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Introduction/Recap

Topology Optimization

Find a material distribution to
achieve the optimization goal

Assign a design variable
0 ≤ ρ ≤ 1 to every element of the
mesh

ρ switches between materials

Walter Friza, Alice Reinbacher-Köstinger, Eniz Museljic, IGTE
Graz, April 10, 2026



3

Introduction/Recap

Topology Optimization

Find a material distribution to
achieve the optimization goal

Assign a design variable
0 ≤ ρ ≤ 1 to every element of the
mesh

ρ switches between materials

Walter Friza, Alice Reinbacher-Köstinger, Eniz Museljic, IGTE
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Introduction/Recap

Topology Optimization

Find a material distribution to
achieve the optimization goal

Assign a design variable
0 ≤ ρ ≤ 1 to every element of the
mesh

ρ switches between materials

min
ρ

J(ρ,u)

s.t. F(ρ,u) = 0
gi(ρ,u) ≤ 0 , i = 1, ...,N
0 < ρmin ≤ ρ ≤ 1
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Introduction/Recap

Topology Optimization

filtering penalization
material

interpolation
forward
model

J(ρ,u)
ρ ρf

ρp ν(ρp) u

Filtering to obtain physical
meaningful solutions

Penalization to obtain discrete
solutions

Material interpolation converts
the densities into physical
material parameters

Forward model provides quantity
u for J(ρ,u)
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Introduction/Recap

Gradient Computation

∂ρf

∂ρ

∂ρp

∂ρf

∂ν
∂ρp

∂u
∂ν

∂J
∂u

J(ρ,u)

Chain rule of derivatives
∂J
∂ρ

= ∂J
∂u

∂u
∂ν

∂ν
∂ρp

∂ρp

∂ρf

∂ρf

∂ρ

Analytic expressions for ∂ν
∂ρp

, ∂ρp

∂ρf

and ∂ρf

∂ρ
implemented in PyCFS

∂J
∂ν

Computed with the adjoint
method in openCFS
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Introduction/Recap

Optimization with OpenCFS

creating the
FEM mesh

init ρ(0) update ν(k) with ρ(k)

by filtering and penalization

Forward model
F(ν(k))

Adjoint problem

evaluate J(ρ(k)), g(ρ(k)) and
compute ∇ρJ(ρ

(k)), ∇ρg(ρ
(k))

MMA
optimizer

converged ?
k=k+1

compute ρ
(k)
f

as final result

ν(ρ(k)) u

u ∂J(ρ(k))
∂ν(ρ(k))

ρ(k+1)

yes

no

OpenCFS

Python with PyCFS

Coreform Cubit

Walter Friza, Alice Reinbacher-Köstinger, Eniz Museljic, IGTE
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Magnetic Actuator Example

Problem Statement

Maximize the magnetic field in
the objective domain

Material Parameter µr

armature: 2000
core and design domain:
1000
air and coil: 1

Load parameter: |J| = 2 A/mm2
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Magnetic Actuator Example

Optimization Problem

maximal volume
fraction Vfrac = 0.6

6000 design variables

filter size R = 1 mm

SIMP with p = 3

min
ρ

J(ρ,A) = −1
2

∑
e∈Ωo

BT
e Be

s.t. F(A,ρ) = 0

g(ρ) =
V (ρ)

V0
− Vfrac ≤ 0

0 < ρmin ≤ ρ ≤ 1 .
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Magnetic Actuator Example

Results
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Setup in PyCFS

XML Setup
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PyCFS Setup
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Setup in PyCFS

PyCFS Setup
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Thank you!
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