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Boundary Conditions

Shape-
OptimizationDesign

Targets

• Stiffness
• Strength

• Life Time
• Weight

• Energy absorbation
• Noise
• production

• free structure optimization
• restricted structure optimization
• multidiziplinary structure optimization
• structure optimization with multiple criteria

Available methods:
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 0

 s

 N
 component S/N curve

 type

 condition

 SHAPE

 form

 dimension

 PRODUCTION

 surface roughness

 MATERIAL

 surface treatment

 STRESS

 type

 size

 SURROUNDINGS

 medium

 temperature

Criteria for strength analysis
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Start
FE-Modell

FE Solver

Residual 
Check o.k.?

Optimizer

New 
Design

Yes

adopted
FE-Modell

No

FEMFAT
Damage D, 
Endurance Safety Factors S D
Static Safety Factors S G

Stresses ssss
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• weld location:
Node color

• joint and seam type:
Material of adjacent elements

Considered effects: 
• static and dynamic loads
• material properties 
• stress gradient
• mean stress influence
• sheet thickness
• stress correction
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yes

Controlled by
TOSCA

noNew design

Basic FEM-model

Convergence 
criteria reached

Controller

Adapted
FEM-model

Life-Solver

FE-Solver

Enhanced 
Optimization Loop

MBS

yes

Controlled by
TOSCA

noConvergence 
criteria reached

FE-Solver

Life-Solver

Controller

Adapted
FEM-model

New design

Basic FEM-model
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Shape 1: Orientation of rib
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Shape 2: Contour of rib

Design Variable 5: Thickness of rib (4 to 8 mm)
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Shape 3: Rib length Shape 4: Rib curvature

Design Variable 5: Rib thickness (4 to 8 mm)
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Rib thickness

Rib length

Rib orientation
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S=0,86 (-46 %)
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S=0,94 (+31,5%) S=0,89 (-14,6%)
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Design Variables

� Minimizing of maximum equivalent stress

� Same Design Variables as before

Target function
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Shape 1: length of rib 4
Shape 2: length of rib 3
Shape 3: length of rib 2

Shape 4: orientation of rib 3 Shape 5: orientation of rib 2 Shape 6: orientation of rib 4
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Smin=1,04 (+38%)
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+) appropriate handling and assessment of static
and dynamic loads

R =  0

R = -

8

1

2, 3
4

5
6, 78

9

Rp 0,2 Rm sm

sa

+) many influences can be considered
like Welding seams, temperature,…
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-) more analysis loops and effort nescessary

+) simplified load histories for
the optimization loop

Last-Zeitverlauf
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1
99

Ze itschritt [0,2s]

K
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ft
 [

N
]

Längskraft F x Seitenkraft F y Aufstandskraft F z

+) Consideration of material properties
STRESS 

AMPLITUD 
(log)

NUMBER OF 
CYCLES N  (log)

NEndu

ssssEndu
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