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Introduction

Automotive Underhood Thermal Systems Design -
A Federated Approach

— Supplier uses OEM simulation models and
work via internet

— Protect intellectual property among suppliers
while working with the same OEM

— Supplier runs simulation for multiple design
points

— Reliability and robust design of thermal
sysiem

Copyright 2007 DaimlerChrysler Corporation



Federated Intelligent Product Environment - FIPER

« Suppliers remotely run computer model at OEM site
using FIPER B2B Feature

* An environment that allows engineers to capture and
manage CAE simulation tools and processes.

« Design exploration tools to automatically improve
performance and quality.
» Design of Experiments, Optimization, Reliability Analysis and
Transfer Function generation.
« A distributed and parallel infrastructure to execute user-
submitted CAE jobs to maximize resources and reduce
cycle time.
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Federated Design Process

Cooling Module Design

Vendor 3

Vendor 1

Py,

Vendor 2

System Integrator - OEM
¢ Geographically dispersed

4 Business relationships
¢ Proprietary models and tools

¢ Distinct IT infrastructures
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Federated Integration Model
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Radiator Selection — An Example

« Design Parameters
— Height
— Width
— Thickness
— Fin Pitch
« Supplier Response
— Coolant Temperature
— Cost
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Obijective

OEM develops under-hood thermal systems for one of
its vehicles

OEM wants all its radiator suppliers to make reports on
their radiator performance within this cooling system

OEM Overall Thermal System Model
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Project Architecture

e OEM Action

— I\K/IStles a FIPER-based cooling system model using

— Publishes it in the FIPER library

— OEM makes the model available for Suppliers via
Internet

« Supplier Action

— Makes a FIPER model that remotely plugs into OEM’s
system model

— Executes the FIPER model by plugging KULI radiator
component model into OEM system model

— Collects system output (top tank temperature)

— Supplier sends e-mail to the OEM, together with
additional radiator information such as cost and
dimensions
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OEM Site — FIPER Model

Overall Thermal System Model

Web Services Protocols
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KULI Cooling System Model

KULI Network
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Excel Interface to the KULI Cooling System Model

KULI

Cooling System Model

Excel

Excel Runs KULI

E Microsoft Excel - KULI-FIPER-Interface.xls

\Ejfle Edt View Insert Format Took Data Window Help Adobe PDF

DEHRSGIBVRIS DB S 90 - BF - EEDw0s OB ) o sy | M b ol

: pral 2w B ZUEEEEES % BB EEE- A BORQnn a0 |31, 3| Y9 Reply wich Changes....End Reyis

Al B | ¢ D E | F |

. Engineous

KULI - FIPER INTERFACE & "

Ex

6 Location of KULI cooling system
T RUN KULI PATH  C:\Program Files\ECS\KULI_70006\Data\CoolingSystems
z FILE KULI - FIPER - Interface.scs
19 |
110 Imput Data Output Data

11 Driving Speed [km/h] 30 Rad Top Tank Temp [°C] 84 402
? Ambient Air Temp [°C] 30 Rad Heat [kW] 119.881
? Fan File Name fanWork.ml Fan Power [kW] 5.310
I Fan Diameter [mm] 600 Air Mass Flow [kg/s] 3634
? Rad File Name Rad wk
Ty Rad Width [mm] 600
? Rad Height [mm] 800

10
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FIPER model at OEM
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xcel Block

Current\Workhook: |KUL\-FIPEH-IntEﬁacE

v|| ‘ 0@ 4% [ Store waorkbook in the model

w|gp = « [ Store workbook in the madel

Map s
PATH CiProgram
KULI- FIPE... *le ] Qe
Imput Data Output Data Current Workbook: |KULI-FIPER-InterTace
Drivi
Advanced |
duled.unkULl Order
0 sef return value x>
| 26 EKULHFI
s 225 B KULI-FIPER-Inte
265 H KULFFIPER-Interfacek
t 205> H KULFIPER-Interfacek
Pl : »H KULI-FIPER-Interfacelk
KuLl r.4 »H KULI-FIPER-Interfacelk]
P [KUL-FIPER-Interacei
...... s % Rad Tap Tank Temp (°C
Parameter: |1 2C Rad Heat (kW) = KULKFI
~y =
x i T i X’ Fan Power (k) = KULI-F
Fararneter + Action Warkhook 3 sh 20 G8F Air Mass Flow (kais) = KULLFI
Driving Speed (kmih) 2B KULLFIPER-Interface LI
Arnbient Air Ternp ("C) B KULLFIFER-Interface KULI
Fan File Mame A>B  KULLFIFER-Interface KULI
Fan Diameter {rmm) b A )E KULI-FIPER-Interface KLILI
Rad File Name fp A= )E KULI-FIPER-Interface KLILI
Rad Width {mm) 2B |KULLFIPER-Interface KL
Rad Height (mm) fp A= }E IULI-FIPER-Interface KLILI
Rad Top Tank Ternp (°C) 2@8  KULFFIFER-Interface KULI
Rad Heat (i) @8  |KULIFIPER-Interface UL
Fan Power (KA} 2%4@8  KULFFIPER-Interface KULI
QK | Cancel Apply ‘ * ’

[Z] Save Excel file after execution |

[_] Re-use open workbook of same name

[¥| Show Excel during execution [¥l Close workhook  when job completes |

| Elrowse..l F |

QK | Cancell Applyl

Help |
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Publishing the Model

Making the Model Available via Internet

4E. publish
Mame |DEM_CDnIing_MDdEI | Puhblish ﬁ.s...l
Type  Model Aftributes

Description |11% i$ @ component subtree of model "iSIGHT_Cooling". |

[l Share this model with other FIPER erviranments

[v Use ervironments from latest published versian (if a...

fiperacs|

Supplier’'s ACS Number Publish | Cancel |
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Supplier Site - FIPER Model

Sub-system model 1

s N

j

Engine Cooling
System Model

o /

Web Services Protocols
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<E: Component Editor - Loop

Loop Type  ForEach +

This loop will iterate through a list of values ofthe selected parameter and execute
the subflow at each iteration. The values in the list can be either predefined

constants orvalues of other parameters

FIPER model at Supplier

FIPER Model at Supplier Site plugged into OEM’s Cooling
System Model

File Edit View Window Run Tools Help

4E. iSIGHT-FD Design Gateway : Radiator Loop (Supplier_FIPER_Task.zmf) : Modified

DOBS| X RE|[@ ol -

Matiel Selection
Radiator Loop ~|Er|

& [l
&) Get Rad Gomponent
i OEM Cooling System Model

Parameter IMLﬁIeName

Add or remove values toffram the list below:

=[]

Constant | |

@

=

RAD_16_620x365_L.rad
rad testing 110104 .kulira
RAD_113_B00x300_Lwk
RAD_42_B30k450_wk

2
i

Action when a run fails  Fail Loop

[Z] Exmcute all iterations in parallel

oK Cancell Apply

RN

{7 ctiities | Drivers | Tools | shlews
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Combined Supplier and OEM Task Details

«E. iSIGHT-FD Design Gateway : Radiator Loop (Supplier_FIPER_Task.zmf) : Modified

File Ecit ew Window Run Tools Help

DEHS| X B0 @l r-

Model Selection : Activities rDrlver‘s r Toals r'.<Nevd>'.
Radiatar Loop - | - < — - o
§ o Y oeEEEEE @
@oet Ray pCOmpDnem = iorkilow r% Dataflow rx'F‘atamete(s r]_—iF'Hes- r@'hﬂappi'ﬂg r'E'GraphTémplales-
=R " : ..
= (Bl OEM —
& Supplier Radiatar ﬂ? :
E Cooling Model dm
B o s s o omom e o ows o @ oS o e om B oM B S W N m oM S BN L B WA B M B BEE wm e m mOAm @ Ea® BED wmam MEm wawm owssn » o
(A L S S
Q .............
[S]
[¥]
e [ S
P
a
- A A, M S A S SRR o B
...... GetRad = - OEM gooling. - - .
= IR . COmponeht ....... Systerﬂ Modals # =5 %@ s &i xas uosa kg
|
i
Supplier  Cooling Model =
Radiator -
T T Z Il
PINU Errors | Standalone

Copyright 2007 DaimlerChrysler Corporation




File swap via Loop and DatEx components

<E. iSIGHT-FD Design Gateway : Radiator Loop (Supplier_FIPER_Task.zmf) : Modified
File Edit Wiew MWindow Run Tools Help

DEBES AR @l »-

Maodel Selection : Activities | Drivers | Tools | =hews=

o8 g o EAERAEE DD 500

"ot o = Workfow | > Dataflow | 3G Parameters | L Files | o Mapping | WA Graph Templates.

= §# OEM Cooling Systern

QEM
= . . Get Rad Component - §= & = All -
& Supplier Radiat | =
2 A=) ﬂ Get Rad Component ﬁ Radiator Loop
=] Cooling Model : B ] fanwiork_miTmpl ° E MLfileMarne
i ° MLfileMarme 4—”’/ ° Run #
E 8 farvvark_mil & Get Rad Component

= §i OEM Cooling System Madel
Ambient Air Temp (°C)
Driving Speed (kmih)
Fan Diameter {mm)
Fan File Mame
fanork_ml

Rad File Name

Rad Height {mrm)
Rad Width {mm}
Airhass Flow dkals)
Fan Power (k)

Rad Heat (ki)

Fad Top Tank Temp {°C)

eoooocoo[lleooeece

Selected Parameter ShowHide Opti Selected Parameter -

B : | Al - | ¥ _
_l _ [+#] Shawe nan-File Params _l _ _l
. [¥] Show File Params

%Mo Errors B9 Log || Modified | Standalone
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Component Editor — Remote Model

Remote OEM Cooling System Model used at the Supplier Site

¢E: Component Editor - Remote Model

Femote model name |Fr|.-1

|
WErsion |1 |
|

Location MichiganAcs

Outputs
| Marme
B s TFEfectiveness Top Tank Temper 275.138416745805
fel 0
&1 1
fel 2
= FEriM Pressure Drop
fe1 0
fel1
= FEroM Pressure Dro
feln
fe1 1
4| [ » 4| [ »
] | Cancel Ay I Help |
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FIPER Interface to the Report File

Results produced by the OEM model for 4 different radiators from the
Supplier

L] - L) (L) -
File Edit Eun Wiew Window Help
ES b~ Job Marme A% Radiator Loon- 15:52:03 ¥ | Fe Dione (0K) 21121 @
Model r 7€ Parameters | 4 Histary rﬁ Graphs | ™ Worklow =[] Summary | Logs
Radiator Loop I
= [B]RadiatorLoop |
Get Rad Com| :
& = %ﬁ? SF & of 4 rows are shown
: Air Mass Flow (kois) Fan Power (Ki) Fad Heat (k) Rad Tap Tank Temp (*C)

\( 1 1 3330936056545 2963010722 1199047749354 YH. 3172320506
\( 1 2 314969111449 52692101304 119893166908 928412410471
\( 1 K] 28740371993 8.212034495149 1198894695624 431051871416
\( 1 4 29430425663 52277821314 1198706229051 90.3365490429

1]

§§ Mot all parameters of the selected compaonent may be shown. Use the "Configure” button to edit the list of i
§§ parameters that are shown. g |

[¥] Auto-Scrall

kD Joh completed successfully % Log

Standalone
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E-mail Communication with OEM

Pause Block that Allows an Interactive Workflow and Malil
Block that Sends the Report to the OEM

«E: Component Editor - Pause I

Daljse
. - «E: Component Editor - Mail x|
Action: Ask a guestion v | E .
! -
The workflow will pause and present the specified guestion to the user,
provides an answer and presses the '0K' button or the specified resumi Mail Server: [hawaii.engineous.com | E sendMow |
~Question ;| Possible Answers——  From: [kavupoveEpengineous.com |
Flease review the results and selectYes if A Userwill pick fram 5 ¢ Sublect: |Report |
you want to e-mail the results. : =
"t . } C:\ProjectsFiper_DCX'SupplierReport.xls {(ReportFile) 2]
Yes -
=
Display as  radio buttc Your repor is ready.
Parameter to contain a
: Ianswer
[v] sutomatically resume after  after vl fil seconds vl
0K | Cancel | Apply |
Parameter to insen:l - | 25' o B
Ok I Cancel I Apply I Help |
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Current Process vs. Federated Process

OEM = Supplier Supplier

DEM System Model

No

eet Req's?

Yes

E

@inal Design

Current Process

Federated Process
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Conclusions

Global development environment needs

Reducing data chasing between OEMs and Suppliers

More connection between testing and simulation

Reduce possibility of error during data inputs

Optimization, Design of Experiment & Design for Six Sigma
Protect intellectual property of each party
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