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Mechanical properties of elastomers with different structures for contact force sensing catheter

SHI Xiao-chan', TAN Jia-hong"*, GU Xue-lian', LIANG Bo’
1. Shanghai Institute of Minimally Therapy, University of Shanghai for Science and Technology, Shanghai 200093, China; 2. Shanghai-
MicroPort EP MedTech Co., Ltd, Shanghai 201318, China

Abstract: Objective The force distributions of nitinol elastomers with three different structures for ablation catheter distal tip
under compression load and transverse shear loads of 0°, 60°, 120°, 180°, 240°, 300° are studied. Methods Three-dimensional
models of the nitinol elastomers and its assemblies were established by using AutoCAD 2009 and Solidworks 2014 software.
The models were imported into the finite element software Abaqus 6.14 for finite element analysis. Based on the model and the
load form in finite element analysis, the experimental samples were made, and the compression and cantilever bending
experiments were designed. The load-displacement trend lines were drawn from the results of the finite element analysis and
experimental data. The results demonstrated that the load- displacement trends of finite element simulationsand experiment
results were consistent. Results Under two types of loading, the combination properties of type I elastomer were better, while
types Il and Il structures were more rigid, and hard to be compressed and bent, and the type Il structure showed poor
displacement uniformity under transverse shear loads at different angles. Conclusion The study provides some reference for
designing and optimizing the distal elastomer assembly of a contact force sensing catheter.
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Fig.1 Principle of contact force sensing ablation catheter
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Fig.2 Structure of simplified catheter tip
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Fig.3 Structures of three types of catheter tips
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Tab.1 Parameters of finite element model

Style Node Element Element type
I 26 147 16 590 C3D8H
I 25796 16 678 C3D8H
I 22 805 14 456 C3D8H
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Fig.4 Constraint and loading method of elastomer
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Fig.5 Constraint and loading method of catheter tip
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Fig.6 Experimental set—up of compression
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Fig.7 Experimental set—up of cantilever bending
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Fig.8 Displacement cloud diagramof three elastomers
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Fig.9 Compression curves of simulation and experiment
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Fig.10 Displacement clouddiagram of catheter tipbending
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Tab.2 Experiment and simulation displacement value in bending condition
Displacement value/mm
Type
0° 60° 120° 180° 240° 300°

[(S) 3.075 31 3.051 14 3.191 41 3.070 25 3.045 32 323518
I (B) 2.910 30 2.698 28 2.903 70 293513 2.748 15 2.996 62
(s 0.38595 0.436 56 0.564 59 0.387 64 0.442 85 0.558 19
II (B) 0.344 25 0.453 53 0.501 23 0.35123 0.426 90 0.577 27
I (S) 0.417 80 0.414 79 0.419 87 0.416 03 0.417 65 0.417 41
Il (E) 0.374 55 0.376 05 0.358 50 0.369 00 0.364 28 0.37553

LA PR

S: Simulation value; E: Experiment value
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Fig.11 Bending curves of simulation and experiment
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