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Q3D Extractor and Icepak

* ANSYS Q3D Extractor

- ANSYS Q3D Extractor characterizes three-
dimensional interconnect structures such as those
found in connectors, Printed Circuit Boards (PCBs),
Ball Grid Arrays (BGAs), and Multi-Chip Modules
(MCMs).

e ANSYS Icepak

— ANSYS Icepak is an integrated electronics
cooling solution for IC packages, printed circuit
boards and complete electronic systems.
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Q3D Icepak Coupling

* Q3D calculates both DC and AC Losses.

* The losses are mapped to Icepak. Both surface and volumetric mapping are
supported.
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Busbar

* Objective: Calculate the temperatures of a

busbar and its enclosure box

* Analysis:

— A DCRL Analysis is performed in Q3D
— Q3D is used to calculate the Ohmic losses in metallic

parts

— Thermal analysis with Natural Convection is performed

in ANSYS Icepak
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Box

Ground <<

Enclosure Box
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AEDT Interface
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Import an Existing Q3D Project into AEDT 2020 R1

* Import an Existing Q3D Project into AEDT 2020 R1
— File/Open — Browse and select Q3D_Busbar.aedtz
— Restore the Project files as Q3D_Busbar.aedt

1 AMSYS Electronics Desktop 2020 R1

File Window Help
Ctrl+M

1 Mew
Ctrl+O

5 Open.

ey Upen bxamples...

Cloze

Type

Open Project File Restore Location
Look in: | Q3D-leepak j cf B~ Savein: | 230-lcepak ﬂ &= B
j Mame Date modified Type Size ;} Mame Date modified
) ‘3 Q3D_Busbar.aedtz  1/22/2019 2:44 PM AMSYS Electronics... 53,847 KB i Mo items match your search,
Quick access Quick access
I Desktop Desktop
Libraries ‘ Libraries
This PC This PC
Na@om Naﬁom
<
< 4 File name: |0 Busbar.aedt j
File name: |Q3D_Busbar.aedtz j Open | Save as type: |ANSYS Electronics Desktop Project File ::'.aedtj
Files of type: |.9-.NSYS Electronics Desktop Project Files ::'.aecj Cancel [~ Overwrite existing files
=

Save

>
==
Cancel

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

\nsys



Visualize the Nets

* In the project Manager, under Q3DDesign, Right click Nets and select Visualization ...

e Select “All” in the Group Visualization Options to view the Current Paths for the 4
nets in the model.
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Enable DC RL Run

 Enable DC RL Run in Solve Setup

— In Project Manager, under Q3DDesign, right click Setupl and select Properties

— In Solve Setup panel, make sure under Solution Selection “DC” with “Resistance/Inductance” is
selected and “Save fields” is checked

Solve Setup .
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Check Sources

* Check the edit sources dialog
— Click on Q3D /Fields /Edit Sources...

— Click on the DC RL tab, as we are going to perform DC RL Calculations :
 Make sure each of the sources has a value of 15 A
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Material Properties

* Explore the material properties by double-clicking on the appropriate entry in the
Project Tree under Definitions > Materials |z v/t vatern x
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Temperature Dependent Material Settings for a 2-Way Coupling

In order to see the impact of
temperature on results in Q3D after
the Icepak simulation is completed
later, material properties must be
temperature dependent.

Copper bulk conductivity (the
reciprocal of electrical resistivity --
found under Electromagnetic category)
varies with temperature.

After opening the material panel for
copper, check the “Thermal Modifier”.

Then, switch the thermal modifier of
“Bulk conductivity” from “None” to
“Edit” and use the following
correlation:

— if(Temp <=22,1,1/(1+0.0039*(Temp-22)))

223 Definitions
----- [:l Components
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Enabling Feedback

* One more step is needed to prepare the Q3D model for a bidirectional coupling to ANSYS
Icepak, enabling feedback.

* From the main menu Q3D Extractor, click on “Set Object Temperature”
— Check both “Include Temperature Dependence” and “Enable Feedback”

AMSY'S Electronics Desktop - Q3D_Busbar - Q3DDesign - 3D Modeler - [G3D_Busbar - Q3DDesi

----- [ Models
Properties

B File Edit View Project Draw Modeler Q3D Extracter  Tools Window Help Tr:mpr:raturr: of OhjEEtE e
t &2 Validation Check...
save & Analyze Al Matrix  DC R/L Fiel [¥ Include Temperature Dependence ¥ Enahle Feedback
[ Paste 5 (RIEES Report~ Report~
Desktop View Sk ilts Automation - - -
: J& Edit Notes... s Object Mame b aterial Temperature Dependent | Temperature | Uni s
Project Manager lodel
é 3D Companer Toolkit > b bb_circuit_asm BE1 COpper |_ 22 cel
..... @ vode 3D Model Editoy v ool BB1_DS Copper [+ 22 cel
.9 Boundaries -
H-F. Nets Set Object Temperature... =0 BEZ copper |_ 27 cel
B8 Mesh Opera e e e BBz_DS copper |_ 22 el
[]--[Iil Reduce Matri Design Settings [ BE3
Copper 22 cel
[-]ﬁ Analysis -7 BB2 PP |_
L P setupt Boundary » E-47 BEZDS BE3 DS copper [« 22 cel
imetri -4 BB3 .
) Optinetrics Nets > B g oes b COVER_FUSE_BOX Al2_03_ceramic W v
""" Results Mesh Operations > B - . € »
..... % Field Overlay . -7 FUSE_METAL1
Reduce Matrix > .
52 Definitions . -7 FUSE_METALZ
..... [ Components Analysis Setup 2 (-7 FUSE_METALZ Select By Name: | Select
..... |23 Symbals Optimetrics Analysis ¥ -7 STUD1_1
----- [ Footprints Fields > E-&7 STUD12 T
ernperatLne: |22 el J
..... (3 Padstacks el N E] &7 STUD2_1
[

H-7 STUD3_1

. . E- STUD32
Design Properties... oordinate Systems

Design Datasets... anes 0k, | Cancel |

I‘"@ Lists

Create 2D Design...

H-7 STUD2 2

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



Run Q3D Analysis
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Create an Object List

b CTRL”+ llLEft CIiCk” to Select a" F-&% Model [T ANSYS Electronics Desktop - Q3D_Busbar - Q3DDesign - 30 Modeler - [Q3D_Busbar - Q3DDesign - Mod
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Report Volumetric Losses

» Use the Field Calculator in Project Manager/Q3D Design/Field Overlays to report the

Volume Losses on ObjectList1.
— From Input/Quantity add VolumeLossDensityDC.
— From Input/Geometry Add Objectlistl. From Scalar add Integral.
— From Output click Eval. The Volume integral loss value is displayed as 16.67 W
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Insert Icepak Design

* From Ribbon Menu/Desktop/Insert Icepak Design.

LY N N I H % (=] Save Archive
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Bring Q3D Geometry and Material Setup into Icepak Design

* In the Q3D Graphics window, use
Ctri+A, Ctrl C to copy the entire G o e
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Edit Region

* In the Model tree, Double Click on the Region > Create Region.
* Increase the padding in +Z and —Z direction to 150 and 100 Percentage, respectively.

* Increase the padding in +X and =X direction to 150 and 150 Percentage, respectively.

— Itis recommended to have larger padding in the direction opposite to gravity direction for natural
convection problem

Bl Model
Et-gy bb_circuit_asm Properties: Q30 _Bushar - lcepakDesign1 - Modeler e
E||_7 Solids
Eg Al2_03_ceramic Command
| E-4? COVER_FUSE BOX
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-2 Expand Al |
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B-&F Planes Collapse All |
B¢ List I : ™ Show Hidden
Properties...
Upgrade Version
QK | Cancel
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Physics Setup — Flow Outlet

* Change Selection mode to Faces

— Main Menu/Edit/Selection Mode, Select faces (or) Use a shortcut key [f] in graphical window to
select face in place of volume. Default is volume.

— Select all the faces of the Region, Right click Assign Thermal > Opening.

oEdit View Project Draw Modeler Icepak Tools Window Help 0 Opening Thermal Model e s

Undo Ctrl+Z | i
: B s Pan @Fn Al Mot Bebin .
Redo Ctrl+Y S
ke pRotate v | G Fit Sele Selection Mode > Name: [Tl
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Delete Delete 1 x 5----6@ Model Measure ? / Temperature: |AmhientTemp | ﬂ I | J
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Copy Image w R
I
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) Inlet Type: f* Pressure " Velod
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Selection Mode S > Groups G —— N Grille..
.JC.m:LL} Submodels u Assign Mesh Region Metwork...
Extend Selection > & Objects 0] Assign Mesh Operation Opening...
T Select by Area Filter.. Faces r Plot Ficlds > M= i Use Defaults
Resistance...
:  — -
Deselect Al Ctrl+Shift+A Taoes 3 Mesh Viewer... o
0
i 3 Vertices v Copy Image Wall >
Go to History ) aress Cancel
Multi M EM Loss...
Arrannoe >
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Physics Setup — EM Volume Loss

» Set up all the copper objects for EM loss mapping.
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=
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Icepak Design Settings

* Right Click the Icepak Project and Select Design Settings...
* In the Ambient Conditions tab, keep the default values at 20°C

* In Gravity tab, select negative Z direction for gravity vector. ( Gravity must also be
enabled in Setup which will be showed in following slide.)
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.45} Openingt | 2 Delete Delete
..... == Monito Ti -t 0
= Monttor Convert to Full Access b "Z |CE| ﬂ ; =
-8 Mesh Gravity Vector Global::Z -
----- ﬁ Analysis Convert to Read Only Zauge Pressure |D |I‘|J:IEF_IT|E‘tEF_SE| ﬂ
— " Posttive
-~ optmetics Solution Type...
..... Results _ Radiation temp |2D ||:e| ﬂ & MNogati
----- % Field Overlays s egative
- $k Q30Design® g# Validation Check...
527 Definitions Analyze All
""" 3 Components 1) Egit Notes...
----- (L1 Symbols
HECEEH RO SR R SR Toolkit 3
Properties
Impart IDF..,
MName | WVal
EAn] f‘.ﬂnﬂﬂ Fditor
Design Settings...
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Analysis Setup

lcepak Solve Setup Dialog >

* In the Simulation tab of the ribbon Menu, Click
Setup.

L.-JI

General | Convergence | Solver Settings ] Radiation ] Defaults ]

Name |Setup v Enabled

Maximum Mumber of kerations 200

il
o} Problem Types

Global Mesh Generate Mesh ~ Optimetrics v Temperature v Flow

5 5
o 4 Paste stp Settings ~ Mesh  Viewer v
; . . 5 Flow Regime
Desktop View Draw Model Simulation Results Automation & Laminar  Turbulent Options
Radiation Model
° On the General Tab: " Off {* Discrete Ordinates " Ray Tradng
— Set the number of iterations to 200 ¥ Include Gravity
— Make sure both Flow and Temperature are checked to r
solve

— Include Radiation and set it to “Discrete Ordinates” —
enabling radiation is highly recommended for natural
convection

— Check “Include Gravity” Use Defauts |
Solve Setup Defaults ¥ | ITI Cancel | Help |

HPC and Analysis Options... ‘
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Analysis Setup

e Setting convergence criteria: * On the Radiation Tab:

— On the Convergence tab, keep the default — Set the number of iterations per Radiation iteration
values for Flow and Energy and radiation to 5 — then radiation equation is solved at every 5
| flow iteration
Genera [ Convergenq | sover Setings | Raciston | Defuts | — Set all the angular discretization to 2 for higher

accu ra cy Icepak Solve Setup Dialog %
Flow IEEEI— General | Convergence | Solver Seﬂings Defaults ]

— CI H k “" O KH
Enengy 1e-07 I c

lteration Parameters

|. 001 Flow lterations per Radiation teration 5

0.001

0.001 Angular Discretization
Theta Divisions: 5

Discrete Ordinates 1e-06

Phi Divisions: IZ—
Theta Pixels: 2
Phi Pixels: 2

Use Defaults Use Defaults

Solve Setup Defaults ¥ | | 0K | Cancel Help

Solve Setup Defaults ¥ | 0K | Cancel Help
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Analysis Setup

* Setting an initial condition: * Advanced settings:
— On the Solver Settings Tab, set Z Velocity to 0.001 — On the Solver Settings Tab, click on Advanced Options

— Note: Settings small velocity opposite to Gravity — Set the under-relaxation factors (URFs) of pressure
direction will help for faster convergence. and momentum to 0.7 and 0.3, respectively.

Icepak Solve Setup Dialeg e Advanced Solver Settings b4

General | Convergence | Solver Settings F{adiationl Defauhs]

Underrelaxation  Discretization Scheme

Inttial Conditions Pressure loA |standard =
Momentum 0.3 First
X Velocity i |m_per sec | ! Fes =
Temperature | 1 |F|rst j I” secondary Gradient
¥ Velocity 0 m_per sec~| P ————
5 - -
7 Velocity |0.007 |mJ:er_sec: ﬂ [o8 [First |
Temperature |;'-\rnbientTem|:| | ﬂ [ [Firs =
| 1 |m Aty J Discrete Ordinates First hd
| 1 |m 2_per_s3 J Linear Solver Options
Termination  Residual Reduction —
Type P Stabilization
| ] |-.‘|iSSJ:--3I'_S J Criterion Tolerance
Pressure [v [0z [o.1 [rone |
Momentum |ﬂex j ‘ 0.1 | 0.1
Temperature |F j ‘ 0.1 | 0.1 |NUr|E j
| flex 4| ‘G.: ||:-.'_
| ex J "I‘.'. |'Z-.'_
|‘ex J ‘E.; |E-.'_

Advanced Options
Use Defaults
Use Defaults

Solve Setup Defaults ¥ | oK | Cancel | Help | el
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Check Global Mesh Settings

* In the Simulation tab of the ribbon Menu,

Click Global Mesh Settings. 1 % ﬁ @

Save | Setup |Global Mesh Generate Mesh  Optimetrics
L3 Paste Settings Mesh  Viewer -
. . Desktop View Draw Maodel Simulation Results Automation
* We will use the default Medium Mesh
Mesh Region I X

Resolution (Resolution 3).

Use Defaults
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Mesh Generation

* In the Simulation tab of the ribbon Menu, Click Generate Mesh.

= g8 ¥

Save Setup Global MesH Generate] Mesh ~ Optimetrics
L Paste Settings Mesh |Viewer 4

Desktop View Draw Model |Sir“|ulatic:|ﬂ I Results Automation
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Display Mesh

* In the Simulation tab of the
ribbon Menu, Click Mesh
Viewer.

B " [Q3D_Bushar] IcepakDesign -- Mesh visualization x

Mum elements: 3220419

-y

Mesh Display lQuamy [
Mesh display on
W Show (¥ Cutplane 1 Geometry/Boundary selection

A & § T =
- N tit ) Define plane Update

Save Setup Global Mesh Generage Mesh [ Optimetrics

T4 Paste Settings ~ Meshl| Viewer - px 15999584 py|0 Pz
Desktop View Draw Maodel I Si""l'_l|ati(3’1| Results Automation MX | NT|3 NZ|3
A B| T | D [1.5999984;

Offset: 0.500

[
4]

Display attributes

* Display Mesh on X plane  Soteret vt 7
th rou gh ce nte r. C Wire & Shaded W Gid ColorJTColorbyobjec‘t

Plane transparency |
0 1

Geometry Filters:

Region ~
FUSE_DIELECTRIC3

FUSE_METAL3

FUSE_DIELECTRICZ

FUSE_METALZ

FUSE_DIELECTRIC1

FUSE_METAL1

BB2

BB1

BB3

STUD3 1 e

Unload mesh Close
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Creating Monitor Points

* To create temperature and speed monitor points:

— Right click on any desired number of solid objects (i.e. FUSE_METAL3), select Temperature in the new
panel and name it

— Switch to face mode and select the +Z face of the region in the GUI to create a speed monitor point

Z
Es copper b
-4 BB
@7 BB1.DS
B3 BB2 1 Monitor Setup * B | Monitor Setup !
MNext Behind B
B BB2_DS
Selection Mode ¥
47 BE3 T
-4 BB3_DS =z |Fuse3Temp| Select Objects > Name |TODFECEppeed .
-3 FUSE_METALT | Extend Selection > L:_|= M':lrlib:lr
-7 FUSE_METAL2 El-Flaw P o -
Yy i
el FUSE METALS ----Espeed Fuse3Temp1
- || Pressure Measure b
-7 STUDI_1 Expand Al » TopFaceSpeed1
&7 STUDI2 Collapse All E:}El — s -I:IE '| g g
-7 STUD2_1 psfon ‘Clgpsion [—]E@ Mesh
G147 STUDZ 2 Select 3 - [] ViscosityRatio Edit » [ ViscosityRatio )
G STUD3_1 i, - ] WallyPlus Graup R i [OQwallyPlus @ MEShOpErﬂth
- it * [ —— Bl Thermal )
> SDIIES...L;_/‘ STUD3 2 Sroup , . [ Temperature Create 3D Component... é----DTemperab.lre Elﬁ Analygm
= : i Assign Material... - KX Setupl
Eg air Create 30 Component... Ok o St et DK v etup
u_/‘ Regicn - Assign surtace Matenial.., —
m-le, Coordinate Systems & Assign Material... Oz Object Identification ~[kz
-8 Planes View . . .
¢ Lists . Assign Monitor )
Properties... ] Paint ... Assign Mesh Region
Object |dentification > Assicel
Plot Fields >
Face ... Assign Monitor > QK | Cancel Cancel
. . . Mesh Viewer...
Point ... Assign Mesh Region
e e e Copy Image
Plot Fields ¥
Mesh Viewer...

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



Run Analysis

* To run the Icepak analysis (one-way simulation with EM losses from Q3D without a
temperature feedback to Q3D): ey

— Right click Setup1 and select Analyze TR 4 < i

@ Optimet =3 Copy Ctrl+C
""" Resuits Rename F2
P Ficld Ow

= _ ) Delete Delete

ﬂ. Q30Design™

(-] Definitions Properties...

Disable Setup

Add 2-Way Coupling...

Generate Mesh

Analyze

Revert to Initial Condition

Profile...

Meonitor...
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Review Solution Monitors (For Convergence)

* To review Solution Monitors and residual plots:

= nght CIICk SEtUpl and SElECt MonltOr B ' Solutions: Q30 _Busbar - lcepakDesign — O >
EHE ?: D_Busbar* Simulation: |Setup1 j
@ IcepakDesignl (TemperatureAndFlow)®
.. 0 Com ts Dresign W ariation: | J Qy
== ponen
"@ Model Prafil ] Residual Monitor l
& Thermal ile | Residua
El-gm Monitor Bl FusSTemp 1 92.50 150
- Mesh . B[ Thermal — C
=P Analysi i [w] Temperature ] -
E‘ ﬁp?ﬁ' - ] TopFaceSpeedi 90.00 — L 405
H 1 B -
) =l [#] Flow . - _
@ Dpﬁme' 5= CDF'}" Crl+C SIZIEEIj ﬁ - » 5
= 8 8750 . %
Resuits Rename F2 w . 100 3
LA Field O = ] - i
X Delete pelete | | ) 2 500 E
@B Qa0Design g 82007 N
. ) E i — 075 @
-3 Definitions Properties... @ - i 2
oF 8250 - @
Disable Setup @ . - @
a . — 050 B
Add 2-Way Coupling... & BN _ - é
Generate Mesh 7750 — 025
Analyze ] -
F‘:.E'-'El't tC ||-|itia| ::l:l'lilitil:l'l ?EUU —l TTT7T | T T T1 | TT T 1 | TT T 1 | TT T 1 | TT T 1 | TT T 1 | TT T T UUU
0 25 50 75 100 125 150 175 200
Profile. . lterations
Monitor...
Close
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Review Solution Profile

* To review Solution Profile
— Right click Setup1 and select

Profile

— Check the Mapped EM Loss

= Q3D_Busbar®
Eﬁ IcepakDesignl (TemperatureAndFlow)*
.g: 3D Components

H-EF Thermal
E]---: Monitor
E]---Eﬁ Mesh
(= Analysis

@ Optime 52 Copy

Ry | fename
E]'"ﬂ Q30Design Delete
@23 Definitions Properties...
Disable Setup

Add 2-Way Coupling...

Generate Mesh
Analyze

Revert to Initial Condition

Ctrl+C

F2
Delete

m—

Profile...

Monitor...

Sirnulation: | Setupl ﬂ
Design Variatior: | J Q/
Profile ]l!onitor]
Taszk | Feal Time | CPU Time emorny Information ~
Populate Solver Input | 000152 000417 BT9G
Get External EM Log.. 000015 (00 0000 0Ok Source: This Project®, 330D0esign - Setupd © Lasthdaptive

Solver Initialization 00:01:29 00:01:28

Solve 01:02:40 02:60:15

Solution Process

€

104G

T4EG

Total Lozz on Source Object 'FUSE_METALZ: 4.81488W, Scaling Factor: 1.00772,
Tatal Lozs on Source Object FUSE_METALZ: 4.81587w, Scaling Factor: 1.00758.
Tatal Lozs on Source Object FUSE_METALTY 4.81371%W, Scaling Factor: 1.00728.
Tatal Lozs on Source Object 'BB2 0.26277 2w, Scaling Factar: 1.001139,
Tatal Lozs on Source Object 'BB1 0.325167w, Scaling Factar: 1.0003,
Tatal Lozs on Source Object 'BEZ 0.248968%, Scaling Factor: 0.9997.
Tatal Lozs on Source Object 'STUDZ 1" 004233642, Scaling Factor: 1.00569.
Tatal Lozs on Source Object 'STUDZ 1% 004233934, Scaling Factor: 1.00832.
Tatal Lozs on Source Object 'STUDT_1" 0.04233507, Scaling Factor: 1.00377.
Tatal Lozs on Source Object 'STUDZ 2 0.0474632, Scaling Factor: 1.00309.
Tatal Lozs on Source Object 'STUDZ_ 2 0.0475111%, Scaling Factor: 1.00226.
Tatal Lozs on Source Object 'STUDT_2 0.04753027 . Scaling Factor: 1.00817.
Tatal Lozs on Source Object 'BE2_DS" 0.362427w, Scaling Factor: 1.00127.
Total Lozz on Source Object 'BB1_DS" 0.359824w/, Scaling Factor: 1.00209.

=t - o’ 2B Scaling Factor: 1.00742

tMapped EM Lozs: 16.653 [wiatt)

"BE2_ DS, BB3. BB3 DS, FUSE_METALT, FUSE_METALZ, FUSE_METAL3, STUI

Elapzed time : 01:07:36 , lcepak ComEngine Memarny : B.73 G

Export...

Close ‘
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Post-Processing — Contours of Temperature

» Select any desired Solids for post-processing: RMB click > Plot Fields > Temperature >
Temperature

Model
[Thermal
Monitor
Mesh
Analysis
6P setup1
(Optimetrics
Results
Field Overlays
Design™
nitions

Temperature

SurfTemperature

Pressure

Temperature

Velocity

Thermal Conductivity

Others

Named Expression...

Marker

=& copper
o

[
[
[
[
[
[
-7
[
[
[
[
[
[

-7
-7 Solids
=4 air

i

>
>
Turbulence >
>
>

i-12. Coordinate Syst

Expand All
Collapse All

Select
Edit

Group

Create 3D Component...

Assign Material...
View

Properties...

Object |dentification
Assign Thermal
Assign Monitor
Assign Mesh Regien
Assign Mesh Level

Plot Fields

Mesh Viewer...

Create Field Plot

[ Specify Mame |TE”‘|F'ETEIthE1

[ Specify Faolder |Temperature

Dezign:  lcepakDesignl

Contest

=)

Prezsure -
S olution: |Setup1 : SteadyState ﬂ
EeL® LR =111 0= 11 1= —

Field Type: |Fields

[mtrinzic Y ariables

Save Az Default |

=)

>
Fieldz Calculator ... | Surface Smoathing ...
Categary: Im
Cluantity [n % olurne
Reqgion -
FUSE_DIELECTRIC3
FUSE_METALZ
FUSE_DIELECTRICZ
Welocity FUSE_METALZ
x FUSE_DIELECTRICI
Ly FUSE_METALI
Uz BR2
Surffelocity BE1
Surfl s BEB3
Surfldy STUDS
Surfl)z STUDZ1
Speed STUD
WizcocityH atio STUD3 2
wallrPlus SILDC s
TKE
Epzilon
K
(AT
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Postprocessing Temperature Contours

* Optional: user can hide the coordinate system, grids, region, as well as any unused

objects for a particular post-processing

Save i :T:l_:
[, Paste Delete % EEf Measure [ E Grid
: : : O Ruler Xy - || il
Desktop Wiew Draw Model Simulation R.eq
Units 3D b |:
ANSYS Electronics Desktop - G3D_Busbar - Q3DDesign - 3D Mo lcepak  Tools  Window Help
B File Ed roject  Draw  Modeler Q3D Extractor @y Fit Al 9
v Status BS et - @ "V ShRotate - O Fitseleffed G
~  Project Manager by Name ® B Zoom .
- . Crient = @
~  Message Manager ®
Results Automation
| s Simulation Res
~  Progress ' = % Hide selected objects in active view
ACT Extensions n Hide selected objects in active view
Coemponent Libraries w) = _J Gadicls
Layers Es Al2_03_ceramic
Nets (==Rtd COVER_FUSE_BOX
[t DOWNSTREAM_FUSE_BOX
Cemponents _
cai¥tvd FUSE_DIELECTRIC1
Docking Window Layouts > [l FUSE_DIELECTRIC2
Variables L H o FUSE_DIELECTRIC
=-4¥ copper
X2 Undo View: Rotate -7 BB1
Redo View M-’ BB1_DS
Clear Unde/Redo History AndFlow)* F-7 BB2
Medify Attributes > -4 BB2DS
m-47 BB3
Interaction > -4” BB3_DS
Fit Al > F-L% FUSE_METAL1
Fit Selection > O (-5 FUSE_METAL2
I 3 x - FUSE_METAL3
Visibility ’ . 57 STUD1_1
Animate... =d Value T B &P STUD12
Clipping > B -7 STUD2_1
o (-7 STUD2 2
— ' m-7 STUD3_1
Coordinate System b Large -7 5TUD3 2
Grid Settings... Small B4 Selids
«  Hide -5 air
‘ Options... e m
| == m-l2, Coordinate Systems

zed use, distribution,

Temperature
[cel]

81.1312

70076
£2.8840
48.7805
44.63609
40,5133
36.3097
322881
28.1425
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Post-Processing — Velocity Vectors

* Select the “Global:YZ” Plane to plot the Velocity Vectors
— RMB Click Field Overlays > Plot Fields > Velocity > Velocity

=] 4
7 @ MDdEl SroL Mext Behind B
E--@% bhb_circuit_azm
B} Solids Selection Mode »
Eg Al2_03_ceramic Select Objects »
| B4 COVER FUSE BOX Extend Selection »
-5 DOWNSTREAM_FUSE_BO! :
m- FUSE_DIELECTRICT Go te History
B-5" FUSE_DIELECTRIC2 Measure s
- FUSE_DIELECTRICS
H -g copper / View ,
77 BB1 .
17 BB1_DS Edit ¥
7 BB2 Group »

q- BBZ_DS

Create 30 Component...
547 BB3

£
[E
£
[E
£
@7 BB3_DS fssign Material...
B FUSE METALT ssign Surface Material...
B FUSE METAL? Object Identification >
- FUSE_METAL3 )
E-47 STUDT 1 Assign Thermal ¥
B-A STUD1_2 Assign Monitor »
E-47 STUDZ_1 Assign Mesh Region
E]"'g STUD2 2 Assign Mesh Level
-5 STUD3_1
B STUD3_2 Pressure > Plot Fields »
-4/ Solids
= ’ P Temperature ¥ Mesh Viewer...
= - :; Reci Velocity I Velocity »
=5 legion
agCr&atEF‘&gion L Turbulence > Copy Image
|—__-|]£_ Coordinate Systems Uy Thermal Conductivity ]
i '3“ Global Uz Others >
-4 Planes i
&7 Global:Xy Surilelociiy Mamed Expression...
) Surflx
o ——— [l 3
.z GlobakYZ il
SRR ' SurflUz
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ity Vector

ing Veloc

Postprocess

e m A e e e e T == e

T T T e

TR

[m_per_sec]

Velocity

02114
0.1973
0.1832
0.1691

0.1550
0.1409
0.1269
0.1128

0.0987

0.0846
0.0705
0.0564

0.0423

0.0282

0.0141
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Run Analysis with a Two-way coupling to Q3D

* To enable temperature feedback and run the Q3D design at the correct spatial
temperature map, the Icepak simulation must be launched with bidirectional coupling.

* To run the Icepak analysis with a 2-way coupling to Q3D:
— Right click Setup1 and select “Add 2-Way Coupling”.
— In the new panel, set “Number of coupling iterations” to 3.

— Keep the “Continue Icepak Iterations During Coupling” unchecked. This option offers full restart and
accelerates convergence in the next rounds but it only works for forced convection at this stage.

Elﬁ' Analysis : :
- -oRm 2-Way Coupling >

..... [ optimetri 53 Copy Crl+C

------ Results

i Field Ove

i & Q30Design* Number of Coupling terations: |:{
[#-/Z] Definitions Properties...

Disable Setup ‘ Continue lcepak [terations During Coupling | |

Add 2-Way Coupling...

Rename F2

2 Delete Delete

sozElhEs b aw. lcepak lterations per Coupling: |2EI
Analyze

Revert to Initial Condition

Profile... |

] Cancel

Meonitor...
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Comparison of One-Way and Two-Way Coupling — EM Losses

* 2-Way coupling clearly show a higher EM Loss generation and higher temperature values.

* For most accurate solution, a 2-way electro-thermal analyses until full convergence must be
conducted.

— In Q3D simulation at the ambient temperature, the total power was 16.65 W

— With the two-way coupling, the total power will increase to 20.1 W, 20.9 W, and 21.0 W. Therefore, 3 iteration is
enough to call this convergence as the difference between iteration 3 and 4 is negligible (<0.5%).
Salver Initialization 000103 000102 111G Mapped EM Logzs: 16,653 [ att)

Coupling Iteration 1 16,65 [w/att] on Folume [BE1, BE1_DS. BB2, BE2 DS, BB3, BE3 DS, FUSE_METALT, FL
Salve 00:17:06 0215:28 168G

. . Salver Initialization 00:01:05 00:07:05 110G tapped EM Loz 20115 [watt]
Coupling Iteration 2 FH

20,171 M att) on Viplume (BB, BB1_DS. BEZ, BEZ DS, BBE3. BB3 DS, FUSE_METALY, FUSE_METALZ.

Solve 00:16:49 021327 0k
I, . Solver Initialization 00:01:03 00:01:03 n1G - 2088 [wfatt]
Coupling Iteration 3 5088 pw/att] on olume (BE1, BE1_DS. BEZ, BE2 DS, BE3, BE3_DS, FUSE_METALT, FUSE_META
Snlve nA71n n>15-RA 149015
(RS- T BT N T R L e L e B e LR I L= [V Ry = LI P L LR B
CO I|n Iteration 4 Salver Initialization 00:01:03 00003 106G tapped Ek Loss: 21.048 [wfatt)
Up g 21.05 [wiatt) onYplume [EE1, BB1_DS, BBZ, BEZ2_DS, BE3, BE3_DS, FUSE_METALT, FUSE_ME’
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I One-Way versus Two-Way Coupling - Temperature

e 20°C difference in the fuse maximum temperature (89.9°C vs. 109.9°C)

Coupling Iteration 1 Coupling Iteration 3
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Running the Electro-Thermal ACT (Automated Workflow)

* All the aforementioned steps to create a thermal — -
solution can be automated using the electro- -
thermal ACT. cene. EMtolcepak ACT
 After installation of the ACT (Refer to ANSYS App ProjectDesign
Store and its help document), it can be launched M
for a complete automated 2-way analyses from .
modeling building to post-processing. Smunp v
— Set number of designs to “1” ; Q3D design and setup will Type iatural Convection v
be automatically be populated R == M
— Choose “Natural Convection” under Simulation type Mesh/Solve Sgttings
— Set Gravity direction to “~Z” R o
— Set ambient temperature to 20°C Two Way Couping
— Under Mesh/Solve select “Mesh and Solve” S T =
— Under Two-Way Coupling, select “yes” and set number of oninus ceparfarsions Puha couwine i
iterations to “3”
— Set “Continue Icepak Iterations...” to “no” Launch
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Summary

* In this Workshop, key learnings are as follows
— Performing Q3D DC RL analysis.
— Setting up temperature dependent material in Q3D.
— Copying and Using Q3D Model and Material settings in to Icepak.
— Transferring Volumetric losses from Q3D to Icepak.
— Setting up natural convection case in Icepak with a one way and two-way coupling to Q3D.
— Postprocessing the temperature and flow field in Icepak.

— Running the Electro-thermal ACT for an automatic bidirectional analyses.
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