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 INTELLIGENT OPTIMAL 

DESIGN OF A BEAM DURING 

THE CRASH
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�� UsedUsed in carsin cars

�� DuringDuring a crash : a crash : 

�� the maximalthe maximal loadload mustmust be limitedbe limited !!

�� thethe dissipated energydissipated energy for afor a given displacementgiven displacement mustmust

reachreach a maximum value !!a maximum value !!

�� GermanyGermany :: dedicated centerdedicated center > 15 000 tests> 15 000 tests

�� USA : USA : > 8 000> 8 000 numericalnumerical simulationssimulations
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�� Dedicated system Dedicated system 

•• for any cross sectionfor any cross section

•• for any type of assemblyfor any type of assembly

�� to give the minimum load and the to give the minimum load and the 
maximum dissipated energymaximum dissipated energy

�� the optimal design for any new the optimal design for any new 
requirementsrequirements
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APPLICATION IN OPTIMAL DESIGN OF A BEAMAPPLICATION IN OPTIMAL DESIGN OF A BEAM

�� PRIMITIVE DESCRIPTORSPRIMITIVE DESCRIPTORS
�� INPUT DESCRIPTORSINPUT DESCRIPTORS

�� 1. GEOMETRY OF NORMAL SECTION  (NISA1. GEOMETRY OF NORMAL SECTION  (NISA fromfrom EMRC)EMRC)::

•• Numbering eachNumbering each NODENODE

•• DefinitionDefinition ofof and numbering eachand numbering each MEMBER (MEMBER (connectivity connectivity 

and thicknessand thickness))

•• DefinitionDefinition ofof and numbering each externaland numbering each external oror internalinternal

CELLCELL
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APPLICATION IN OPTIMAL DESIGN OF A BEAMAPPLICATION IN OPTIMAL DESIGN OF A BEAM

�� 2. MATERIALS2. MATERIALS

�� 3. ASSEMBLY OF THE PARTS:3. ASSEMBLY OF THE PARTS:

•• Type :Type : weldweld, glue,, glue, boltbolt, ..., ...

�� weldweld

•• continuouscontinuous or byor by stepstep

•• numbernumber of spotsof spots
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�� OUTPUT DESCRIPTORSOUTPUT DESCRIPTORS

�� 4. CONCLUSIONS4. CONCLUSIONS

•• MaximalMaximal LoadLoad

•• Dissipated energyDissipated energy
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� dynamical CRASH simulation with RADIOSS.
�� loadingloading : one end: one end clamped andclamped and on theon the otherother oneone rigidrigid

mass of 100 kgmass of 100 kg isis sentsent atat the initial speed of 10m/s.the initial speed of 10m/s.

�� resultingresulting axial forceaxial force andand thethe dissipated energydissipated energy inin

functionfunction of the time.aof the time.a displacementdisplacement of 15 mm.of 15 mm.

�� On aOn a Silicon graphics workstationSilicon graphics workstation (Indy R 4400) (Indy R 4400) 

1 to 21 to 2 hourshours !!!!!!
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APPLICATION IN OPTIMAL DESIGN OF A BEAMAPPLICATION IN OPTIMAL DESIGN OF A BEAM

�� INTELLIGENT DESCRIPTORSINTELLIGENT DESCRIPTORS
�� 1. GEOMETRY 1. GEOMETRY OFOF NORMAL SECTIONNORMAL SECTION
�� Area Area 

�� Moments ofMoments of inertiainertia aboutabout centroidcentroid

�� ProductProduct ofof inertiainertia

�� Torsional Torsional constantconstant

�� CoordinatesCoordinates ofof centroidcentroid

�� Principal axes orientationPrincipal axes orientation
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�� EccentricitiesEccentricities ofof shear center shear center 

�� DepthsDepths of sectionof section

�� SectionsSections modulusmodulus

�� WarpingWarping constant ...constant ...

�� 2. MATERIALS2. MATERIALS

•• ElasticElastic constantsconstants

•• Plastic constantsPlastic constants
�� Nothing is taken when same used materialsNothing is taken when same used materials !!!!!!
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APPLICATION IN OPTIMAL DESIGN OF A BEAMAPPLICATION IN OPTIMAL DESIGN OF A BEAM

�� 3. ASSEMBLY by3. ASSEMBLY by weldingwelding :: most critical and difficultmost critical and difficult

part !part !

•• eacheach spotspot weldweld ==>==> small beamsmall beam

•• TotalTotal numbernumber ofof small beams with special small beams with special 

propertiesproperties

�� Global MomentGlobal Moment ElasticElastic TorsionTorsion or or properties properties 

duringduring oneone elastic dynamic step loading elastic dynamic step loading 
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�� GeneratingGenerating thethe rulesrules

�� NRJNRJ--INT = INT = --1.85e1.85e--02 * IZZ + 2.04e+03 * DZ + 4.842e02 * IZZ + 2.04e+03 * DZ + 4.842e--02 * 02 * 

MOMENTMOMENT--TORSION  TORSION  --6.9e6.9e--01 * J + 01 * J + --1.07e1.07e--04 * SURF * IYY  04 * SURF * IYY  --1.98e1.98e--04 * 04 * 

SURF * MOMENTSURF * MOMENT--TORSION + 1.24eTORSION + 1.24e--03 * SURF * IZZ  03 * SURF * IZZ  --3.34e3.34e--04 * J 04 * J + + 

9.84e9.84e--07 * IZZ * J  07 * IZZ * J  --1.25e1.25e--03 * J + 03 * J + --1.79e1.79e--04 * DZ * MOMENT04 * DZ * MOMENT--TORSION TORSION 

+ + --7.5e7.5e--13 * IZZ **2 * J + 9.00e13 * IZZ **2 * J + 9.00e--07 * IZZ **2 + 5.57e07 * IZZ **2 + 5.57e--06 * IZZ **2 + 06 * IZZ **2 + 

8.76e8.76e--03 * DZ **2 03 * DZ **2 + + --4.08e4.08e--10 * SURF * IZZ **2 + 1.955e10 * SURF * IZZ **2 + 1.955e--19 * IZZ 19 * IZZ 

**2 * J **2**2 * J **2

�� SimilarSimilar expression for expression for EFF-MAX
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OPTIMAL DESIGNOPTIMAL DESIGN
�� RequirementsRequirements

•• Maximun Maximun load < 150 000 Nload < 150 000 N

•• geometrical constraintsgeometrical constraints

�� find the solution to get the maximal value of the find the solution to get the maximal value of the 

dissipated energydissipated energy

•• in the space of the intelligent descriptorsin the space of the intelligent descriptors

– solution NRJ-INT = 6 672 127 with EFF-MAX = 11 200
– great improvment !!!!

–– MeaningMeaning of the solution ?of the solution ?

•• Does itDoes it exit  ?exit  ?

•• How toHow to obtain itobtain it ??
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AP P RENTIS S AGE

S URF 6.21E+02 J 924594.73
6.21E+02 -5.22E+06

IZZ 786350.24 6.14E+06
-3.45E+06 7.84E+02
4.24E+06 DZ 9.28E+01
1.41E+02 9.28E+01

IYY 736712.76 DY 1.14E+02
-5.54E+05 1.14E+02
1.91E+06

-6.17E+05
EFF-MAX 154990.53 NRJ -INT 2.13E+06

7.22E+05 -1.87E+06
-6.73E+05 4.51E+06
1.05E+05 -5.10E+05 #REF!

P ARAMETRES  DE CONCEP TION P RIMITIFS
LW LS H EP S TEP NB-BEAM

17.558794 39.5003548 46.4053307 1.5 17 49
P ARAMETRES  EVOLUES  INTEELIGENTS

S URF IZZ IYY J DZ DY
6.21E+02 786350.24 736712.76 924594.73 9.28E+01 1.14E+02
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O ptim al solution 2

N R J-IN T  = 2 100 000
E FF-M A X  = 154 999
for
LW  = 18.38 m m      L S = 39.5 m m   H =47.8 m m
EP = 1.499 m m        ST EP = 10
N B -BEA M  = 82
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�� RADIOSS RADIOSS 

==>NRJ==>NRJ--INT = 1 953 500 JINT = 1 953 500 J

andand EFFEFF--MAX = 155 540 NMAX = 155 540 N

�� Improved technologicalImproved technological solutionsolution

�� The design office : The design office : 

•• able toable to answer atanswer at once toonce to anyany newnew

requirementsrequirements

•• with at eachwith at each time one optimal solution !!time one optimal solution !!
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CONCLUSIONSCONCLUSIONS

�� ACTUAL APPROACH ==> ACTUAL APPROACH ==> 
DESIGN OF THE FUTURE !!!DESIGN OF THE FUTURE !!!

�� ABSOLUTE NECESSITYABSOLUTE NECESSITY alsoalso inin
Control ofControl of ProcessesProcesses
SurveySurvey of  Structures...of  Structures...

�� Linking automatic learning Linking automatic learning 
and optimizationand optimization techniquestechniques
with mechanicalwith mechanical expertiseexpertise


