol= ImmE ShW FEA A8 31570 @olx7] wjite] 2w A}

ket g o=z 3 & FES 19 56 (b)) YEY

d WA 9 FEA A3 3l+& i 563 2o

R

nP+ 4% Case 13 #Zo] A A3}

Aot ZAAAA AELS 9d nLe 10 182
5.60] AelstsaL

dAA Ay @A 5ol HFAT FEA 43 sloe &
A gES 19" 56 (ool WERH A
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Fig. 5.6 Each coil design search results for Case 2 (a) Conventional method (b)

Sweep all Ri, and Ry (c) Proposed method

3 56 Case 20149 ZdAA B Hs vl

Table 5.6 Performance comparison of coil design methods in Case 2

FEA
Test method Rout Rin Efficiency
executions
99.88%6/99.25%
1) Conventional 120mm 52mm 299
(Single/Winding)
2) Sweep all Rouw, Rin 165mm 125mm 99.447% 741
3) Proposed 174.271mm | 138.646mm 99.448% 64
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DC Power supply

29 58 AHED FAAGAE stEdle] 47 A
Fig. 5.8 IPT hardware experiment setup

57 studlol T4 AN mE W RE AR

AL

Table 5.7 Hardware configuration equipment model and component specifications

Equipment & Components Model and spec

DC supply and electric load EA-PSB 11000-80 4U (EA Elektro-Automatik)

Inverter MOSFET UF3C065040K4S (UnitedSiC)

Rectifier Diode C3D16060D (Cree)

Capacitor for compensator Film capacitor 2000V 10nF/1nF/0.1nF (KEMET)

Controller TMS320F28379D

5.2.1 Case 1: 10mm < Riy < Ryt < 100mm¢¥ 72 %

1) 71 FEA 7]¥F A4 A ¥4

=] FAZE oF 34mmeol”] Wil 71E FEA 7|wh A WgelA 32 Ry,
Rows 7HAAL 5241 2dS FASA HW & 583 #Zo] ZYS Ry 10mmHtH &
B9 Row ¢F 984mmeolil ¥4 4 N& 260] v ddh 3 Riy, Rows 7FAAL
% 599 o] AN ZdE st FEA 2 34 Z3E 3% 590 A+

o oolwf FEACIA -3 gk 71= FEA 7|9k A4 oA Ak dd A
W& o]&3% FEA Z3¢} Atetes A A WMol A AAISE ‘Winding” 7155 ©]&

¢ FEA ZA3ghs mlastlvh. 22l 2 59k 100kHzol A &3lo] doji}r] 26



SANA d2 Y 2E 7ML A (B2)E T e ARz dAm AT

AN B S ARAE 2 Fhe 5F 51000 A2l sF A

C= (5.2)

.;j_w_ 58 E}?j_ ll:‘”ﬂ% —J—l‘:’q‘:} Rout, Rin ui] ;ﬂ}?j_ ’}l: N

Table 5.8 Rouw, Rin, and N considering the wire thickness

Parameters Values
Rout 98.4mm
Rin 10mm
N 26

=Y
Fig. 5.9 Transmitter and receiver coils (Ro=98.4mm, R;;=10mm) (a) Transmitter

coil (b) Receiver coil
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¥ 59 FEA 2 =4 A3 % ¥ (Ryw=98.4mm, R;,=10mm)

Table 59 FEA and measurement results and comparisons (Rou.=98.4mm,

RmZIOmm)
FEA values using
FEA values using Measurement values
Parameters | single-turn parameter
winding function (error)
(error)

Lrx 102.076uH (-0.15%) 102.23uH 100.35pH (-1.96%)
Lrx 102.076pH (-0.15%) 102.23uH 100.81uH (-1.51%)
Rrx 13.52m& (-86.2%) 97.95m& 106.32m& (+8.55%)
RRrx 13.52m& (-86.2%) 97.95m& 92.62mQ (-5.44%)
k 0.168 (+0.6%) 0.167 0.153 (-8.38%)

3% 510 AAIE 2~ A3 L ¥l (Re,=98.4mm, Ri,=10mm)

Table 5.10 Capacitance results and comparison (Rew:=98.4mm, R;,=10mm)

Calculation Measurement values
Parameters
values (error)
Crx 25.24nF 25.22nF (-0.08%)
Crx 25.12nF 25.23nF (+0.44%6)

S =3 A@Ae= 71 FEA 70 847 W e R 8 gt Ajbele =Y
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Fig. 5.10 Operating waveform result of IPT (Rout=98.4mm, Rin=10mm)
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¥ 511 A% Z3 (Rout=98.4mm, Rin=10mm)

Table 5.11 Experimental results (Rout=98.4mm, Rin=10mm)

Parameters Values
Output power (Pu) 100W
Input voltage (Vin) 25.9V
Output voltage (Vou) 49.5V
Load resistance (Rp) 24.874Q

Operating frequency (f,) 99.12kHz
Coil-to—coil efficiency (1) 95.032%

2) Aetsts= LA W
Aotsles LA oz & Rind 30.625mm, Route 100mm= v¢k=d o]
f AA ZdS 7S w A7 A4 A7A n-etdA 7] &7 "l 3E 512

=2 = =
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Table 5.12 Rou, Rin, and N considering the wire thickness

Parameters Values
Rout 99mm
Rin 31mm

N 20
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a3 511 5745 ZY (Rew=99mm, Ri,=31mm) (a) 215 Zd (b) 7215 24
Fig. 5.11 Transmitter and receiver coils (Row=99mm, R;;=31mm) (a) Transmitter

coil (b) Receiver coil

3 513 FEA 3 54 23 2 ¥ (Rew=99mm, Riy=31mm)

Table 5.13 FEA and measurement results and comparisons (Row:=99mm,

Rin=31mm)
FEA values using Measurement values
Parameters

proposed method (error)
Lrx 92.12nH 94.19uH (+2.25%)
Lrx 92.12nH 94.87uH (+2.99%)
Rrx 78.03m¢& 79.42m& (+1.78%)
Rix 78.03m& 82.56m& (+5.81%)
k 0.172 0.167 (-2.91%)
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¥ 514 AWANE= A D v (Rew=99mm, R;n=31mm)

Table 5.14 Capacitance results and comparison (Re,=99mm, R;=31mm)

Calculation Measurement values
Parameters
values (error)
Crx 26.46nF 26.43nF (-0.11%6)
Crx 26.33nF 26.33nF (0%)

100kHzol A &3S dojubr] fal 54 A9 2=5 7HA L % 5149 o] AsfA
ZALE oz A
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stedlo] A3 Ax 2 g3 a9 5129 2ol yoA IHJx T} Fu
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Fig. 5.12 Operating waveform result of IPT (Rout=99mm, Rin=31mm)

¥ 515 2% 23} (Rout=99mm, Rin=31mm)

Table 5.15 Experimental results (Rout=99mm, Rin=31mm)

Parameters Values
Output power (Poy) 100W
Input voltage (Vin) 29V
Output voltage (Vou) 49.4V
Load resistance (Rp) 24.949Q

Operating (f,) 100.6kHz

Coil-to—coil efficiency (1) 95.143%
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5.2.2 Case 2: 10mm < Riy < Rowt < 200mm¢¥ 73 %
1) 71 FEA 7|9t 344 A
A FAZE 1889 Row, R, N ¥ 5160 Aels| 5o AA= A3 29
a7 5137 Zo] FASIATE ;' Row, Rin, N& &3] FEA A3 2 AHA 3d A
A= % 51790 eI oWl Case 13 #o] 7] FEA A7 ¥yl
AM gy E 7HAa 4 (39), (3.10), (3.14), (3.15)= 3 ¥ ‘Winding' 715
o]-g3le] F3 FEA # 8|3l A Zde A e v st

S~
(e
e

¥ 516 =4 FAE 183 Rog, Rin 2 A4 & N
Table 5.16 Rouw, Rin, and N considering the wire thickness

Parameters Values
Rout 120mm
Rin 52mm

N 20

(b)

a9 513 A5 29 Row=120mm, Rip=52mm) (a) A5 2 (b) FA15

29
Fig. 5.13 Transmitter and receiver coils (Ro,=120mm, Ri,=52mm) (a) Transmitter

coil (b) Receiver coil
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¥ 517 FEA 2 =3 A3 2 3 (Ryw=120mm, Ri»=52mm)

Table 5.17 FEA and measurement results and comparisons (Ruw=120mm,

Rin=52mm)
FEA values using
FEA values using Measurement values
Parameters | single-turn parameter
winding function (error)
(error)

Lrx 158.61uH (0%) 158.61uH 159.4pH (+0.5%)
Lrx 158.61uH (0%) 158.61uH 156.56pH (-1.29%)
R« 16.22mQ (-84.02%) 101.53m& 147.42m& (+45.2%)
RRrx 16.22mQ (-86.02%) 101.53m& 143.68mS% (41.51%)
k 0.294 (0%) 0.294 0.263 (-10.54%)

3 518 7IsjA = A} gl v

(Rou=120mm,

Rin:52mm)

Table 5.18 Capacitance results and comparison (Row=120mm, Ri,=52mm)

Calculation Measurement values
Parameters
values (error)
Crx 15.89nF 15.92nF (-0.19%)
Crx 16.18nF 16.07nF (-0.68%)

7914 ‘Winding' 7152 % T3 FEA %
EAZ S AA 2 SA kel dig o3t

d HAAM JAYEAE 7HR 1 #A =5 133 FEA

il

R}

g3t Tt JIE'EaeE vwd A #S 7 F AdS5S o 5 Ak =3 A
T 9d AN ZdE FE 7 @Y 0% 2AES S AE oF 10%9] 2 AHE
S HoFo] AFASFE v HIA3 FS S F dSS & F o AT vd
A AdE 7HA 2 2 (B.14), (3155 F3ll T3 A& k&l oF 84786%¢] 2 A}
&S HAFo H4 3d AHS 7] e aga A4 2d A 4 Ay

Agds F3 T3t R ‘Winding' 7] 5

o]

&3t FEA A3zte] AgAo] =olxtt. shAINE Case 19 QAR AA Y2 o] f+
‘Winding’ 715 AH8d o] AHF <7F= Stranded® FA =4 ©] Stranded 7]5-2 &
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Fig. 5.14 Operating waveform result of IPT (Rout=120mm, Rin=52mm)
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¥ 519 2438 A3 (Rout=120mm, Rin=52mm)

Table 5.19 Experimental result (Rout=120mm, Rin=52mm)

Parameters Values
Output power (Puy) 100W
Input voltage (Vin) 65.9V
Output voltage (Vou) 49.5V
Load resistance (Rp) 24.89Q

Operating frequency (f,) 100.6kHz
Coil-to—coil efficiency (1) 97.734%

2) Algtsls mAAA
Case 204 #|¢tsl= WH o2 3 R, 138.646mm, R 174.271mmeo|t}. o] =
AAZ S F Y 34AmmE 13 A HW R 139mm, Rous
N2 100] Yo A =i o]& 3 5204 A aFAct ot FRE

173mm, A <
EUE 39S AAZ 74 =W 29 5159 #Zo] S & Utk

¥ 520 A FAE 183 Rout, Rin @ @4 & N

Table 5.12 Rout, Rin, and N considering the wire thickness

Parameters Values
Rout 173mm
Rin 139mm

N 10
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Fig. 5.15 Transmitter and receiver coils (Ro=173mm, R;,=139mm) (a) Transmitter

ER

coil (b) Receiver coil

¥ 521 FEA ¥ =4 ZA3 2 v (Ryw=173mm, R;,=139mm)

Table 5.21 FEA and measurement results and comparisons (Ruw=173mm,

Rin=139mm)
FEA values using Measurement values
Parameters

winding function (error)
Lk 117.28uH 117.3uH (+0.02%)
Lrx 117.28uH 115.32uH (-1.67%)
Rrx 70.19m¢& 92.83m& (+32.26%)
Rrx 70.19m¢& 89.86mQ (+28.02%)
k 0.349 0.329 (-5.73%)

_65_



¥ 522 ARA A2 Ay 2 v (Ry=173mm, Rin=139mm)

Table 5.22 Capacitance results and comparison (Re=173mm, R;,=139mm)

Calculation Measurement values
Parameters
values (error)
Crx 21.59nF 21.63nF (+0.19%)
Crx 21.97nF 22nF (+0.14%6)

F 520 4EE EUYR ‘Winding' 71'5% o843 FEA A7} 17 5159 24 =2
S AT AY4E vusda 1 Ay AYulsolA oF 29 ojule o7t YAl F
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Q
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Fig. 5.16 Operating waveform result of IPT (Row=173mm, R;,=139mm)

# 523 A% 2% (Row=173mm, Rir=139mm)

Table 5.23 Experimental result (Ry=173mm, R;i,=139mm)

Parameters Values
Output power (Pou) 100W
Input voltage (Vi) 58.8V

Output voltage (Vou) 49.4V
Load resistance (Rp) 24.93%
Operating (f,) 101.3kHz
Coil-to—coil efficiency (1) 98.135%
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ABSTRACT

Inductive Power Transfer (IPT) system has emerged as a convenient and
attractive power transmission method as it is widely used in electric vehicles
(EVs), biomedical devices, UAV, and portable devices. This paper studies the
transmitter and receiver coil design in the IPT system. The principle of IPT
system i1s similar to that of transformer, but unlike conventional transformer
design, generalized coil design method is not studied much, and efficiency between
transmitter and receiver coils is important for high efficiency of the IPT system.

Until now, two types of coil design of IPT have been studied: formula—based coil
design method and finite element analysis (FEA) based coil design method.
However, the former feature is that when the shape of the coil changes, the
inductance equation changes, and when the ferrite core is combined, the calculation
value becomes inaccurate. The latter has the advantage of being able to easily
obtain inductance even if the coil shape is changed or the ferrite core is combined,
but there is a disadvantage that it is difficult to find coil shape parameter values
that can produce high efficiency because one-dimensional optimization for each coil
shape parameter is used to find the most optimal coil shape parameter values. In

addition, there is a disadvantage in that it takes a long time to extract coil shape
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parameters due to the large amount of FEA calculation through coil shape
parameter sweep. In this paper, in order to solve these disadvantages for the
conventional FEA-based coil design method, coil modeling to increase the accuracy
of the internal resistance in FEA and optimization algorithm are applied to find the
exact optimal coil shape parameter values which can generates the high efficiency
and extract coil shape parameter values more quickly.

For the coil design proposed in this paper, scan and zoom, a search-based
optimization algorithm, is applied and the algorithm 1is implemented through
MATLAB. MATLAB and Ansys Maxwell, an FEA program, are interlinked to
automate the acquisition of data values analyzed between Ansys Maxwell and
MATLAB to calculate the objective function. To prove the proposed coil design
method, a 100W IPT system is given as a design example, and the optimal coil
shape parameter, and FEA executions of the existing FEA coil design method, the
method all coil shape parameters are swept, and the proposed coil design method
are compared. And then, the proposed coil design is verified by configuring the
actual hardware and comparing the efficiency with the coil shape parameters found
in the existing FEA-based coil design method and the coil shape parameters of the

proposed coil design method.

Key Words : Inductive Power Transfer (IPT), Finite element method (FEM), Finite

element analysis (FEA), Scan and Zoom, Optimal coil design
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