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Multi-objective optimization of a coil system for 

transcutaneous inductive energy transfer with 

regard to positioning tolerance and heat generation 

The use of inductive energy transfer in medical 

technology has great potential for systems with 

higher power requirements, such as heart pumps in 

the 5-20 W range. Transcutaneous energy transfer 

can replace the currently necessary wired power 

supply, thereby reducing the risk of infection for 

patients and improving their quality of life. 

The transfer system for a fully implantable cardiac 

support system must be designed to be robust and 

efficient. One of the main challenges in 

development is the misalignment of the coils, 

which will occur frequently when used on the 

human body. As part of this work, a genetic 

optimization algorithm for designing a temperature 

optimized coil system (with flux guidance) will be 

further developed and expanded to include the 

aspect of positioning tolerance. 

For this, a 3D model of the coil system is to be set 

up in COMSOL Multiphysics and linked to the multi-

objective genetic optimization algorithm. The aim is 

to find a winding arrangement that provides 

optimal positioning tolerance for the coil system 

and has the lowest possible maximum temperature 

at the same time. 

An additional research question within the scope of 

this master's thesis is to find out whether the 

optimization can be transferred to a 2D rotationally 

symmetric system. This would reduce computing 

time during the design process. 

(If time permits, the designed coil system should be 

constructed and measured in terms of positioning 

tolerance). 

 

→ Independent, accurate and 

structured working style and self-

initiative 

→ Prior knowledge of electrodynamics 

and inductive charging required 

→ Understanding of FEM modeling in 

the field of electromagnetics, ideally 

COMSOL 

→ Experience with MATLAB 

Enthusiasm for numerical simulation 

and optimization 

→ Familiarization and literature research on 

position-tolerant coil systems (and genetic 

optimization) 

→ Review of the fundamentals of position-

tolerant coil systems and possible 

connections between 2D and 3D solutions 

→ Setup of a 3D model in COMSOL 

Multiphysics 

→ Merging with the genetic optimization 

algorithm 

→ Evaluation of results 

→ Comparing 2D and 3D modeling 

→ (Building and measuring the coil system) 

→ Documentation and report 

 


