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Improving Cooling Efficiency of a Heatsink SIEMENS
Iug,ev\uf\ly«for&‘fa

Tools
* FlIoTHERM v12.2
« NXv13.0

Challenge
» Design a Heatsink that has high cooling efficiency

(low chip temperature), while maintaining mass
requirements

Heatsink model

Process Flow

NX FloTHERM
O — G — =4
NX_CAD_3 FloMCAD Flotherm
*Note: FlIoMCAD and FIoTHERM are run with the General In pUtS u’ H EEDS OUtpUtS
portal as opposed to the FIoTHERM portal within HEEDS Process Automation
Workflow Control
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Improving Cooling Efficiency of a Heatsink

Problem Description

Objective: Pareto Trade-off:
* Minimize chip_temperature_max
*  Minimize Mass

Constraints:
» chip_temperature_max < 60°C

Variables:
« 10 geometric variables which control the Heatsink design

SIEMENS

Il«\gf»\uf\ly for Ufa

Heat Sink

FR4 PCB chip

Motherboard
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Induced Airflow to
catalyze heat
dissipation

assembly
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Improving Cooling Efficiency of a Heatsink

Variable Description

Continuous Variables

Variable Name Baseline Range
left_fin_width (mm) 34.91 10 ~ 39
left_fin_height (mm) 27.81 10~ 35
left_fin_thickness (mm) | 0.61 0.3~0.8
left_fin_num 28 2~35
right_fin_width 34.41 10 ~ 38
Dependent Variables
Variable Name Relation
right_fin_num (mm) = left_fin_num
right_fin_height (mm) = left_fin_height
right_fin_thickness (mm) = left_fin_thickness

right_fin_pitch =

left_fin_num-1

left_fin_pitch = right_fin_pitch
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e

fin_pitch

left_fin_thickness =

4—

| left_fin_height

<« left_fin_width —
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NX
L

Model Preparation
+ The user needs to expose the relevant Parameters as NX Expressions for usage as variables/responses by HEEDS

£} Expressions

Output Expressions

Input Expressions

Visibility A 1 Name Farmula Value Units Dimensionality
19 pay U ] v Angle
Displaying 35 of 35 expressions 20 p34 0 0 . e
show All Expressions - 21 p3s 51,468 61,468 mm Length
Expression Groups Show Active Only - 22 p36 V] i} mm Length
Show Locked Formula Expressions 3 p37 12,192 12,192 mm Length
24 p38 1] a mm Length
[] Enable Advanced Filtering
25 p39 0.508 0,508 mm Length
26 p40 5.84200056854 5.842000559 mm Length
Actions A
P AN 5.3300056383. 5334000568 i Lezalh
Mew Expression ‘r‘; 28 p52 L‘? (Measurement) 107743.9029 mm2 Area
29 p53 L‘? (Measurement) 52005,33954 mm2 Volume
Create/Edt Interpart Expression = 30 p54 B3 (Measurement) 0.4638876295 kg Mass
Create Multiple Interpart Expressions ] =L a3 EE (Measurement) RAREIEE A N ores
L= ||| 32 - S o o el oo L L
Edit Multiple Interpart Expressions % s right_fin_height 27.8113 27.8113 mm Length
34 right_fin_num 28.0000 28 Constant
Replace Expressions X .
35 right_fin_pitch 222222 222222 mm Length
Open Referenced Parts j 36 right_fin_thickness ~ 0.614656 0.614656 mm Length
—_— E right_fin_width 34.4117 34.4117 mm Length
Update for External Change 5 [
[
L} Expressions
Visibility A T Name Formula Value Units Dimensionality
Displaying 35 of 35 expressions 1| {Default Group P
- 2 - -
Show All Expressions - = Lot '
. 3 fin_pitch 2,22222 2.22222 mm Length
Expression Groups Show Active Only -
4 left_fin_height 27.8113 27.8113 mm Length
] Show Locked Fi la Ex, i
ow Locked Formula bxpressions 5 left_fin_num 23.0000 28 Constant
[ Enable Advanced Filtering 3 left_fin_thickness ~ 0.614656 0.614656 mm Length
7 left_fin_width 349143 34,9143 mm Length
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Input Expressions
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*Note: Measure bodies are used to extract the Mass,
Volume and Area of the Heatsink from within NX
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FIoOTHERM

o
i |

0

1

Model Preparation:

Model Settings

Model Setup I Model l Solver Control |

= [ ExampleforHEEDS2

B @ System
’ System Grid
£ Root Aszembly
*- & Enclosure
> Fixed Flow
El- 055 MotherBoard
- B9 MotherBoard
B- ﬂ": Layers
Signal
Power or Ground
Power or Ground:1
Signal1
ctrical Vias Assembly
Attach
s U2 [Component]
. U2 [Component]
MP-U2 [Component]

. ] GR-U2 [Component]

ﬂﬁi Bottombttach
- @ GR-MotherBoard
- if¥ TARGET

ﬂ&'; heat_sink_final

B-

'f'?'

fﬁﬂ.fﬁﬂ.:'ﬂ.?.fﬁ;

FYEREEy
m
m

‘883

j—

The simulation model should be fully defined such that when FlIoTHERM is executed in
batch mode with the *.pdml input file, the simulation will create *csv file(s) with the results
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Boundary definition

Computational
Domain definition

Motherboard
Assembly

SIEMENS
lngenuity for life

Monitor point placed

== -/ ["|__at the junction

The user has to create a Monitor point at the junction between the chip and the
Heat sink to monitor the final temperature at which the temperature stabilizes

Monitor Point

E1- 053 heat_sink_final

CAD assembly

Name | TARGET

Location Attachments Motes |

ﬁ?osiﬁon X | 0.4567308
¥ 0.4465138
Z 1 0.233802

®| Localize Grid

Beactvate
Hide

Ignore Geometry

The user should create a TARGET
assembly to which the CAD will be
imported from the FloTHERM
bridge. This will load the CAD and
snap it to the local coordinate
system which is defined in the
TARGET assembly property card.

Siemens PLM Software



FIoOTHERM

Model Preparation: Solver Settings

| Total number of Iterations is set to 500 |

Model Setup Mude\l Solver Contro\l (7]
Solver Option | Multi Grid A
w—
Outer Iteration | 500 =
Fan Relaxation | 1
Activate Plate Conduction
Use Double Precision Solver
Metwork Assembly Block Carrection
Multi Grid Damping
Freeze Flow
Error Field
Estmated Free [ s -
Monitor Point \
Monitor Point Convergence
For Temperature
Required Accuracy | 0.1 =
Number of Iterations | 50 =
L Residual Threshold | 1000 J
O Mﬂ\'\lt.n\ F.‘D\\'\t'[l'allslent
Termination Criteria
Variable  Pressure b
Inner Iterations | 50 =
Termination Residuals
Type  Automatic -
Factor
<IncreaseDecrease > | 0 0 0o T
Value |0.0001447343 kajs e
Initial Variables
All Initial Values | Automatic A
Initial Value | Automatic -
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33 User Preferences

Asymptotic convergence criteria is defined by
selecting the Monitor Point Convergence
for Temperature option. If the monitor point

temperature stabilizes over 50 iterations
within a tolerance of 0.1 degree, the solution
is deemed as converged in this example

U&'; ExarmpleforHEEDS2 - Project Manager FloTHERM 12,2
Edit | View Geometry ModelSetup Grid  Sof

Project

B

POOOQ

¥ Undo Modify User Preferences
" Redo
@& Cut

Copy
" Paste

Pattern...

@ Find...

Units...

Cirl+Z
Ctrl+Y
Cerl+X
Ctrl+C
Cerl+V

Ctrl+F

ProjectManager | Drawing Board | Summary L7
Display Positions in | Local Coordinates v

Number Of Processors To Use |8 =
On Object Creation | Do Not Select Item ~
On Cbject Deletion | Do Not Select Neighber Item ~

Automatic Application Window Open
®| Tables Velocity View Stagger
Show Ignored Geometry

Configure IDF

The number of processors to be used for each
design evaluation can be set in user preferences

Siemens PLM Software
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Loading MCAD with FIoSCRIPT

SIEMENS
lngenuity for life

The *.stp file generated by NX-CAD is read into FIoTHERM by running a FIoSCRIPT (*.xml format macro file) in batch. The

FIoSCRIPT to replace CAD should contain the following
Change the solution directory to the current directory
Load the updated model from the current directory (*

steps:

pdmil)

Launch the FIoOMCAD Bridge (steps on subsequent slide)

Replace the Heatsink at the Target location
Reinitialize and save the model

Export a pack file with “No results”
Close FIoTHERM

*Note: the FIoOSCRIPT records the steps carried out on the
“Launch FIoMCAD bridge ” section, with the steps

i ExarmnpleforHEEDS2 - Project Manager FIocTHERM 12.2
Project Edit View Geometry Model Setup  Grid  Solve

B & & WM L@

Macro

Window Profiles  View

B Play FloSCRIPT...
Record FlaSCRIPT... .

Model Setup Model Solver Control Il Pause FloSCRIPT
3 Solver Option | Multi Grid ‘ B Stop FloSCRIPT
@ Quter Iteration | 500 :
N P

shown on the next slide
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Recording a FIoOSCRIPT in FloTHERM
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FIoOTHERM

Launch FIoMCAD Bridge

SIEMENS
lngenuity for life

+  The “FIoMCAD Bridge” interfaces FIoTHERM with MCAD software packages. A neutral CAD file (*.stp file in this example) is imported and
converted to FloTHERM supported CAD format (*.sat - simplifying where necessary), before transferring them to a FloTHERM project

142 ExsmpleforHEEDS? - Project Manager FIoTHERM 122

19206060

Project Edit View Geometry ModelSetup Grid Solve Macro

B6G @M L E @
ModelSetup | Model | Solver Control 0
- ExampleforHEEDS2
System
518 Root Assembly
<5 Enclosure

. Fixed Flow

1055 MotherBoard
052 Layers
063 Electrical Vias Assembly
E- 188 TopAttach
085 U2 [Component]
U2 [Component]
%! MP-U2 [Component]
# GR-U2 [Component]
088 BottomAttach
# GR-MotherBoard
& 188 TARGET
- 188 heat_sink_final

L otherBoard
a

m
m

ri|
o

FloMCAD Bridge Version 12.2

File Edit View Tools

44

s 6 €L

s

okt B A

18y
¢ 088
fini

Import Project Geometry

acro Window  Help
Import IGES...
Import STL...

2

Import STEP...
PO IO
Import Catia V4,
Import Catia V5...
Import DXF.

Import SolidWorks..
Export SAT >
Export IGES...

Export STEP...

Export Catia V4

Export STL...

4

.

AEICER

- o x File

Current Selection Mode | MCAD Part v

%I Select FloMCAD module |

Unrestricted © Siemens AG 2018
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¥ 0:/evaluation_and_projects/Flotherm_portal/Flotherm/test/nx_flotherm_Multiobjective_optimization/HEEDS_0/Design’/Fl

Edit View Tools Bdernal Macro Window Help

B s

B 08E heat_sink_final
-4 heat_sink final
fi

o B B B s 8 B 8 M o o M M)
FEEEEEEEEEEEEEEELELTEE LT

/ﬁ‘g’\“%ﬁ"fmfth@lﬁﬂ

L Vorelize

at

at_sink_final
eat sink final Define Mesh By | Maximum Size
eat_sink_final
eat_sink_final Maximum Size of Cellsin X | 0,5
eat_sink final
eat_sink_final Y |os
eat_sink_final = [

eat_sink final
Minimum Cell Size | 0.1

Create Collapsed Cuboids

% Show Preview Mesh

eat_sink_final
eat_sink final Previen Normal |
eat_sink. final
est_sink. final
eat_sink final

eat_sink_final
eat_sink final
eat_sink final
at cink finsl

Y

(Current Selection Mode MCADPart |~

88 | Import the Heatsink *.stp file |

| Set the voxel size |

*Note: The voxelization method uses a grid (mesh) to convert CAD
geometry to FlIoTHERM geometry in the form of grid-sized
cuboids, known as voxels

Siemens PLM Software



NX Portal & SIEMENS
g: NX_CAD3 Il«\gf»\uf\ly «for Ufa

+  The NX portal modifies the Expression parameters and generates a *.stp file of the updated Heatsink geometry

Qﬂ Execution '_._. Files ® nx portal

CAD export format: |STEP 203 ~ I Step export I
Save modified MX model for each design

[ Execution E Filesl ® X portal ] %" Dependencies [ visuglization [ Environment ¥ Comments
) Analysis Execution Options
Compute resourfle: | = Local | & .
Run in: | Analysis folder b
Execution comnjgnd: |"%HEEDS_NX_PATH%,I'nxbin,frun_journaI" = o
Run condition: Always Run ~ | ¢
Command optiog: | "SRES DIR%/portals/HEEDS NX_Interace.py” -args update_ 2ANAL YSIS%. i |v ¥ v
Mum. designs toflexecute simultaneousty: Finished condition: | &= finish_NX (10 5) h
Success condition: | ¢ success_NX S
Advanced: " Modified... w7
@ Execution = Files  ® nNXPortal % Dependencies [ Visualzation  [# Environment | “¢ Comments
Input File Name ' Location Connect from Comment Output File Name Location Comment
1 Project folder ¥ | Heatsink part file 188 heat_sink_final.stp Project folder STEP file generated from Updated CAD
2% heat_sink_final.prt Project folder ‘Updated Heatsink Part file for response extraction

Unrestricted © Siemens AG 2018
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NX Portal — input tagging

®| SIEMENS

NX_CAD_3

Ilz\g,ehuf ‘fof Ufa

- The NX portal modifies the Expression parameters and generates a *.stp file of the updated Heatsink geometry

Portal

[=] ] [l (\/“\ File: %heatﬁslnkjna\.pr' W,
. g:- E gb " g: % ?) ‘Varlab\a: =& left_fin_height - |8

J Update

£} Expressions

Visibility A value Ufés

Displaying 35 of 35 expressions E o

Show All Expressions - 2 fin_pitch 2 mm

. 3 left_fin_height 27.3113 273113 mm

4 left_fin_num 28,0000 b

Show Locked Formula Expressions = sdis s

[ Enable Advanced Filtering A [ 6 left_fin_width 34.9143 349143 mm
7 p5 0 ] mm

Actions A 8 ps 0.508 0.508 mm

|
| —left_fin_width—>

Unrestricted © Siemens AG 2018
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Tag Multi-Tag... XRamoveTag
Delimited  Fixed-Width XML Portal Saript | Response: :lﬂ;
Mode Tagging
~ [H] nx_fliotherm.heeds *® A

Process Automation
~ ={ Process_1
> Wk FloMcaD
> Wk Flotherm
> # NX_CAD3
> h Controls
~ | ] Parameters
> [ Variables
> B Responses
Exploration
~ [=] study_1
> | Variables

@ Flotherm Image
@ NX_CAD_3Image
@ FloMCAD Image A

Fia: |D:{evaluat»on_and_projects!Fbtherm_ponah’Fthhem\ftesUheat_smk_ﬁna\.prt

Input Type Name
right_fin_num

fin_pitch

pd1

p53

p54

volume
area_of_model

right_fin_pitch

left_fin_num
p25
p26
p27

Value o

right_fin_num

fin_pitch

5.33400056884
body_measurementdS.velume

body_measurementd7.mass

|# NX_CAD_3Image
|# FIoMCAD Image
v [+] study 2
> ariables

|# FIoMCAD Image
@ Flotherm Image
|# NX_CAD_3Image
v M optimization_1
ariables

esponses

| hd i Plots

[ Performance History
¥4 Constraint Viclations
|# FIoMCAD Image

@ Flotherm Image

@ NX_CAD 3image
| mass vs_chiptemp
B DesignTsble 8

P53
right fin_pitch Print format:
left_fin_num | Default
55.5498 #.## Manage Pri
2
10
Ft

~
ps3 body_messurementd5.valu..
ps4 body_messurementd7.mass
volume p53
area_of_model p32
right._fin_pitch ight._fin_pitch
left._fin_num left._fin_num
p2s 55.5498
p26 2
pa? 10
p28 10 %
023 0 .
left_fin_width left_fin_width || Tagg Ing
mass [ Tag
ps2 body_messurementd3.surfa...
left._fin_thickness left._fin_thickness
right_fin_width right_fin_width
p55 body_measurementd9.weight
Ieft_fin_height Ieft_fin_height
0 55.5498 v

Siemens PLM Software



NX Portal - Output Tagging & | SIEMENS
2 D ngemuity for life

+ Mass of the Heatsink is extracted from the NX part file (output denoted by the blue arrow), from the Expression

o
Proce:
|
| Parameters | Tagging
Expressions L f B heat_sink_final.pr ~ T. % @ ( Update Print format:
— Default
Variable: R
Visibility A T Name Formula Value Units Tag Multi Tag... x RemoveTag | .
- P G o Portzl St Response: g; S =Rt
Displaying 35 of 35 expressions 11 pi0 2 2 |ce Tagging
Show All Expressions hd 12
i pi1 0 1 mm & File: |D:/e\m\uatlonjndJ)roje:tsfFbthermermVFLotherrmtesrjheat?smkjnal.prt
Expression Groups Show All - 13 piz 0 n mm
- . ile! Data Iy Output Type Name Value A
Show Locked Formula Expressions () 3 C bn Table A P34 )
15 25 55.5498 55.5498 mm
P lation a p35 61468
[ Enable Advanced Filtering 15 25 2 2 v Imoge
= 9 right_fin_num 22,0000
- . 17 p27 1 10 mm ;%i image o fin_pitch
ians 5 p23 - - - Image pr
New Expression 13 p23 i 0 = A 33 body_measurementds.volu.
20 P34 0 o - . ps4 body_measurement47.mass
Create/Edit Interpart Expression 21 p3s 61,468 61,468 mm volume volume
PR p36 0 0 o CAD Image area_of model area_of_model
Create Multiple Interpart Expressions jerm Image right_fin_pitch 222222
1 23 p37 12,192 12.192 mm N =
< FAD_3 Image left_fin_num 28.0000
Edit Multiple Interpart Expressions 4 2 p3s 0 0 mm n_1 p25 55,5408
) 25 p39 0.508 0.508 mm d P26 3
Replace Expressions % p40 5.84200056884 5842000569 mm e P2 0
7 .334C 3340
Open Referenced Parts paL s - 0056854 3 00552 mm |etive History P28 »
ps2 f18 (Measurement) 107743.9029 mm= lrmance Histony P29 0
Update for Extemal Change 29 ps3 18 (Measurement) 52005.33364 mm? traint Violations e Lo
s - = -
0 = 143 (Messurement) 0.453975296  ka 3 :];“_H_mﬂ—]
£ 3 T easarement BT N _E'm}mage P ocymesmEm s sane.-.
FAD_3 Image left_fin_thickness 0.614656 Tag
32 ps& EAB (Measurement) 29.96715563 mm
vs_chiptemp fight_fin_width 344117
nTable & P55 body_measurement49.weight ¥
. | temp_monitor_plot
NX expression table Parameter Mode pata
ftive_optimization 1 B area_of_model Portal Expression.area_of_model
i 2 @ volume Portal Expression.volume
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FIOMCAD - General Portal
Tt

FlaMCAD

& SIEMENS
lngemuity for Life

*  FIoMCAD uses the general portal to run the FIoOSCRIPT which converts the updated the *.stp file from NX to FloTHERM
CAD, replaces the Heatsink at the target assembly with the updated CAD, and reinitializes the model
Py Te——— The pack file exported by
-~ g |F—— running the FIOSCRIPT is used
S i
ty - [ File exists - _BﬁmplefurHEEDS.pack ~|T, G as a Com pletlon Check
o success_NX =k Add Ttem
[@ Execution % Dependencies [ Visualization  [# Environment  “¢ Comments :fh .N: \
. Analysis Execution Options
Compute resourd: x| [
Run in: B Analysis folder &
Execution commihd |"C:\Progmm Files (x86)\MentorMA\flosuite_v122\flotherm\WinXP\bin\flotherm.bat” :,‘ O~
Command optiorfl | [-b -f %INPUTFILE% |+ Run condition: e Mg
Hum. designs to lixecute simuttaneousty: |1 - — The floerror.loa file is used to Finished condition: | %= file_present (10 s) h
| Executing FloScript in Batch | . 109 ) e oo [ orr =
confirm successful execution - [ error_log
~ v Advanced: + Modified... ~
Name Properties of error_lo
> file_present permeset -
5 stablity if... File does not contain ~ ‘ﬂaermr.lug v‘V. ‘ERROR ‘ i
> success NX or ¥ | Fie contains b ‘ﬂaermr.lug v‘V. ‘Tmnstatorcompleted ‘ i
_ =k Add Ttem
G' Execution '_._. Files h's Dependencies '_._. Visualization G’ Environment “% Comments = - Optio
Input File Name : Location Connect from Comment Output File Name Location Max execution time: 500 seconds
1 5@ Flomcad_load_model_new.xml Project folder ~ | FloSCRIPT to replace CAD 1 &) ExampleforHEEDSZ.pdml Project folder Job name prefix:
2 5 ExampleforHEEDS2. pdml [ Project folder ~ | Project PDML File Shared project path:
3|Eg heat_sink_final.stp O Projectfolder # NX_CAD_3 _~ Updated Step file Execution shel (Lnux): [/oin/bash

Unrestricted © Siemens AG 2018
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Capture analysis output

[ Run portal on remote machine

A delay is enforced to make sure
HEEDS accounts for the time taken
for the files to be created by NX and
the files are copied into the analysis

folder (optional)

Optional Analysis Commands 63)

r Before the analysis files are copied and modified:
[PING Iocalhost -n 5 >NUL (R

[ check return value: 0

Before the analysis tool is run:
[PING localhost -n 5 >NUL (=R

[ check return value: 0

Siemens PLM Software



FIoOMCAD - General Portal % SIEMENS
ﬁ FloMCAD Ip\g'&p\uffy ‘for (A‘fg
* Finished Conditions can be used to detect analysis completion — here the presence of the file ExampleforHEEDS.pack is

used to confirm when the FlIoMCAD analysis is complete
+ Success Conditions can be used to validate successful execution — here the presence of the string “Translator completed”
or the absence of the string “ERROR” in the floerror.log file is used to confirm successful execution

kd Manage Conditicns A 4
MName Properties of error_log
Name Properties of file_present  file_present
. if... File does not contain ~ |ﬂnerr0r.lng v|‘i'v |ERRDR | i
™ stablity fone File exists ~ | | ExampleforHEEDS.pack ~ | T, (i - stablity
> success_NX =F Add Ttem |0 success NX or ~ | File contains h |ﬂnerr0r.lng v|7. |Tmn5latnr completed | i
finich NX | finish M
o o 4= Add Ttem
The presence of the pack file exported by running The strings present in the floerror.log are
the FIOSCRIPT is used as a completion check monitored to determine whether execution is a

success or failure

Unrestricted © Siemens AG 2018
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FIOMCAD - Input Tagging

& SIEMENS
remesn Ilz\g,a«uf\ty {or (Xfa

- Delimited tagging is used to tag the analysis directory path to all the directory paths defined in the FIoSCRIPT

Process Automation

parameters | Tagging H Study
Fie: i Flomcad_load_mo ~ | 7, Ut Print format: Search: W Arto Advance
S Default -
z “'“ @ Varable: | =@right_fin_height ~ |-
N Tag MultiTag... xREmquTag v0 vansge pritrarmats | 4 P I 1 nternal Variables l
Delimited | Fixed-Width  Portal Saipt | Response: - @ b g
Taaging Tools
<!--Load solution directory-->
————— — — —— — — - - d_projects/Flotherm_porta|/Fiotherm/test/Flomecad_load_model_new.xml
<change_solution directory directory path= "p \evaluatlon and D o:|ec'.t:!“,-">
——— B c D 3 F G H 1
<!--Load model-->
) . . . ersion 10 encoding UTF-2 =
<guestion answer="yes" text="projectExists%lOverwrite?"/> 0 R
ersion .
<project_import filename="D: ‘evalonati on_and projects \ExampleforHEEDS2 . pdml ort_type=" PDML“ i ” Mentor Graphics Corporation-->
<!--Load target coordinate--> | ights Reserved-->
<modify user preferences> ORK CONTAINS TRADE SECRET AND PROPRIETARY-->
<new_value new value="localCoordinates" property name="coordinateSystem"/> HICH 1S THE PROPERTY OF MENTOR-->
</modify user preferences: — ORPORATION ~ OR ITs. LICENSORS AND [
— — Delimited LICENSE TERMS. >
<zelect geometry> R ———
— lution &l
- T
e aeail . . @ Flotherm Image 10| <change_soluti... directory_path f| Analysis_Path
= FIOSCRIPT before path modification 2 W00 3 irage meled ek
v M optimization_1 12 <question answer yes >
> [ Variables 13 <project import  filename [EETT xampleforHEE.. PDML »
» [ Responses 14| <!--Load target coordinate-->
[ pios

The Internal variables have to be
exposed to tag the analysis path

*Note: With FIoTHERM v12.2, relative paths
can be used instead of tagging the analysis
directory path on the CAD file import, but the
solution directory path must be a fixed path.

<!--Load model-->

«!'--Load target coordinate——»
<modify user preferences>

<change_solution directory directory_pat

e ——— —
=" evaluation an rojec‘.t.s\Flot.hEm portal\]:‘lcthem\t.est\mc flot.hel:‘m Multlubjec‘.t.lv
- - S

<guestion answer="yes" text="projectExists%l0verwrite?"/>
<project_import filename="D:\evalumation and projects\Flotherm portal\Flotherm\test\nx flotherm Multiocbjective optimization\HEEDS D\Designl\FloMCAD\ExampleforHEEDS2.pdml" import type="PDML"/>

<new_value new_walue="localCoordinates" property name="coordinateSystem" />

ptlmlzatlon\ﬂEEDS U\Deslg'nl\]:‘].oMCAD"/}
——

T Cp Temp_monor plot
[ History_10
~ & Multiobjective_optimization
> [ Variables
> [J Responses

v [ Plots

[ chip_temperature_max vs. mass

Parameter Format

Bl -~ Analysis_Path m row:13, column:3 Default

2 =@ Analysis_Path Delimited row:91, column:3 Default
3 =& Analysis_Path Delimited row:39, column:3 Default -
4 =& Analysis_Path Delimited row:10, column:3 Default -

Unrestricted © Siemens AG 2018
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Portal Input tagging in
HEEDS

@% FIoSCRIPT after path modification
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FIOTHERM general portal

| SIEMENS

Flotherm

Ihgev\uf\ty for Ufa

*  FloTHERM uses the general portal to execute FIoTHERM in batch mode and generates the result table(s) in *.csv format

from which the outputs will be extracted

The floerror.log contains specific strings

*Note: Appending —o to the execution command will output the results data as tables in CSV
file format to the specified directory. In this case, the directory will be the FlIoTHERM analysis

directory (<Project directory>\Study 1\HEEDS_0\Design%Design_Num%\Flotherm)

Unrestricted © Siemens AG 2018
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A delay is enforced to make sure
HEEDS accounts for the time taken
for the files to be created by
FIoSCRIPT (optional)

Max execution time: seconds
Job name prefic:

Shared project path:

Execution shell (Linux): |ib\m’bash

Capture analysis output

[ Run portal on remote maching

Name Properties of stabity when the solution converges; used to
> file_present 4 . .
... File contains ~ | [ floerror.log | 7. fonitor points are stable] i) confirm successful execution.
> success NX or  +||Fle contains s |ﬂoerr0r.log v|7, |adyso\ut|on converged|-1'
P . = = ) finish_NX
[ Execution % Dependencies |} visualization  [# Environment =~ “¥ Comments ; e B 4 Add Item
error_log
. |Executing FIOTHERM in Batch| Analysis Execution Options
Compute resourfie: Local AN
; [ Analysis folder ¥
Execution commign |"C:\Pr0gr¢|m Files (x86)\MentorMA\flosuite_v122\fAotherm\WinXP\bin\flotherm.bat" |g
. . - ndition:  Abways Run v |
Command optiof: |—b\ %INPUTFILENAME®S\" -0 %Design_Path%!\Flotherm |v s i v
Mum. designs tofexecute simultaneoushy: |1 dition: | 5 None h
Success condition: | & stablity
[@ Execution E Files % Dependencies [ wisualization [# Environment  “¢ Comments
Input File Name : Location Connect from Comment Output File Name Location Comment
15 ExampleforHEEDSZ.p... Project folder ;i:"ﬁ FloMCAD ¥ | Updated Project File 1 E, mon_Temperature.csv D:/evaluation_and_proje... *csv file containing Temperature at the Monitor Point
2 !, regvol_Temperature.csv D:/evaluation_and_praje... *csv file conatining volume temperature data o B

Optional Analysis Commands )

I~

N

o
Befare the analysis files are copied and modified:
[PING localhost -n 5 =HUL =R
[ check return value: 0

Before the analysis tool is run:
[PING locahhost n 5 »NUL | =R

LI Check return value: 0

Siemens PLM Software



Output Tagging

FILE HOME INSERT PAGE LAYOUT

B Cut
Em Copy -
~ Format Painter

* U & cut
W Copy path

Pinto Quick Copy Paste _ Move Copy
e [#] Paste shortcut ¢ o

€« A

7 Quick access
¢d OneDrive

[ PL1INBLROOTEPC
I Desktop
Documents
4 Downloads
B Music
[&] Pictures.

§ videos
‘i System (C)
= Data (D)

X =f

Delete Rename  New

Clipboard Organize

folder

New

<« Flotherm_portal > Flotherm > test > nx_flotherm_Multiobjective_optimization » HEEDS.0 > Designl

Name

LogFiles

] cubvol_Temperature.csv

0] Cutouts_Overall.csv

[ M_out_Flotherm_mon_Temperature.csv

Al D,

T Hew item ~

1] Easy access ~
Properties

Open

Open
Edit

& History

Date modified

11:3)
M)

] mon_Temperature.csv

2] mon_XVelocity.csv
4 mon_YVelocity.csv
] mon_ZVelacity.csv
] planar_regions.csv
2] regvol_Pressure.csy

1] regvol_Speed.csv

-] regvel_Temperature.csv

=-- Monitor Point temperature

data
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@ o W=

Clipboard

218
217
216
215
214
213
212
211
210

Calibri

B I U

C

Iteration| MP-U2 [Component] (degC)

©

Script J

T
L} 5

Flotherm

‘ File: Elmon_Tempa_mtul -7, l Undate Print format: Search: ‘ N Auto Advance ‘
§ _ng @ Variable: - < Tag Multi-Tag... XRemﬂueTag e 3 ‘m‘
| Soript | Response: | (@4 chip_temp_rever: ~ [ it Menage PrntFormes -

— Tagging Tools

SIEMENS
lngenuity for life

The Monitor point Temperature data is extracted from the CSV results table using the Script Tagging technique

Process Automation
rocess | Parameters | Tagging “ Study | Run |

| —)

NX_CAD_3 Image

NX_CAD_3 Image

| Delimited |

A

B B B

Filez |D:feva\uabonjndjmjectsfFk]thermeanLiNxfmthermﬁheatﬁsinkftestﬁwrthfheedsﬁi,‘nutputﬁd\rectoryjmoﬂi'rempemture.[sv

Available Commands

Loop |+

MOVE_UP
GOTO_LINE

GOTO_TOP

GET_VALUE_FREE

GET_RELATIVE_VALUE_FREE| | GET_RELATIVE_VALUE_FIXED

GET_COLUMN_FREE

MEXT_PARAMETER

1
2! GOTO_LINE(1)
END_LOOP 3: MOVE_DOWNCL)
= 4 GET_COLUMN_FREE(2,EOC,\,)
MOVE_DOWN
GOTO_STRING
GOTO_END

GET_VALUE_FIXED

GET_COLUMN_FIXED

|——| ST

Script output tagging in HEEDS

SET_PARAMETER_LIST(chip_temp_reversed) § auto-gencrated parameter name list

to extract the temperature vector | :

Process Automation |
| Process | Parameters | Tagging “ Study | Run |

T @ File: E5) mon_Temperatur v | T, % §
2 _{jg _— o
m Variable: = Tag Ml
Fixed-Width Portal Seript Response: D{ chip_temp_rever: = D:
Mode Tagging

> B Responses
v B Plots

4 FParallel Data
BB Design Table
HH cormrelation

@ Flotherm Image

il s a0

File: ktsf Flotherm_portal/Mx_flotherm_heat_sink/test_:

1

B BB

2
=

A B

Iteration MNumber MP-

419 Ehip_tempelatule_max I

418 464057

W

Delimited output tagging in HEEDS
to extract the final temperature

2D function plot of the
temperature vector in HEEDS
post

*Note: The next slide details the
steps on how the 2D function
plot was setup in HEEDS POST

Siemens PLM Software



Results SIEMENS
w Ilz\g'ehuf\ty‘forufa

Open
HEEDS | post

*  The 2D function plot is used to plot in HEEDS POST the to monitor point Temperature Vector extracted from the csv file

— ) —_
T3 HOME  INSERT  PAGE LAYOUT . PO o [ ot | aves HEEDS post 7~
= X Cut _— m H) vy Ff X:| [Vector index] ~| Design 1 1 |E|
Calibri |1 A | - . : v - N e
. E® Copy - - Ramv?b; Coe | Plat Fonts  Comments v P ol mdeuwm@ Series Create ot Rezes
aste I u- . HEEDS |mdo Plot Style - | 2 | Design set: | st Design Set Data  Flot
. ¥ Format Paint 4 Create y o - 3 , a
ormat Painter Plot Datz Series Data Tools
Clipboard ] Font Plot v [3 nx flotherm.heeds Pl multiobjective_optimization: Temp_monitor_plot
. —_ v [4] study_1 60
Al - S| ten ranaml Blnbe 5 Desgn ses
- = - ~ | Plots
A B C D 5L & Paraliet Data A
1 [ iteration] MP-U2 [Component] (degc) | .\.':_‘. History 20 Relation %Dﬂfgn Table ﬁ
Correlation
i ii‘: 2:32 @ Fothern mage /_\
X N - @ NX.CAD3 1 I
4 216 55.0334 @ Design Table @ Correlation Plot & HoCAD e A
5 215 55.03%94 v [o] study 2
=] Design Sets
6 214 55.0369 . P
Curve Fit Plot o Self-Organizing Ma| 5 #es
7 213 55.0344 pc 4 g g @ FloMCAD Image
8 212 55.0344 . _ @ Flotherm Image
9 211 55.0327 UptmiEzation FIoTs # NX.CAD_3 Image
10 210 55.0312 A v E”"["““"""s‘:e*""“"”‘“b“ g
1 209 55.0299 *f"»j Constraint Violations .+ 2D Pareto Front Pld 5o I
12 208 55.0288 o 15 temprsmess2d :
13 207 55.0279 M o % chip_temperature_max vs. mass g‘
14 206 55.0273 - - i % Objective History =
15 205 55.0269 ] = ¥4 Constraint Violations G
: L 2D Response Surface @ 3D Response Surfa # FoCAD Image A
16 204 55.0267 @ Flahermimage “ P
17 203 55.0267 . @ NX_CAD_3Image
e 02| 55.027 Variable Effects Interaction D Dianlbled
19 201 55.0275 =] ParaHELplDt’
20 200 55.0283 car Dl © [ Plot Views
21 199 55.0293 — Hvew ]
22 198 55.0306 — = ~ [ NX bstchheeds @
" i -
23 197 55.0322 :’( 2D Function P L. 3D Function Plot M Eé:“;:;;n -
24 196 55.034 N v 5 plots
25 195  55.036 2D Function Plot 1] Parallel Dota A
26 194 55.0382 . [ Design Table A
27 193 55.0408 Create a 2D plot with data & Corcltion al
2z 192| 550429 from a user-defined =
29 191 55.0454 . . 0 50 100 150 200 250/
30| 190 ssoes equation, table, and/or file. X
31 189 55.0509
3z 188 55.0539 1
e B 2D function plot
34 186 55.0599
33 185 550631 - H H
-
Bl Lo soml n Monitor Point
37 183 55.0699
| m ssor temperature data
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Results

SIEMENS
w Ilz\g'ev\uf\ty‘forufa

The Pareto plot reveals the tradeoff relationship between peak chip temperature and the mass of the heatsink. Combined
in a plot view with other plots, the user can visualize trends for the low mass solutions (highlighted in green)

comprehensively before making a design decision among the many high performing design alternatives available

Multiobjective_optimization: Parallel_plot
86.7204
L

0.587409 35
1

39 0.8 38 35
| | )
! B
] T T
0 1 0.20880% 2 10 03 10 10
chip temperature max || mass | left fin num left fin width left fin thickness right fin width left fin heiaht
1 : = All Designs -~ Low_mass_design = Baseline
ulti mi max vs. nas: u Multiobjective_optimization: FloMCAD Image - Design 1: D:/ evaluatio -] = [E]
0.5 60
1 \ 4 |
1 —
045 ll -'----------"I----7"-‘Q ---------------- »
1
1
0.4
s I

Baseline| | /

mass

=)
= w
w a
i i v
hip_temp_all
&
4\

: T x
48 48 50 52 54 56 58 80 . @ 100 s 0
chip_temperature_max

X 250
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