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Questions will be addressed at the end of the
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N. Othoff et al., On CAD-integrated structural topology and design optimization

The Ground

Structure

Fig. 4. Solution of topology optimization problem.



This is the
MBB Beam oD
l P = 10 kN
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Fig. 12. Initial geometry with loads and boundary conditions.




This part has
no structural
significance

This part is
considered to
be one hole

Fig. 16. Result of topology optimization.
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Fig. 18. Final finite element model.

Fig. 19. Exampile of final geometry slightly modified by the designer. The upper right corner has been added again.



structures: case study of the MBB beam using laser powder bed fusion

| o . - . . - S o -
# "MBE beam” - Google Scholar X + o = ] *
O <« C @ scholar.gocgle.dk/scholar?as_vis=18q="MBB+beam"&hl|=da&tas_sdt=0,5 B B qzox i 6 1 =
° =6
= Google Scholar  "MBB beam” n a
Chlh
© & Artikler Ca. 2.140 resultater (0,08 sek.) ® Min profil % Min samling
w
| Nar som helst mtm 3D printing of topologically optimized wing spar with continuous carbon [HTML] sciencedirect.com
Siden 2026 fiber reinforced composites 4 Hurtig lzesning
Siden 2025 ¥ Huang, X Tian, W Li, S He, P Zhao, H Hu... - Composites Part B .__, 2024 - Elsevier
Siden 2022 _.. In this section, a continuous carbon reinforced UAV wing spar and an MBB beam were
Tilpasset interval calculated to verify the developed method, as shown in Fig. 5, Fig. 6, respectively. __
vr Gem 99 Citer Citeret af 100 Relaterede artikler Alle 4 versioner
Sorter efter relevans
Sorter efter dato Multiscale concurrent design and 3D printing of continuous fiber reinforced
thermoplastic composites with optimized fiber trajectory and topological structure
Alle typer Y Huang, X Tian, Z Zheng, D Li, AV Malakhov... - Composite ..., 2022 - Elsevier
Oversigtsartikler ... Inthis sectiqn, thg conti_nulous fiber reil_'lforced MBB beam_ and cantilever beam_by multiscale
concurrent design with optimized fiber trajectory and topological structure are fabricated by ...
) 17 Gem 99 Citer Citeret af 148 Relaterede artikler Alle 5 versioner
inkluder patenter
inkluder
henvisninger mtmL Multiscale topology optimization and 3D printing of continuous carbon fiber [HTML] sciencedirect.com
reinforced composites lattice structure 4 Hurtig lzesning
& Opret Y Huang, S He, X Tian, W Li, Z Meil, P Liu... - Composites Part B ..., 2025 - Elsevier
underretning ... topological MBB beam with ... MBB beam with optimized unit cells and fixed unit cells are 40
h and 44 h, respectively, which are longer than the 38 h required for the tradition MBB beam. __.
Y7 Gem 99 Citer Citeretaf 26 Relaterede artikler Alle 3 versioner
Minimizing thermally induced residual stresses in metal additive manufacturing [PDF] springer.com
through peridynamics topology optimization 4 Hurtig lzesning - d-nb.info
S Khalilvandi Behrouzyar, A Kendibilir. .. - Engineering with ..., 2025 - Springer
... The optimization process applied to both L-beam and MBB-Beam structures results in ...
[ For the MBB-Beam, optimization process induces geometric modifications that yield a stress ...
vr Gem 99 Citer Citeretaf 10 Relaterede artikler Alle 10 versioner
& Investigation on Taubin smoothing performance of additively manufactured [PDF] springer.com




Can we transfer this idea to biomechanics and

exoskeleton design?

Generating design
ideas from all
possible solutions

The Ground
Structure
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What would a ground
structure look like for
an exoskeleton?

Which design criterion
would we be trying to
optimize?

Questions?




Energy variation over the gait cycle

The necessary power to
change energy can only come
from muscles

Almost, but not completely,
symmetrical

wise an isolated system

A walking human is energy-

0,0 0,5 1,0
Time [s]
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If there were no change of energy, then ambulation

would be effortless!




Peaks are not

Muscle power completely symmetrical
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Key ldea:

We add mechanical elements to the system such that the
energy variation over the gait cycle is minimized.



Topology Optimization in Blomechanics

The ground structure: 11350
262 possible attachment points possible springs
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After kinematic analysis, we
know the length variation of
all the springs over the gait
cycle

Now we must figure out:

 Which of the 11350 springs should we
keep?

* Which spring properties (stiffness and
slack length) should they have?

For this, we define an optimization problem.




We imagine each line is a linear spring

Assuming linear elasticity, the elastic energy of spring j in each time step can be computed analytically:

1 0

2

Slack length

Spring stiffness Spring length

For each time step, i, the elastic energy of all springs is summed and added to the mechanical energy.

We want this to be as constant as -
possible. We express this as variance. E; = Z Ei(xij) +V;
=1

\\\\\\\\\\\\\\\ —Mechanical

where V; is the mechanical energy of the entire body in time step 7, and x;; is the length of spring j in time step .



Optimization problem

Minimize the variance of total energy over the gait cycle:

m

G(k],xjo) — Z(El — E)Z

=1

where E is the mean of the posture energies

11350 springs = 11350 spring stiffnesses + 11350 slack lengths =22700 design variables.
Very large optimization problem, but the objective function is explicit, so it can be solved very efficiently.
We dump the spring length variations from AnyBody and import them into a Python program, and then we optimize.



Interesting but
Impractical

* 360 individual springs remaining in
the solution.

* Almost like pants made of an
anisotropic fabric.

* Almost but not completely
symmetrical.

* |s this practical for manufacture?

* 3D print on fabric?

TECHNOLOGY



Biomechanical Effects

Mechanical and elastic energy before and after Muscle power
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Can we simplify the
solution?
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360 springs is a lot

We would like a simpler solution
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S
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We cannot just randomly remove springs that we
think are less important

We must reformulate the optimization problem



Penalization of the objective function

Before:

G(kj,x)) = z(E E)?

where E is the mean of the posture energies. Reduce total amount of

G(k; xo)— z(E E)2+£zk-

“Spring”

Now:

Penalization parameter




Solution with 47 springs
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Solution with 8 springs

e
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Power [W]
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266 springs

47 springs

8 springs
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Discussion

Could there be Detter MEElalusiiRt:-utE
e Larger grids

SO lUt| on S? *\ia points (multiple-point springs)

e Should probably be done
e | eft for a later iteration

Tlghts-type gI‘O un d * Wrap springs around the leg surface to emulate running tights.
Stru Ctu re? e Retained springs could be printed on the fabric.

RU nn | ng S h OeS-tYPe . Repently, marathon records have been broken with shoes that have tailored
ground structure stiffness.




Al-generated image

Functional garments

e Ground structure = many crisscrossing
elastic bands in the fabric

* Remaining rubber bands after
optimization are only the useful ones.

* Possible manufacturing by printing
methods directly on the fabric.







Similar example for
the shoulder

CXD shoulder orthosis
13,248 possible springs

Springs with too large strain eliminated

8,339 springs left

16,678 variables in the topology optimization problem
https://liftyahealth.com/
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Result of topology optimization




Effect of the spring

Shoulder and elbow moments

without springs
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Welcome to AnyScript.org

R e S O l | r( e S An open community for users of the AnyBody Modeling System and a

Webcast: Sequentially coupled musculoskeletal
multibody and Finite Element modeling for biomechanical
analysis of the human masticatory system

PY h Date: November 17, 2026
www.a n o ec Oco m [ (A) Geometry [ (BYMusculaskeletal | [ (C) Finite element } |n|:numedunsrsl
Time: 9AM CET & 5PM CET ] preparation i i analysis simulstion H

* Events, Webcast library, Publication list, ... s nine ﬂ%

This webcast presents a sequentially coupled modeling framework linking
musculoskeletal multibody simulation (MMBS) in the AnyBody Modeling System D # leccccccccend locmeeannaa-

o with finite element (FE) analysis of the mandible. The framework is developed to
L www.a n y Sc rI F!t.o rg contribute to more realistic biomechanical models of the masticatory system, for mg’ﬂr e
example, for preoperative planning in craniomaxillofacial surgery.
Starting from a generic multibody model of the masticatory system, the
M M M M mandible, skull, and muscle paths are anisotropically scaled to the patient
® W I k I 9 B I Og, R e p O S I to rl e S F) FO ru m specific target geometry using a three step approach that includes linear scaling,
nonlinear RBF scaling, and nonlinear STL morphing. The resulting time
dependent muscle forces and

[ E ve n t s landmark displacements under unilateral clenching were then transferred as
loading and boundary conditions into a subject specific FE model with
heterogeneous bone material properties.

o We b C a S t: S e q u e n ti a I Iy C O u p I e d M S K The talk will walk through this scaling and coupled modeling framework, present

results from systematic sensitivity analyses of FE analysis on bone material
properties, muscle forces, and muscle attachment areas, and offer practical

m u I ti b O dy a n d F E m O d e I i n g fo r t h e a n a |yS i S recommendations for building more realistic, personalized models of the

masticatory system to support implant evaluation and surgical planning.

of the human masticatory system preseners:

Ann Kristin Becker, Research Assistant
Research Laboratory for Biomechanics and Implant Technology, Department of
hd Novel I I ber 17, 2026; 09.00 a l I l a nd 05.00 pl I . Orthopedics, Rostock University Medical Center, Rostock, Germany

C ET Iman Soodmand, Research Assistant
Research Laboratory for Biomechanics and Implant Technology, Department of
Qrthopedics, Rostock University Medical Center, Rostock, Germany

-] ration site
Tutorials Videos Wiki
Learn musculoskeletal modelling with AnyBody by AnyBody Technology's YouTube channel has webcasts Information, tips, tricks and FAQs for working with the
following step by step tutorials and other videos AnyBody Modeling System

- D
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Research area
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Thank you for your
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* Send email to sales@anybodytech.com

* Send email to sales@anybodytech.com

¢ Send email to dsc@anybodytech.com
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