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SIMULIA Tosca Optimization Modules

Tocsa Structure.topology Tosca Structure.sizing Tosca Structure.shape Tosca Structure.bead

*  Find the design with *  Reduce mass through *  Reduce local stresses and * Increase stiffness or .
maximum stiffness or optimized sheet thicknesses increase durability eigenfrequency of sheet
minimum weight metal structures
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Main Frame Development
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Topology optimization

Main frame optimization progress




Smoothed optimization results

Main frame
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Topology optimization of a main frame

Series production

Assembly

Conventional design

Design space for
topology optimization

Optimization result
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Main frame - comparison

Document_2014

3DS.COH @ Dassault Systémes | Corfidential Information | 1/29/2015 |ref.: 308

0 - ‘ |
5.64 Conventional 5.52 Optimized  $.82 Optimized
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Wind turbine — main shaft

* High quality steel * Bigger dimensions means

* Normally forged, can be casted * Increasing power P
» Decreasing velocity w
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* Usually hollow

: _ » Torque T = P/w increases heavily by size
* Diameter about 1% of rotor-diameter
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Main loadings

Spherical roller

Boundaries due

bearing 3 to bearings

Boundaries due force P ; :
transfer into gearbox or - EEEEEEEEEEEE BT - Wttt
generator
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Loading from wind through hub
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Examples of critical spots on the main shaft

for stress minimization

Notch stress

+3.000e+02
+2.750e+02
+2.500e+02
+2.250e+02
+2.000e+02
+1.750e+02
+1.500e+02
+1.250e+02
+1.000e+02
+7.500e+01
+5.000e+01
+2.500e+01
+0.000e+00

Main shaft stress at curvature

Bearing pressure
distribution




Stress reduction in notch

Shape optimization including manufacturing

Manufacturing Design
constraint surface
rotational defined by
symmetry node set

Lock side
hodes
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Initial von Mises stress = 300 MPa — target von Mises stress = 200 MPa
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Optimized shape of notch

254 -
252 -
250 -
248 -
246 -
244 -
242 -
240
238 -

Stress for original shape (~300 MPa)

Stress for optimized shape (~200 Mpa)

= Optimized shape = = Initial shape
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Shape optimized iteration history of notch
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Optimization iteration history
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Bead Optimization of Sound Absorber
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Increasing the 1st and 2nd eigenfrequency
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Supporting for translation
at the intermediate areas
of the plate (DOF 1-3)
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Completely supported at

the boundary (DOF 1-6) —

TENNECO

Automotive
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Natural eigenfrequencies and eigenmodes of the
initial sound absorber

® = 281 HZ ®) = 338 HZ

g . .
;=504 Hz ®, =588 Hz
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SIMULIA Tosca Structure.sizing

Application example: car body

* |nitial weight ~329 kg
« ~350,000 shell elements

198 shell sections used as
clustered design variables

* Optimization task
* Minimize mass
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+ Stiffness constraints
This model has been developed by The National Crash Analysis Center (NCAC) of The George

Bendmg tors|ona| and aX|a| SUffneSS Washington University under a contract with the FHWA and NHTSA of the US DOT
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SIMULIA Tosca Structure.sizing

Application example: car body

Objective: Minimize mass Constraints: Stiffness (through displacement constraints)

Document_2014

, Mass (nomalized) Displacement {nomalized)
g 1 & S e— P
g Bending
g 15% less mass
E for same stiffness 4
£
%
£
n Torsional ~
2
z 0,75 ; |
0 5 10 15 0.6 |
Optimization iteration ’ : J ‘
0 5 10 15

Here: 15 Abaqus design cycles needed Optimization iteration
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SIMULIA Tosca Structure.sizing

Application example: car body

Initial weight ~349 Kg Sheettckness (]

1.2
I 1.13
1.06
0.99
0.92
I 0.85

0.78

Weight reduction ~ ~49 kg
Total weight ~280 kg

+ Stiffness maintained!

0.71

0.64
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0.57

This model has been developed by The National Crash fnalysis Center (NCAC) of The George Washington University under a conbractwiththe FHIUA and NHTSA of the US DOT 05
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3DEXPERIENCE

Live Demonstration

Topology Optimization of
Motorcycle Disc Brake Carrier

SIMULIA Tosca Structure
Optimization Module within Abaqus/CAE
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Motivation

Conceptual Design
Lightweigt
Stiff
Manufacturable
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Model and Optimization Task

»  Steel Disc & Aluminum Carrier é' Objective: Maximum stiff design
% » Disc and carrier - connected through couplings (buttons) *  Volume/Weight constraint: 40% from the available design space
g *  Full fixation at screw position ) Geometric Restriction:

«  Braking force on different patches - multiple static loadcases * Maintain functional areas - interfaces to buttons and screws

* Rotational symmetry - 6 pie sections, 60°
*  Stamping — maintaining thickness of the carrier

* Insuring certain minimum thickness of the spikes
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Optimization Module within Abaqus/CAE

Integrated graphical user interface for Tosca Structure optimization and FEA

Abaqus/CAE

FEA authoring

FEA analysis

Optimization
authoring

Optimization run

Optimization result
visualization
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