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INTRODUCTION

In 2018, the Patek Philippe Chair in Micromechanical and
Horological Design celebrated its sixth year. Named Instant-
Lab, this laboratory has eighteen collaborators: Professor
Henein, one administrative assistant, two senior scientists,
three postdoctoral scholars, four Ph.D. students, five
scientific assistants and two technicians. In addition,
Instant-Lab has four external collaborators.

The laboratory specializes in creating new mechanisms
featuring kinematic and technological innovation at the
centimeter scale using a scientific approach inspired from
mechanical design in fields such as classical horology,
robotics and aerospace. Current projects apply to
mechanical watchmaking and biomedical instrumentation,
these fields being quite close, both technologically and in
their industrial fabric. Beyond its academic mission to
pursue excellence in fundamental research and teaching,
the laboratory is also committed to establish ties with Swiss
watchmaking culture and welcomes industrial collaboration
with all Swiss watchmaking companies.

Surgical tools with integrated multidegree-of-freedom tip force
sensors.

Two Instant-Lab Ph.D. students administering a Microengineering

Bachelor exam.
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RESEARCH PROJECTS (part 1/3)

IsoSpring: continuous mechanical time

Mechanical timekeeping began in the Middle Ages with the
invention of the escapement. After the introduction of
oscillators in the 17t century, mechanical clocks and
watches continued to rely on escapements. Despite
numerous technical advances, today’s escapements suffer
from reduced mechanical efficiency. The IsoSpring project
exploits ideas dating back to Isaac Newton to create a new
time base which can be driven continuously, without the
stop-and-go “ticking” of traditional mechanical clocks and
watches. This solves the escapement problem by completely
eliminating it: the mechanical watch can work without an
escapement.

Theresultis a simplified mechanism having greatly increased
efficiency and chronometric accuracy. This project is based
on a new family of oscillators and maintaining mechanisms
patented by the EPFL.

Anindustrial project was established in2014 and successfully
completed in 2017. This project was extended to a second
phase, currently in its second year. This phase is focused on
miniaturizing the IsoSpring concept to the watch scale. The
key innovation is the use of a novel patented mechanism
consisting of four balances whose rotations are converted to
linear motion by classical Watt linkages. We named this
oscillator Wattwins in order to highlight the historical
inspiration of ourmechanism. This new oscillatorisinsensitive
to linear accelerations as required for wrist watches.
Moreover, it is insensitive to rotational accelerations which is
not always the case for classical mechanical watches. We
have constructed physical demonstrators and our
experimental measurements aim at validating the insensitivity
to gravity.

Wattwins oscillator manufactured in silicon.

Wattwins oscillator in silicon at watch scale.

Wattwins oscillator demonstrator.
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Fig. 1: CSFP (left) and GIFP (right) relative stiffness variation in parts per million versus geometric
parameter ¢ for a normalized gravity load of 0.2 and a rotation of 6=0.1".

RESEARCH PROJECTS (part 2/3)

Virtual impulse escapement concept

Instant-Lab introduced virtual impulse escapements in which a double beat escapement
becomes a dead beat escapement when the balance wheel is at its operating amplitude.
In this way, the advantages of dead beat escapements: direct impulse, greater freedom
in choosing impulse position, are preserved, while the disadvantages : sensitivity to shock
and difficult self-start, are minimized. The results of this project were published in the
Bulletin de la Société Suisse de Chronométrie, the technical publication of Swiss
watchmaking, in 2018.

Self-starting functionality of virtual impulse escapement concept.

High quality factor oscillators for wrist watches

Current mechanical wrist watches have an oscillator consisting of a balance wheel
mounted on jewelled bearings and a hairspring. The use of flexure bearings instead of
traditional pivots leads to a significant increase in quality factor, i.e., reduced energy loss.
As a result, power reserve can be significantly increased and chronometric precision can
be improved thanks to reduced oscillator perturbation. However, these new oscillators are
sensitive to gravity and have isochronism defects. This project explores novel flexure-
based pivots minimizing these issues. A paper based on this research appeared in the
Journal of Mechanical Design in 2018.

Comparison of state-of-the-art flexure oscillator versus Instant-Lab mechanism.

Programmable multistable energy storage mechanisms

This project introduces the concept of programmable multistable mechanism in which the
number and position of stable states of a multistable mechanism can be modified. A
complete qualitative analysis of a generic multistable mechanism, the T-shaped
mechanism, was established using analytical tools based on Euler-Bernoulli beam theory.
These results were validated numerically using Finite Element Analysis and experimentally
using physical models. Applications include new surgical tools and escapements. Two
scientific papers based on this research were published in the Journal of Mechanical
Design in 2018 and a further article will appear in 2019 in the Journal of Medical Devices.

Interactive intelligent robotics and 3D printing for surgery and
interventional radiology (SPIRITS)

The SPIRITS (Simple Printed Interactive Robotics for Interventional Therapy and Surgery)
project involves developing a robotic device for image-guided surgery and interventional
radiology with a number of innovations, such as a tactile transducer, an intelligent needle,
new 3D printing methods and new actuators and robots. This Interreg project is a
collaboration between several leading institutions: INSA Strasbourg, Hochschule
Furtwangen, University Hospital Mannheim, Fachhochschule Nordwestschweiz, EPFL.
Instant-Lab is in charge of developing a needle with a flexure based selective stiffness and
force sensing at the tool tip to better monitor and control needle placement.
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RESEARCH PROJECTS (part 3/3)

Safe Puncture Optimized Tool (SPOT) for retinal vein cannulation
(CTI project)

Retinal Vein Occlusion is a vascular disorder causing severe loss of vision. Retinal vein
cannulation and injection of therapeutic agents in the affected vein is a promising treatment
but the small size and fragility of retinal veins as well as the surgeon limited hand gesture
precision and force perception makes this procedure too delicate for routine operations. The
project aims at providing a compliant mechanical tool relying on a new programmable
multistable mechanism to safely cannulate veins. This mechanism has the advantage that
puncturing stroke and force can be predetermined which makes puncturing independent of
surgeon manipulation. The feasibility of this project was demonstrated by a prototype made
by femto-laser printing, one of the first buckled mechanisms made in glass. The focus is now
on integrating microfluidics in the prototype. This project is funded by the Commission for
Technology and Innovation CTI (Switzerland) with FemtoPrint SA as industrial partner, and
run in collaboration with Pr. Th. Wolfensberger, Hopital Ophtalmique Jules-Gonin, Lausanne.
The results of this research will be published in the Journal of Medical Devices in 2019.

Programmable multistable mechanism for retinal vein cannulation.

Adjustable midsole intervention footwear for patients with medial
compartment knee osteoarthritis (ADVANCER, SNSF project)

This project consists of a geometrically adjustable shoe orthotic to balance knee and hip
loads which could otherwise lead to cartilage wear and tear, thus avoiding surgical
intervention. Our proposed solutions are based on flexible elements combined with stiffness
adaptable materials. This Swiss National Science Foundation project is a collaboration with
CHUV (Centre Hospitalier Universitaire Vaudois). Different prototypes were realized. Tests
with patients are under CHUV ethical commission evaluation. We are currently examining if
the proposed device can be developed into a commercial product. One patent was filed.

Biopsy needle
Biopsy needle equipped with force sensor at its extremity allowing for precise navigation
through corporal tissue via force sensing tip.

Biopsy needle tip force sensor.

Load cell with tunable stiffness dedicated to force sensing in
nanoprobing applications

Contact detection and quantification between a probe and a sample is essential in
nanoprobing applications. It is a must in automation and applications where a stable
“probe/sample” contact has to be maintained during long lasting measurements. This
project focus on a methodology of designing a flexure-based load cell that can be used with
a microrobotic platform in nanoprobing applications. The innovative design (patent filed)
will be capable of evaluating various ranges of forces depending on the application scale.

Building 4.0

The project Building 4.0 is conducted in collaboration with Granite Apps Itd. The project
consists of navigating a building using beacon (Bluetooth low energy emitters) technology
coupled with a dedicated application running on cell phone and taking benefit of the
“stream” concept. The use case is Microcity building. The goal is to guide visitors to
specific locations, to enhance security aspects and augment building content (e.g. display
extended poster contend).
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RESEARCH — Ph.D. THESES

Mohamed Zanaty, thesis title: Programmable multistable
mechanisms: Design, modeling, characterization and
applications.

Completed December 2018.

M. Zanaty, public thesis defense, December 14, 2018.

Sebastian Fifanski, preliminary thesis title : Miniature flexure
structures for contact force sensing in pointed tools.
Expected completion September 2019.

CAD design of a surgical tool integrating a triaxial force sensor.
Etienne Thalmann, preliminary thesis title: Non-linear
flexure based oscillators.

Expected completion September 2021.

Video presenting the PhD program in Advanced Manufacturing
https://www.youtube.com/watch?time_continue=2&v=wePUXjyUabo

Michal Smreczak, preliminary thesis title: Load cell with
tunable stiffness dedicated to force measurement at the nano-
Newton range.

Expected completion September 2021.

Probing of a carbon nanotube (courtesy of Imina Technologies SA).
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Echappements & impulsion virtuelle

montre-bracelet. Plusieurs échappements ont été proposés pour adapter cet a

I'échappement Robin récemment sécurisé par Audemars Piguet. George Daniels a poursuivi ur|
a mené a |'échappement coaxial. Nous proposons un nouveau concept, I'impulsion virtuelle, qui pourrg
avantages de ces échappements. Notre solution est une simple modification de I'échappement Robir|
seulement une dent d'impulsion indirecte. Le principe de I'impulsion virtuelle consiste en une impulsion in|
fait qu'a I'arét et a faible amplitude. Ceci ajoute la contrainte du double coup, donc sécurise, et assure I’
Un tracé et un démonstrateur ont été réalisés. Des observations du démonstrateur, & I'aide d'une camé|

| 'échappement & détente est reconnu pour sa performance chronométrique, mais il n'est pas

démontrent la validité du concept de I'impulsion virtuelle.

Léchappement a détente et la montre-bracelet

L'échappement a détente est reconnu pour sa perfor-
mance chronométrique [1, p. 181], il est nommé chronome-
ter escapement en anglais [9]. On peut citer les avantages
suivants par rapport a I'échappement a ancre suisse:

1. Un échappement libre ou le balancier n'est perturbé
qu'une fois par période, comparé & I'échappement a
ancre qui perturbe le balancier deux fois par période.

. Une impulsion directe plus efficace que I'impulsion indi-
recte par l'intermédiaire d'un levier de I'échappement a
ancre.

. Limpulsion est radiale’ ce qui minimise le frottement
d'impulsion et élimine la nécessité de lubrification indis-
pensable a I'ancre suisse.

. L'unique impulsion par période donne une liberté de
réglage du repére. Puisque I'échappement & ancre uti-
lise I'ancre de maniére symétrique, un réglage du posi-

Limpulsion est sur la ligne des oemyes Cette impulsion est

Socie Suisss
da Ghronomatie

llan Vardi, Roland Bitterli, Laura Convert, Etienne Thalmann,

Simon Henein

Instant-Lab, EPFL
Microcity, rue de la Maladiére 71b, CH — 2000 Nef
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Gravity-Insensitive Flexure Pivot
Oscillators

tionnement de I'impulsion avant ou apr|
a l'aller du balancier engendre un dérd
opposé au retour.

. Une simplicité mécanique puisqu’il n'y a|

La problématique de I'échappement a
ne suit pas un principe important des éc|
montres-bracelets: ils doivent étre trés co|
triquement pour minimiser I'effet des choq
aux chocs est telle que I'échappement a
pas étre utilisé tel quel dans les montreg
sécurisation de la cinématique par des g
niques interdisant a I'échappement de se
configurations non fonctionnelles en cas
dentels est requise.

Récemment, la sécurisation de I'échapp|
a été accomplie par I'ajout de divers méq
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\6e radiale, naturelle, primitive [13, p. 76] par
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1 Introduction

1.1 Puncturing Problem. Human body ing is a com-

For the purpose of this paper, puncturing means entering a
region surrounded by a boundary having a higher penetration

mon surgical process having associated ris

turing where the puncture tool overshoots

becomes ineffective and bleeding or even death may occur. A sur-
vey of the impact of overpuncturing is given in Ref. [1].

'Corresponding author.
Manuscript received August 10, 2018; final manuscript received February 26,
2019; published online March 21, 2019. Assoc. Editor: Carl Nelson.

Journal of Medical Devices

Copyright © 2019 by ASME

ing typically occurs because the force
used to cross the boundary accelerates the puncturing device and
the resulting speed in the low resistance region makes it overshoot
the intended target. The challenge, therefore, is to limit the stroke
of the puncturing device.

The stroke of the puncture device can be decomposed into sur-
geon di and tool displace that is di of
tool moving parts. Surgeon displacement relies on the human
capacity to exert a sufficient puncturing force followed by limiting

JUNE 2019, Vol. 13 / 021002-1

consisting of a main rigid body, two codifferentials, and a tor-
sional hcam We show that this novel pivot achieves linearity or

stroke of symmetrical pivots while retaining gravity
insensitivity. [DOI: 10.1115/1.4039887]

1 Introduction and Statement of Results

wuung on jeweled bearings, see Fig. 1(a). The pivoting motion
on bearings causes significant friction and decreases watch
autonomy. It also lowers oscillator quality factor to order 100, this
quantity is believed to be the most significant indicator of chrono-
metric performance [3]. It is well known that flexure pivots drasti-
cally reduce friction, see Refs. [4] and [5], so flexure-pivot-

oscillators could improve mechanical watch time bases. In 2014, a
flexure pivot was first used as a mechanical watch time base, see
Fig. 1(b), thereby increasing quality factor to several thousand
and watch autonomy by an order of magnitude to approximately
30 days [2]. This flexure pivot was the cross-spring flexure pivot
(CSFP) first described by Wittrick [6]. CSFP consists of a rigid
body attached to the ground by two perpendicular leaf-spring
beams, se Fig. 2. In this watchmaking application [2], a special
geomelry [7] was chosen to minimize the effect of gravity on

per, we design a new flexure pivot which we name,

sensitive flexure pivot (GIFP), illustrated in Fig. 3.

The design is based on the codifferential concept described in

Sec. 4.1 which minimizes the effect of gravity on stiffness. This

allows us to have zero nonlinearity of the torque-angle relation-

ship or long angular stroke, while retaining a minimized effect of

gravity on the stiffness of the pivot, making it desirable as a time
base for mechanical watches.

Some of these results were announced in a lecture given by the

first author [8].

1.2 Specifications of Flexure Pivots for Watch Oscillators.
Mechanical harmonic oscillators must obey Hooke’s law, which
means that spring stiffness should be constant. Chronometric per-
formance is equivalent to having as constant a frequency as possi-
ble, and since this depends on spring stiffness. portable
nmekeepen such as watches must have oscillators whose spring
stiffness is. itive to outside i such as
and the orientation of the force of gravity. Since mechanical
watches are only precise to within a few seconds per day, we will
consider an effect to be negligible if it is of order 10 ppm (parts
per million), in watchmaking terms, about a 1 s per day accuracy.

In addition to being rotational bearings, flexure pivots provide
an elastic restoring torque that can be used as springs for harmonic
oscillators. However, their application to time bases can be lim-
ited by the following factors:

Limitation 1: Spring stiffness can be affected by the orientation
of gravity load.

Limitation 2: Spring restoring torque can be a nonlinear func-
tion of rotation angle leading to an isochronism defect.

Limitation 3: Limited stroke makes it difficult to maintain and
count oscillations using classical watch escapements.

Fig. 1 (a) Rigid pivot watch time base [1] and (b) flexure pivot
watch time base [2]

©2018 by ASME JULY 2018, Vol. 140 / 075002-1
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Introduction = LECTURES, INVITED TALKS, POSTERS

The timebase used in classical mechanical watches is an oscllator
consisting of The application of lexure pivots to mechanical watch time bases
(@) a spiral spring has limitations. We investigate the two following limitations, which
\ () attached o affect the chronomeric performance of the oscillator.
s balance whoel

1. Gravity sensitivity:

The stifiness of the flexure beams can be affected by the

orientation of gravity load. The effect of gravity on stifiness

(c) rotating on jeweled shouid be of order 10 parts per million (ppm) to guarantee a

bearings having a watch accuracy of order 1 second per day.

rigid pivot.
2.Isochronism:

These bearing cause signiant ol oses e by tochronomatic arrmanc st oo s C. Baur, T. Fussinger, Slam session on Safe Puncture
Friction decreases walch autonomy and lowers the oscillator quality factor, oscillation amplitude. Spring restoring torque can be a nonlinear

:.:  dusny bslleved 1 bs the moet st i o hranomelrc function of rotation angle leading to an isochronism defect. a P Op timized Tool for Retinal VVein Cannu lation , SWI ss Medtech

Replacement of classical pivots by flexure pivots leads to drastic friction .

RESHoR arei ot AT of QR Teeans O e VSR U Day, Bern (Switzerland), June 06, 2018.
In addition to being rotational bearings, flexure pivots provide an elastic

restoring torqu be used as. f

Design S. Fifanski, T. Fussinger, Instruments for intraocular
1.The Co-differential 2.The GIFP microsurgery, Symposium in Medical Robotics Conference,
Wi ool (i Tonrs T sfoes e o e ol e Vi s gy meemaie tovue o FPy London (United Kingdom), June 24th, 2018.

element consisting of two identical beams  normalized axial load  (sum of stiffness matrices of the Since a pivot has one degree of freedom
with the same boundary conditions placed  beams in tension K, and compression K.) shows tha the (DOF) and a rigid body has 6 DOF, the
in such way that when one beam is deviation from the constant term K, has gone from first order simplest design consists of a rigid main
‘subjected to tensile axial load, the 10 second order. This shows the significant improvement in body and five beams blocking all but 0
‘other one is subjected to compressive gravity insensitivity brought by this element. ‘one DOF in rotation. H H y M M
b oot N S. Henein, S. Martin, J. Valterio, Improgineering keynote
This loads to an oloment whoso stfiness 19 beam ) Thal deslon camprdses /i body (1) / ’ ’ ’
b stiffness matrix: K = K 3 1) 0 + attached to the ground (0) by five beams:

e e erenen ooy > 4o et drwoaT o presentation,  Rencontres  européennes  autour de

Co-differential beams (3) and (5),
stifiness matrix: K =K. + K- = 2K, n) oW A co-difierentialin the z direction with

e boam @) Boon s I’improvisation, Centre européen pour I'improvisation, Purget-
Ville (France), September 7th, 2018.

direction.

C. Baur, 3D printing of glass structures for new surgical tools,
GDR Robotique, Strasbourg (France), October 16, 2018.

the u axis

Results .(I)ﬂ- Programmable Constant-Force
The performance of the GIFP is compared to a benchmark: the cross-spring flexure pivot (CSFP), the first flexure pivot intr M It' bl M h .

VWE A 6 S A7 CIFP S0 16 0SSO par 7 T A A A 15 SO ultistable echanisms ; ;
rdblont e R b Mohamed: Zaiaryeand Simat: Henein Ch. Baur, Expert review committee LabEx, ANR Agence

' . FEDERALE DE LAUSANNE Instant-lab, Institute of Microengineering (IMT) : National Recherche, Paris (France), December 05-07, 2018.
Gravity sensitivity Ecole Polytechnique Federal de Lausanne (EPFL), Switzerland =

The GIFP is gravity-insensitive for all values of the geometric parameter 5.

Figure 1 shows that the gravity sensitivity of the GSFP is very sensitive to the choice of s It varies from the
order of 10 ppm o 10*ppm. On the other hand, the GIFP gravity sensitivity stays in the order of 10 ppm for

il vales o arameto. The GIFP miaton 1 ' way that & eatvely Summary Concept Verification
insensitive 1o the choice of parameter 5. A .

An analytical model based on the Euler-Bernoulli theory was
derived to characterize the stability behavior of the
T-mechanism. The analytical calculations were verified using
numerical and experimental measurements.

- Equilibrium states

Benchmark (CSFP) gravity sensitivity [ppm] GIFP gravity sensitivity [ppm] (a) Progr, ble multistable mechanisms (PMMs) exhibit

R ] = stability behavior whereby the number, position, stiffness and

o FEA stability of equilibrium states can be controlled by

1 programming inputs.

(b) We study the zero stiffness behavior of the T-mechanism, an
example of PMMs, which demonstrates zero force DOS
monostability, constant force monostability, zero force

) bistability, constant force bistability and zero force tristability

T 0z 03 04 05 ¥ % B R We d and quadrastability behaviors.

5 ot (c) We derived analytically the reaction force of the mechanism

ZL?,Jmf,if f,E,’fﬁ'iiiﬂffa‘ﬁffﬁi;i’i‘:ﬁfZ.”SZ?ZT’,’S{;‘?:;"JET’""”"’” Ve ooy e for each configuration from which the stability behavior is

i studied qualitatively.
@™ (d) Numerical and experimental calculations are used to verify

We i our analytical results.

1] Kahrobaiyan, M. H., E. Thamann, L Rubbert, | Vardi, and S. Henein, Gravity-Insensitive Flexuro Pivot Oscilltors, Journal of Mechanical D

{2] Barrot et a. tes do la Journés dEtude de la Socité Sl Stab“ity Programming Figure 4. Stable configuration of the T-mechanism for different
programming inputs.

The stability behavior of a multistable mechanism is described
by its strain energy, reaction force and stiffness. - Possible configurations

DEsperimental messuremes
 Selctcd values

—A pa[mm]
Figure 1. An example of programmable bistable mechanism
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Figure 2. Energy, force and stiffness of the example mechanism for a given p | bisable
The axial load p modifies the stability behavior of the

mechanism and we call it programming input.

The T-mechanism ! ki

(2) Tristable (h) Zero Force

The T-mechanism consists of two double parallelogram tristable
mechanisms orthogonally connected. Each double parallelogram i
mechanism consists of eight hinges connected by rigid links.

The mechanism has two programming inputs and can function

as monostable, bistable, tristable and quadrastable mechanism.

o 1 Application: Retinal vein cannulation
We applied prog ble multistable mechanisms to build a
safe puncture tools for retinal vein cannulation.

(a) b (©
Figure 3.(a) A p pe of the T-mechani i by electro
discharge machining, (b) Top view of the mechanism, (c) Forces and
displacements.
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DISSEMINATION

Nomination

llan Vardi was nominated to the Scientific Committee of the
Société Suisse de Chronométrie, the Swiss watchmaking
industrial society, for 2018-2020. His activities include the
organisation of the most important annual technical events
in watchmaking, which gather engineers, scientists and
watchmakers from around the world.

SSC, Journée d’Etude 2018, Auditorium Stravinsky, Montreux,
Swtizerland.

External participation
Participation in “Nuit de la science”, July 7-8, 2018,
Musée d’histoire des sciences, Geneva, Switzerland

Poster and demonstrators, “Nuit de la science”, Geneva.

Media coverage

Instant-Lab group, IsoSpring: short film for the Jules
Grossmann exhibit, Le Locle, Switzerland, Gasser Media,
May 2018.

IsoSpring: short film for the Jules Grossmann exhibit, Le Locle,
Switzerland.

“A technical perspective - The Flexure Revolution,
Compliant Mechanisms applied to Watchmaking”, X. Markl,
Monochrome Magazine, December 12, 2017, including
videoclip: “Isospring continuous mechanical time”.

FEMTOprint SA presents Instant-Lab’s Safe Puncture
Optimised Tool (SPOT) for retinal vein cannulation as an
example ofadvanced 3D subtractive manufacturing technique,
A. Steimle, Laser Technik Journal, January, 2018.

Above documents available online
instantlab.epfl.ch/Media
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TEACHING

The laboratory is strongly involved in teaching. Focus is on training creative design and
learning the analytical tools necessary to model, simulate and predict mechanism
behaviour.

EPFL

Mechanism Design | &Il
Lecturer: Prof. S. Henein and B. Nussbaumer; Section : Microengineering (137 students);
Bachelor semesters 2 and 3; three hours per week.

Collective creation: improvised arts and engineering | & Il

Lecturers: Prof. S. Henein, J. Valterio and guest lectures. 24 students ; open to all sections;
24 students; Master semesters 1 and 2; three hours per week. Year-long course, EPFL
Social and Human Sciences (SHS) program, developed in cooperation with the Centre
d’art scénique contemporain (Arsenic), Lausanne.

Structural mechanics
Taught jointly by Dr Kahrobaiyan, Instant-Lab, and Dr Danick Briand, EPFL; Section:
Microengineering ; Bachelor semesters 2 ; four hours per week.

Elements of mechanical design | &Il

Lecturers: Course under the responsibility of Prof. S. Henein and Prof. J. Schiffman taught
by two external lecturers; Sections: Microengineering/Mechanical engineering
(474 students); Bachelor semesters 1 and 2; three hours per week.

Visiting Professor
Pierre Thomann, Professor Emeritus, Université de Neuchatel, November 2018 - May
2019.

Semester (S) and master (M) projects

a. Robotic arm with non-prehensile manipulation and wheel testbed design for a Mars
planetary rover, Loic Tissot-Daguette (M)

b. Vibrating rod for string musical instruments, Clément Dromart (S)

c. Foucault effect of the spherical IsoSpring, Patrick Flickiger (S)

Internships
d. Design of a sonorous tennis ball for blind players, Colin Berger

e. Finite element modelling of mechanical oscillators, Emmanuelle Brusq
f. Robotic tool holder for surgery, Loic Tissot-Daguette
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2018 Improgineering Jury: Isabelle Bouhet (comédienne et metteure en scéne) | Danielle Chaperon (professeure a la faculté des lettres de I’Université de
Lausanne et directrice du Centre d’études thééatrales) | Gisou van der Goot (doyenne de la faculté des sciences de la vie a ’EPFL) | Laure Kloetzer
(professeure assistante en psychologie socioculturelle a I’'Université de Neuchatel) | Susanne Martin (Ph.D. des Universités de Northampton et Middlesex,
danseuse, chorégraphe et artiste de performance) | Patrick de Rham (directeur de I’'Arsenic) | Nicolas Weibel (directeur de Greene, Tweed & Co.

(Suisse) SA-conception et fabrication de pieces haute-performance en composites— Ph.D. de 'EPFL en science et génie des matériaux).

PEDAGOGICAL ACTIVITIES

Practice

Professor Henein began the second edition of his course linking the engineering and
humanities faculties of the EPFL: “Collective creation: improvised arts and engineering”.
This year-long course, which was launched in September 2017, is part of EPFL’s Social
and Human Sciences (SHS) program and was developed in cooperation with the Arsenic
Theater (Centre d’art scénique contemporain) in Lausanne.

The course examines the creative process in engineering design and improvisation in the
performing arts. Experts in a wide range of disciplines ranging from theater to mathematics
present students how creativity is expressed in their field of expertise. Workshops explore
improvisation through the theater, music, dance and performance arts. The 25 students
taking the class will stage their final project on 15 May 2019 in a dress rehearsal and on
22 May 2019 in their final presentation before a board of examiners. Both events are open
to the public.

Research

In September 2018, Insant-Lab launched a research project in collaboration with Professor
Laure Kloetzer of the Institute of Psychology and Education at the University of Neuchatel.
The goal of this project entitled “Performing Arts as Pedagogical Tool in Higher Education”
(ASCOPET) is to describe, analyze and evaluate the utilization of the performing arts in
higher education.

The descriptive part of the project will consist of data collection: video recordings,
interviews and student essays. The analysis will identify specific pedagogical approaches
inherent in the respective teaching methodologies and compare them. Evaluation will be
achieved by appraising the relative benefits of these pedagogical approaches and their
relation to the state-of-the-art.

This project is the basis of publications on the subject authored by Professors Henein and
Kloetzer and postdoctoral fellows Ramiro Tau and Susanne Martin.
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CONCLUSION AND PERSPECTIVE

In 2014, Prof. Simon Henein announced the IsoSpring
project to make the first mechanical watch without
escapement. This led to patents and a large-scale industrial
project which was successfully completed in 2017. This
project was extended to a second phase focused on
miniaturizing IsoSpring to the watch scale using the novel
Wattwins concept.

Complementary to the IsoSpring concept, our new virtual
escapement concept bridging the gap between double beat
and dead beat escapements was published and we are
continuing research on high quality factor oscillators.

Our laboratory is also committed to the dissemination and
transmission of horological culture. Dr llan Vardi, senior
scientist of our laboratory, was nominated to the Scientific
Committee of the Société Suisse de Chronométrie.

Our medical research continued with the publication of our
design and experimental results of a millimeter scale
medical device featuring multistable flexure mechanisms
realized in fused silica (glass). These features allow for safe
puncturing of very delicate veins inside the human eye for
the treatment of retinal vein occlusion.

This year marks the second edition of the new course
bridging engineering and humanities. A new collaboration
with the University of Neuchatel studies the pedagogical
processes associated to this novel teaching approach.

Perspectives

After the successful completion of the first phase of the
IsoSpring project, the goal of the second phase is to have a
functional watch with an IsoSpring time base by the end of
2019.

We are continuing our fundamental research complementary
to our industrial projects.

Our teaching activities will expand with the participation in
a new metrology course and the creation of a new course
covering structural mechanics and mechanism design, as
well as continuing our teaching in the Social and Human
Sciences program.

Paul Scherrer Institute visit by Professor Henein’s Microengineering
Bachelor class.

M. Zanaty receiving his Ph.D. diploma from his thesis directors.
Dr Zanaty has been awarded an Early Postdoc Mobility Fellowship
form the Swiss National Science Foundation at the Harvard School of
Engineering and Applied Sciences, Cambridge, USA.
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