N

N
N

HAL

open science

Inverse design of a suspended Kirchhoff rod: From
theory to practice

Victor Romero, Florence Bertails-Descoubes, Alexandre Derouet-Jourdan,

Arnaud Lazarus

» To cite this version:

Victor Romero, Florence Bertails-Descoubes, Alexandre Derouet-Jourdan, Arnaud Lazarus. Inverse
design of a suspended Kirchhoff rod: From theory to practice. APS 2019 - American Physical Society

March Meeting, Mar 2019, Boston, United States. hal-01981923

HAL Id: hal-01981923
https://inria.hal.science/hal-01981923

Submitted on 7 Apr 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://inria.hal.science/hal-01981923
https://hal.archives-ouvertes.fr

Inverse design of a suspended Kirchhoff rod: From theory to practice

Victor Romero!, Florence Bertails-Descoubes!, Alexandre Derouet-Jourdan2, Arnaud Lazarus®

L Univ. Grenoble Alpes, Inria, CNRS, Grenoble INP, LIK, 38000 Grenoble, France
E-mail:victor.romero-gramegna @inria.fr

2 0LM Digital Inc., Mikami Bldg. 2F, 1-18-10, Wakabayashi, Setagaya, Tokyo, 154-0023, Japan

3 Sorbonne Universités, UPMC Univ Paris 06, CNRS, UMR 7190, Institut Jean Le Rond d’Alembert,
F-75005, Paris, France

Keywords: inverse design, Kirchhoff rod, experimental and theoretical curve framing

Our study focuses on finding the natural shape of a given hanging deformed isotropic rod, made
of a known material, the input shape is described as a mere geometric curve that we subsequently
frame to compute a material curvature field and feed our inverse problem. We prove that the natural
shape of the rod satisfying equilibrium exists and is unique, regardless of the infinity compatible
frames for the input curve. The natural shape is computed efficiently by solving in sequence three
linear initial value problems. We illustrate our theoretical results trough numerical examples of well
known curves to which we apply our inverse procedure. By direct simulation we show that indeed
those natural shapes fall, under the effect of gravity, onto the expected equilibrium. We stress on
the fact that the obtained rest shapes are complex and far from intuitive. We complement this study
with experimental corroborations. By means of a standard array of cameras, we spatially reconstruct
real elastic hanging rods with welldefined geometrical features. We find some good agreements with
model prediction despite the experimental limitations on the estimation of the curvature fields of the
rod’s center line.
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