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AGENDA

= |ntroduction to Ansys Maxwell
= |ntroduction to ICEPAK

= Simulation steps of WE Qi A10 WPCC coils (inductance,R,,field distribution, coupling) with Ansys
Maxwell

= Thermal simulation of a WE Qi A10 WPCC coil

= Comparison between measurements and simulations
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INTRODUCTION

ANSYS Maxwell

3|

high-performance software package that uses finite element analysis to solve electromagnetic
problems

is integrated into the Ansys Electronics Desktop (AEDT), together with all the other ANSYS
Electromagnetic Tools

solves the electromagnetic field problems by solving Maxwell’'s equations in a finite region of
space

geometries can be created directly inside Maxwell or imported from external CAD tools (e.g.
SolidEdge)

this presentations shows the workflow of a 3D simulation of a Qi-coil with Ansys Maxwell
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INTRODUCTION
Ansys ICEPAK

= js a computational fluid dynamics (CFD) software for predicting and managing thermal
performance in electronic devices

= simulates airflow, temperature and heat transfer for electronic devices

= supports conjugate heat transfer analysis, modeling conduction, convection and radiation in
steady-state and transient modes

= is closely integrated with the AEDT

= is used by WE to simulate the wireless power coils at a certain AC current flowing through the
respective coil
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ANSYS MAXWELL 3D SIMULATION

Ansys Electronic Desktop: Graphical User Interface
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WPC QI A10 DESIGN

= A10 design due to the Qi 1.3 Standard :

Inductance:
L=24puH =10 %

Ferrite Material: Mn-Zn or Ni-Zn with at least
0.5 mm thickness

Shield should extend at least 2 mm beyond
the outer diameter of the primary coil
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Primary Coil

The Primary Coil is of the wire-wound type, and consists of no. 17 AWG (1.15 mm diameter) type 2
litz wire having 105 strands of No. 40 AWG (0.08 mm diameter), or equivalent. As shown in
Figure 15, the Primary Coil has a circular shape and consists of multiple layers. All layers are
stacked with the same polarity. Table 13 lists the dimensions of the Primary Coil.

Figure 15. Primary Coil of Power Transmitter design A10

Table 13: Primary Coil parameters of Power Transmitter design A10

Parameter Symbol Value
Outer diameter d, 437 mm
Inner diameter d, 20.52%5 mm
Thickness d, 2179 mm
Number of turns per layer N 10
Number of layers - 2




SIMULATION WORKFLOW: 3D MODEL

Make your 3D model in Ansys or choose a Qi design from the component library (doubleclick on the QI-Design -> it will be
loaded into the modeler screen)

Example: Qi A10 Design from the component library (corresponding WE coil 760308101410):

Consists of;

Grey cylinder (material: ferrite)
2 discs (1 for each layer,
material copper)

two cross sections, 1 for each
layer of the coil)
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3D SIMULATION WORKFLOW: CROSS SECTION AND EXCITATION

If you made your own model, the cross sections have to be added and the materials have to be defined in the properties
window (is already done if you choose the model from the library):

= (ross section layer 1: Cross section layer 2:
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3D SIMULATION WORKFLOW: CROSS SECTION AND EXCITATION

Define Excitation on both cross sections: Right click on the cross section -> Assign Excitation -> Coil Terminal 1/2
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3D SIMULATION WORKFLOW: MATERIAL PROPERTIES (COPPER)

Define materials (and colors) at the properties window, first select the part, where the material
has to be defined by clicking on it, go to Material -> Edit -> choose needed material
(e.g. copper) and go to View/Edit materials:

Properties a1 x
8] view / Edit Material X
MName | Walue | Uit | Evaluated Value | Materials ]Maten-d Fiters |
Mame CI:I"_LEI E.'F_1 Search Parameters b aterial Mame Matena.l Coordinate System Type:
|copper |Earteslan A
. " " " " Search by Name Search Criteria Libraries [ Show Project defintions [ Select all libraries
Material | wacuum - VacuUm i e - .
by Name by Property | |[sys] Materials ! ! : ; .
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Solve Inside =9 : =
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| Dupont Type 100 HN Fim tm) SysLibrary Materials 1 0 0 |- Strand Number Simpe 105 Ve E N NeelTen o
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Duraid fm) SysLibrary Materials 1 0 0 — [ Themal Madfier
epoxy_Kevlar_xy SysLibrary Materials 1 0 0 r
femite Project Materials 1000 0.01 0
femite SysLibrary Materials 1000 0.01 0 M aterial Appearance
FR4_epoxy SysLibrary Materials 1 0 0 W 1z Matenial Appearance
aallium arsenide SwsLibrary Materials 1 0 0 b Calar:
< > MHotes | —I
Tranzparency: ]
View/Edit Materials... Add Material .. Clone Material(s) Bemove Material(s) | Export to Library... |Ealculate Flaies ok J
Yalidate Material
Attribute oK | Abbrechen | Hiffe: Resst | 0K | Cancel |
S : S S N : S N e — : E— E— — ]

Define Composition: Litz wire, wire type, strand number and wire diameter
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3D SIMULATION WORKFLOW: MATERIAL PROPERTIES (FERRITE)

Go to Material -> Edit -> choose needed material (e.g. ferrite) and go to View/Edit materials:
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A
SIMULATION WORKFLOW: REGION SIZING Front View
= Rules of thumb recommended by Ansys: 2L .
gravity
= Top (against gravity): At least 2L
= Sides and below: at least L !
= Where Lis the largest dimension of the unit in 3 directions
\J
] region x I_ f
Padding Data: (" Pad all directions similarly L
* Pad individual directions < > < }
™ Transverse padding
Direction Padding type | Value |Ur1its| ;\I? |
+X Absolute Offset 50 mm
In this case: L ~ 50 mm e e
i Absolute Offset 50 mm
+7 Absolute Offset 100  mm
-Z Absolute Offset 50 mm
L
[ Save as default
Cance ]
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3D SIMULATION WORKFLOW: DEFINE THE REGION

The space, in which the electromagnetic field has to be calculated, is called the region, it is defined as default as vacuum
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3D SIMULATION WORKFLOW: SETTINGS

= Some settings have to be made at the Project Manager: Excitations, Parameters, Analysis and Results
= Excitations: Define the variable | _in for the AC amplitude variable

Project Manager a = El& Excitations Windina o
=-E Project1* . g A10_1 CoilTerminal_Layer1 B
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1 4 | ANSYS MAXWELL SIMULATIONS FOR WIRELESS POWER APPLICATIONS

DIGITAL DAYS 2025 | CHRISTIAN MERZ | 23.10.25




3D SIMULATION WORKFLOW: SETTINGS

= Parameters:

Matrix it
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3D SIMULATION WORKFLOW: SETTINGS

= Analysis:

Project Manager o
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3D SIMULATION WORKFLOW: VALIDATION AND ANALYZATION

Maxwell 30 Tools Window Help
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Progress I =
STHM_Day_2024 - Mamwell30Designl -

= o

Doing postread operations Simulation time about 3 mins

fc Message Manager

= STM_DAY_2024 (C:/Users/Christian. Merz/Documents./Ansaft /)

=i Maxwell 30 Design 1 (EddyCument)
(i) Venfy conduction path: Conduction path validate success. (08:26:57 PM Jan 25, 2024)
(i) Venfy conduction path: Conduction path validate success. (08:25:02 PM Jan 25, 2024)
(i) Momal completion of simulation on server: Local Machine. (08:30:03 PM Jan 29, 2024)




3D SIMULATION WORKFLOW: SETTINGS

= Results:

Project Manager a
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3D SIMULATION: INDUCTANCE AND R,AC

Matrix1.L{AT0 1 Winding AT0_1_Winding) [uH]
Inductance ] Setupl : LastAdaptive
125.000000 23.752755
A10 coil in the datasheet: 24 pH = 10 % @ 125 kHz
Deviation between simulated and nominal value: only 1%
Freq (kHz] EE: .:Rgﬂrﬂh;u:immgn [mOhm]
1 125.000000 92.091459
R,ac
Measured value with LCR-Meter @ 125 kHz: 96 mQ
Deviation between simulated and measured value: only 4%
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SIMULATION: COUPLING BETWEEN TWO IDENTICAL COILS

The A10 Coil has been copied an flipped above the other coil, the coupling factor in dependence of the vertical

misalignment has been simulated

Z Vertical distance variable: z1

Setup Sweep Analysis

Sweep Definitions |Tab|e I General I Calculationsl Optionsl

Sync #I Variable I Description

Add...

B Add/Edit Sweep

Y ariable I 21 - I

Mominal walue: Orm

7 Single value
{® Linear step &dd »> |
" Linear count /
r

Decade count Update > |

X[ ede I

Y ariable

Drescription

Deleke I

21

Linear Step from Omm to 20m)

¢ e BEWPL e
B Cptmec &5 Rectanglel Operationl " Octave count :
,_':_‘... Resul Paste Ctrl+V — Createsect i EHDDantiEﬂ count

S L ____| i cntings Delete |
} Add > i optiSlang Setup... A
Anal Start: IU Imm -
b s b System Coupling Setup... _I
erties % Tuning.. 8
. nalysis R @ Parametric... SlDDZ |2D IITIITI vI
: 1 T @ Parametric From File... A oK C |
t tion... o . ANCE
G e S elten G Screening & Optimization... - Step: I2 Imm vI
[ Design of Experiments... A
£ Sensitivity... 1B
il Statistical...
W
fV DesignXplorer Setup... . i . i
Edit Varables ™ | HPC and Analysis Options... QK | Abbrechen |
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SIMULATION: COUPLING BETWEEN TWO IDENTICAL COILS

The A10 Coil has been copied an flipped above the other coil, the coupling factor in dependence of the vertical
misalignment has been simulated

El B Coil Terr
E| . [ Paste Ctrl+V E‘ B Rect:
...... I
El . Create AC Magnetic Report » Rectangular Plot E Context Trace ] o] Ecimte=s Dy
Create Fields Report » Rectangular Stacked Plot i Soluion:  setpi : LastAdaptive v | o Swcep: |12 <&
ﬁ Fie . 3 rimary Sweep:
3 Create Report From File.. Data Table D Parameter: |N J
D Definiti -+ [Mane s [v Default |21
- 3D Rectangular Plot h
4 Delete All Reports
e 3D Rectangular Bar Plot i ¥ |Matrix1.CplCnefM’indingZ,Winding1)
Report Templates ? Rectangular Contour Plot C
. . fopei C Category: Quanﬁtv=| ﬂ
Uzer Defined Solutions... 0 - - — —
i [ i—l Variables . Matrix 1. CplCoef{Winding 1, Winding 1)
Create User Defined Solution > : El = Rect: Output Yariables Matrix 1.CplCoef(Winding2, Winding 1)
. .i'l 0 L Matrixl.CpICoef(\"u'ind?ngI,W?ndingZ}
o R Lriom Matrix 1. CplCoef{Winding 2, Winding2)
R
Rnom
z
Znom
Winding
Loss
Design

Expression Cache
Expression Converge

Update Report

v Real ime
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SIMULATION: COUPLING BETWEEN TWO IDENTICAL COILS

The A10 Coil has been copied an flipped above the other coil, the coupling factor in dependence of the vertical
misalignment has been simulated

—a— Simulated
1.0 5 . . —&— Measured

-
@
|

Coupling
|
’J’

[
S
]

Ly Distance [mm)]
Variation of 0.5%-3 %
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SIMULATION: MAGNETIC FIELD BETWEEN TWO IDENTICAL COILS

Absolut Value of the magnetic field H [A/m] has been simulated at the distances between 0 — 20 mm

1. Select a geometry, in which the field distribution should be shown (e .g. XZ plane)

G- DuplicateBodyAroundAxis
LoD Move
11, Coordinate Systems
J-4&% Planes
..az Global:XV¥
..e7 GlobakXZ
:..e? Global¥Z
H-¢ Named Selections

2 3 | ANSYS MAXWELL SIMULATIONS FOR WIRELESS POWER APPLICATIONS

DIGITAL DAYS 2025 | CHRISTIAN MERZ | 23.10.25



SIMULATION: MAGNETIC FIELD BETWEEN TWO IDENTICAL COILS

Absolut Value of the magnetic field H [A/m] has been simulated at the distances between 0 — 20 mm

H [Alm]
Max: 14406676
15000
13500
12000
10500
9000
7500 z1 =0mm
6000
4500
3000

l 1500
0

Min:  0.000
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ICEPAK MODULE

Workflow of the ICEPAK Module

1. After the 3D design is done and simulated, the ICEPAK module has to be inserted

Projects -> Insert ICEPAK Design

Project Draw Modeler Maxwell 30 Too
&5 Insert HFSS Design

@ Insert HFSS 2D Layout Design

B Insert Q3D Extractor Design

& Insert 2D Extractor Design

™8 Insert Circuit Design

=4 Insert Circuit Netlist

7l Insert EMIT Design

ﬂ Insert Maxwell 30 Design

lifa

B R

Insert Maxwell 20 Design
Insert RWxprt Design

Insert Maxwell Circuit Design
Insert Simplorer Design

Insert Icepak Design
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Project Manager

/ - Monitor

= Project 1*
Eﬁj IcepakDesign 1 (SteadyState) ™
.E; 30 Components

“ﬁ’}a Model

- EF Thermal

SolarLoading
@-EF Mesh

- JF Analysis
l@ Optimetrics
.3 Results

ﬁ Field Overlays

[-]@ Maxwell3DDesignl (EddyCurrent)
g 30 Components
“@ Model

B-E¥ Boundaries
[-#d Excitations

- Fe Parameters
B8 Mesh

EJ---ﬁ Analysis

@ Optimetrics

- FE] Results

Eg...ﬁ Field Overlays
[-[_1 Definitions

I+l




ICEPAK MODULE
Workflow of the ICEPAK Module

2. Copy the model of the 3D design into the ICEPAK history tree

Maxwell 3D Design History Tree ICEPAK History Tree
EI--I-@ Model EI--’-’@ Model
B Solids B4 Solids
B4 copper =6 air
E|._.,_f' Cylinder2 ._F’ Region
----- [Z) CreateCylinder [—]! copper
@00 Subtract E||_FJ Cylinder2

B Cylinderd
C-5F ferrite
B-7 Cylinderl
..[5) CreateCylinder
E-8% vacuum
B-47 Region

...... fj CreateReqion
q

i L[] CreateCylinder
B3 Subtract
B-&7 Cylinderd
----- 1 CreateCylinder
B[ Subtract
-5 ferrite
Bl Cylinder]
...[) CreateCylinder
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ICEPAK MODULE
Workflow of the ICEPAK Module

3. Define EM Loss Settings -> Mark the 3d Model and go to Thermal -> Assign -> EM Loss

= Project 1*
=@ IcepakDesignl (SteadyState)
.g: 30 Components
----- s Model
gm Assign b Block...
..... = Monit ) )
_____ Solarl List Grille...
[#-EF Mesh Delete A Metwork...
----- JF Analy Visualization... Opening »
Opltim Reprioritize... Plate »
----- Resul. e
----- ﬁ Field Overlays Ssistance..
[-]@ Maxwell3DDesign 1 (EddyCurrent)® SOUrCE...
.E, 30 Components Wall »
..... ‘£ Model EM Loss...
+-EF Boundaries Blower...
B3 Exctations . i
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ICEPAK MODULE
Workflow of the ICEPAK Module

. . Setup Lin 4
4., Setup the Link between ICEPAK and the 3D design
EM Loss 2 General l"u"ariable Mapping ] Intrinsics ]
Product: | Blectronics Desktop ﬂ
Mame: EMLoss1 Source Project: [ Use This Project
Source of Field Data: Setup Link... | -~
Sync Logs Type From Source | Q)
This Project” - Project 1
Surface | J
=- \:":n:nlume. Source Design: |Ma.'~:well3DDesign'I j
Cylinderl
Cylinder. Source Solution: |Setup'| : Last Adaptive j
i Colinderd
[ Simulate source design as needed
[~ Preserve source design solution
Maote: In extractor mode, source project will be saved upon exit.
Loss Multiplier: |-| oK Abbrechen

0k, Cancel
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ICEPAK MODULE
Workflow of the ICEPAK Module

5. Define openings at all faces of the region except bottom) -> mark faces (push F) and right click on assign Thermal->
opening -> free -> define ambient temperature

I Most Hecently Used
Elgp loepak Components
3 Blower § :
=L Fan Opening Thermal Mode bt
23 Heatsink
3 Packages
{3 TEC
Name: | opening1
Thermal Spedfication
Temperature: | 22 |ce| -
Mext Behind B
Selection Mode > .
External Radiaton Temp: | 22 |ce| -
Select Objects >
Extend Selection >
Go to History Flaw Specification
Measure > -
Inlet Type: {+ Pressure " velodty " Mass Flow
View >
3 2 Total Pressure: | AmbientPressure | -
Group >
Create30 C ..
SIGEIE I Mo Reverse Flow
=
6 100 Object ldentification > W
Assign Thermal > Block... sl
FEEP Assign Solar Loading Grile...
Assign Manitar > Network...
Assign Mesh Region Opening > Free...
Assign Mesh Operation Plate > Recirculating... Use Defaults
Plot Fields > Resistance...
Source...
Mesh Viewer.. Wall s Ok Cahicel
Copy mage i (O v )
Blower...
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ICEPAK MODULE
Workflow of the ICEPAK Module

6. Assign temperature monitor -> mark the surface of the ferrite -> click on Monitor -> Assign -> Face -> Monitor Setup

Temperature _ .
B Monitor Setup =
_E:l Openings | I
_____ T_ Sol: Assign 3 Face... Mame |FacEMonlmr1
- Mes List... Paint ... I-L
..... ANz R . 114 El Flow
BRI, ] i i []MassFlow
Opl Delete All E3-4 | I I".-'DlumEFlnw
..... Res _ - [ E- Thermal
_____ Fiel Vizualization... : - [ Temperature
- Mawel | - | TemperatureMaximum
@é L T %?t_DEfHMt Base Name... [ HTemperathEMinimum
i Madal : - [[]HeatFlowRate

oK | Cancel |
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ICEPAK MODULE
Workflow of the ICEPAK Module

7. Define Mesh -> Mark Coil -> Assign Mesh Operation -> Min, Max value 2

E|E€ Mesh

..... A a|'¥-5|5 Ligt...

l@ Cptimetri Delete 4

- Results

i Field Ove Assign Mesh Operation

]--@ Manowell30Design 1 (EddyCurrent)®

Mesh Operation X

General I Defauits I

Name MeshOperation 1 ¥ Enabled

Level
{ Min |2 Max. |2

[~ Local mesh parameters

I~ Mesh Reuse =

[~ Mesh Object(s) Separately

Use Defaults |

OK | Abbrechen Hiffe
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Purpose of the mesh:
Icepak is based on finite volume method

Domain is discretized into a finite set of
volumes

=» The assignment of mesh operating levels
improves the meshing near complex
or bended geometry in comparison to the
default meshing




lcepak Solve Setup *

I C E P A K M O D U L E General | Convergence | Solver Settings | Radiation | Defaults |

Name ¥ Enabled
Workflow of the ICEPAK Module Mamum Narber f tastons _[250
Problem Types
[+ Temperature I+ Flow
7. Analysis -> Add solution setup Fom Regme
(* Laminar " Turbulent
Radiation Model
" Off {+ Discrete Ordinates " Ray Tracing
E‘ﬂ:’ wmﬁ [~ Indude Solar Radiation
""" ﬁ [V Indude Gravity
@ Or -
=-F3] Re Add Solution Setup...
E| EE Lizt...
z Analyze All
- Mg Fie
Lse Defaults HPC and Analysis Options...
r;_ Revert to Initial Mesh — _Uho Dol |
185

Generate Mesh
View Mesh Feedback...

Solve Setup Defaults ¥ QK | Abbrechen | Hitfe |
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ICEPAK MODULE

Workflow of the ICEPAK Module: VValidation of the measurement result
Measured Value: 3.7 A RMS

8. Start simulation —> ICEPAK -> Analyze all

= - -

lcepak Tools Window Help
Selution Type...

List...

Validation Check...

rh&m‘

Analyze All
Submit Job... —
Edit Motes...

[

Toolkit b

Import IDF... A

For 5A amplitude (Variable |_in) (~ 3.5 A RMS) @ 125 kHz

Ambient Temperature 22 °(/

[cel]

Temperature

Max: 61.898

58.1
56.8
55.5
54.2
529

51.6
l 50.3
49.0

T ==
82.0
l 607

594

Min: 49.500

T —1

- —— AC Rated Current condition!
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RESULTS

Comparison of simulated and measured results: 3 Examples

34 |

Coil IR,AC (RMS) [A] simulated | IR,AC (RMS) [A] measured Deviation [%]
760308101410 3.5 3.7 5
760308101304 5.3 5.2 2
/760308101141 5.7 5.8 2
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THANKS FOR YOUR
ATTENTION

Questions?

Contact: wirelesspower(@we-online.com
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