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lcepak 2022 R1 Highlights

Reduced Order Modeling (ROM)
- Redhawk CTM 2-Way & New Delphi Network Creation

B B0 BN B S BN B0 B0 B I B
. T
Blower MOdEIIﬂg o Besee: Mosssell e Bices Mool snic B asss Tl

ECAD Import - Wirebond & IDX

Maxwell 2D — Icepak EM Loss Coupling * Mesher Enhancements — 2.5D Improvements

* User Experience
- Streamlines & Validation Enhancements

- Improved Error messaging & troubleshooting
* Migration
- Improve speed of TZR conversion

- Network Schematic enhancements

- Toolkit enhancements

Streamlines into and out of a Centrifugal R
CAD Blower cooling a PCB assembly
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RedHawk CTM Two-Way Workflow

* Chip Thermal Model (CTM) two-way co-simulation
Chip-aware system design (2021R2)
System-aware chip design (2022R1)

Auto-export temperatures to RedHawk after simulation
* Defaults to export folder specified under Design Settings

* Binary format

CTM import using a 3" party text file

 CTM native component created

 No temperature data export

]
L

r'(:r~\ [ Total paower (W) g SHpo

|=] CTMimportxt £3 |

#DistanceUnit: mm
#TemperatureUnit: cel
#Power/HeatFluxUnit: W
#CellLocations
0.0.0.0-1.0.1.0
0.0-0.0--1.0--0.5
0.0-1.0:2.0.1.5
#Temperatures

10 2030 40 50 60
#PowerMapOfCells
0.1-0.15-0.2-0.25-0.3-0.35
0.1-0.13:0.16-0.19:0.22-0.25
0.1 0.12 0.14 0.16.0.18-0.2




Blower Modeling

General | Defauts |
Generalized Blower boundary o
- Impellers (type 1) Skl @ Tpe2
- Centrifugal blowers (type 2) ——
- Single and dual inlets for all geometries o L1 oefitons fowerPower: 55 w <l
o S fege | = -

Blower toolkit
- Geometry and BC for rectangular and cylindrical geometries

Vendor Component Library
- Adda, Jaro, Minebea, Sunon

Blower Assignment

- Polygonal approximation allowed for type 1
- Multiple co-planar inlet faces allowed for type 2
- Ability to toggle inlet/outlet faces

Blower Specifications
- Blower flow curve

- Fan blade/exit angle

- RPM (type 1)

- Blower Power

E'g: leepak Componen

B3 Blower
&1 Adda
E-C3 Jaro
,_4 Minebea
._4 Sunon

t-_1 Fan

H-{_1 Heatsink

H-_J Packages
d-C3 TEC

[ s N B
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Reduced Order Modeling - Delphi Network Creation”

e Steady-state Delphi network creation for QFP packages

Top-inner node
Top-outer node

' Bottom-outer node

Bottom-inner node

DELPHI’s Black-box _ _ _ _
thermal model Case hrop hgorrom hsipes hieaps

1 5 1 5 1
. B Sides node # 2 1'5 1 1'5 1

48 10 1000 10 100000

<

Parametric setups with
Detailed Package CFD Model Delphi boundary condition setup training BCs ‘
1 \
\
] icoparvenin 1 (steadystate) €, -
& 30 Componants 01 e
2:“:.:.'::: - - o
= H et 1
r -l :;:I t 0.01
©=0.8 £=0.1 0=0.3 1=0.5 7 ——
0.001
1 10 100 1000
Icepak Design Delphi Network Delphi Optimizer
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Automated Delphi

etwork Creation Workflow in AEDT

Select: Object "I"PE"'

TN
i S Select by Name 5 @ '}F-‘.c'.a'.e -

Zoom L -
= i orieny -

@ rica @
& |

)o i

9a
GO
=T

&

loject Manager

¥ Project6e
- # lcepakDesign2 (SteadyState)

Select package type

V%

(ON o8

13 Surface v | W Relative €S ~
<> Sheet ~

dge

@ Measure ~
== Ruler

Units

3D

- Object Priority
i3 obj y

Steel-oxidised-su ~

-4} Model
#-ke, Coordinate Sy:
& Planes

Ansys

@

Component Li.. #

%; Favontes
4% Most Recer

N

X

-~

& 3D Components % Lists o % lecepak Con
i Model ® OFP F — £ = Blower
=& Thermal N
i QFP1_airGap
¥ QFF1_dieAttach
i QFP1_dieSource
I QFP1_foots
QFP1_leads
I QFP1_wires
B Monitor
=2 Mesh
@™ meshOperation
JF analysis
JF setupl
@ optimetrics
5 Results
W& Field Overlays
& [ Definitions

- Add

v .

Setup Control

Tasks: |4

Enable two leve

Distributed solutions at first level: |4

Create Setup |

CrenisHehL\;)k| Cancel Reod me Iy S

loperties F X
[ Unit [Evaluated v_| ')

1o+ 00w_per [ I <

1000000000 w_p.. Te+09w_per < 3 o 10 20 (mm) Components
hbot 1000000000 w_p... Te+0%w_per
Q 1 W w
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<
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w_p
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htop

Message Manager 3 X §Progress 2 X
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ECAD - Bondwire Import

Include Pats: © Mone " Device Patis ™ Package Parts

* Bondwire Import with PCB Component

- Bondwires attached to components with die properties [% Model Connectors As:
 Material and wire diameter input options ¢ Solderbumps  *' Bonduwires
* Modeled as sheets with shell conduction plate BC Bondwre Materiah __ AuTypical |

Above Stackup

Wire Diameter: 0.05 |mm j

€ t a x i i
omponents Cross-section View

Regular Expr:
-9 Resistor
-4 Inductor

Component [nfo
Part Mame: [EEER
Fart Type: |IC y Capacitor
- IC
Ref Des: Uz B-FC GATB0
Mo. Pins: |33 . @/ U2{33pins)
oL HB106
Model Interface Is -9 UG (16 pins)
EJ | o2 LB106

Interface: |Marual = . B U3(16pins)

El-#C PE42693

=

Die Properties 3 m-%f U1 (26 pins)
Type: ['wire bond - m []"'g gh
-
Orientation: |Chip up j [ | I
Height 00003 a

Solder Ball Properties E:

Shape: | Maone J E|

Diameter: |D t
o

Mid Diameter: |D

Height: o
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ECAD - IDX Import

zr | lcepak  Tecols Window  Help
Solution Type...

List...

Validation Check...

& @

e IDX Import — XML based format consisting of ECAD and MCAD data
oy . Analyze All
- Support geometry and boundary condition import (MCAD) S
e Like IDF import in Icepak AEDT B Edit Notes...
- Limitations IT“'”‘“ _ ’
 ECAD data import not supported ImEortIDX..l.l.

* Filters, Modeling options, Cutouts not supported Export ROM >

: .4
IDX Import " F‘ml?ct:anager . x @0 ﬁﬁs Model
El-dm IcepakDesignl (Steadystate)* ~ =7 Solids

- e 3D Components =4 air
Files \ Board Conductivity ] ‘,ﬁ Model &7 Region
3. Thermal s Ceramic_material
Board File i &g c1 Es |0¥_BoardMaterial
|E:'-J:uau:keu:|up'-ﬁnsysEM-plj'-hrd_board_mu:ud_ptu:u:u.rt.idx lZl - Nor} -7 IDX_BoardQutline

Fg' C3 []---k. Coordinate Systems

F§' 8 428 Planes
g’ ca2 B Lists

g’ 23
E’ c24
- czs
- c26
g’ Ca7
H’ 28
E’ 29
g 30
-fifl b1

@ D2

oK | Cancel | Help | -39 03 v
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Maxwell 2D — Icepak EM Loss Coupling

e Support EM Loss Import from Maxwell 2D

- Extruded geometries of 2D representations
Support both +ve and —ve extrusions in XY

Can be partial geometries

- Coupling projects 3D mesh points onto 2D geometry

Temperature
[cel]

529882
l 50.9223
43.5564

Temperature

[cel]

53.4225
l B81.3277
49.2328

- Limitations 487905 471300
44 7245
. . 450432
* Extrusions need to be along Z axis 426588 12,5483
. 40,5829 40,3535
* Losses not conservative w5210 -
’ 38.758T
B o
34.3953 24 5590
32.3294 32.4742
30.2635 303793
28.1978 28 2845
% 26.1317 26.1897
24 0659 24 0943
22.0000 2 0000

L.

X

X

Maxwell 2D Geometry Maxwell 3D Coupling

\nsys

Maxwell 2D Coupling
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Meshing Enhancements - 2.5D Meshing

e Capturing Thin Objects in 2.5D Meshing

- Refinement around 2D sheets parallel to the 2.5D meshing plane
* Create additional refinement and multi-level around 2D sheets

- Further mesh optimization using 2.5D mesh sub-blocking in following slide

2021R2: 2D Sheets not meshed 2D Sheets parallel to 2.5D meshing plane 2022R1: 2D Sheets meshed

\nsys
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Meshing Enhancements - 2.5D Meshing®

 Domain Sub-blocking for 2.5D Meshing
- Prevent refinement from being imprinted throughout extrusion

 Domain split according to in-plane geometry features
* Uses non-conformal interface to couple different meshing blocks

- Reduced mesh counts and improved performance (~50%)

Keyboard model mesh count:
2021R2: 2.35M
2022R1: 1.38M

B
H I

p @ % Slice 1
) 1G IO —

© e . ErErEs
B I B T B EE B B Slice 2 m
EIE BT BT OE pON D OTD O BT T O e

N R T P e &
R T O T e 7 ,_3
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Fluid Flow Streamlines”

e Steady-state and transient particle traces

- Forward and reverse direction
- Uniform and mesh node seeding with skip option

* Color by variable

e Standard AEDT line and marker options
- Animations are not supported yet

[~ Specify Name |Speed? Fields Calculatar ..

| Surface Smoothing ...

[ Specify Folder |5peed Category: | Standard -

Design: IcepakDesign3 Quantity In*olume
Contest _
Preszure Region
Solution: |Setupl : SteadyState  w SurfPressure SERIAL_PORT
Temperature MERORYT
SuifTemperature MERMORYT_1
Field Type: |Fields Welocity Vectors CAPACITOR
Ux CAPACITOR_1
Intringic Yarables Hi EEAT_SINK
Surfelocity Vectars CRU
Surfllx AL PHA_MAIN_PCE
Surfly Component2
Suifllz Al bject:
Spee Boxl
WizcocityF atio Box2
wallrFlus
TKE r
Save Az Default EESIlm e
Ky " ¥ Steamline  Edit...

Daone |

Cancel |

" Requires Feature Flag

Trace options
Start ime(s):; |0

End time(s): | 1752.933289a¢
Max steps: | 1000
[ Reverse direction

Seeds options

" Uniform Count:’-’:i
* MNodes Skip: | 5

OK | Cancel |

©2020 ANSYS, Inc.

Reverse streamlines with markers

Confidentia

Forward streamlines

Speed
[m_per_sec]

23059
l 21521
1.9984

1.8447
16910
1.5372
1.3835
1.2298
1.0761

09223
0.7686
06149
0.4612
03074
0.1837
0.0000

Speed
[m_per_sec]

06965
06501

08037
05572
05108
0.45644
04179
03715
0.3250
0.2788
0.2322
0.1857
0.1393
0.0929
0.0484
0.0000
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Network Schematic Enhancements

* Network circuit schematic enhancements

- Simplified node representations
e Similar ‘look-and-feel’ to Icepak Classic
* Symbols
e Color scheme

e Links connect to nodes directly at centers

- lcepak Classic network import .

* Networks with non-angled links imported : Ukt Lk
* Angled links still imported using page ports T A ﬁ” ,ij
Link0 Link2
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Miscellaneous Enhancements

me 3 L':‘F."

Rename

* Solver File Export / Import
- Write Solver Files option
- Import Solver Files option”

Delete

ne

Properties

Disable Setup
Add 2-Way Coupling...

Generate Mesh
Import Solver Files
Analvze

Write Sohves Files Solver Files Directory
v ol =

.
* Fields Summary
Import Solver Files |C:_3-_' mnagulap,22. 1/blower [Graphics_Card_mr.aedtexport J
Submit Job {Default to project path) [~ Override

- Combined side option for surface quantities
- Algebraic sum of Default and Adjacent side values

pn

Analyse Cancel
- Single option to report:
. Calculations:
* Non_zero Values at a” 1_S|ded surfaces |Entit_l,l Type | Geometry T_I,Jpe| Entity | Quantity | Side |N0rmal | Arealolume Total
. Boundary Surface Openingl |YolumeFlowRatelm™3/:] | Default 2.4m"2
* Ensure heat balance at 2_SIded SurfaCES Boundary Surface Openingl | WolumeFlowR atelm ™33] | Adjacent 24m™2 000430313
Baundary Surface Openingl | YolurneFlowR ate{rm ™3] | Combined 24m"2 A0.00430313
* TZR File Import Speed Improvement
. . . . * ) . - )
- Synchronization & Validation EndyType: @ Boundayy € Dbjec
Geametry Tope: * Surface "
- Speed-ups up to 70x observed TR —
efault jacen * Cambine
Entity: J Cuantity:
Blower_2 SurfElecticPatential A
Fm— SnEwbae K] coee
SurfCurrentDiensitye

Y '\nsYs
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Toolkits Development

Geometry Approximations(6) Variable support for Packages and PCB
Blower PCB

Extract Delphi Network DTM Monitor Support

ile E
Contour File Export Dataset support for Power Budget

Cut Plane
Power density support for Bio-Heat Source



Blower Modeling - Toolkits

wo T T DT TR ToOTs T - -
iﬂ ) Undo  Select: Object - Solution Type... @, Fir All [n e EO | N Y 1 ] | & - ®Measure - | FEGrid “) Undo w @ Q «f+Pan @, Fit All [n e |E O N9 ] -9 i@ Measure = FHEGrid 2
IT : B List. I 8OO @At |- 1 ;] = Ruler X I FuRotate 50 @AlT L= | i3 = Ruler X =
Save mm paste ¢ MEEEnEn e @ . 7Y - - units ET B Zoom g Orient + BeR| @ [ - Units £ I
Desktop View Draw Model Simulati ubmit Job. lr|>;> Minerva top View Draw Maodel Simulation Results. Automation Ansys Minerva
broject Manager +« & x [[e @ Edithotes. roject Manager a0 -l Coordinate Systems
7 Projectas - Toolkit Geometry > | [ Projectsa® - Planes
© # IcepakDesignl (SteadyState)* w8 \mpart IDF Madeling > Bio_heat_source [ # IcepakDesignl (SteadysState)* - Lists
& 30 Components Productivity > BT T &5 30 Companents
@ Model Export ROM Reporting ) vl ) @ Model
&P Tharmal 2D Modal Editor . 5 & Thermal
onitor = Update Menu IC Packages = Monitor
=% Mesh Design Settings. LPV_ROM_Parametric_Setup 2§ Mesh
M MeshOperation Object Identification LTI_ROM_Parametric_Setup i Meshoperation
& Analysis el solar_flux_calculator & Analysis
@ optimetrics i (@ optimetrics
2 results Monitor 3 Results
R Field Overlays Mesh By Field Overloys
&1 (3 Definitions Analysis 12 Definitions
Optimetrics Analysis
Fields
Results =
——
Design Properties... R 4
Design Datasets.
e b
/ Y
‘
—
X
i t
roperties - & e o L) roperties - & S . A il
Message Manager " Maessage Manager + 7 3 [l Progress
gatany Name | Vaiue [ Unit [EvaluaiedV. LI JFrs
cspak | H
jothing is selected

Y '\nsYs

Type 1 Blowers

Type 2 Blowers



Post Processing Toolkits

- - — = — 3 = = = re—roT—e e T oo ™
,_J. = ] B Q@ s -1 —— == Solution Type 8o BO |\ Y @
i o @ ~ ® IR 3 \n‘ud ey 50 (¥ I A (=)
£ Validation Chec) gt =
— e r— & Analyze Al @Ben@ ~ & & =N
G # soa Submit Job.
# Icemahivecun: (stesdvsiate) i = B EditNotes.

veoeoerees

i

1

roject Manager
(] Graphics_Card_mine”
5 % IcopakDesign (SteadyState)”
& 30 Components
@ Model

=& Thermal

(23 Definitions

Field Plot ASCIl Export

roperties

Toolkit

& Export ROM

3D Mode!

| Design Settings.

Object Identification
Thermal

Monitor

Mesh

Analysis

netrics Analysis
fFields

Results

Blower

Cut Prane
DUAL L
Geometry
Modeling
Productivity
Reporting
sor

Update Menu

5% N
& icapak Compo

Components

Message Manager

Cut Plane Creation

] Show

& Plane Cut Contours

@ Spectum | Rainkiow

Transparency

o 0z

]
Hame
' Plane Locas
| SetPusiton  |xPlane frough Center
Px Py
o [1000 My

Contousof | Temperanre

Update

Shading Optons

@ Banded

Cantour Lavels

Mumber of Di

~) Smooth

Ciip 10 Bex
O

MinX

MinY

MinZ

le Clipging

MaxX
Max Y

wd Temparature

100

Cancel
"

2 3 | Progress
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Other Toolkit Enhancements

&l Thermostat for Source Control - X &
Macro Specification
Monitor Point: Trigger Temperature: Power Factor. Geometry Properties
ON OFF ON OFF
Pcb ty
[#] Select Object(s): L Monitor Object ~ | |Constant |2I]D ‘ cel v |29D | cel ~ “\ ‘ ‘D ‘ Edit ) New ype Compact e
[] Select Object(s): source 11 e 12 Pointl | Constant ~|[200 | cel v|[220 [|eel ~|[1 | o | e @Delete Rack specfication
+‘ """ a g‘sﬁ;r Object Mumber in rack
+ o Shgets Rack spacing w
= @ Points
l e
F- = Monitor Thermal specification Vias parameters
Total power o
Accept | Reset | Cancel Substrate Thickness
: = ™ Configure Vias
Substrate Material FR-4 e P C B
Setup Name:  Setupl >
Test Name o™ Tracelayer Type (D Simple (@) Detailed
Select folder: ‘D.fDTIW Eiross Trace layer parameters
. F@j Add layer
oK Reset Cancel #  Layer thickness % coverage  Layer Material
@ Delete layer
1 Cu-Pure ~
2 Cu-Pure ~
.
DTM Monitor Support 3 -
4 Cu-Pure ~

Effective conductivity (plane) = 66905

466

Total trace layer thickness = 0.0004 meter

Allowable trace layer thickness = 0.0012 meter

Recalculate

Effective conductivity (normal)

Create PCB Use Default Cancel

Y '\nsYs




2022 R1 Mechanical in AEDT
Update
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Mechanical 2022R1 Highlights

Coupling

- Maxwell 2D — Thermal EM Loss Coupling

Materials

- General expression support for temperature-dependence

Structural - Beta

- Boundaries
e Displacement
* Pressure/Force

- Coupling
* Mechanical Thermal-Structural Link
* EM Force — Structural Coupling

Meshing - Beta

- Thermal Slider bar Meshing
Reporting

- Fields Summary

[mm]

©2020 ANSYS, Inc. / Confidential

Displacement

0.6585
0.6146
0.5707
0.5268
0.4829
0.4390
0.3951
0.3512
0.3073
0.2634
0.2195
0.1756
0.1317
0.0878
0.0439

0.0000
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Maxwell 2D — Thermal EM Loss Coupling

e Support EM Loss Import from Maxwell 2D

- Extruded geometries of 2D representations
* Support both +ve and —ve extrusions in XY

* Can be partial geometries
- Coupling projects 3D mesh points onto 2D geometry
- Limitations

* Extrusions need to be along Z axis

* Losses not conservative
e 2-way coupling not supported

Thermal 3D Geometry
Maxwell 2D Geometry

Y '\nsYs
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Temperature-Dependent Materials

{+ Expression " Quadratic
R " Expression % Quadratic Expression
o Te m p e ra t u re D e p e n d e n t M a t e r I a | S S | e ] Temperature-Dependent Thermal Conductivity:
. Temperature-Dependent Thermal Conductivity: iz g =R e
- G e n e ra I eX p re SS I o n S u p p O rt P(Temp) = Pref [1 + C1(Temp - TempRef) + C2(Temp - TempRef) " 2] Reference Themal Conductivity:
Reference Themal Conductivity: FEf=EE
1 1 Pref = 205
- Quadratic expressions
. . Parameters Modfier: [f(Temp > 2200cel, 1435100475, f(Temp < Ocel, 0 97475676, 1 +
L Ad Va n Ce d CO effl C | e nt S u p p O r't — |22 |Ce| j 0.0012 * (Temp - (22cel)) + 2.39¢-06 * pow { (Temp - (22cel)) , 2)))
- Converted to datasets for solver O a—
c2 2.35-06 1/K"2
- Th e r m a | & St r u Ct u ra I [~ Use temperature dependent dataset -
Use Default
QK Cancel
oK Cancel
(" Expression ¥ Quadratic
Basic Coefficiert Set  Advanced Coefficient Set
PTEMP, 1,0
Temperature Limits PTEMP, 2,20
PTEMP, 3, 40
TL and TU are the lower and upper temperature limits where the PTEMPE, 4, 60
quadratic formula is valid PTEMP, 5,80

PTEMP, 6,100
L ,D— el - PTEMP, 7,120
PTEMP, &, 140
PTEME, 9,160
TU |22DD [cel ~| PTEMP, 10,180
PTEMP, 11,200
PTEMP, 12,300

Value Limits PTEMP, 13, 400

PTEMP, 14, 500

TML and TMU are the constant themmal modifier values outside the PTEMP, 15, 600

interval[TL, TU]. PTEMP, 16, 700

PTEMP, 17, 800

IV Auto calculate TML, TMU PTEMP, 18,900
PTEMP, 1%, 1000

TML: PDATA, KXY, 1,

PDATZ, KXX, 1,

TMU PDATA,KXX, 1,

PDATR, XX, 1,




Maxwell 2D — Thermal EM Loss Coupling

L.

Maxwell 2D Geometry

Temperature
[cel]

53.4225
l 51.3277
49.2328

47.1380

450432
42 9483
40.8535

38.7687
l 36.6630
34.56590

32.4742

30.3793
28.2845
26.1897

24,0948

22 0000

Temperature

[cel]

529882
l 50.9223
438664

46.7905

447246
42 6588
40.5929

38.65270
l 36.4611
34.3853

32.3294
30.2635

28.1976
26.1317
24 0659
22.0000

X

Maxwell 3D Coupling

©2020 ANSYS, Inc. / Confidential

X

Maxwell 2D Coupling
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Mechanical Structural - Pressure/Force Excitations

* Force Excitation S
. . ’Pressm—
- Face and Object assignment -
_ . _ . . & Uriforn Magnitude T [ |
Uniform and Non-uniform Force options R —
* Uniform (face): X, Y, Z components — —
* Non-uniform via Setup Link to HFSS/Maxwell Zomemet i o =]
£ Mon-Uniform
* Pressure Excitation

- Face assignment

- Normal To or Component options
* Normal To: Magnitude
* Component: X, Y, Zcomponents

- Support curved faces

Assembly under 1N vertical force

Y '\nsYs
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Structural - Displacement Excitation

* Displacement Excitation

- Assignment: Faces and Edges

- Normal To (faces)
* Magnitude

MName Displacement2 MName Displacement1

Defined By {* Normal To

- Components (faces and edges) e

* X, Y, VA COmponentS Displécement Disnlacn.ement

Magitude |05 [om - Coordinate system  [Giobal -
* Each component can be fixed magnitude or free XComponent [V Free [ = =
Displacement ¥ component [V Free |: [rom =]
ﬁmww ZComponent [~ Free [y [rom =]

819.9244
745.3858

Use Defaults Use Defaults
ok Cancel ak Cancel

670.8472
596 3087
5217701
4472315
372.6929

PCB Assembly with Y, Z displacements along edge

Y '\nsYs




Thermal Stress Analysis - Link to Mechanical Thermal

Temperature
[cell

532721
l 51.9407
50.6092

* Coupled Thermal Stress Analysis i

47 9483

46.6148

- Linked to Thermal design i

439519

* Thermal condition excitation w2208

41.2850

- Temperatures imported for objects soosrs

e System Coupling mapper Iii:«?
- Temperature field plots e

Temperature
[cel]

542652
l 528713
514733

50.0754

486775
472795
458816
44 4837
43.0857
416678
402899
38.8919

37.4840
36.0961
346981
333002
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EM Force — Structural Coupling

* Coupled EM Force - Structural Analysis o

Linked to Maxwell 3D .' _ ‘- = AEDT

e Surface and Volume assignment ; ogoun
Y

Linked to HFSS oo e IE’

Force
0 05 1(mm)

" Uniform

e Surface assignment cvirme T

Assignment: Faces and Objects — — L
T

Type: Total Deformation

Z Component 7
" [1 Unit: m

1_Way CO U p I i ng SU p pO rt O ET;JB}J% 10:13 AM

7.9431e-5 Max

7.0606e-5

L 6.178e-5

General ]Variable Mappmg} 0K Cancel . 5.2954e-5
] 4.4128e-5

Product Blectronics Desktop - . 3.5303e-5
Source Project: | Use This Project = Zoliiss
— 1.7651e-5

8.8257e-6

2 0 Min
o
e Workbench
|T's*‘:e:: - busbars2 J
Source Design: | Maxwell3DDesign 1 =l
Source Solution: ‘Smum : LastAdaptive j

[ Simulate source design as needed

™ Preserve source design solution

Nate: In extractor mode. source project will be saved upon exit. 0 0.0006 (m) L‘_, 7
[ |
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ined mesh operations

t tailored to curvilinear and rectilinear geometries

-based refinement inside and on surfaces of all objects

ict the need for user-def

Length
Refinemen

Automated Slider-bar Meshing — Mechanical Thermal [Beta]
* Automated refinement based on slider position
* Improved solution accuracy

* Restr

2021R2 (All slider positions) 2022R1 Auto refinement



Automated Slider-bar Meshing — Mechanical Thermal [Beta]

2021R2 (Count: 2k)
2022R1 (Count 11k)

2021R2 (Count: 13k) 2022R1 (Count 14k)
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Fields Summary

User-friendly report calculation capability
- Supports all Fields Calculator variables

- Boundary and Object selection

- Surface and Volume calculations

- Min, Max, Mean, Standard Deviation, Total™

- Multi-select and multiple calculations

- Export to CSV format

Entity Type: * Boundary  Object

Geomety Type: * Suface " Volumne

Entity, J Quantity:

Convec tion 1 Termperaturs
Mag_HeatFlux
Surface Loss Dens_\ly

Wolume Lass Density
Linked Heat Transfer Coeff

Apply Add ¥ Clase

| Area Setup...

Irpuits
Solution: |Setup1 : Solution j
Diesign Yariation: |Nominal j
Calculations:
| Entity Tupe | Geomety Tupe Entity Quantity | Side | Maormnal | Iin | LN | Mean | Stdew
Boundary Surface Convec tion1 Temperature[C] D efault
Object Surface Temperature[C] Default

Object

Suface

Apply and Export...

Cancel

" Total and Heat Flow Rate available for Objects, but not boundaries
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lcepak 2022 R1 Highlights

Reduced Order Modeling (ROM)
- Redhawk CTM 2-Way & New Delphi Network Creation

B B0 BN B S BN B0 B0 B I B
. T
Blower MOdEIIﬂg o Besee: Mosssell e Bices Mool snic B asss Tl

ECAD Import - Wirebond & IDX

Maxwell 2D — Icepak EM Loss Coupling * Mesher Enhancements — 2.5D Improvements

* User Experience
- Streamlines & Validation Enhancements

- Improved Error messaging & troubleshooting
* Migration
- Improve speed of TZR conversion

- Network Schematic enhancements

- Toolkit enhancements

Streamlines into and out of a Centrifugal R
CAD Blower cooling a PCB assembly

Y '\nsYs

PCB, Package parameterization



Mechanical 2022R1 Highlights

Coupling

- Maxwell 2D — Thermal EM Loss Coupling

Materials

- General expression support for temperature-dependence

Structural - Beta

- Boundaries
e Displacement
* Pressure/Force

- Coupling
* Mechanical Thermal-Structural Link
* EM Force — Structural Coupling

Meshing - Beta

- Thermal Slider bar Meshing
Reporting

- Fields Summary

[mm]

©2020 ANSYS, Inc. / Confidential

Displacement

0.6585
0.6146
0.5707
0.5268
0.4829
0.4390
0.3951
0.3512
0.3073
0.2634
0.2195
0.1756
0.1317
0.0878
0.0439

0.0000

\nsys
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Validation - Error Messages and Handling

HDM Error Message Handling

- Detailed error messages printed in message
window and HDM aborted

- Cause of errors and suggested solutions
documented

Boundary Condition Validation

- Improved error handling

- Cause of errors and suggested solutions
documented

Unknown planes:

Cause of Error

A 2D sheet primitive object has a plane other
than xy,xz, or yz

Contact Ansys support for
assistance

Incorrect polygon vert count

A polygon object has less than 3 vertices, or the
specified number of vertices does not match the
actual number

Check polygon shape definition for
repeated vertices. If no repeated
vertices are defined, submit a
defect tolcepak Dev

Domain is not present, error in input file

The air region is not correctly identified by the
geometry engine.

Contact Ansys support for
assistance

Failed to triangulate objectObject_Name.
Polygon vertices may be collapsed due to
min gap settings

The polygon shape “Object_Name” cannot be
converted into a triangulatedsurface for meshing.

Check the vertices of the polygon
to see if any two ofthem are too
close to each other, If so,
considermerging them to one
point.

External mesh "file name" cannot be
reused. Please check if it is a valid mesh
file.

The reuse mesh file named "file name" cannot be
located or opened.

Check if the correct mesh file has
been selected in the reuse mesh
operation.

Polyhedron is not supported in Icepak.
Reuse mesh cell type must be hex, prism,
pyramid or tet.

The reuse mesh contains polyhedral cells, which
are not supported by Icepak.

When meshing in fluent, avoid
using polyhedral cells.

External mesh's bounding box must
match the object's box. The local
coordinate system of the object might be
wrong

The reuse mesh's bounding box does not match
that of the geometry

Check if the correct mesh file has
been selected in the reuse mesh
operation. Check if the reuse
meshconforms well with the
geometry.

Element count (total_count, nx, ny ,nz) is
higher than the max_elements specified

For cartesianmesher, the mesh count of the initial
background mesh is larger than the maximum
element count specified in the Ul.

Use larger max elementsize,
orincrease the "Maxelements"
located in the "Options" tab of
mesh controlpanel.

CART3D/CART2D HANGING NODE FAILED
for assembly (meshregion) name.

3D/2D multi-level meshing is not successful in the
mesh region.

Use non-isotropic transition of 3D
MLM.
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Troubleshooting Documentation

You are here: Icepak Help = Icepak Troubleshooting > lcepak Troubleshooting Meshing

((( ):":))' Icepak Help

Icepak Troubleshooting - Boundary Conditions

Error Message

Cause

Guidance

Interior Opening "OpeningName”
cannot have a Velocity specification.

Velocity is specified on an internal opening.

Switch the opening inlet type to
Pressure.

You are here: Icepak Help = Icepak Troubleshooting = Icepak Troubleshooting Meshing

((( ):":))' Icepak Help

Icepak Troubleshooting - Meshing

Error Message

Cause

Guidance

Unknown planes

A 2D sheet primitive object has a plane other
than xy, xz, or yz.

Contact Ansys support for assistance.

Heat Transfer Coefficient specification
for Stationary wall "WallName" will be
ignored as it is internal to the domain.

A stationary wall with heat transfer coefficient
specified is on the interior of the computational
domain.

Switch the external condition to Heat
Flux.

This design has power specified but
does not have any wall or flow
boundaries. The solution might not
converge.

A design has a power specification but does
not have a wall or flow boundary condition
assigned.

Create an external wall boundary or
appropriate flow boundaries.

Incorrect polygon vert count

A polygon object has less than 3 vertices, or
the specified number of vertices does not
match the actual number.

Check the polygon shape definition for
repeated vertices. If no repeated
vertices are defined, contact Ansys
support for assistance.

Domain is not present, error in input
file

The air region is not correctly identified by the
geometry engine.

Contact Ansys support for assistance.

External mesh "file name" cannot be
reused. Please check if it is a valid
mesh file.

The reuse mesh file named "file name” cannot
be located or opened.

Check if the correct mesh file has
been selected in the reuse mesh
operation.

Polyhedron is not supported in lcepak.
Reuse mesh cell type must be hex,
prism, pyramid or tet.

The reuse mesh contains polyhedral cells,
which are not supported by Icepak.

When meshing in Fluent, avoid using
polyhedral cells.

External mesh's bounding box must
match the object's box. The local
coordinate system of the object might
be wrong.

The reused mesh's bounding box does not
match that of the geometry.

Check if the correct mesh file has
been selected in the reuse mesh
operation. Also, check if the reuse
mesh conforms well with the
geometry.

Failed to triangulate object "object
name”. Polygon vertices may be
collapsed due to min gap settings.

The polygon shape "object name” cannot be
converted into a triangulated surface for
meshing.

Check the vertices of the polygon to
see overlapped vertices or self-
intersection. If so, correct the
geometry.

CART3D/CART2D HangingNode
FAILED for assembly (mesh region)

"assembly name".

30/2D multilevel meshing is not successful for
the mesh region "assembly name".

Use non-isotrapic transition of 3D MLM.
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Classic Icepak 2022R1 Summary

Scheduler enhancements
- Slurm support
- Switch to FLUENT scheduler syntax

Modeling
- Transient junction temperature
- DO solar irradiation model on flow boundary

Meshing

- Size function for 2d objects in 2.5D

- Auto 2D Layer-by-Layer Mesh Separately (BETA)

- Handle 2D object on mesh separately/mesh reuse objects (BETA)

Miscellaneous

- Network node names in Temperature Limits dialog
- Option to merge ECXML file

- Use CAD z-axis as flow direction for CAD fan
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Scheduler Enhancements Moo EE

— Configuration

" Serial " Parallel
" Network parallel * Job Scheduler

e Slurm scheduler support s e

- Remote Linux from windows =
- Native on Linux |

 FLUENT command line syntax switched to “— |

scheduler {param}=<options>" format e
- fluent 3ddp -t4 ... -node0O=<Remote Linux Login Host> - # processors 4
SChedU|er=</Sf,- Sge, pr, S/Uf'm> - Remote Icepak ROOT  |/nfs/ausjlimrh5/homefjlim/ansys_inciv21
scheduler_headnode=<Submission host> ... B P ausiimhotoneliniznsra_iBak2)
{ UselLSF ' UseSGE ' UsePBSPro| ™ Use Slurm

Slurm submission host |cdcslurmhost.ansys.com

Slurm partition partname

Slurm options

IV Specify monitor point output frequency 10

[ Auto-save interval

E‘HLoad ‘ %Cancel

Y '\nsYs
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%/ Accept ’ [ save




Scheduler Enhancements (Cont’d)

Job Scheduler options

| #processors | 4

Remote solver path

|/h0me,.’jxiajansys_inc;f*v21 1Mluent

Remote working directory |,‘h0mex‘jxiaftmpf|sf

° DiStinCtion between ”RemOte Linux |Ogin hOSt" VS | Remaote Linuxlogin host  |cdes12lisfen01.ansys.com

“Submission host”

- Remote Linux login host — Remote Linux desktop/server for login

using user’s credentials

- Submission host — Cluster head node where scheduler is started
- If “Submission host” is empty or “localhost”, cluster head node

assumed to be login host

| Remote spawn command |[plink -l jxia - cftemp/ssh-priv.ppk

Copy to remote command Icmd "nscp -scp - citempfssh-priv.p

& UselSF € UseSGE ¢ UsePBSPro ¢ Use Slurm

LSF submission host chcs1 2llsfen01.ansys.com

| LSF queue |n0rmal

| LSF options |
| ¥ Enable tight coupling with MPI library

—dJob Scheduler options

# processors I 2

& Use LSF Use SGE ¢ UsePBSPro ¢ Use Slurm

Remaote Icepak ROOT Ifansys_ind\/ﬂ 2ficepak

Remote solver path |£ansys_inc:;\;21 2Hluent

& UseLlSF ¢ UseSGE ¢ UsePBSPro ¢ Use Slurm

LSF submission host chcs1 2lisffcn01.ansys.com

LSF queue ]small
LSF options I
v Enable tight coupling with MPI library

Submission host on native Linux
from current workingmachine

LSF submission host |cdcs1 2llsfcn01.ansys.com

LSF queue Inormal

LSF options |-x
Vv Enable tight coupling with MPI librany

C UselSH & UseSGE ) Use PBSPro ¢ Use Slurm

SGE gmaster chcrsms1 2v01.ansys.com

SGE queue lall.q

SGE pe Ipe_mpi 4

¢ UselSF ¢ Use SGE] & Use PESPro | ¢ Use Slurm

PBS submission host |

Submission host for respective schedulers when
using Remote Linux from Windows

C UselSF ¢ UseSGE ¢ UsePBSPrd & Use Slurm

Slurm submission host [localhosi

Slurm partition |cd002lm

Slurm options |
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Modeling

* Transient junction power

- Two resistor, Star network and Full shunt
- Save, Load, View updated in Transient Viewer

{ Transients

0 20 4@ &0

‘ Time (s)

‘ ¢ Close 7 Update | & ShowaAll | #) LoadAll | [Pl Save Al

v| time

component network

L Zoom % Reset

[T Timesteps M Nondimensional

Junction power viewer

Blocks [component network] I x|

Info | Geometry Properties | Notes

Blocktype: ¢ Solid ¢ Hollow ¢ Fluid & Network

Network type Network parameters
& Two resistor Board side |Min Zz j
" Star netwark Ric [—ZUC/W:’
¢ Full shunt Rib [ 22[cw
€ General Junction power | U,Sjwj
V¥ Transient [ ] Editl
Mass [ 0.0001 | lom ¥]
Specific heat [ 2|wminibC ¥

Interface resistance | 0 TC/W j

‘ Transient power

=1 |
Time interval
Starttime 0 vrsj
o Endtime [ 60|s:
Thermal specification SRR 60/s 7]
. —Type- sif) = so-(f) -
Surface material [default | A Phese | o[sH]
I~ Radiation Ed;?l € Power Law On time 5|5 7]
! C Exponential Off time 10 S':'I
I~ Temperature limit ‘ j £ Sinusoidal Offvalue 0.0
. C Piecewise linear -
[~ Fixwvalues S
W7 Update % Reset & Done < Cancel 9 Help |
7 Update s New % Reset & Delete
1| Copy from €3 Done ¢ Cancel @ Help
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Model i n (CO nt’d ) Solar load model parameters X
g —Solar load model

" Solar calculator

& Specify flux and direction vector

* DO solar irradiation model on flow boundary B Al

- Solar irradiation applied as DO intensity at ¥ Enable interaction with participating solids
inflow/outflow boundaries

- Turn on when “Enable interaction with participating
solids” option is checked

Enabling DO solar model

* DO solar model vs Ray-tracing

- Not the same!

- Ray-tracing applies solar load as heat flux at incident wall
using solar absorptivity and distributes evenly reflected
solar load

- DO model treats solar load by adding solar flux to
intensity in given direction

* RTE solved with full interaction with participating solids and
opaque/transparent boundaries

L 77.8030

+— 54.8522

51.9015

38.9507

26.0000

* Net wall radiation flux q,,q = € I(s) s.ndQ — n?eoT,

Sn>o0

Solar load on wood block using DO

Y '\nsYs

©2020 ANSYS, Inc. / Confidential



Meshing Enhancements

* Size controls for 2d objects in 2.5D Meshing i
- Level, proximity and curvature size functions i

1111111
3333333
2222222
nnnnnnn

|
|
]
L

|
-
1
4
i
|
\
1
|
2
-

o 0 5=

1 1 0 o

I o o
£

i

2021R2 ﬁ\\\ Conformal mesh

IJN - 5
\ block.1 022
¢ Temperature [C]
} 65.4788
§ f | | st
b \ | [ 1091
e 3
]

Y
AL W

2022R1 BEE

| |

|

[ ]
T

2D pads mesh -

» 2D objects on internal couplings (BETA) BE
- Allows 2D object on meshed separately object boundary L.
- Set ICEPAK_MAKE_INTERNAL_COUPLING_MAP=1 Mesh separately

Y '\nsYs




Meshing Enhancements (Cont’d)

. . | . 5 ‘
e Auto mesh-separately for 2D objects (BETA) SRR A
. . . . . [~ Enforce 3D cut cell meshing for all objects
- Applicable only when 2D direction is specified - No O-grids
- Objects with common elevation ranges grouped into separate L [allagErinstppodmashing
“ bl ” vV Setuniform mesh params
assem Y * Useaverage © KeepXYZ maxsizes
- Local “assembly” avoids imprinting all outlines to single plane Z E:ﬁb'ezo m“'“"ﬁ"(f' il
. * |sotropic Anisotropic
- Set |CEPAK_ENABLE_BETA_FEATURE5=”hdm_25d_b|OCk|ng” ¥ Enforce 2D cut cell for all objects [ axis - I
8 i : = i g ‘ _ ;
s o N :
; 5 i :’43 HH -+
z 2 A AN A AN NN N Iy Ve L : ‘/‘g‘“ /‘jﬁé
L' ' Top layer planecut X Bottom layer planecut
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Miscellaneous

* Network node names in Power/Temp limits setup

- Format: intN (name)

e ECXML enhancements

- Option to merge into current project
- Group assignment during merge

' Select Electronics Cooling XML file

V Merge with current project

v Create group after merge IPackagem

Directony: ID:,f ll él @l EI (4
akDefect_21.2 (£ Nvidia 1 Sherlock
pkDefect 221 (1 Packages 1 STL
30 1 PCB_scripting €1 Utilities
£ Presentation
icLeap 1 SampleCases
DL e
K [ ]
File name: |test01.ecxml Open
Files of tvpe: |EC XML file (* ecxmll ~| Cancel

ECXML merge
option

Objects Networks \

Network
anti_end_brg
drive_end_brg
ext_air_flow
int_air_ﬂ ow
int_air_flow
int_air_ﬂ ow
int_air_flow
int_air_flow
int_air_flow
int_air_flow
int_air_flow
int_air_flow
int_air_flow
int_air_ﬂ ow
int_air_flow
int_air_ﬂ ow
int_air_flow
int_air_flow
int_air_flow
int_air_flow
int_air_flow
rect_theta_jc
[Total power

K

Power and temperature limit setup

Node
intd {anti_end_balls)
int0 (drive_end_balls)

intd (ext_air_int
intd (exc_in_b2)
intl (exc_et_c1)

int2 (exc_st_d?)

int3 (exc_ag_d3)
intd (exc_hh_d4)

intd (gen_et_e1)

int6 (gen_bi_f1)

int? {gen_ag_f2)

intd (gen_ro_{3)

intd (gen_et_g1)
int10 (pmg_ag_h2)
int11 {(pmg_ms_h3)
int12 (pmg_hh_h4)
int13 (pmg_et_i1)
int14 (gen_out_j1)
int15 (pmg_out_j2)
int16 (gen_in_b1)
bound1 (out_bound)
int0 (rect_junc)

N1

Power

[
Ololo

oo oo oo o

—_
A

—_

oo oo oo g oo

o

60
224

Default temperature limit 20@ Allto default | Unsetal

Alltemperatures in

All powervalues in

=]

]

lc3
o

% Acceptl 7 Apply | % Reset | 9 Cancel | {# Export I

Network node names




ns [Outletl] =]

Miscellaneous (Cont’d)

Shape CAD
Local coord system

| Orientation s s E—,{L—nadl
[ 329333~ [0362626 [0925933: m’

* CAD fan flow direction determined by z-axis J fr=p e

- Decoration updated to show flow direction

Ladiedie

200634 |in | [05973437 [0:1344411

1/ Show | fz| Copy

I Fixvalues
7 Update I ¢ New | Reset | &I Delete |
Temperature [C] %
20.2000 1 ] Copylruml @ Done | K Cancel | @ Help |
Inlet_3 I 20.1500
BlowerShell 1
1 20.1000 R RRRRRRRRBBREREREERERREEEEARBRBBEEEBEIEBEBZESSSDZ=R
Inlet_2 . 20,0500 Fans [Outletl]
sabinet_default_sid ! 20.0000 | ‘Info | Geometry ~ Properties | Notes |
BlowerShell 3 i
o 19.9500 Fantype |Intemal 3
cabinet_default_side_maxy .5 h e = 19.9000 EL livooti
- B 19.8500 & Nomal @ Posive ¢ Negative
= e e
19.8000 AT E T
Inlet_1 T -
2 Fanflow | Swirl | Options
B!oweﬁh‘:e‘ll ,2 Flow type Linear curve

& Linear Flow rate 0004719474 | m3/s |
¢ Non-linear Head pressure 1 |n_waterj

¢ Fixed

cabinet_default_side_minx

™ Fixwvalues
7 Update l 5S¢ New | % Reset | @ Delete |
1| Copy from l & Done | 3¢ Cancel | @ Help |
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