
Joint training on numerical modelling of 

highly flexible structures for industrial applications
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Motivation
Motivation

• Challenging simulation: cables, ropes and

hoses are inherently nonlinear and lead to 

severe stability problems under compression

• Cables, ropes and hoses are extremely

lightweight structures – they have the highest 

aspect ratio in engineering

• Field of applications is extremely broad (automotive, 

robotics, cranes, ropeways, tensegrity structures e.g. for 

space applications, drill-string systems, computer animation, 

electrical engineering, etc.)

• State-of-the-art: Simulation of real life cable, rope and hose 

systems either provides only rough approximations of the 

real system or gets numerically unstable

© Drilling contractor

Source: http://png-eppl.blogspot.com/2018/11/tensegrity-structures-day-1-intense.html



Benefits
Benefits for the researchers

• Early insight into cutting 

edge research

• Contact with academic 

partners, especially with 

gifted young people

• Definition of specific, 

industrially relevant 

topics of research in this 

field

Benefits for the industrial partners

• Relevance of the research

• Implementation of theories in practice

• An insight to the organization and work in a 

company



ESRs’ origins

• 14 doctoral positions (ESR)

• ESRs are coming from 9 different 

countries from all over the world



Secondments and training events

• Non-academic collaboration with a vast network of 

industrial partners through secondments

• Academic secondments

• Training events

• Industrial workshops

THREAD Network connections



Training event - Obergurgl
Summer School on Mathematical Modelling of Ropes and Cables

• The participants had the chance to attend a sequence of scientific lectures regarding the choice of coordinate 

formulation for the modelling of ropeway systems, advanced numerical methods and simulation techniques

• A challenge was posed to us for which we had to collaborate and make a presentation in the end of the week

• We didn’t lose the opportunity to explore the surroundings



ESR project 9: Stable long-term numerical integration of the 
Cosserat rod problem in large overall motion

About the project

• Fellow: Jan Tomec

• Supervisor: Gordan Jelenić

• University of Rijeka, Faculty of Civil Engineering, Croatia

Cosserat rod [2]

Numerical integration [1] [1] Source: http://spiff.rit.edu/classes/phys317/lectures/num_integ.html

[2] Source: https://www.researchgate.net/publication/323594875_Direct_Position-Based_Solver_for_Stiff_Rods



ESR 9: Cont’d

Motivation

• Small/medium size satellites

• Rocket launch

• 1D analysis with geometrically 

exact beam theory

• Confined space

• Vibrations, impacts

Source: ESA
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ESR 9: Cont’d

Geometrically exact beam theory

• Sources of nonlinearity: material and geometrical

• Exact description of deformed geometry

• Rotation - SO(3) group

• Kinematic equations

Source: Simo, J. C.; A finite strain beam formulation. The three-dimensional dynamic problem. Part I; 1986; 58; 79-116.



ESR 9: Cont’d

Geometrically exact beam theory

Newton’s 2nd law: the sum of all forces applied to 

the rigid body is proportional to the acceleration of 

the body

↓

Apply this conservation law to every mass particle 

of the deformable body (beam)

↓

Gain two equations

• conservation of linear momentum

• conservation of angular momentum

𝒏′ + 𝒏ext = 𝐴𝜌 ሷ𝒙

𝒎′ + 𝒙′ × 𝒏 +𝒎ext = 𝐈𝜌 ሶ𝝎 + 𝝎 × 𝐈𝜌𝝎



ESR 9: Cont’d

Geometrically exact beam theory & Finite Element Method

Constitutive equations

• connection between stress (forces) and 

strain (deformation)

• material property

Linear elastic material model

• linear constitutive relation

• 2 material parameters

Finite element

• merge equations into a set of linearized 

algebraic equations with variational 

principle

• assemble entire mesh of elements, 

introduce boundary conditions

• solve using Newton-Raphson iterative 

method



ESR 9: Cont’d

Geometrically exact beam theory & Finite Element Method

Helix test



ESR 9: Cont’d

Geometrically exact beam theory & 

Finite Element Method

Right-angle frame test



ESR 9: Cont’d

Geometrically exact beam theory & 

Finite Element Method

Twisting of beams



ESR 9: Cont’d

Goals of this project

• Higher-order spatial interpolation

• Conservative time-integration techniques

• Modelling unilateral boundary conditions (impacts)



Thank you for your attention


