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wieat  modeFRONTIER user's meeting 2008

ADVACED NUMERICAL OPTIMIZATION METHODS
IN THE RAPID PRODUCT DEVELOPMENT PROCESS
OF DIESEL ENGINES

modeFRONTIER user’s meeting 2008
14-15.10.2008, Trieste - ltaly

Dipl. Ing. Amos Giovannini, Dipl.-HTL-Ing. Gunther Pessl|
BMW Motoren GmbH Steyr, Austria
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OPTIMIZATION PROCESS

- Multi-objective Optimization
(modeFRONTIER)

TASK

to find the optimal shape of catalyst inlet

enhancing the flow )
- Mesh Morphing

(ANSA)

OBJECTIVES
* minimize pressure loss

* maximize velocity uniformity index i -
Morphing \
= Parameters Morphing

down_03 Boxes
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Parameter Optimization FE: Connecting Rod
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g:mw BMW Diesel Engine Development
Parameter Optimization FE: Connecting Rod
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Clearance between Bushing and Pir

OPTIMIZATION PROCESS

Morphing parameters (7)

Non-local shape optimization, parameter optimization T

(examples)

(Abaqus, Ansa, modeFRONTIER) By

omCH

Drilling shape

(Numerical Parameters)

Drilling shape parameters (5)

Geometry modification (Equation defines the exponential part)

(Morphing parameters)
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amuooren  BMW Diesel Engine Development amuoren  BMW Diesel Engine Development

uiz®  Robust Design Optimization FE: Crankcase Wi Robust Design Optimization FE: Crankcase
TASK OPTIMIZATION PROCESS
Optimize the fatigue life of a crankcase and gasket
behavior, considering the influence of uncertain variables Robust Design Optimization

Response Surface Method (RSM)

Mesh Morphing
OBJ ECT'VES (Abagus, Femfat, Paramesh, modeFRONTIER)

* To increase the fatigue life of crankcase

* To increase the bead pressure on gasket
* To restrain the bead lift

* To restrain the temperature of crankcase
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Gaussian Distribution|

Discrete Variable Uncertain Variables

Gasket type (2) Liner Press-fit Overclosure

P(x)

Affected by Manufacturing Tolerances
-7

Gap Conductance Liner — Crankcase

Cooling Channel (2)

Friction Gasket — Crankcase and
Gasket — Cylinder Head

Morphing Variables  uniform Distribution
Cylinder Head Screw Force Reduction
Liner Thickness . )
< Uncertain Simulation Parameters

|
Water Jacket Shape
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Results of the virtual optimization
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CA=180 deg
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ASEH :www.idaj.cn

BWERZIDAIG AT B |
BHSECFDSZ e HFIRB S HR%EH :support@idaj.cn
A B #5:
e B AL B SR ESNE, 485 Laphy[E]
MAL BT &
« JE7E RHEX, ZA4HT -
- REREVAERE SR
A HE:
- SIMPLEX P% rom
‘ GROUND
ﬁﬁ%%ﬁﬁﬁﬁ:: ‘ e Xpér
- CATIA sl
 lcemCFD
« CFX
« ADAMS
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SMNFBE
Simulating vehicle dynamics Assembly

: . ‘

« The global model is represented by Subsystem 1 | | Subsystem 2
means of a group of mechanical
elements with specific characteristics. 1
Parts
« The structure of the complete car model
has a pyramidal layout.

] -.|‘
&
g‘i‘

Courtesy of: b=
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ALZMZT 0 - serolap Data Comerter

-. VELOCITY
i Maximum inclination
Optimal ALIWS - AeroLap Diata Convarter
Original

e Q00D FUEL CONSUMPTION

Courtesy of: = YT

Cd coefficient: -2.0 %
Cl coefficient: +2.3 % CFX
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(ALEEER - Ba

225104 I J
1

2ZMEMT - - - - - - - - L e ik s
J L.

2MADAT - = = = = = = =e i R R e
I I

FEEANS

22303

A AV A U A S T f RESULT
TN (LN Sy N N S R Design 17 improves

s ' 2,36 sec. the lap time

R 7 b

PEIGT |- - - -

LagTims

e e e R e —F'i

2001

218,60

2190
U ALY 20

Lezmn D

Lap Time L hFE: 4ifZ T2#!
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RAE-16E & % St izt
(Catia, Star-CD)

é““’ vEaL! "?@
Ag;r "y m \__::\ 2 . . . . . .
%2§D1partl@ento Hrieste University
L/ Energetica (sponsored by the Dassault Aviation )
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Catia, BESHILEK
Star-CD, #itHE

A

MOGA, 15/, 40714k
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[R)EE IR
WAZH Design point | transonic | subsonic
WEFE, 13MEEKMEESHISH B 2° 17.12°
B, 1A RELR MR S5 TN 0.7 0.12

JUZI3R Max thickness <= 10% chord lenght
KBENZIR Transonic point lift >= original RAE-16 one
THEBM | Max. efficiency=c, /c,

BEZEEM | Mindrag

HWHSH.

/55 3 4 A W FHBE 7 R 3
THHEBEIR:

Linux&%t, 12CPUH4T; OpenPBSHERA R4
FARSEER Z11h, {F% EFER40hs
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3 BWERZIDAI AT BEEE; !
modeFRONTIER {4t TAER HR 2 support@idaj.cn

E =

File Edit Project Assessment

DM £ & B &
ﬂl Process Flow

xmax ¢ X1u @ x2u § x3u | 23u § x1d

Z3d N z4d K x2d § z2d B y3g
code_1.sh
macraparametrizza. CATScript

macroparametrizza2 CAT Script
code_2.sh @ con_cd2
¥ cd2

_
ﬁ cd2trans_ohj
con_cl2

SE>RBANCC B PR 7

Ei [morde FRONTIER 2.5.0 (build 19.04 2002 CAL) (SH for UNIX) - MODE: EDIT E
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CatiaVs St iEiE

ASREEFI PRI PR RED LS

Upper curve: 5points-spline, 4 free to move

Lower curve: 6points-spline, 5 free to move

Nose: 3 points-spline, trailing edge tangents constrained
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CatiaV5 SE iR

— HESEE SR LB S EH e —
TR ; PSRRI R
B (B TXEHSE5IE )

Slat: 2 points-2 tangents defined conic curve
Flap: 2points-2 tangents defined conic curve

Xc: point of detachment of flap from main element

Copyright © IDAJ Co., LTD. All Rights Reserved. m
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HE RN TRE

Transonic point

Number of cells: 30000
Solver equations: Navier-Stokes

Turbulence model: k-¢

Fluid flow: compressible (M=0.7)

Mesh typology: multi-block structured

Geometry imported by Iges file, produced by CatiaV5
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RN

Subsonic point

Number of cells: 30000
Solver equations: Navier-Stokes

Turbulence model: k-¢

Fluid flow: incompressible (M=0.12)

Mesh typology: multi-block structured

Geometry imported by Iges file, produced by CatiaV5

Copyright © IDAJ Co., LTD. All Rights Reserved.
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0

AIEH :www.idaj.cn
R ZIDAIF RIS, |
FAREH :support@idaj.cn

Pareto
front

cd2trans_obj

Right Mouse Click an point for details.
Right Mouse Click on background for properties

Original
point

Subsonic
efficiency

Trans. drag

Trans.
lift(constr.)

Original ind.

3.73

0.129

0.50

Ind Nr. 405

3.82

0.49

Ind Nr.544

0.123

0.51
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SEISERRIEDFIFIENRT
( BATAOS , Icem CFD , ICARE )
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.«»
[A)ERfEiA
e R
TR SH (REEAF , ik
o AR AR TR
3G
BATACS, &% H&NSHAERIEBKMT
lcem CFD, Pi#EAAREEKAt:
ICARE, RANSHEWRZTHE ®/: ( with free surface Solver )
WMASH: S AR 7Y
BRSNS SH R AHBE A FERERE Ay B GRIBUAS RT3 D
PRAL SR - THEBRE:
DOE Sequence; SIMPLEX; PC Linux OS, 10 processors of a PC cluster ; 6 licenses,
MOGA; FHATiHEFE 32 parallel processes (batch32); installed on linux PC
cluster; 3 days calculations
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fiichisrEE

Solvers :
Resistance, stability, seakeeping ...

Iges file Hull Modeling Mesh generation

Outputs :

® Total drag

® Stability

® Ship motion ...

Inputs :
® Hull form parameters

Optimization Software

.. Constraints :
Objectives :

AT ' ® Length, Beam, Draft ..
® Total drag | i ) - - ,
® Displacement

® Stability criteria ...

@® Ship motion ...

Copyright © IDAJ Co., LTD. All Rights Reserved.
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o ITREFCINENBINRES %EI10 %

Total drag
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® [nitial Hull Exp. "o
+— @ Optimized Hull Exp.
— Initial Hull Comp. .}//
T— — Optimized Hull Comp. =
[ ]
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Froude Number
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0.45

Total Drag reduction (%6)

1TSS ELER

20%

—
<
S

10%

<
3
)

0%

AEH :Www.idaj.-cn

BRI IDAI G AT AR, !
AR # support@idaj.cn

-3 Exp.

-o— Comp.

0.1

0.2 0.3 0.4 05 0.6
Froude Number

> )
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