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femto-st Modelling the vibration behavior in hands:

mumnsciences & INfluence of pushing / gripping forces
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Introduction Objectives

In France, almost 2.2m workers are exposed to Thus, this study aims at estimating mechanical stress
hand-transmitted  vibration. A  sustained and strain fields inside the hand by developing a
exposure to high level vibration may induce finite element model of a hand tightening a vibrating
various health disorders named “Hand-Arm handle. Unlike previous works limited to a finger or a
Vibration Syndrome” [1]. Symptoms onset could highly simplified hand, this thesis seeks to reproduce
be linked to mechanical stress and strain a complete hand Iincluding a detailled MRI-based
caused by vibrating machines. Knowing these geometry, realistic constitutive laws and muscle
guantities could be the basis for future activation. The model should replicate pushing and
prevention strategies. Unfortunately, measuring gripping efforts and will be validate with several
this quantities remains still tough challenging. experimental measurements. Figure 1. Examie OFtSing & ehiBping hammer
MethOdS Gripping simulation

* Nonlinear quasi-static simulation.

* Rotations and displacements are imposed to bones joints.
Values to be applied would be identify comparing pressures
on the handle obtained by calculation and experimental
measurements.

Model definition

« Kinematic joints for modelling movements
between bones.

 Boundary conditions with rigid arm and
trunk are specified.

* Visco-hyperelastic constitutive law for soft
tissues [2].

* A specific law with muscle activation should
be Identifled wusing Indentation and
elastography tests.

Vibration simulation

* Harmonic linear simulation with the former pre-stress conditions.

* Accelerations are imposed on the handle.

* A direct solution is computed (no modal projection) and simulated
J accelerations on the back of the hand are compared with
Figure 2. Finite element model of the hand accelerations measured by laser vibrometry.

ldentification of revolute joints axes Conception of an instrumented handle
Parameters of the kinematic joints were identified with a predictive Acceleration measurements require designing a handful
method. For revolute joints used between phalanges, the axes Instrumented with force sensors. The device should be attached
are estimated using the "Bone-based curvature method” [3]. on a shaker with a range of use of [5 ; 2500] Hz. In this range,
design criteria are : no resonance Iin the excitation direction and a

1. Mesh extraction ‘ FAMAM A flat and spatially homogeneous response in the grip area.

2. Curvature and normals -
calculation

. Intersections between
each normal and the
one with maximum
curvature

Acceleration outputs
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Figure 3. The bone-based curvature method applied on a phalanx | | 10'00 15'00
Frequency (Hz)
COnCI US|OnS and prOSPECtS Figure 4. Simulated acceleration response in the grip area due to measured shaker excitation
Short term - | N | References
Implemer_ltgtlon of a Worklng predlctlv_e method to estimate [1] FD CR 12349:1996. Vibrations mécaniques — Guide concernant les effets des vibrations sur la
revolute joint centre. Conception of an instrumented handle to santé du corps humain. Paris : AFNOR; 1996. 20 p.
lid ihrati : lati [2] C., Noel. Une strategie de modélisation multi-échelles pour la prediction de certains effets des
valiaate vibration simulations. vibrations sur le réseau vasculaire digital. Premiere étape : validation d'un modele élements finis a
I'echelle macroscopique d'une phalange précontrainte vibree. Notes scientifiques et techniques NS
| 339, Institut National de Recherche et de Sécurite(INRS). 2015, 78p.
ong term [3] L. Zhi Chan. Estimation of Finger Joint Center of Rotation Using Finger Motion and Hand
Improvement of the estimation of the maximum regulatory Anthropometry. Master’s Thesis. Department of Industrial and Management Engineering (Human
: : : SR : - Factors and Ergonomics Program). Pohang University of Science and Technology. South Korea.
vibration dose. Design of handle minimizing vibration transfers. 2018,

Contacts
Vauthier Simon

Tel. — E-mail: UNIVERSIT&

NN o
06-13.76.26.74 — S|m0n.VaUth|er@|an.fr UNIVERSITE =z FRANCHE-COMTé Ecole Nationale Supérieure de

BOURGOGNE FRANCHE-COMTE Mécanique et des Microtechniques

Besancon, Belfort, Montbéliard
www.femto-st.fr




