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Electro-Thermal Workflow with HFSS, Maxwell and Q3D

 Surface and Volume losses from an EM design (HFSS/Maxwell/Q3D) can be imported into
lcepak

 Temperature results from lcepak can be fed back to the EM design to account for temperature
dependency of material properties

EM loss from multiple frequencies (for HFSS and Maxwell designs) can be transferred to
lcepak. The losses from multiple frequencies are applied as cumulative loss in the solver

EM losses can be visualized prior to solving the model in Icepak

HFSS Model Maxwell Model EM Loss Visualization

Volume Loss D...
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Electro-Thermal Workflow with HFSS 3D Layout

* DCIR drop analysis is performed in 3D Layout. The T
. E’I Design Verification Mumber of Coupling terstions 2
layer-by-layer Joule heating power maps are 8§ o Contne lospk raors v

transferred tolcepak | Mo

i 7 Solutions: DCIR _test - IcepakDesign1

—]ﬁ IcepakDesignl (SteadyState)) Simulation Senipt -

° ] Eé 3D Components Design Vatiation: [yel="3m_per_sec'

Temperature map from lcepak is transferred to 3D ? bk
. . % :-"I:de| | Task l Eeal Time l LFU Time: ! Memary ! Infomation

=] Ermai oupling Iteration aiting at [cepak solver iteration
Layo u t to u p d a te t h e m a te r I a I p ro p e rt I e S [:l Eel:lheglrlr:al Lluss?F' . 00:00:40 00:00:00 oK ilu:c: Tlhlis F':E:EClJ,DE:H_:ESl?DE|H Sim 2_ice : DC IR Sim 2_ige
Salver Initialization on0o:12 00:00:11 BEZ b tapped PCB EM Loss: 0.01688E [w/att]

t tured dent tially. DCIR lysis i

(temperature dependent) spatially. analysisis | egme
; ; - - & Of Mesh o (030073 O |70 PO D o OO ]

run again with the updated material properties. R
=P Analys
: ﬁ oo Salution Process Elapsed time : 00:02:58 | lcepak ComEngine Memaory : 229 M

* Both DC and AC losses can be included for thermal .
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Electro-Thermal Workflow in AEDT

Electro-Thermal ACT

* |deal for HFSS/HFSS 3D Layout/Maxwell/Q3D
users and Mechanical engineers to analyze
critical components independently

* |cepak model includes only the components
analyzed in the EM design

* Generic Natural Convection and Forced
Convection scenarios are setup by the ACT
automatically

Electro-Thermal Workflow

|deal for Mechanical engineers analyzing
detailed system level models

Icepak model can include several other
components (chassis, fans, heatsinks etc.) in
addition to the objects analyzed in the EM
design

Any custom scenario can be analyzed
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Electro-Thermal ACT Workflow

Complete the EM analysis in HFSS/HFSS 3D Layout/Maxwell/Q3D
Launch Electro-Thermal ACT
Specify Simulation Type, Mesh/Solve Settings and Two-way Coupling Criteria

Click Launch to run the ACT

Launch ACT

ACT
EM to Icepak LSO ACT
lcepak
Project/Design
Number of EM Designs 1 -
Projects example_DC_cond v
Design1 MaxwellDesign1 v
Setupt Setupt ~
Simulation Type
Tree Forced Convection -
Flow Speed (mis) 2
Flow Direction +X v
Ambient Temperature (C) 20
Mesh/Solve Seftings
WMesh Resolution | 3 (Medium) -
Mesh/Solve Mesh and Solve -
Two Way Coupling
Two Way Coupling to EM Design(s) | Yes -
Number of Coupling lterations 2
Continue lcepak lterations During... | No v
m. roject: [T I[ Progre:
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Electro-Thermal ACT — Key Features "EZ wear
‘_
Q
ACT Objective: Automatically run an electrothermal simulation using AEDT Icepak =
* It starts from an existing HFSS/HFSS 3D Layout/Maxwell/Q3D design| @ ¥
and the toolkit automatically completes the thermal simulation using
AEDT Icepak 2.1.2.

Geometry and material information will be copied over from the EM
tool(s) to Icepak — ; -
. EMtolcepa ACT

EM losses will be mapped automatically from EM design to Icepak

ssssssssssssssssss

Boundary conditions for the thermal setup are automatically created | - ©
depending on the choice of Natural or Forced convection o o

wwwwwwwwwwwwwwwwwwwwwwwwwwwww

Mesh and Solver settings are set for the Icepak design if those options | ===z .
are enabled

Two-way coupling criteria can be defined for the automatic workflow
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Scenario 1: Forced Convection (Active Cooling)

In pUtS: Simulation Type
Type Forced Convection L
* Flow speed (m/s) Flow Speed (mis) 2
. . Flow Direction +X -
* FIOW dlreCtlon Ambient Temperature (C) | 20

 Ambient temperature (C)

Inlet BC Outlet BC EM losses

Computational Domain:
* Padding is based on the largest length in the geometry

* 100% padding added upstream and downstream of . =
the model in the flow direction ' : :

* 25% padding added perpendicular to the flow

Post-processing .
direction :

Solver Settings:
e Sequential solver is used, and Radiation is turned OFF
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Scenario 2: Natural Convection (Passive Cooling)

Simulation Type

Type Matural Convection -
Inputs: s 2 =
i G raV|ty dlrectlon Ambient Temperature (C) | 20

 Ambient temperature (C)

EM losses

Computational Domain:
* Padding is based on the largest length in the geometry

* 200% padding added in the direction opposite to gravity

* 100% padding added in the direction of gravity

Post-processing

i

* 50% padding added perpendicular to the direction of gravity

Solver Settings:
e Radiation is turned ON
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Electro-Thermal ACT — GUI and Options

Project/Design:
* Launching the ACT will populate list of projects, designs and setups for
selection

* Up to 5 designs can be selected for coupling to Icepak

Simulation Type:
* Forced or Natural Convection options

Mesh/Solve Settings:

* Mesh and Solve: Geometry is copied to a new Icepak design, EM losses
are imported, Icepak model is setup based on user inputs, meshed and
solved. Basic postprocessing is also displayed

* Mesh Only: Automation ends after the mesh is generated. Solving and
postprocessing have to be completed manually

* No: Automation ends after the thermal analysis has been set in Icepak.
Meshing, solving and postprocessing will be completed manually. Useful
when advanced meshing is needed.

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

ACT Extensions

l:i EMtolcepak

Project/Design

Mumber of EM Designs | 1 -
Projects ring_hybrid -
Design1 HFSSDesign -
Setup Setup1 A d

Simulation Type

Type Forced Convection
Flow Speed (mis) 2
Flow Direction +X

Ambient Temperature (C) | 20

Mesh/Solve Settings
Mesh Resolution | 3 (Medium) -

Mesh/Solve Mesh and Solve A d

Two Way Coupling
Two Way Coupling to EM Design...  Yes
Mumber of Coupling Iterations 2

Continue lcepak lterations Durin_.. | Mo
Launch

Help

The goal of running this Toolkit is to automatically run an electro-
thermal simulation in AEDT Icepak.

It starts from existing, solved HFSS/Maxwell/Q2D/HFSS Layout
designs(s) and the Toolkit automatically completes the thermal
simulation using AEDT Icepak.

The geometrv and material information from the EM tool will be

Exit Wizard




Electro-Thermal ACT — GUI and Options

ACT Extensions x

ACT

5] EMtolcepak

Two-way Coupling:

Project/Design

* Two way Coupling to EM Design: Selecting Yes enables .
bidirectional coupling of EM design and Icepak e v

* Number of Coupling Iterations: Defines the number of times EM | ~omuatontee .
design and Icepak simulations must be launched and updated e .
with new results Atk Tempersir ) [0

Mesh/Solve Settings

* Continue Icepak Iterations During Coupling: If Yes is selected, o e I
Icepak will use the previous solved solution as the initial condition || ~TwwasCowina =~ = .
for each subsequent loop. This results in faster convergence. o fose 2 -

Launch: i
 Execute the Electro-Thermal simulation Help

The goal of running this Toolkit is to automatically run an electro-
thermal simulation in AEDT Icepak.

F I h ° It starts from existing, solved HFSS/Maxwell/Q3D/HFSS Layout
|n|S ° designs(s) and the Toolkit automatically completes the thermal
simulation using AEDT Icepak.

° QUit the ACT GUI and return to the EXtenSionS Wiza rd Then.zeo.metrvandmaterialinformationfromtheEMtooniIIbe

L
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Electro-Thermal ACT — Important Points

ACT Extensions x

|E§k EMtolcepak ACT

Toolkit does not support 3D components from the EM design

Project/Design

* Material assighments from the EM design must include the o ol -
thermal properties - .
imulation Type

Flow Speed (mis) 2

* Toolkit uses Icepak slider bar meshing. For complex 5 =
geometries, No option should be used for Mesh/Solve to :Qli:é?::?;ﬁj; “
manua”y meSh the mOdeI Mesh Resolution 3 (Medium)

MeshiSolve Mo -

Two Way Coupling

Two Way Coupling to EM Design...  Yes -

* For 2-way coupling, make sure the EM design is setup N
appropriately (temperature dependent material properties ”
are set, and Enable Feedback is checked in EM design)

Help

* For HFSS 3D Layout, two-way coupling is available. The toolkit | tesmisimirie omeeynen e
It starts from existing, solved HFS5/Maxwell/Q3D/HFSS Layout

will automatically create mesh regions and assign appropriate | et endihe ool sutomtial complete the thema

simulation using AEDT Icepak.

M The geometrv and material information from the EM tool will be
mesh settings
Exit Wizard

L
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Electro-Thermal ACT

>AN )YS App Store

* The Electro-Thermal ACT is available for download from the ANSYS App Store

https://catalog.ansys.com

Back to Apps

 ANSYS App Store is a great place to get started
— Alibrary of helpful applications available to any ANSYS customer Flectro-Thermal vd .

— New apps are added regularly

\nsys Info @

— Applications made available in either binary format (.wbex file) or
scripted format (Python and XML files)

FREE
— Scripted extensions are great examples

— Documentation and training materials available on the ANSYS

Download

Customer Portal:
https://support.ansys.com/AnsysCustomerPortal/en us/Downloads/ACT+Resources
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Manual 2-way Electro-Thermal Workflow

b Complete the EM analysis in HFSS/HFSS 3D Layout/Maxwell/Q3D
Insert an Icepak design and copy-paste the geometry from EM design. Add additional components
Specify the inputs, boundary conditions, mesh and solver settings in Icepak

Select EM design objects and import EM losses using Assign Thermal > EM losses

Add a solution setup and select Add 2-way Coupling. Right-click and select Analyze

Add 2-way Coupling E

e Product |Electronics Desktop v |

------ Results

<<<<<<<<<<<<<<

g

lcepak Design === . =. || Import EM losses

o= Bl 7 Rename F2
b e Source Project: [ {lse This Project! - Field Qwver
Bl MaxweliDDes S~ Delete Delete
-
& Properties...
[This Project” - Coi_Plate_Two_Way Dizable Setup
ppppppppp
R Sl [Maxnet2DDesgnt =] Add 2-Way Coupling...
Source Solution: |Satup1 : LastAdaptive j G Mesh
enerate Mes
¥ Simuiate source design as needed ™ Analyze
o
Vansbiss W Preserve source design solution L Temperatu Revert to Initial Condition
iiiiiiiiiiiiii Note: In extractor mode. source project will be saved upon exit. Laminar Profile
Cancsl Discrete O Monitar...

—
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Appendix: Electro-Thermal
Workflow Example

Ansys



Example
First Coupling Iteration Final Coupling Iteration

3 passes

Copper Coil

v || Temperature
|| el
120.0000
.113.3333
o 106.6667
3 100.0000
93.3333
86.6667
80.0000
73.3333
_ 66,6667
-’ £0.0000
£3.3333
45.6667

40 0000
333333
26.6667
200000

Insulation

Copper Plate

* Induction heating application
at 50 kHz

e Stranded coil above copper
plate has induced eddy
current losses

* Insulation material between [ T,ax = 103.2°C ] [ T = 122.0°C ]
coil and plate.

| Qiotar =3.89Watts | | Qrotwt = 5.0 Watts |
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Sample Problem Definition

Induction heating application at 50 kHz.

Stranded coil above copper plate has induced eddy current losses.

Insulation material between coil and plate.

Loss density transfer from Maxwell to Icepak.

Icepak solves temperature field in a natural convection environment.
Temperature field transfer from Icepak to Maxwell.

Use built-in two way coupling to loop Icepak and Maxwell solvers until losses and
temperature fields converge.

Maxwell
EM Losses

Copper Coil

Insulation

Copper Plate
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Maxwell — Eddy Current Setup

[

Current Excitation in Maxwell

Current Excitation E----f@ Maodel
General | Defaults | EII_FJ Solids E\
=-%% copper
Name: [Currentt ----..F’ plate
oot -7 coil
- Fap | <] [—J! FR4_epoxy
-4 nomex
Az [ o = =4 vacuum
Type: (" Solid @ Stranded =47 Region
=3 Sheets
Properties n x B terminal e
=1, Coordinate Systems
MName Value Unit |Evaluated V... H--&% Planes
Mame Current] -6 Lists
Type Current
Current  |$Current 300A
IsSolid  Stranded
Phase 0 deg |Odeg
Direction |Point into terminal
—[ From Maxwell3D > Fields > Calculator ]—
Sl 38923417111 7504
— Scl: Integrateolurne(&ll0bects], EM-Loss]
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lcepak — Eddy Current Setup — Geometry Setup

» After completing the Maxwell setup, insert an Icepak Design into the AEDT project.

* In the Maxwell Graphics window, use Ctrl + A, Ctrl + C to copy the entire Maxwell
Geometry and Material information.

* In the Icepak Graphics window, use Ctrl + V to paste the Geometry and Material
information from Maxwell.
- Note the automatic creation of the “air” region around the copied geometry.

Paste into Icepak

Project Draw Modeler lcepak
@. Insert HFS5 Design

l Insert Icepak Design
B o

Insert 2D Extractor Design

Insert Circuit Design
insert iruit Netist ‘

Insert Maxwell 30 Design

Copy from Maxwell

Insert Maxwell 20 Design
Insert RWxprt Design

Insert Mawmwell Circuit Design

Insert Simplorer Design

Insert [cepak Design

%E%ﬁﬁﬁﬁﬁﬂ

Inzert Documentation File...
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lcepak — Eddy Current Setup — Solution Type and Design Settings

e Set up the Icepak Design for Natural Convection CFD analysis.

lcepak  Tools Window Help [ . ]
! Solution Type... Sol L——_q._——,—r.lso'u.tlor! Type De...
List... 4 )
& Vadaton Chck.. For Natural Convection models
ur  Analyze All |
| B e Notes.. | @ Temperature and Flow <«<—— we need to solve temperature
{~ Temperature Only .
import IDF.. L and flow equations.
} 30 Medel Editor R \
Design Settings...

Object Identification '\ 2 | Design Settings } | Gravity Vector ]—

Thermal » lcepak Desigan IceraakLaM

Monitor

Mech X Ambient Conditions | Gravity | Validations | Ambient Conditions  Gravity | Validations |

Analysis b

Optimetrics Analysis > Temperature |2D |CE| “\7 Gravity Vector |GI0baI::Z ﬂ
Fields >

Results 5 Gauge Pressure ||} |n_per_meter_sc| ﬂ (" Positive

Design Properties... Radiation temp |2D |ce| ﬂ (@ Negative

Design Datasets...

il
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lcepak — Eddy Current Setup — Material Setup

* Review the Material setup

- For steady state models, only
thermal conductivity is used.

- For transient models, thermal

conductivity, density and specific

heat are all used.

Materials ‘ Material Filters

Search Parameters

copper

copper_temp

=g Model
. B-47 Solids
s air
] coroe uu

E s FR4_epo Expand All
. [-E3 Sheets Collapse All
Lﬁ. Coordinate Syst S
&% Planes
B¢ Lists Histery Tree Layout

Properties...

Cu-Aluminised
Cu-Brass
Cu-Brass
Cu-Brass-30%Zn
Cu-Bronze
Cu-Constantan
Cu-German
‘CLI-PLI[E

Cu-Pure_Ref

View/Edit Materials...

Search by Name Search Criteria Libraries [v Show Project definitions [ Show all librarig
(s byMName (" by Property [sys] ArmoldMagnetics
‘ [sys] ChinaSteel
P M- sys] Diamet
Relative Permittivity J Emyml A

Th I Specifi Therm: »~

f Name Location Origin ermlal Mass Density S e

Conductivity Heat Ca

Surel i LY EY VY| ANN

1 7 ?~a0E

2037 A9E

FE view / Edit Material

Material Name

Material Coordinate Systerm Type:

‘capper

Cartesian hd

Froperies of the Material

Yiew/Edit Material for

Mame Twpe Yalue Units @ Active Design

Thermal Conductivity
Mass Density Simple 8933 kgim™3 ® s i
Specific Heat Simple 385 Jikg-C ™ All Properties
Thermal Expansion Coeticient =imple  [1.77e-Us 172 .

Physics:
Thermal Material Type Solid

&

&

7
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lcepak — Eddy Current Setup — Thermal Setup

* Expand the air region size for
Natural Convection CFD Analysis.

* Percentage offset: computes the
offset based on the min and max
coordinate of that axis.

* Transverse percentage offset:
will add a bit more padding with
respect to percentage offset.

e Absolute offset: distance
between closest object and edge
of air region.

e Absolute position: location is
based on the air region’s
coordinate system.

=g Model
. Bl Solids
Es air
5<% Region
EH— A g
Mame Evaluated r}/ \
Command  CreateRegion

Coordinate ...

Global

+X Padding... Percentage Offset

+X Padding... 50 50
-% Padding ... Percentage Offset

-X Padding ... 50 50
+Y Padding... Percentage Offset

+Y Padding... 50 50
-Y Padding ... Percentage Offset

-Y Padding ... 50 50
+Z Padding... Percentage Offset

+Z Padding... 250 250
-Z Padding ... Percentage Offset

-£ Padding ... 100 100

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

Gravity is in the
minus Z direction,
so the air plume
will rise towards
the plus Z side.
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lcepak — Eddy Current Setup — Thermal Setup

Groups

* Selection Modes: guhﬂldeh

- Right-click in GUI > Selection Mode. Objects

- From menu Edit > Selection Mode. [,,.r Faces

- Or from Ribbon Drop Down. Edges

- Object (O) Vertices

- Face (F) Select: Face *] Multi

- Edge (E) @I Select by Name Multi Mode Settings...

- Vertex (V) -

- Multi (M) -
* Enter Face Selection Mode. = — _

EEEEEEEEEEEEEEEEEEEEEEEEEE E-dm IcepakDesignl (TemperatureAndFlow)

* Select all air region faces. [;35;;;m & 30 Components
e Right-click > Assigh Thermal @ [\— "

> Opening.
* Use default Pressure Inlet settings. S—
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lcepak — Eddy Current Setup — Thermal Setup

Set up the Electro-Thermal link to
map EM losses.

Enter Object selection mode (O).

Select the coil, plate and insulation
objects.

Right-click > Assign Thermal > EM
Loss.

“Use this Project” will automatically
map losses from existing Maxwell
design.

“Map Variable by Name” will use the
original variable from Maxwell.

Setup Link

=l
r
&
|T-- T

Source Design: | Maxwell3DDesign

Setup Link X

SCurment SCurment
pri 1 A

Source Solution: |Setup‘| : LastAdaptive j
¥ Simulate source design as needed
¥ Preserve source design solution
Mote: In extractor mode, source project will be saved upon exit. Map Variable by Name ‘
ok | ca oK | Cancel |
: == -
EML =g IcepakDesignl (TemperatureAndFlow)
=
—g=p 30 Components
E
----- e @ Model
Source of Field D ata: Setup Link...
| =-EF Thermal
Sunc Loss Type From Source | ..... .,I: DI:IErIil'Ig 1
- Surface =

o NOMER
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lcepak — Eddy Current Setup — Solution Setup

* Add an Analysis Setup using laminar flow, radiation, and gravity as shown below.

Icepak Solve Setup Dialog x Icepak Solve Setup Dialog x
Paste t||— General ]Convergence | Solver Settings | Radiation | Defautts | General | Convergence | Solver Settings Radiation ] Defautts |
=l £F  Add Solution Setup... Name |SE!1"":'-l o aiel teration Parameters
Maxwell30C List... Maximum Mumber of kerations |3|3'|3I Flow fterations per Radiation freration |5
[21 Definitions Analvze All
I | Problem Types
ties Generate Mesh [ Tempedine
Lme Va Revert to Initial Condition W Fow Angular Discretization
Clear Linked Data

Theta Divisions: 2
Flow Regime
lf:Larninar | o
Properties n x Phi Divisions: |2
" Turbulent
Name | Value | Uit |Evaluated Ve Theta Pixels: |2

Mame Setup1 Radiation Model 5
Enabled v i Pi "
: [v ~ Of Phi Pixels: |
fterations 300
Problem Type TemperatureA. .. (¢ Discrete Ordinates
Flow Laminar ¢ Ray Tracing
Radiation Digcrete Ordin...
Include Gravity [v

¥ Include Gravity

r

Use Defaults Use Defaults

HPC and Analysis Options... |

£ >

General | Convergence | Initialization | Radiation | OK | Cancel |
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lcepak — Eddy Current Setup — Solution Setup

{ Advanced SolverOptions } -

Icepak Solve Setup Dialog X
 Initialize the flow field General | Convergence ~ Solver Settings | Radiation | Defauts | T ——
with a small velocity S [ - | J]
opposite to the gravity X Velocty g Eyy— o3 fri
vV e ct or. — |D |mjer_sec j Temperature ::l: :Trst i [ Secondary Gradient
* Best practices for :,a.m :J j - S
under-relaxation i ] T
factors discretization i ] *_[ —
and convergence for |] ] — Convergence Criteria E
natural convection General Convergence | Sover Setings | Radton | Defauts |
models are shown. Advanced Optons —
Flow :
* These settings can [En =)
help improve oo
convergence and s | ::
accuracy. —— o o [
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lcepak — Eddy Current Setup — Solution Setup

* Two-way coupling will improve the accuracy of the EM losses.
* This in turn will improve the thermal accuracy.

* Typically two or three coupling iterations are sufficient to get good convergence.

* “Continue Icepak Iterations...” will use restart data files for shorter solve times.
* “Max Icepak Iterations...” is the iteration limit after the first solution.

E---ﬁg&ﬁsis nght-CIICkooo
l@ Optimetric =3 Copy
- Results Rename
------ Field Ower
Mawwel300es A Delete
[_1 Definitions Properties...
ies Disable Setup
HmeE Yalue Add 2-Way Coupling...
Setup Generate Mesh
d v
© v Analyze
ons 300
Revert to Initial Condition
b T... | Temperatu
Laminar Profile...
Discrete O

[liI:un

—

FMaonitor...

Ctrl+C

F2
Delete

2-Way Coupling

Murmber of Coupling [terations:

M aw. cepak [terations per Coupling:

2

‘ Corntinue leepak [terations During Coupling [+

i

|200

Cancel

Mame Walue

Linit

Evaluated Value

©2020 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

Mumber of Coupling kerations |3
Continue lcepak kerations [w
lcepak terations Per Coupl... |200
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Maxwell — Eddy Current Setup — Solution Setup

In the Maxwell design, Maxwell 3D > Set Object Temperature.
“Include Temperature Dependence” and “Enable Feedback” must be checked ON.

Two-way coupling needs to have temperature dependence in the EM solver.

The temperature dependent materials must have the “Thermal Modifier” active.

E&] view / Edit Material

Temnperature of Objects

I ¥ Include Temperature Dependence

[¥ Enable Feedback

/ Object Ma... | I aterial | Temperature Dependent | Temperature | it |
Region Y ACULIM [

cail copper_temp [v 22 cel
nomes m4_BDDHP L

plate copper_temp [v 22 cel
Select By Mame: || Select
Temperature: |22 cel J |

Ok | Cancel

Material Mame

Material Coordinate System Type:

|copper_temp

Properties of the katerial

| Cartesian hd

Wiew.E dit Material for

Mame Type |

Value ‘ Units | Thermal Modifier * Active Design

Fielative Permittivity

Magnetic Loss Tangent Simple

Care Loss Model

tazs Density Simple

mpositian

" Active Project

......
" All Properties

Physics:
1] MHone d

-

“iew/Edit Modifier for

¥ Thermal Modifier

Material Appearance

™ Use Material Appearance

Mates |

£

|Calculate Froperties far:

| I

J Walidate M aterial

LCancel |

Edit Thermal Modifier

{+ Expression

Expression

" Quadratic

Temperature-Dependent Bulk Conductivity:
P(Temp) = Pref [Modifier]

Reference Bulk Conductivity:
Pref = 58000000siemens./m

Parameters
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lcepak — Eddy Current Setup — Mesh Setup

* The default middle slider bar setting provides
a good Icepak mesh.

 Models that need additional mesh
refinement should use a combination of mesh
levels, and mesh regions.

Mesh Region % 7 [Coil_Plate_Twa_Way] IcepakDesign2 -- Mesh visualization X

General | Advanced | Defauts |
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lcepak — Eddy Current Setup — Solution Profile and Solution Monitors

ﬁ AI’IEI"}.I'SiS r ® 7 Solutions: Coil_Plate_Twe_Way - IcepakDesi?1 - u X
rotiie ([
F2 Monrtorl

@] optimetr 53 Copy Cirl+C
7 4
Right-click... |oe- Total Loss at each

Simulation: | Setupl I

Design Variation: |$Cunenl='EDUA‘ l

Task | Fieal Time | CPU Time | temarny Information
Properties... H H H
coupling iteration
DiSEblE SEtI_lFI Get External EM Los... | 00:00:26 000000 Ok Source: This Project®, Masmwell3DDesignl - Setupl : LastAdaptive N
Total Loze on Source Object ‘nomex’ 5.13684e-19w, Scaling Factar 0.735385,
Add 2- .'-_-e: r Co |_|r3 lin :_l Total Lozt on Sowce Object ‘plate’s 1.47425 . Scaling Factar 1.02016.

853, Scaling Factor: 1.000071.

Salver Initializat 00:00:19 000018 165G Mapped EM Loss: 38341 [w/att
e Masowell 200 Generate Mech alver Initialization appe It [att] [
[ 3,094 [ at] on Yalume [col, plate) a s
| OO AR
i Ana |}rze 5.1842-19 [wWatt] on Valume [nomex] l b
perties Solve M0ZES 0723 2366

Revert to Initial Condition

MName
Profile...

me S
bled Monitor...

Coupling lteration 2

Get External EM Las... | 00:00:27 000000 Ok Source: This Project®, Maxwell3DDesign - Setupl : Lastddaptive

Total Loss on Source Object 'nomex' 1.43661e-18W, Scaling Factor: 0.876301.

Total Loze on Source Object 'plate’ 1.6571AW, Scaling Factor: 1.0164E,
WETREREE 3460, Scaling Factor 1.00007.

Solver Initialization 00:00:18 000013 195G

tapped EM Loss: 4.8158 [watt)
4.816 [w'att] on Yolume [coll, plate]
1.43e-18 [Walt) on Valume (homex]

1008400

ety

4.81 Watts ]

- Solve 00:07:52 00:11:04 239G
100e /v_ \’_\-\,\__ Coupling Iteration 3
i | Get External EM Los... | 00:00:27 00:00:00 0k Source: This Project”, Maxwell 3D Design - Setup : Lastidaptive

10003 -

Total Loss on Source Object 'nomex' 1.27739e- 19w, Sealing Factor: 1.11853.
Total Loss on Source Object 'plate’s 167783/, Scaling Factar. 1.01591.
91, Scaling Factor 1.00007.

Solver Initialization a0:00:17 00017 195G tMapped EM Lozs: 5 0063 [watt) r

5.007 [watt) on Yolume [coll, plate] 5 00 W tt
1.332e-19 [Walt] on Yaolume [nomex] l L] a s

Elapzed time : 00:09:03 | Icepak ComEngine Memany © 873 b
Time: 01/22/201917:14:17, Status: Normal Completion

| Total Solver Time ]

100604

100805

100E-08 ‘

10007 -

[or——

Solve 00:00: 38 000342 238G

Solution Process  mm—
Tatal 00:08:03
——

10005

100E08

{ Each Coupling Iteration ] o]
; 3 - ) Close
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lcepak — Eddy Current Setup — Results

Velocity

[m_per_sec]
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0. 1600
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0. 1067
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0. 0B 0
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00533
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00133
LHLE L LY

Temperature

[cel]

1200000
. 113.3333
106.6667

1000000
93.3333
06.6667
a0, 0000
73.3333
66 6667
60.0000
53.3333
46 6667

40,0000
33.3333
26.6667
20.0000

First Coupling Iteration ]
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End of pre




