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Basics: Shape optimization 

Example: Shape optimization of a wind turbine hub 

Tosca Tuesday #5 
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 Design variables: Position of each surface node from a given design area 

 Goal: Calculate an optimal surface geometry of a given model under consideration of  
all boundary conditions, constraints and geometric restrictions  

 Result: Optimization displacements for all corresponding design nodes 

 Examples of possible tasks (controller strategy): 

• Minimize local stress /strain peaks  

• Minimize local stress / strain peaks under a volume equality constraint 

• Minimize local fatigue hotspots / nodal damage peaks 

• Minimize local fatigue hotspots / nodal damage peaks under a volume equality constraint 

• … 

Fundamental concept 

Basics | Shape optimization TTT 

#4 
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Basics | Shape optimization 
Different approaches 

Parametric concept ( Isight) Non-parametric concept ( Tosca) 

e.g. Variation of a radius Modification of each surface node 

 Flexibility of possible shapes  

TTT 

#4 
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Basics | Shape optimization 
Non-parametric concept 

Terminology 

 “Growth”: Design node is moved outwards in 

normal direction (positive displacement) 

 “Shrinkage”: Design node is moved against 

normal direction (negative displacement) 

 The design variables are more specifically  

the optimization displacement values of the 

corresponding design nodes.   

TTT 

#4 
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Controller strategy 

Basics | Shape optimization 

 Goal: Minimize local stress peaks on the surface of a structure 

 Controller strategy: 

• Homogenization of the surface stress distribution 

• “Growth” in regions of high stress        leads to local stress decrease 

• “Shrinkage” in regions of low stress     leads to local stress increase 

• Characterization of a certain region by using a reference stress (~ average stress of all design nodes) 

 Result: Homogeneous (uniform) stress distribution without any stress peaks 

 The concept is in a similar manner applicable to strain or damage peaks (fatigue analysis). 

TTT 

#4 
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Controller strategy – Example of a hole plate 

Basics | Shape optimization 

100% 

0% s 
s B 

A 

A 

B 

Growth Shrinkage 

> < 

p 

TTT 

#4 
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Controller strategy – Example of a hole plate 

Basics | Shape optimization 
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Homogenous stress distribution 
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TTT 

#4 
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TTT 

#4 

Controller strategy – Example of a rectangular beam under torsion 

Basics | Shape optimization 

Growth 
Shrinkage 

Homogenous stress distribution 

Torque 
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Mesh smoothing 

Basics | Shape optimization 

 Modifications during shape optimization: 

• Displacement of the surface nodes due to local stresses  

• Distortion of elements near to the surface layer 

• Quality of the finite element analysis is affected 

 Mesh smoothing: 

• Displacements at the design nodes are passed to the inner 

nodes which lie in a so-called mesh smooth area 

• Mesh adjustment and mesh smoothing takes place  

in each optimization iteration 

• Mesh smoothing preserves a good mesh quality 

 

 

 

NEW 

After  

Before 

Mesh smooth area 
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Tosca Tuesday #5 

Basics: Shape optimization 
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Get started … 

 Start Abaqus CAE (at least version 6.13, preferable 6.13-4)  

 File  Import  Model   “hub.inp” 

 File  Set Work Directory  Choose Directory 

 

 

Example | Wind turbine hub 
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Basic model: Loading and boundary conditions 

Example | Wind turbine hub 

Torque 

Fixation 

Torque 

Centrifugal & rotary 

acceleration forces  
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Shape Optimization: Setup 

Example | Wind turbine hub 

 Objective function 

• Minimize maximal stress peaks (v. Mises) 

 Controller strategy 

 Geometric restrictions 

• Rotational symmetry 

• Planar symmetry for each segment 
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Example | Wind turbine hub 
Shape Optimization: Used node sets 

Complete model Design area  Fixed nodes 



16 

3D
S

.C
O

M
 ©

 D
as

sa
ul

t S
ys

tè
m

es
  

Step 1: Shape optimization task 

Example | Wind turbine hub 



17 

3D
S

.C
O

M
 ©

 D
as

sa
ul

t S
ys

tè
m

es
  

Step 1: Shape optimization task 

Example | Wind turbine hub 

! 
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Step 2: Design response for maximal v. Mises stress 

Example | Wind turbine hub 
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Step 2: Design response for maximal v. Mises stress 

Example | Wind turbine hub 

! 

! 
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Step 3: Objective function ( minimize maximal v. Mises stress peak) 

Example | Wind turbine hub 
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Step 4: Geometric restriction for a fixed region 

Example | Wind turbine hub 
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Step 4: Geometric restriction for a fixed region 

Example | Wind turbine hub 
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Step 5: Creation of an optimization task 

Example | Wind turbine hub 

! 
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Step 5: Creation of an optimization task 

Example | Wind turbine hub 

! 

! More CPUs  
can be used  
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Step 6: Write out the files of the optimization task 

Example | Wind turbine hub 

The following files are created  

in the defined work directory:  

o Abaqus input deck: 

Shape_hub-Job.inp 

o Tosca parameter file: 

Shape_hub.par 
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Step 7: Tosca parameter file 

Example | Wind turbine hub 

Open up the Tosca parameter file 

“Shape_hub.par” in a text editor 

The parameter file is the fundamental 

settings file for Tosca. It contains all 

necessary data for an optimization. 

(e.g. Type of optimization, design variables, 

objective function, constraints, restrictions…) 
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Step 7: Tosca parameter file – Design response 

Example | Wind turbine hub 
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Step 8: Definition of a symmetry restriction within the parameter file 

Example | Wind turbine hub 

In addition to the basic 

optimization setup which was 

defined in Abaqus/CAE the 

following symmetry restriction is 

now directly added within the  

Tosca parameter file. The design area is basically divided into a set of segments  

(in this case 3) which are repeated around a rotational axis. 

Additionally this constraint ensures that the optimization 

displacements within each segment show a planar 

symmetry (see yellow planes); further information in the 

Tosca Structure documentation, page 2-345 
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Step 8: Definition of a symmetry restriction within the parameter file 

Example | Wind turbine hub 

!---------------------- 

! 

!  Link Condition: LINK_SURF_CYCLIC_PLANE_SYM 

! 

LINK_SHAPE 

  ID_NAME = LINK_SURF_CYCLIC_PLANE_SYM 

  MASTER = MAX 

  CLIENT = SURF_CYCLIC_PLANE_SYM 

  CYCLIC_SYM_START =  0., 0. , 1. 

  CLIENT_DIR = 1.,0.,0. 

  CS = CS_0 

  TOL = 0.1 

  ANGLE = 120. 

END_ 

!---------------------- 

! 

!  Geometric Restrictions: GR_SURF_CYCLIC_PLANE_SYM 

! 

DVCON_SHAPE 

  ID_NAME = GR_SURF_CYCLIC_PLANE_SYM 

  ND_GROUP = NSET_DESIGN_NODES 

  CHECK_BC = NO 

  CHECK_LINK = LINK_SURF_CYCLIC_PLANE_SYM 

  FEASIBLE_START = YES 

END_ 

 

Copy the following 

lines into the 

parameter file! 
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Step 8: Definition of a symmetry restriction within the parameter file 

Example | Wind turbine hub 

DVCON = GR_SURF_CYCLIC_PLANE_SYM 

Copy the following 

line into the 

parameter file! 
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Step 8: Definition of a symmetry restriction within the parameter file 

 

Example | Wind turbine hub 

!---------------------- 

! 

!  Link Condition: LINK_SURF_CYCLIC_PLANE_SYM 

! 

LINK_SHAPE 

  ID_NAME = LINK_SURF_CYCLIC_PLANE_SYM 

  MASTER = MAX 

  CLIENT = SURF_CYCLIC_PLANE_SYM 

  CYCLIC_SYM_START =  0., 0. , 1. 

  CLIENT_DIR = 1.,0.,0. 

  CS = CS_0 

  TOL = 0.1 

  ANGLE = 120. 

END_ 

 
Further information in the Tosca 

Structure documentation, page 2-345 

α = 120° 
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Step 9: Submission of the optimization task 

Example | Wind turbine hub 

In order to submit the 

optimization job the batch  

mode of Abaqus/CAE is  

used within this example 
Open up a command line and navigate to 

the defined work directory where the Abaqus 

input deck (*.inp) and the Tosca optimization 

file (*.par) are located. 
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Step 9: Submission of the optimization task 

Example | Wind turbine hub 

Use the following command  

line to submit the Tosca 

optimization from batch mode.  

abq6134 optimization –j Shape_hub –task Shape_hub 
 

OR 
 

abaqus optimization –j Shape_hub  –task Shape_hub 

The Tosca optimization should then start and an 

optimization directory called “Shape_hub” is created. 
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…  

Step 9: Submission of the optimization task 

Example | Wind turbine hub 

The status of the optimization 

can be checked through the 

outputfile “TOSCA.OUT”.  

It is located in the  

“Shape_hub” directory.   

The optimization finishes after ~10 minutes (4 CPUS). 
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Step 9: Submission of the optimization task 

Example | Wind turbine hub 

The status of the objective 

function and other design 

responses can be checked in the 

“optimization_report.csv” file.  
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Step 10: Visualization in Abaqus/CAE (      Optimization has to be completed) 

Example | Wind turbine hub 

! 

! 
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Step 10: Visualization 

Example | Wind turbine hub 
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Step 10: Visualization 

Example | Wind turbine hub 

! 

! 
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Step 10: Visualization 

Example | Wind turbine hub 

! 

Scroll through each 

optimization cycle 
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Step 10: Visualization 

Example | Wind turbine hub 

Optimization 
displacements of  

design nodes 

! 



41 

3D
S

.C
O

M
 ©

 D
as

sa
ul

t S
ys

tè
m

es
  

Original Design Optimized Design 



42 

3D
S

.C
O

M
 ©

 D
as

sa
ul

t S
ys

tè
m

es
  

Original Design Optimized Design 
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