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NVH concept modelingNVH concept modeling
Model updating

Simplified model
Reference FE model

Simplified model
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Optimization / modification studyCAD model of the new concept
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Concept beamsConcept beams

Standard 
cross-sections

Arbitrary 
cross-sections
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Generic 
cross-sections

Equivalent
A, Iyy, Izz, 
Iyz, J 

Concept modeling of beamsConcept modeling of beams

Real crossReal cross--section: section: 
-- spot weldsspot welds
-- stiffenersstiffeners
-- holesholes

Equivalent cross-sections: 
- stiffer than the real one
- A, Ixx, Iyy, Izz, Iyz – only approximate
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Concept modeling of beamsConcept modeling of beams
Steps for evaluating the different CS approximations:p g pp

Isolate the beam-like structure

Create a simplified 1D beam model

Static load case on component level
(both models)

Static load cases and/or modal analysis on 
vehicle level

(full and partially substituted reference model)
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(full and partially substituted reference model)

Ford Taurus BFord Taurus B--pillar pillar --
standard CSstandard CS

Simplified 1D beam B-pillar: 
Standard BOX1 cross-sections 

≈
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Static load case:
Forces and moments applied 
to the beam tip node
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Ford Taurus BFord Taurus B--pillar pillar --
standard CSstandard CS

mass Jxx Jyy Jzz
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Ford Taurus BFord Taurus B--pillar pillar --
standard CSstandard CS
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Model updatingModel updating

≈ →
Model updating

(component level)
→Optimization

(global level) 
→ ?

Optimized 

detailed model

 Problems with convergenceProblems with convergence
 EquivalentEquivalent staticstatic behavior,behavior, butbut shapeshape cancan differdiffer

significantlysignificantlysignificantlysignificantly
 TheThe transitiontransition optimizedoptimized updatedupdated modelmodel >>>> detaileddetailed

modelmodel isis notnot straightforwardstraightforward
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Ford Taurus BFord Taurus B--pillar pillar ––
arbitrary CSarbitrary CS

Si lifi d 1D b B illSimplified 1D beam B-pillar: 
Arbitrary cross-sections 

S i l d

≈
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Static load case:
Forces and moments applied 
to the beam tip node
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Ford Taurus BFord Taurus B--pillar pillar ––
arbitrary CSarbitrary CS
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Ford Taurus BFord Taurus B--pillar pillar ––
arbitrary CSarbitrary CS
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Validation techniquesValidation techniques
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Mesh  morphing
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Optimization

Validation techniquesValidation techniques
 Check the prediction capabilities of the nominal and Check the prediction capabilities of the nominal and 

updated 1D Bupdated 1D B--pillar (arbitrary CS)pillar (arbitrary CS)
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Model updating Model updating –– pros & conspros & cons
 ProsPros
 Can reduce the errors introduced with 1d beams modelingCan reduce the errors introduced with 1d beams modeling
 Can reduce small errors due to inexperienceCan reduce small errors due to inexperience

Both A- and B-pillars replaced
with their 1D equivalents >>

 ConsCons

with their 1D equivalents
+4.5% average error for the first

7 eigenfrequencies

 Additional effort, Additional effort, convergence problems convergence problems 
 Problems with maintaining the connection with the detailed Problems with maintaining the connection with the detailed 

modelmodel
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Beam concept Beam concept modeling modeling ––
new approachnew approach

Equivalent 
PBEAM

A, Iyy, Izz, Iyz, J
W, H,T

A, Iyy, Izz, Iyz, J

Equivalent 

- 1D beam structures with arbitrary
cross-section
U d ti ti l
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A’, Iyy’, Izz’, Iyz’, J’
W’, H’, T’

q
PBEAM

A’, Iyy’, Izz’, Iyz’, J’

- Updating optional
- Bounding box optimization parameters
- Equivalent inertia properties
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Beam concept Beam concept modeling modeling ––
new approachnew approach

 Avoiding Nastran fatal errors with arbitrary beam Avoiding Nastran fatal errors with arbitrary beam g yg y
crosscross--sectionssections
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Intersection of line segments

Beam concept modeling Beam concept modeling ––
new approachnew approach

 Reduce simulation timesReduce simulation times Reduce simulation timesReduce simulation times

 TheThe gaingain isis proportionalproportional toto thethe numbernumber ofof objectiveobjective
functionfunction callscalls duringduring optimizationoptimization

 ForFor anan equalequal numbernumber ofof beambeam elementselements thethe gaingain

PBMSECT PBEAM BndBox
Ti f d t fil

 ForFor anan equalequal numbernumber ofof beambeam elementselements thethe gaingain
increasesincreases withwith thethe increaseincrease ofof thethe numbernumber ofof
crosscross--sectionalsectional propertiesproperties
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Time for new .dat file 
generation, 1000 CS 4s 2s

Time for the calculation 
of 1000 CS properties 4.5s 0.01s
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Summary and next stepsSummary and next steps

 AA newnew strategystrategy forfor conceptconcept beambeam modelingmodeling andand
optimizationoptimization hashas beenbeen defineddefined andand isis toto bebe furtherfurther
validatedvalidated..

 ModelModel updatingupdating isis notnot toto bebe excludedexcluded butbut mustmust bebe usedused
withwith cautioncautionwithwith cautioncaution..

 WeWe mustmust bebe alwaysalways awareaware ofof thethe errorerror introducedintroduced withwith
conceptconcept beambeam modelingmodeling..

 Next step: concept joint modelingNext step: concept joint modeling
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