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BCI-ROM

Boundary Condition Independent Reduced Order Modeling

BRTERAIPEHMREL

SIEMENS
’hg,ev\uify-for&'fe

Reduced Order Modeling is an approach to derive a dynamic compact thermal model from a thermal simulation model.
The objective is to create a model that solves much faster, while maintaining predictive accuracy in space and time.
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Solution: Temperature vs Time

BCI ROM technology allows linear conduction
problems with any number of heat sources to be
solved with the same accuracy as the full 3D
conduction model up to 40000 times faster.

BCI ROMB AR LAEARIEIR 3 DAVE RS E— YRR oK
BRENNIRNZM SRR | MKBEEIREA40001F,
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演示者
演示文稿备注
Modern electronics design requires consideration of transient power loads from mission profiles or power control strategies, while the product is situated in a wide range of thermal environments.  The computational time required to solve a full CFD model is often prohibitive, preventing the full transient design space from being explored.
现代电子设计需要考虑产品在大跨度热环境当中功率由于任务属性和控制策略引发的瞬态变化。而完整的三维CFD模型在计算时间上客观是不允许的，这就限制了瞬态特性的设计空间扩展。

To address this problem, we introduces the capability to extract a Boundary Condition Independent (BCI) Reduced Order Model (ROM) from a meshed conduction model.  
为了解决这个问题，我们引入了从网格化的导热模型中提取BCI-ROM模型的功能。

A ROM is an alternative approach to extract a dynamic compact thermal model (DCTM) from a thermal simulation model.  A discretized computational model of an electronics device is a system of n simultaneous linear ordinary differential equation (ODE) that must be solved.  The ROM extraction process aims to derive a reduced system of r equations that will produce thermal results in space and time within a specified tolerance of the original set of n equations.  If r << n, the computational resources and time required to solve the equations is drastically reduced.
ROM是一种从热仿真模型提取出动态压缩热模型的方法。电子设备的离散化数值模型，实际上是N个线性常微分方程的组合。提取ROM的目的，是为了在保证跟原始n个方程组相比空间和时间上的结果精度都在误差范围之内的前提下，将方程数量减少到r个。如果r<<n,则计算资源和时间将被大幅缩减。
RON


BCI-ROM: Why? SIEMENS
Automotive Example: UDDS Drive Cycle iSZEZEH : kb TIRTEA lngenuity for Life

A real-life process can pose challenges for numerical simulations due to complexity and large size and time scale. Model
order reduction aims to lower the computational complexity of such problems thus allowing for faster solving while

maintaining predictive accuracy in space and time.
ZIRTEZFENNERE , SR LR EERIEFEREA , TMROMBARTLERIETERENRER , AERATEIEESREX L,
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演示者
演示文稿备注
Many modern mathematical models of real-life processes pose challenges when used in numerical simulations, due to complexity and large size (dimension). Model order reduction aims to lower the computational complexity of such problems, for example, in simulations of large-scale dynamical systems and control systems.


BCI-ROM: Why? SIEMENS
Automotive Example: UDDS Drive Cycle iSZEZH : b TRIER lngenuity for Life

UDDS: FTP-72 Drive Cycle

* Avery fine time grid is required to calculate directly. The example below uses a uniform
time step of 0.05 s. REESKERIEEH , FTERFIRARIZ0.05s,

» Solving only the first 100s required more than 4 days CPU time. The entire cycle would
require more than 2 months of CPU time.k#Zzil00sg#AT4xX , BNMNIEEE2/1ME,
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BCI-ROM: Why? SIEMENS
Automotive Example: UDDS Drive Cycle iSZEZH : b TRIER lngenuity for Life
UDDS: FTP-72 Drive Cycle

« Solve the ROM with the drive cycle power profile to predict Temperature vs Time for all IGBT
chips within 0.5% of direct calculation results. ROMEJITEBSEE , SEETEERIZEH0.5%,

e ROM solve time: less than 3 minutes. ROMk#ZRT B AZI35 5,
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BCI-ROM: How? SIEMENS
Prerequisites aiR&EH lngemuity for Life

BCI-ROM is a linear, conduction only model: Fluids, radiation, joule heating, temperature dependent BC and
specific heat generation rate are not supported.

BCI-ROMENEMESHEERL | AZiFmEN. 1857, FEH. SHFBEXIEEMAREEN,
— Not Supported - (\GBTS| —— Required

TW . .

@ Solid Materials
5} Heat Source (W)
ﬁ. Point Goals (T)

~o= HTC (W/m2/K)

BCI (Boundary Condition Independent) means that exact values of — 0 tiO n aI
conditions are not used, only location of sources, point goals, HTC p

HTC = f(x and mesh are used to extract the model. The exact values are E .
C ( ) defined later when the extracted model is used. Contact Resistance

BCIWERE , ERERSHNERIR, B#r, HTCHME , L EK
jm) #ﬂ/ S Y )
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演示者
演示文稿备注
Surface sources are supported but only if there is at least one volume source in the system.

Point goals define locations where temperature will be output.
Normally we put it in the center of the source assuming this is where the maximum should occur.

In FLOEFD 20.1 point goals values are output using interpolation, so the values in the neighboring cells are involved.�The ROM outputs values without interpolation, so the value in the location of the point goal will show value of the cell, without involving neighboring cells.
This needs to be taking into account then you compare FLOEFD vs ROM results.
Point goals output without interpolation will be added in next FLOEDF release.


BCI-ROM: How?

Workflow i&is

SIEMENS
’hg,ev\ui\‘y-for&'fe

First you extract the ROM model from the 3D definition (conduction only analysis)
BE/ocMIDIRE (RS ) PEEROMIEE

o Set materials, goals,
sources and HTC BCs
EXMRL, BiR , RUEFIHTC

 Define Mesh v mi&

 Set ROM settings under
Tools, ROM Export

e Accuracy #EE
e Minimum HTC HTCRXE

e Maximum HTC HTCE/ME
e Define BCI-ROM folder &z
e Click Export to run 4
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演示者
演示文稿备注
The accuracy of the BCI-ROM extracted with this method can be bounded mathematically by the tolerance (ϵ) used for extraction.  Specifically:
The Hankel norm of the error of the impedance matrix < 2ϵ
The energy norm of the error of the space-time distribution of temperature rises in response to power impulses <2√ϵ

L. Codecasa, D. D'Amore, and P. Maffezzoni, “Parameters for multi-point moment
matching reduction of discretized thermal networks”, in Proc. IEEE THERMINIC,
2002, pp. 151-154.
L Codecasa, V d'Alessandro, A Magnani, N Rinaldi, PJ Zampardi, “Fast novel thermal analysis simulation tool for integrated circuits (FANTASTIC)”, 20th International Workshop on Thermal Investigations of ICs and Systems (THERMINIC) article 6972507 United Kingdom, 2014.
Lorenzo Codecasa, Vincenzo d'Alessandro, Alessandro Magnani, Niccolò Rinaldi,
“Matrix reduction tool for creating boundary condition independent dynamic compact thermal models”, Thermal Investigations of ICs and Systems (THERMINIC) 2015 21st International Workshop on, pp. 1-5, 2015.
JHJ Janssen, L Codecasa, “Why matrix reduction is better than objective function based optimization in compact thermal model creation”, Thermal Investigations of ICs and Systems (THERMINIC) 2015 21st International Workshop on, pp. 1-6, 2015.
 




BCI-ROM: How?

Workflow ”||,*E

SIEMENS
’hgbhui(y-{or(i{t

As a results of ROM extraction you get a set of matrices which you can solve with MATLAB® or

GNU Octave software. Specify HTC sets and Power = f(t) and get transient results in seconds

ROM%;H;H:.'EEEI’J gk —2B7EM%F , ATLAEHMATLABERE GNU OctavefX{IFKfi# |, & NIFHTCRITOEREKIE AT LARIEIREY
9’:F1LJ\ 7—.——%

Time (total duration)

HTCrop = 10

HTC, T, exact values | o= =

HTCeurour = 2000
HTCeyrour2 = 500

Initial Temperature

Heat dissipation for
each source as W = f(time)

P1 = A1 + B1S|n(w1t)
P, = A, + B.sin(w,t)
P; = A; + Bssin(wst)

Pg = Ag + Bgsin(wet)
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BCI-ROM: How?

Results &8 ( 5FloEFDEETENL )
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Constant Power

65
IGBT1 (FLOEFD)
60
— = = IGBT1 (ROM)
55
IGBT2 (FLOEFD)
© 50
-
£ 45 — = = IGBT2 (ROM)
E
2 40 Diode6 (FLOEFD)
£
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= 35 ~ — — Diode6 (ROM)
30
Diode5 (FLOEFD)
25
Diode5 (ROM)
20
0.0001 0.001 0.01 0.1 1 10 100 Time, s
Goal Name Unit | FLOEFD (tr )| Octave (tr diff, % CPU Time [s] 331
PG Temp IGBT 1 I°cl 58.493 58.176 0.54%
PG Temp IGBT 2 rcl 59.885 59.632 0.42% | |[ROM Export (defaults) | [s] 617
PG Temp IGBT 3 [°c] 57.713 57.366 0.60% ROM Solve (Octave) [s] 1.1
PG Temp IGBT 4 I°cl 57.712 57.365 0.60%
PG Temp IGBT 5 [l 59.886 59.632 0.42%
PG Temp IGBT 6 I°cl 58.494 58.176 0.54%
PG Temp Diode 6 | [*C] 56.172 55.900 0.48%
PG Temp Diode5 | [*C] 57.181 56.923 0.45%
PG Temp Diode 4 | [*C] 55.639 55.293 0.62%
PG Temp Diode 3 I°cl 55.639 55.294 0.62%
PG Temp Diode2 | [*C] 57.181 56.922 0.45%
PG Temp Diode 1 | [°C] 56.171 55.898 0.49%
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演示者
演示文稿备注
The accuracy of the BCI-ROM extracted with this method can be bounded mathematically by the tolerance (ϵ) used for extraction.  Specifically:
The Hankel norm of the error of the impedance matrix < 2ϵ
The energy norm of the error of the space-time distribution of temperature rises in response to power impulses <2√ϵ

L. Codecasa, D. D'Amore, and P. Maffezzoni, “Parameters for multi-point moment
matching reduction of discretized thermal networks”, in Proc. IEEE THERMINIC,
2002, pp. 151-154.
L Codecasa, V d'Alessandro, A Magnani, N Rinaldi, PJ Zampardi, “Fast novel thermal analysis simulation tool for integrated circuits (FANTASTIC)”, 20th International Workshop on Thermal Investigations of ICs and Systems (THERMINIC) article 6972507 United Kingdom, 2014.
Lorenzo Codecasa, Vincenzo d'Alessandro, Alessandro Magnani, Niccolò Rinaldi,
“Matrix reduction tool for creating boundary condition independent dynamic compact thermal models”, Thermal Investigations of ICs and Systems (THERMINIC) 2015 21st International Workshop on, pp. 1-5, 2015.
JHJ Janssen, L Codecasa, “Why matrix reduction is better than objective function based optimization in compact thermal model creation”, Thermal Investigations of ICs and Systems (THERMINIC) 2015 21st International Workshop on, pp. 1-6, 2015.
 




BCI-ROM SIEMENS
This is a FANTASTIC method BCI-ROMAE LEREFANTASTICE & lngenuity for Uife

The BCI-ROM extraction method is an extension of the FANTASTIC method pioneered by Prof.
Lorenzo Codecasa. The literature below generally describes the method and presents several
validation examples. t75i%HLorenzo CodecasaffiE &6l , FEEEXRICX.

« 1. L. Codecasa, D. D'Amore, and P. Maffezzoni, “Parameters for multi-point moment matching
reduction of discretized thermal networks”, in Proc. IEEE THERMINIC, 2002, pp. 151-154.

e 2. L Codecasa, V d'Alessandro, A Magnani, N Rinaldi, PJ Zampardi, “Fast novel thermal
analysis simulation tool for integrated circuits (FANTASTIC)”, 20th International Workshop on
Thermal Investigations of ICs and Systems (THERMINIC) article 6972507 United Kingdom, 2014.

« 3. Lorenzo Codecasa, Vincenzo d'Alessandro, Alessandro Magnani, Niccolo Rinaldi, “Matrix
reduction tool for creating boundary condition independent dynamic compact thermal models”,
Thermal Investigations of ICs and Systems (THERMINIC) 2015 21st International Workshop on,
pp. 1-5, 2015.

« 4. JHJJanssen, L Codecasa, “Why matrix reduction is better than objective function based
optimization in compact thermal model creation”, Thermal Investigations of ICs and Systems
(THERMINIC) 2015 21st International Workshop on, pp. 1-6, 2015.
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BCI-ROM SIEMENS
Summary S5k lngenuity for Life

« BCI-ROM technology allows linear conduction problems with any number of heat sources to be solved
with the same accuracy as the full 3D conduction model up to 40000 times faster.

BCI-ROMEARBEIE(RIT S5 3DCFDIEEUE EHRIRRIRE T KFEZ RN SRR , BiEERS400001F,

« BCI-ROM is a linear and conduction only model: fluids, radiation, joule heating, specific heat generation
rate and temperature dependent material properties are not supported.
BCI-ROMRZNMELMESHRE | FZFEmR. 1857, EER. SHHEGEXINEETIRAETEN.

« BCI (Boundary Condition Independent) means that exact values of conditions are not used, only
location of sources, point goals, HTC and mesh are used to extract the model. The exact values are

defined later when the extracted ROM model is used.
BRFMTTREEREDINRME. Bin. HTCHIME , MIARFMHEEEERROMEREEFHEEN.

* You extract BCI-ROM from 3D definition: specify the range of HTCs and the relative accuracy of the
model. $HBCI-ROMII3DIRE : ENXHTCIESEEFIEXIIEE.

* The extracted matrices can be solved with MATLAB or freeware GNU Octave tools providing you
transient results in seconds. SHAMRE ( 78F%F ) BTLABMATLABEE GNU OctaveiK{FHRiEK iz,

« BCI-ROM is available in the “BCI-ROM and Package Creator” or “Electronics Cooling Center” license
modules, and in the “Ultra” license.
BCI-ROMINBEEEBCI-ROM and Package Creatorai#& Electronics Cooling Centert&iR sz 15,
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Thermal Netlist Extraction %328 SIEMENS
Iug,ehui(yforb{a

Using ROM you can convert a 3D task into a thermal netlist (in SPICE *.sp format) which can be

used by an electro-thermal system simulation tool such as Mentor Eldo®, SystemVision®.
FAIROMBILAE3DESF e aAMFIZ ( SPICE*.spXfF ) |, IRHEBARRMETR , Mentor Eldo , SystemVision,

THERMAL NETLIST ELECTRICAL NETLIST

ELECTROTHERMAL Temperature varation
ANALYSIS it it

14l
Ei
+ DTz
+ DI3
+ DT4
+ DTS
+ DT&
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+ DT8
+ DTS
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+ DT1l1
+ DT1zZ
+ DT13
+ DT14
+ DT15
+ DT1&
+ DT17
+ DT18
CE2ZDTL
GPZDIZ
D2

o3

z

rrent (A}
cgue BEBEEEZEE

b ~ Current degradation
: caused by thermal

BRHE tc
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Thermal Netlist Extraction %328 SIEMENS
Iug,ehui(yforb}[a

The thermal netlist extraction feature uses exactly the same method as the BCI-ROM
calculation, however the thermal netlist is valid only for the boundary conditions in the original
3D model. #MFIFRIZEFRANGEZIEBCI-ROM—# , FRINE R AR KM,

So the resulting thermal netlist is created for the exact boundary conditions you specified in

Simcenter FLOEFD. Goals are not required.
FEAERIRNTIR R B S FIOEFDEE X IR R &MY | AEEBR.

= Thermal_ Metist.sp £3
o b ]
Z .SUBCKT thermalRC P Di

Ln:49 Col:SWindows (CRLF)  UTF-8 IN
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Thermal Netlist Extraction: How?

Workflow #fe

SIEMENS
’hg,ev\uify-for&'ft

First you extract the ROM model from the 3D definition (conduction only analysis)

S EIRABROMAY S AR

 Set materials,
sources and HTC BCs

e Define Mesh
 Open Tools, ROM Export

 Select Thermal Netlist and set

e Accuracy
e Set folder, file name and

e Click Run to export

Fu e Bdit View Irsert Tochs Flow Analysis Window Help o

Wizard w718 compenent contial

Wi Clone Project (= oyt
Assembly | Laycut | Sketch  Evaluste  Flow

SERe@d

Fun Batch Sobve Resubs Imnmniqc?rnbe Sereen £ Ptk
tings Run Capture EngmeD

im

P @ n;ﬁ' BT P E creck Geomany
M
Sal

. B

1 Thermal Neslist
& input Data.

gt directeay

u'M«'.Niel Motion Study 1 ROM Export

FLOEF

Before We can run an electro-thermal simulation, the thermal and electrical netlists must be

linked. ={FEEHAEZET , W
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演示者
演示文稿备注
The accuracy of the BCI-ROM extracted with this method can be bounded mathematically by the tolerance (ϵ) used for extraction.  Specifically:
The Hankel norm of the error of the impedance matrix < 2ϵ
The energy norm of the error of the space-time distribution of temperature rises in response to power impulses <2√ϵ

L. Codecasa, D. D'Amore, and P. Maffezzoni, “Parameters for multi-point moment
matching reduction of discretized thermal networks”, in Proc. IEEE THERMINIC,
2002, pp. 151-154.
L Codecasa, V d'Alessandro, A Magnani, N Rinaldi, PJ Zampardi, “Fast novel thermal analysis simulation tool for integrated circuits (FANTASTIC)”, 20th International Workshop on Thermal Investigations of ICs and Systems (THERMINIC) article 6972507 United Kingdom, 2014.
Lorenzo Codecasa, Vincenzo d'Alessandro, Alessandro Magnani, Niccolò Rinaldi,
“Matrix reduction tool for creating boundary condition independent dynamic compact thermal models”, Thermal Investigations of ICs and Systems (THERMINIC) 2015 21st International Workshop on, pp. 1-5, 2015.
JHJ Janssen, L Codecasa, “Why matrix reduction is better than objective function based optimization in compact thermal model creation”, Thermal Investigations of ICs and Systems (THERMINIC) 2015 21st International Workshop on, pp. 1-6, 2015.
 




Thermal Netlist Extraction: How? SIEMENS
Workflow R lngenuity for Life

How to link thermal and electrical netlists (based on Mentor Eldo example):

1. Open the electrical netlist file (*.cir) in any text editor and link to the thermal netlist file (*.sp) by using .include command:
-.include Thermal Netlist.sp

2. Declare thermal nodes on subcircuits in your system to monitor temperatures of electrical components.
Example file contains only two subcircuits, “BJT” and “DIO”, hence:

-tempnOde SUbth:B\JT thnOde:thn - If Boundary Conditions Linking netlists
.tempnode subckt=DI10 thnode=thn e Thermal_Netistsp
. . = t/‘Hcat Sources .SUBCKT thermalRC
3.  Thermal heat sources and electrical components must be interconnected. © Diodel —— + B _Diodel

xth MODEL: thermalRC PIN: P_Diodel=Xdiol.thn P_IGBT1=Xbjtl.thn A el 6 1.0
sP2DTZ2 SBT1 0 S sBT1 0 1.0

-OPTION XBYNAME eomap1 08 Diodel B Diedel 0 1.0
GDT2P2 0 5_IGBT1 P _IGBT1 O 1.0

4.  Check that electrothermal simulation mode is set to 2: cnl 0 n1 1
.option etmode=2

electrical_spice_netlist.cir:

5. To store temperatures and powers of all devices, following command can be used: ‘Tnstantiate thernal model by name
xth MODEL: thermalRC PIN:
-.probe tran temp(*) pow(*) : P_Diodel-Xdiol.thn
+ P_IGBT1-Xbjtl.thn
6. To store the temperature and power data as CSV files: "Bg@irpimig connect by name
-printfile TRAN temp(xXbjt*) file=temp fTile_electrothermal.csv _ _ _ _
.printfile TRAN temp(xdio*) file=temp_file_electrothermal.csv tiadSificintd HLAEFiipilide R iMisPresented as °P_Diodel

in the thermal netlist. Thus “P_Diodel” needs to be connected

- - o - . -
-printfile TRAN pow(xbjt*) fTile=pow_file_electrothermal.csv with the diode “Xdiol” in the electrical circuit. Same for “IGBT1”

-printfile TRAN pow(xdio*) Tile=pow_file_electrothermal.csv
7. Now save both the .cir and the .sp files, and place them in the same folder. These files are now linked, and ready to be solved.

Unrestricted © Siemens 2020
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Thermal Netlist Extraction SIEMENS
Overview SZEHE lngenuity for Life

* You can convert a full 3D conduction-only analysis into a thermal netlist (.sp format) using
ROM technology. BILAERROMIZAREIDSHASHTETLALL HAMFIZR (.spiE) .

« Thermal netlist can be used by a electro-thermal system simulation tool such as Mentor
Eldo®, SystemVision or other SPICE software.

RN R LARLES BB R R EI4ER ( @Mentor Eldo , SystemVisionsk&E HABSPICER ) .

» The extracted thermal netlist is created for the exact boundary conditions you specified. So
unlike BCI-ROM, the thermal netlist is BC dependent.
B ZREAIETRTIAFR R E IR LKA , FTLASBCI-ROMAE , tE2SAREHEX.

« This thermal netlist must be linked to an electrical netlist prior to electro-thermal analysis by
adjusting the electrical list. ZEBHFEZ AT , FEEITEMEB MY IZRKEIFAMFIZRFEB MY IRANER.

« Thermal Netlist extraction is available in the “BCI-ROM and Package Creator” or “Electronics
Cooling Center” modules, and with the “Ultra” license. &4 e licensesziF,
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Package Creator
TSR RS

SIEMENS
’hg,ehuify-forufe

A Package Creator tool specializes in the rapid creation of thermal models of electronic
packages for use in Simcenter FLOEFD. & VATERERE 154 A SR s RVREL,

Create New Package
Select starter template

Filter Tomplates

W eeriheral Lead [l Feripherat Leaded Packages [l Perichersl Leaded W eichenal Leaded Paciages [leripheral Leaded Packages
LaFe Ta MaFF ssop T30l Tssop sop
Weerpheral teacied Packages. [ Bl Girid Arr n el Girid Ay ap 1 | ages [l Power | 4
afn ‘ FoWLP WircbondPBGA FlipChipPBGA. ThinToz63 Toz63 To220
1
[ e———
Tozs2

Package Model

4 - MyQFN

Encapsulant

Die Attach

Leadframe

-~ Die Attach Pad

Bond Wires
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Package Creator: How? SIEMENS
Workflow RFE lngemuity for Life

Starting from a template, you adjust geometric, material and thermal characteristics (thermal
resistance, power) of your package. Then you create the package and put it into the library

(as xml based file in XTXML format). Finally you import the package into Simcenter FLOEFD.

FRiERFTE  ©€XJUE. MEFIFIESE (E. iR ) |, KEEIEFEERFFHRFEAZEE (EFxmIFEHY
XTXMLX &) |, BREBEES ASimcenter FLOEFD,

” pem - Project(1)

= Input
Create New Packag @ !
llllllllllllllllllllll Sl
- sgr [Perchonst tnadod Pucsges el Lnnied Fachages. [P i acimgen "
® ¢ ® * 4 * *
LaFp T MaFp S50P S0P TSSOP sap
[ | [ ] B stcsian - -
® N < & - ®* B
aFN FOWLI Wirstand PRGA Flip(hpPlGA ThinTOR To Tog,

- ! Global Mesh
PR~ # g Results (Not loaded)
e
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Package Creator SIEMENS
Overview SZEHE lngenuity for Life

 The Package Creator tool specializes in the rapid creation of thermal models of electronic
packages for use in Simcenter FLOEFD. &lligiEa pisi s s R it FloEF DR

e Starting from a template you adjust geometric, material and thermal characteristics (thermal
resistance, power) of your package, then create a package in XTXML format which you can
Import into Simcenter FLOEFD with the “PDML and XML Import” command.

MIEIRFFIR | ENXFEEEHMERI U], MRS (BE. ThER ) |, ERMXTXMLI4FEIIPDML and ImportZgES:
ASimcenter FLOEFD

 “PDML and XML Import” can also import ECXML - a general format to exchange data
between thermal analysis tools. PDML and XML ImporttBa] LA NECMELI 4 ( #AE 4B FASEER )

* The resulting model in Simcenter FLOEFD is a detailed representation, so no two-resistor or
network assembly compact models are created. #REZiFMA , FRLARFIERGAFE BB LS

» Package Creator is available in the “BCI-ROM and Package Creator” or “Electronics Cooling
Center” modules, and with the “Ultra” license. ECXML import is license free.
Packg CreatorFEEfHxtEiRlicense , ECXMLEAERZRY
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Swapping component in EDA Bridge is not supported in 20.1. 
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Electrical Element HZoi SIEMENS
’hg,ev\uffy‘foruft

A thermo-electrical compact model allows the addition of a component into a DC electro-thermal

calculation by the given component’s electrical resistance. The corresponding Joule heat is

calculated and applied to the body as a heat source so you don’t need to have a detailed model

of a component to take it into account in the electro-thermal DC calculation.
B EGRREL AT LB E Mo HRY S RS I ATTHEEmBERITR. BNAEERASEMITE | FURIRIIS UM

ELECTRICAL
ELEMENT

Relay components are replaced with Electrical Element -
compact model providing the same DC results of the board

e e P 2o R A R B FHR AR B R R
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Electrical Element: Why? SIEMENS
Iug,ehuifyfor&{a

In DC simulation, the circuit often can contains elements whose internal detailed structure is
not known or is too complex for direct modeling of the electrical circuit. However the total
electrical resistance of such elements is known. In that case use of an Electrical Element allows
you to close the circuit with the correct electrical resistance and take into account the Joule

heat dissipated.
EERMEY  BERPERSESAIPERERERA ( SELER ) BT | BE(NRNREERERNN. XMERT ,

{(ERREF BT E X BRER RN , FitEEEER,

Detailed relay is replaced by compact model.
B R et B B SR R B
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Electrical Element: Why? SIEMENS
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The conductors require a good mesh to ensure that the correct cross-sectional area is captured
and therefore that the Joule heating simulation is accurate. The Electrical Element compact
model allows you to reduce mesh requirements for conductors while maintaining electrical and

thermal accuracy.
SR ( 54 ) BREXREANMISRRREEAARER |, HMRIEEERTERVERY. BFIoHrIER | TTLER
UEEBRTESERERT |, iR MISE AR ERIBRS.

Surface Plol - Conductons: condours

Direct simulation Hi#pE Electrical Element Compact model simulation szt

Electrical element (right) defined for wires requires less mesh for

Unrestricted © Siemens 2020 wire resolution while keeping the same accurate electrical results
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Electrical Element: How? SIEMENS
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A new Electrical Element condition can be of several types:
4 — A~ S .
EE'?_TG#I:@E;ZD—F*EFK ’ @ Electrical Element 1 O X
. . . .- Type A
« AResistor element uses the total electrical resistance specified T —
between 2 contacts and dissipates the calculated joule heat -
uniformly inside the bodies selected to represent the element. gf:c“;t:n”“”"’ <
EE:BH%% . T:EW/I\E‘%EZIEE)ZE'\BH{E ' %H?&Eﬂi‘|'§#$i’3mﬁu§&ﬁﬁ J\ﬁ)—MWZM: Matz_a-rial A
« A Wire element is similar to a resistor with automatic calculation o
of the electrical resistance based on a wire’s conductor material, o
length and cross sectional area, and optionally you can specify e
the thermal resistance of the wire’s insulator.
S - [RIBESEERREM , BIENTR, KENSEREDNTTEER , FigdEa] Copper [Pre-Definec\Metal] -
LATE M B2 MIB9FA e E. | 1 Create/Ed..
Wire Parameters A
L 1im
@ 1le-05 m"2
R A o0 K/ ~1r
H m Cancel
+ —
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Electrical Element: How? SIEMENS
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In addition, you can define an electrical Joint. %#%g8

« A Joint element virtually (no connector body is used) connects two faces and closes the
circuit with the specified electrical resistance. The dissipated heat is not applied to any body
but can be taken into account as a Joule heat feature goal and used for definition of a more
complex electrical device. &EizES | EHATH ( ARESLMER ) | BITE X BRI EER N A AR R
BB, EFEfSEERAE TSR | ErLIERHEERBR , HAXE N EEFIBEFEHEERN.

For example, you can use the Joule heat as a power for the two-resistor model representing
a device whose Junction temperature impacts the resistance of the Joint element.

g0, ATLARILCEERRRERIER NS AERERVIAIIER | Mix=s4rIZE R S I ERERATAE.

+ — Board Node

I-V Curves. Use Parameters to set R as f(T) Electrical Element (EE) Joule heat from EE Two-resistor for thermal Junction T
for electrical circuit definition of the device

Current I [A]
- 888828 ¢ ¢

i R =1(T)

Q =1(R)

0 05 10 15 20
Voltage V [V]
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With EE you apply the dissipated heat uniformly. This will allows to close the circuit with the right resistance and dissipate the right amount of heat into the system. However, this will not give you correct maximum temperature of the device in case of non-uniformity of temperature within the device, i.e. when Tmax is not close to Tav.

Using Two-resistor allows to predict maximum temperature more precisely.


Electrical Element SIEMENS
Overview QBZEphA lngenuity for Life

» Electrical Element is a thermo-electrical compact model which allows the addition of a
component into a DC electro-thermal calculation by the given component’s electrical resistance.

FE R R — N ENE E BRI TU5 I NER B AT BRI AR RE.,

» Electrical Element allows you to close the circuit with the correct electrical resistance and take
Into account the Joule heat dissipated. BBEZt4-RFESE X AER DS BRI SR EER,

* You can use Electrical Element to minimize computational mesh requirements for electrical
conductors while maintaining the accuracy of the electrical simulation.
BRIt ERIEREF M ERERIRER |, RN SIRMNBEEATEK,

» There are three types of Electrical Element: Resistor (user-defined resistance with lumped model
for joule heat dissipation), Wire (same as Resistor but the electrical resistance is calculated from
the wire characteristics) and Junction (closes electrical circuit with specified resistance).

—HE=FEBZFTH  BIEES | SEfER:S.

» Electrical Element is available in the “Power Electrification” or “Electronics Cooling Center”
modules, and with the “Ultra” license. BBZtEEESEERlicensesziF,
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Battery Model Extraction SIEMENS
R R B EY lingremnuity for Ufe

Simcenter FLOEFD can simulate battery packages using electro-thermal Equivalent Circuit
Model (ECM) and Electro-Chemical Thermal Model (ECTM). The new battery model extraction
capability can get ECM parameters from experimental data. In addition, ECM of 3" order and
multi-edit is now possible.

Simcenter FLOEFDIEY FRIEEIRIREL ( ECM ) FIFBMLFFMERL (ECTM ) SRIRIIEEE |, FrAvREUREIIRERI 3Ll
HIEIRIECMEE, BHh , RN T =R BRI BRI TIAE,

mE » Extraction.. ? & - 0O X

FILE HO INSE PAG FOR DAT RE?}
v fx

B18

A B C a *
1 .TEMPERATURE R | R, |
2 273.2 =
3 .s0C R Li |_iz I + !
4 95 . . .
5 ECM Extraction Quodsog  + u; ‘U, - U Simulation
-]
. 7 :
8 o
9

.TIME_CURRENT_VOLTAGE_TABLE
0 0.000105 4.127187
0.1 0.000105 4.127187

0.2 -6.90E-06 4.127194
0.3 2.70E-06 4.127195
0.4 5.42E-06 4.127195
0.5 1.67E-06 4.127195 v

B @

~ 2o
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Battery Model Extraction: Why?

SIEMENS
Iug,ehuify-forufe

With the variety of battery cells today it can be challenging to find parameters describing your
particular cell as a compact model. However conducting a simple experiment can be possible.
Extraction of battery compact model from the measurement data solves the challenge of
getting the correct compact definition of a battery cell thus providing high accuracy of battery

cell electro-thermal simulation.
LSEMFEEEE | (FREEBNEEERE S EEAB PSS ENENE—ERM , (EXEH TR IeAEr 1T, Bt

IREURENINREERRR TIX MR |, B IRECIR SRR EEIRR | 125

298.24

208.235

29823

208,225

298.22

298.215

Temperature (Solid) [K]

N

298.21

288.205
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0

500

1000

VG Celll Temperature (Solid) Av (Value)

-

——1C Original [Discharge at 298.2K]
—1C Extraction 2RC [Discharge at 298.2K]
1C Extraction 3RC [Discharge at 298.2K]

1500 2000 2500 3000 3500
Physical time [s]

4000

Voltage Drop [V]

3.5

25

AL ERE.
FG Celll Voltage Drop (Value)

-‘HH""-.
Sy,
—1C Original [Discharge at 298.2K]
——1C Extraction 2RC [Discharge at 298.2K]
1C Extraction 3RC [Discharge at 298.2K]
500 1000 1500 2000 2500 3000 3500

Physical time [s]

4000
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Battery Model Extraction: How?

Conduct battery cell experiment and record the Voltage(time) and
the Current(time) data for various Temperature and SOC.

Format the data in CSV in the following way:

.TEMPERATURE,,
273.2,,
.S0OC,,

95” iTEEErE !

.TIME_CURRENT_VOLTAGE_TABLE,,
0,0.000104522,4.127187244
0.1,0.000104522,4.127187244

In the Engineering database define SOC, select to use 2"d or 3
order for ECM then click “Evaluate Parameters from Experiment”.
FEIRREUREENSOC |, ItEME=M1RE , SAEHE

In the Open dialog point to the CSV file with measurement data:
The software conducts a search and fills equivalent resistor and
capacitance (R, C) as well as non-linearity (A,B) parameters for
different Temperatures and SOCs.

RE=BIHEEHRAER. BRAFMARIEERSOCHIFEMSEL,
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m I » Extraction... ?EH - O X
FILE HO INSE PAG FOR DAT RE*
B18 N S

A B C
.TEMPERATURE

L5328
.50C
95

.TIME_CURRENT_VOLTAGE_TABLE
0 0.000105 4.127187
0.1 0.000105 4.127187
0.2 -6.90E-06 4.127194
| 10 0.3 2.70E-06 4.127195
1 0.4 5.42E-06 4.127195
2 0.5 1.67E-06 4.127195

1
2
3

| 4

| s
6
7
8
9

M
File Edit Yiew Units Help
res
D2 e XX &
P —
T tems Mo Properties  Formula - Tables and Curves
Property Value
L tiame Extraclion (ECM) 4T 3 Order
= [ ereon Commen
- () e Density 2750 kg/m
=] Spectfic heat 823 Nikg
oot e G pe i
@ o Asxial (Transverse) thermal co 28,05 WAM®K)
B Radial {in-plane) thermal con 3.4 Wilm*K)
Melting temperature
G oot T Hattery Equnvalent Circut Model (EC
| Maximum eloctric charge 10808
£3 ron Open circult votlage (OCV)  Formul
W oeasmis |+ Stucluie O det Third Crder
o A (Table)
- (Table)
merormearwies | Evaluate Parametars from Ex pariment.
\18650Model PRT\Discharc Extraction (ECM) 4T 3 Order ka-s]
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Battery Model Extraction SIEMENS
Overview lngenuity for Life

« Simcenter FLOEFD can simulate battery packages using electro-thermal Equivalent Circuit
Model (ECM) and Electro-Chemical Thermal Model (ECTM).
Simcenter FLOEFDRYEE;tEIIREL BIIESRAEB IR ( ECM ) FEBMFREL (ECTM )

* The battery extraction capability can get ECM parameters from the experimental data, so the
compact model corresponds to your particular battery cell.

FE AR AR ENTHRE AT LAMSCES SUEIRENECMB 4] |, {LIR0AE AR YRR AR B B AR L B P 5 E R EE St 14
e ECM of 3rd order and multi-edit for cells are now possible. =& ISR E/REINRE

« Battery model is available in the “Power Electrification” module, and with the “Ultra” license.
EEEERAYlicensexziF,
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Rotating Angle Feature Goal (Sliding) SIEMENS
¥mBtr (iB1%) Ingesniy for Life

Rotating Region has a new Rotating Angle goal associated with the feature (Sliding only). You

can use the goal for definition of complex rotating tasks.
e XIS T — M EAEER , ATRAPBYESSNS e TRANKE.

& Rotating Region
Selection
Parameter

f_g Dependency

Set as Default ‘

Name Template v

R cancel

Disk brake cooling simulation uses Rotating Angle goal for easier

definition of two phases: braking and cooling. N N I
AR BTN ER LRI NAREME © MZEFSED B
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Shock Waves Stabilization SIEMENS
Iug,wuifyfor&{z

In flow with Mach number greater than five sometimes shock wave instability may occur. To
dampen oscillations the new Shock wave stabilization option (in the Calculation Control
Option) can be used. It introduces additional artificial viscosity in the area of the shock wave.

A R T SR A BEr T AR =S |, FtEAYShock wave stabilizationIhfg ( i EUS=4IEIRERTLUEGE ) ATLUEIESIA
AT ERATCERIDNEIREZ.

Shock wave visualization without (left) and with (right) stabilization enabled.
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The Shock waves stabilization option allows to cure the carbuncle phenomenon (also known as the shock instability) for hypersonic flows. According to this approach the molecular viscosity coefficient is replaced by the artificial viscosity coefficient.  This option is available if High Mach number flow is selected on the Fluids tab of the General Settings dialog box.


SIEMENS
Ilag,ehui\‘y-forufz

Import Plots from Scene

You can copy a results feature (plots, parameters, etc) to other models by using Scene
template or Scene Image (*.efdscene) with the new Create Plot from Scene capability.

XIFAPBYREREEDRER ( *efdscene ) NATUSER ( =B, 245 ) MELEMERE
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=3 Cut Plots
RedCut Pl
=& Surface F Edit Definition... -
” = @% Results (1.fld)
@ Surfac Hide . ﬁ Mesh "':'% Unload 3% Create from Scene
< Surfac ] Clear and Hide % Cut Plo S Load from File.. v X
h a;, Egsu:ac- ES c|o|ne Create Scene Template - Surface T Probe S
—=2: Flow Ira Delete...
- y @ Surfj% Min/Max Table... Z
ek Show Plot Minimum % Surf g Batch Results P : Scene 1
s,':,,, Particle S . A £l %ii Batch Results Processing... Create Plot 3
paly Show Plot Maximum 2 BOSUME 5, Compare... Plots to Create
/s Point Par > Pl - £ Flow Tr@.J 05 pocl
& Surface F ay % Flow Create Scene Template... “mResults
& Volume | = Animation... Create Scene file . I;;r’[icle 3w Create Plots from Scene... -/ Surface Plots
~ # XY Plots Normal to Plane ,,,::,, Point p. M Save Image... <> Surface Plot 3
-1 #_Goal Plot ke Save As... & Surface & Record Video...
f#_Goal | & Create Scene Template... = Volume £ Summary...
= £0Flux Plot:  Copy to Project...
~ZIFluxF  Properties...

Siemens Digital Industries Software




Custom Visualization Parameters SIEMENS
’hg,ehuify-forufe

Specifying complex formulae for user-defined postprocessing parameters (Custom Visualization
Parameters) becomes easier as now they can depend on other user-defined postprocessing

parameters.AILAEEN ATNEAERIELESE

W Engineering Database
File Edit Yiew Units Help

D Hen XX oR S

“’*;;’m b::\:D\I;.;" S Vahse RH bT B ' Engineering Database ? *
T bl = v(T,RH) =In| — | + ——; Sirew

¥ ::Lumw g:"u'::‘r:pre Local Scaar ’ ; 100 C + T File Edit View Units Help

sa———if o ) e DB Q@ XX RS

o]
(T, RH) SII r_m-i:q-«.}

! Erginaeiing Databua

arsa | e Pazparses Formads

e N Items .!i_e.m.["r@p;qﬁl_é?JFonnula:
CFY(T) RH) * ? ateries = Property Value
po s ; (24 GetesBal bodes Name Temperature (Dew Point)
b _ (T RH) O e Comments :
’Y bl F 5@ contact Clectricat § Parameter type Local Scalar v
T ) contact Mermat e Formula (e} Y (T.REM({b}-{y(TRH)})

;,.:__“' Where -Q 2;1""' wwwwwww Unit Non-dimensional ~
8%"':; r"" ‘ vars o e . - : -

:;.'g:"— e P .:ww mo‘f e b= 18678, c=257.14 °C Temperature (Dew Point) Sl{m-kg-s) .z
= A Dew point temperature definition (Magnus
e ! o S rr—— R formula) uses complex dependencies of

File Edit View Units Help

custom visualization parameters.

Dalsbens v |Items | Item Propartios | Formula

T [§ st
(5 Cotensen backes (ltoms. Commants

F ) o 151 ]
4 4B conlact Eclica B e In Celcuium
4 (G contnct Thormat e I3 Temperature (De... ‘
- @ oo e ¥ [ ¥(T.RH)
>
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https://en.wikipedia.org/wiki/Dew_point


Create Curve from Trajectories (for CATIA V5) SIEMENS
Iug,wuifyfor&{a

You can now create a CATIA curve from a flow trajectory. This curve can be shared with other
CAD engineers without access to Simcenter FLOEFD for them to make decisions on further
geometry changes. This capability was previously available in Simcenter FLOEFD Standalone
only. You can also use this curve in XY plots to track parameter changes along the trajectory.

ECANA v . oasbe, s AT
B pe G s e pen ek s ROED ey
!

Usein XY Plot 22
7

w0

S - :
AL X o= @ e Wl wresAdsBdEE® a0 I RIS 0909090909090 0 |
A we s

Baean [}

Curve is created from trajectory and used in XY Plots.
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Simcenter FLOEFD - 2 New Modules* SIEMENS
Iug,ehuifyfor&{a

Electronics Cooling Center
« EDA Bridge and SmartPCB

« BCI ROM and Thermal Netlist

» Package Creator

« PDML and XTXMLA import

* Network Assembly and Two-resistor compact models
 T3STER AutoCalibration

 PCB compact model

* Heat Pipe compact model

* Joule Heating

» Electrical Element compact model

BCl ROM+Package Creator

 BCI-ROM and Thermal Netlist
» Package Creator
 PCB compact model

* All existing modules whose functionality is available in ECC module (EDA Bridge, AutoCalibration,
Electronics Cooling, and Electrical Element) are maintained as separate modules.
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CAD Versions Support Update SIEMENS
Iug,wuifyfor&{a

The following CAD versions are tested with 20.1.:

« CATIAR19to R29 (V5-6 2016)

e« CREOVv2.0tov6.0

« Solid Edge 2019, 2020

« Siemens NX 8.5.1.3,8.5.2.3, 8.5.3.3

e« Siemens NX 9.0.1.3,9.0.2.5,9.0.34

e Siemens NX 10.0.0.24, 10.0.2.6, 10.0.3.5

e Siemens NX 11.0.0.33,11.0.1.11,11.0.2.7

e Siemens NX 12.0.0.27,12.0.2.9

 Siemens NX 1872 (1872, 1876, 1880, 1884, 1888, 1892)
o Siemens NX 1899 (1899, 1903, 1904, 1907, 1911)
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FLOEFD Standalone still has SWOEM 2019 SP2.0. 


CAD Versions Support Update SIEMENS
Iug,wuifyfor&{z

Note: Simcenter FLOEFD does not work with NX1903, 1904 and higher versions up to
NX1907.
The “Routing” feature in NX1903 adds the following environment variables:

MGLS_DLL=C:\Program Files\Siemens\NX1899\CAPITALINTEGRATION\capitalnxremote\MGLS64.DLL
MGLS_ PKGINFO_FILE=C:\Program Files\Siemens\NX1899\CAPITALINTEGRATION\capitalnxremote\mgc.pkginfo

These global variables refer all Mentor products to a special version of MGLS (Mentor
Graphics Licensing System) which other Mentor products may not support.

Workaround: It was fixed starting from NX1907 (variables are not created). To fix the issue
you need to remove above mentioned environment variables or upgrade to NX1907.
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FLOEFD Standalone still has SWOEM 2019 SP2.0. 
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Rebranding FIOEFD to
Simcenter FLOEFD



Rebranding

SIEMENS

FIOEFD is now renamed to Simcenter FLOEFD. FIoEFDView is renamed to
Simcenter FLOEFD Viewer. The icon in the Start menu is now located into the Simcenter

FLOEFD folder. The default files location in the Program Files folder is not changed, so API
scripts referring to the setup folder are not affected.

P
o
P
B
B
[
F
9
E
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SecureAuth

Settings

Siemens NX 11.0
Siemens NX 12.0
Siemens Solid Edge 2019

Simcenter FLOEFD 2020.1

Simcenter FLOEFD 2020.1 for...

Skype

Sticky Notes

FE dtambac |

&« qd
3 oapps I

SIEN

o

Simce

Do

Selectay

FloEFD for NX

& Tumco FloEFD for NX 2019.4

FloEFD for NX 2019.3
FloEFD for NX 2019.2
FloEFD for NX 2019.1
FloEFD for NX FEX18.0.1
FIoEFD for NX FEX18.0
FloEFD for NX FEX17.4
FloEFD for NX FEX17.3.1
FloEFD for NX FEX17.3

FloEFD for Solid Edge

FloEFD for Solid Edge 2019.4
FloEFD for Solid Edge 2019.3
FloEFD for Solid Edge 2019.2
FloEFD for Solid Edge 2019.1
FloEFD for Solid Edge FES18.0.1
FloEFD for Solid Edge FES18.0
FloEFD for Solid Edge FES17.4
FloEFD for Solid Edge FES17.3.1
FloEFD for Solid Edge FES17.3

FloEFD for NX 2019.4

S Down

loads

Q Goog

n & Ex

e

FIOEFD TOr CATTAVS 2UTY .4
FIoEFD for CATIAVS 2019.3
FloEFD for CATIA V5 2019.2.1
FloEFD for CATIA V5 2019.2
FIoEFD for CATIA VS 2019.1
FIoEFD for CATIA V5 FEV18.0.1
FloEFD for CATIA V5 FEV18.0
FIoEFD for CATIA V5 FEV17.4
FloEFD for CATIA VS FEV17.3.1
FloEFD for CATIA V5 FEV17.3

Simcenter FLOEFD for Solid Edge

Ihga\uify for Uft

Simcenter FLOEFD for Solid Edge 2020.1

Simcenter FLOEFD for Creo

Simcenter FLOEFD for Creo 2020.1
Simcenter FLOEFD Standalone
Simcenter FLOEFD Standalone 2020.1

Simcenter FLOEFD for NX

Simcenter FLOEFD for NX 2020.1

Py

FloEFD (Standalone)

FloEFD (Standalone) 2019.4

-loren e o T a

I FIoEFD for NX 2019.4
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