Mechanisms and Machine Science 24

- 'i]: W )Ies

-ernando Wﬂwl@ pﬁﬂ'ﬁ

‘New Trends in
Mechanism and
Machine Science

From Fundamentals to Industrial
Applications




Mechanisms and Machine Science

Volume 24

Series editor

Marco Ceccarelli, Cassino, Italy




~com/series/8779

Paulo Flores - Fernando Viadero
Editors

New Trends in Mechanism
and Machine Science

From Fundamentals to Industrial
Applications

@ Springer




Editors
Paulo Flores Fernando Viadero
Department of Mechanical Engineering Department of Structural and Mechanical
University of Minho Engineering
Guimaries University of Cantabria
Portugal Santander
Spain
ISSN 2211-0984 ISSN 2211-0992 (electronic)
ISBN 978-3-319-09410-6 ISBN 978-3-319-09411-3 (eBook}

DOI 10.1007/978-3-319-09411-3
Library of Congress Control Number: 201494639

Springer Cham Heidelberg New York Dordrecht London

O Springer International Publishing Switzerland 2015

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadeasting, reproduction on microfilins or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafier developed. Exempted from this legal reservation are bricf
excerpts in connection with reviews or scholarly analysis or material supplied specifically for the
purpose of being entered and executed on a computer system, for exclusive use by the purchaser of the
work. Duplication of this publication or parts thereof is permitied only under the provisions of
the Copyright Law of the Publisher’s location, in its current version, and permission for use must
always be obtained [rom Springer. Permissions for use may be obtained through RightsLink at the
Copyright Clearance Center. Violations are liable to prosecution under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific stutement, that such names are exempl
[rom the relevant protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, ncither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The' publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)




ictural and Mechanical

abria

3oo0k)

vhether the whole or part of

ing, reuse of illustrations,
al way, and transmission or
. or by similar or dissimilar
legal reservation are brief
ipplied specifically for the
usc by the purchaser ol the
y under the provisions of
d permission lor use must
through RightsLink at the
respective Copyright Law.
ervice marks, etc. in this
1t such names are exemplt
neral use.

nd accurate at the date ol
any legal responsibility (or
y, express or implied, with

Preface

EUCOMES 2014 is the fifth event in a series that was started in 2006, under the
Patronage of IFToMM, International Federation for the Promotion of Mechanism
and Machine Science. The aim of the conference is to bring together European
researchers, industry professionals, and students from the broad range of disciplines
referring to Mechanism Science, in an intimate, collegial, and stimulating
environment.

The EUCOMES conference hegan in February 2006 in Obergurgl (Austria), and
has continued subsequently in Cassino (ltaly) in September 2008, Cluj-Napoca
(Romania) in September 2010, and Santander (Spain) in September 2012. The 2014
edition is organized by the Center for Mechanical and Materials Technologies
(CT2M) and the Department of Mechanical Engineering (DEM) of the Engineering
School of the University of Minho in Guimardes, Portugal, from 16 to 19
September 2014.

This book compiles the most recent research results in mechanism science,
intended to reinforce and improve mechanical systems in a variety of applications
in daily life and industry. This book is published under the Machine and Mecha-
nism Science series and addresses issues related to: Theoretical kinematics, Com-
putational kinematics, Mechanism design, Experimental mechanics, Mechanics of
robots, Dynamics of machinery, Dynamics of multibody systems, Control issues of
mechanical systems, Mechanisms for biomechanics, Novel designs, Mechanical
transmissions, Linkages and manipulators, Micromechanisms, Teaching methods,
History of mechanism science, and Industrial and nonindustrial applications.

EUCOMES 2014 received more than one hundred submissions, and after a
rigorous review process by at least two reviewers for each paper, 100 papers were
accepted for oral presentation at the conference and are included in this book.

We express our grateful thanks to I[FToMM, Portuguese Association of Theo-
retical, Applied and Computational Mechanics (APMTAC), the Department of
Mechanical Engineering of the University of Minho, the members of the Interna-
tional Scientific Committee for their cooperation: Prof. Bukhard Corves (Germany),
Prof. Doina Pisla (Romania), Prof. Fernando Viadero (Spain), Prof. Jean-Pierre
Merlet (France), Prof. Manfred Husty (Austria), Prof. Marco Ceccarelli (Italy),

v
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Prof. Paulo Flores (Portugal), and Prof. Teresa Zielinska (Poland), the members of
the Award Committee and the members of the Honorary Committee.

We also want to express our gratitude to all the authors for their interest in
participating in EUCOMES 2014 and for writing the manuscripts in a timely
manner, allowing this conference to be a reality in a short period of time.

We thank all anonymous and volunteer reviewers for their outstanding work,
which allowed the Conference Springer Book to be published as scheduled.

We thank the University of Minho for hosting the EUCOMES 2014 conference
and we express our deepest gratitude to The Local Organizing Committee: Eurico
Seabra, Jodo Mendenga Silva, José Machado, Luis Ferreira da Silva, Mirio Lima,
Nuno Peixinho, Paule Flores (Chairman), Pedro Souto, and Sara Cortez.

Guimardes, June 2014 Paulo Flores
Santander Fernando Viadero




Preface

Poland), the members of
Committee.

11s for their interest in
nanuscripts in a timely
t period of time.

their outstanding work,
shed as scheduled.
OMES 2014 conference
zing Committee: Eurico
a da Silva, Méario Lima,
id Sara Cortez.

Paulo Flores
Fernando Viadero

Contents

Part I Theoretical Kinematics

Dimensional Synthesis of Six-Bar Linkages with Incomplete
| B 111 B | T R R
Shaoping Bai

Mathematical Modelling and Simulation for Beaded Pad
Automatic Weaving Trajectory .. ........... ... . ... .......
Jianye Yan, Ligang Yao, Dongliang Lin and Zhijun Liu

Graphical User Interface for the Singularity Analysis
of Lower-Mobility Parallel Manipulators . . . ...................
Stéphane Caro, Latifah Nurahmi and Philippe Wenger

On the Redundancy of Cable-Driven Parallel Robots . . ... ..... ...
J.-P. Merlet

Part II Computational Kinematics

On the Resolution of Forward Kinematic Problem

Using CAD Graphical Techniques: Application on Planar

Parallel Robotic Manipulators . . .............. ... . oo,
K.A. Arrouk, B.C. Bouzgarrou and G. Gogu

Introducing Distance Restrictions in the Deformed
Position Problem . . . ... ... ........ o N TR L
I. Ferndandez de Bustos, V. Garcia Marina, M. Abasolo and R. Avilés

On Generalized Euler Angles. . .. ......... ... ... ............
Aleix Rull and Federico Thomas

31

h
o

61

vii



viii Contents

Guaranteed Detection of the Singularities of 3R

; Robotic Manipulators ... .......... ... ... ..., 69
} Romain Benoit, Nicolas Delanoue, Sébastien Lagrange

and Philippe Wenger

Workspace Analysis for Evaluating Laparoscopic Instruments . . . . . . 81

J.-H. Borchard, F. Dierflen, J. Kotlarski, L.A. Kahrs and T. Ortmaier

A Novel, Loop-Based Approach for Rigidity Detection

for Systems with Multiple Spherical-Spherical Bars:

The “Double-Banana™ Case. . . ...............ccoviiiin.... 91
F. Simroth, H.F. Ding and A. Kecskeméthy

Planar Four-Link Mechanism Analysis for Application
in 3D Printing Machines . . .. .......... . ... .. 99
A. Klodowski

Part IIT Mechanism Design

Path Generating Belt Mechanisms as Kinematic Chains

for Mechatronic Applications. . ... ............. ... .......... L1l
E.-C. Lovasz, D. Perju, K.-H. Modler, C.M. Gruescu, D, Mirgineanu,

C.E. Moldovan and C. Pop

Synthesis of a Mechanism for Human Gait Rehabilitation:
An Introductory Approach . ......... ... ... .. . . ... 121
Pedro Alves, Francisco Cruz, Luis F. Silva and Paulo Flores

A Form-Closed Cam-Follower Mechanism for a Breath

Simulator Machine . .. ... .. ... . ... ... i 129
R.F. Oliveira, P. Flores, §.F. Teixeira, H.M.C. Marques

and J.C. Teixeira

Dimensional Synthesis with Mechanism Processing Strategy .. ...... 139
M. Hiising, R. Braune and B. Corves

Dynamic Modelling of a Four Legged Robot. . . . ................ 147
. Geonea, A. Ungureanu, N. Dumitru and L. Racild

Lifting Mechanism for Payload Transport by Collaborative
Mobile Robots. . .. .. ... .. i e 157
B. Hichri, J.-C. Fauroux, L. Adouane, I. Doroftei and Y. Mezouar



Contents

Contents ix
arities of 3R Kinematic Design of a Reconfigurable Deployable Canopy . ........ 167
"""""""""""""" 69 G. Kiper, F. Giircii, K. Korkmaz and E. Séylemez

sbastien Lagrange
Function Generation Synthesis with a 2-DoF Overconstrained
Double-Spherical 7R Mechanism Using the Method

of Decomposition and Least Squares Approximation. . . ........... 175
G. Kiper and B. Bagdadioglu

Laparoscopic Instruments . . . . . . 81
ki, L.A. Kahrs and T. Ortmaier

Rigidity Detection

Designing Cam Mechanisms Using CAx . ... ... .. .............. 185
I-Spherical Bars: ] Lofdréiik B
.......................... 91 '
sty Kinematics Analysis and Verification on the Novel Reconfigurable
o Lo Ankle Rehabilitation Robot Based on Parallel Mechanism. . . ... .. .. 195
ysis for Application Shilong Zeng, Ligang Yao, Xiaoning Guo, Hengli Wang and
.......................... 99 Pengju Sui
Finite Element Modeling and Analysis of an Isoglide-Type
Parallel Manipulator to Determine Its Rigidity/Stiffness. . . . .. ... ... 203
A. Kozyrev and V. Glazunov
§ Kinematic Chains Modular Cooperative Mobile Robots for Ventral Long Payload
"""""""" suswngg gy b Transport and Obstacle Crossing. . . ......................... 21l
C.M. Grueseu, D. Mirgineanu, M. Krid, J.C. Fauroux and B.C. Bouzgarrou
. L. ¥R Hypo-Cycloidal Crank Mechanism to Produce
n Gait Rehabilitation: an Over-Expanded Cycle Engine . . ... ....................... 221
BEE e o n g v it 0 ommmwesange i 121 1. Pinto, T. Costa, J. Martins and F.P. Brito
silva and Paulo Flores
anism for a Breath Part IV Experimental Mechanies
.......................... 129
H.M.C. Marques Infiuence of the Mass of the Weight on the Dynamic
Response of the Laboratory Fibre-Driven Mechanical System ... .. .. 233
P. Polach and M. Hajzman
sm Processing Strategy . ....... 139
On the Experimental Intradiscal Pressure Measurement
Techniques:: A REVIEW .o uuvtiuiuvnus e vinesinnnessna 243
dRobot.................... 147 A. Aradjo, N. Peixinho, A. Pinho and J.C.P. Claro
and L. Racila
. Geometry and Material Strategies for Improved Management
sport by Collaborative of Crash Energy Absorption .. ............................. 251
......................... 157 N. Peixinho

[. Doroftet and Y. Mezouar




X Contents

An In Vitro Experimental Evaluation of the Displacement
Field in an Intracranial Aneurysm Model. . . ... ................ 261
Diana Pinho, David Bento, Jodo Ribeiro, Rui Lima and Mario Vaz

Experiments on the Edge of Chaos of a Planar Closed Chain
Underactuated Mechanism. . . .. . .. ... ... .. i 269
J. Xie, H. Zhao, Z.-H. Liu and Y. Chen

Systematic and Rapid Construction of Test Beds for Planar
MEERAMISIIL 5 o covmmmmmnmsie s 25 5 5885 S5 s s R B AR S E R 8 e 277
H. Mencek and R. Soylu

Development of Impact Loading Equipment for Testing
of FRP Strips as Reinforcement of Masonry Bricks. . .. ........... 287
P. Correia and N. Peixinho

Part V Mechanics of Robots

Design of a Driving Module for a Hybrid Locomotion Robot. . . .. . .. 299
I.J. Castillo, J.A. Cabrera, M. Jaimez, F. Vidal and A. Simdn

Analysis of Joint Clearance Effects on Dynamics of Six
DOF Robot Manipulators . . ... ... .. ... .. ... .. ... . ...... 307
S. Erkaya

Investigating the Effect of Cable Force on Winch Winding
Accuracy for Cable-Driven Parallel Robots. . . .................. 315
Valentin Schmidt, Alexander Mall and Andreas Pott

Solving the Dynamic Equations of a 3-PRS Parallel Manipulator. . . . . 325
M. Diaz-Roedriguez, R. Bautista-Quintero and J.A. Carretero

Part VI Dynamics of Machinery

Optimization of Textile Machines in Order to Increase

L LT o R g ey R T T TP 337

B. Corves, M. Hiising, M. Schumacher and F. Schwarzfischer

Motion Equation of Linkages with Changeable Close Loop. . ....... 345
E. Gebel



N. Peixiny,

ible side impact beang in

haviour of structureg with
185-196

1less steel and mulliphg

An In Vitro Experimental Evaluation
of the Displacement Field
in an Intracranial Aneurysm Model

piana Pinho, David Bento, Joio Ribeiro, Rui Lima and Mario Vaz

Abstract The purpose of this paper is to develop a system able to study experi-
mentally the displacement field of an in vitro intracranial aneurysm. Origin and
growth of aneurysms is the result of a complex interaction between biological
;)rm:esscs in the arterial wall and the involved hemodynamic phenomena’s. Once
the aneurysm forms, the repetitive pressure and shear stresses exerted by the blood
flow on the debilitated arterial wall can cause a gradual expansion. One promising
method to evaluate and measure this expansion is to use optical field experimental
techniques, such as interferometry. In this work the Electronic Speckle Pattern
Interferometry was used to evaluate the deformation occurred on an intracranial
aneurysm model fabricated in polydimensiloxane (PDMS) by using a 3D printer
combined with a soft lithography technique.

Keywords Aneurysms - Displacement field - Electronic speckle pattern interfer-
ometry + 3D printer - In Vitro models
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1 Introduction

A cerebral aneurysm or intracranial aneurysm (IA) is a weak bulging SPOL on e
wall of a brain artery very much like a thin balloon or weak spot on an inner tube
Over time, the blood flow by applying pressure against the thinned wajl f lh;
vessel artery leads to the appearance of aneurysms. This pressure may promgye the
rupture of the aneurysm and consequently the blood tends to flow to (he SUr-
roundings outside the artery. It is worth mentioning that the rupture of 3 brain
aneurysm most often requires advanced surgical treatment [1].

It is well known that blood flow behaviour in microcirculation depends o0
several combined effects such as cell deformability, flow shear rates and £comery
of the microvessel, although still no consensus about the reasons for creation and
rupture of aneurysms. Hence, a better understanding of the relationship betweey the
pathophysiological aspects of an aneurysm and its arterial geometry or local
hemodynamics is critical to better understand aneurysm growth, predict the risk of
regrowth after treatment, and improve endovascular treatments. In order to inyes.
tigate the hemodynamics in blood arteries, some mathematical and experimenyy
studies have been performed over the years. Nonetheless, in vitro experiments hyye
been conducted only for flows in simple geometries such as straight bifurcation
using glass pipes or acrylic pipes [2], glass capillaries [3, 4] and more recently iy
polydimensiloxane (PDMS) microchannels [5-8].

A promising approach to understand the mechanical behavior of aneurysms i
the global measurement of deformation using experimental field optical techniques,
These optical techniques provide the accurate measurement of displacement angd
strain fields of the global deformation occurred on the aneurysm. The experimental
field optical techniques can be classified in interferometric, photoelastic and Digital
Image Correlation (DIC) [9]. The interferometric techniques are based on the
interferometry phenomenon of light and use of a coherent light (laser), and the most
common are the holography, the Moiré Interferometry and the Speckle methods
[10]. The photoelastic methods use the optical properties (birefringence) of certain
materials where when a ray of light passing through these materials experiences two
refractive indices [11]. The DIC technique is based on the comparison of two
images acquired at different states, i. e., before and after the deformation. By using
this technique the object is illuminated by a non coherent light and the intensity
patterns result of the surface texture [12]. In this work we have decided to measure
the aneurysm deformation by using ESPI mainly because this technique enables a
rapid and accurate determination of out-of-plane displacement field which is a
predominant component of the displacement occurred in current study.

Recently, several numerical hemodynamics studies have been reported [2, 13]in
order to better understand the creation and rupture of a cerebral aneurysm. Other
studies have used a soft lithography method to manufacture in PDMS carotid
arteries having an aneurysm with a thick wall [14, 15]. However, experimentil
analysis of in vitro cerebral aneurysms with geometries close to in vivo ones has not
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Fig. 1 Geometry and dimensions (mm), of the aneurysm model
peen reported yet. This is mainly because it is extremely difficult to fabricate three-
dimensional geometry models with thin walls.

The objective of this paper is to develop a realistic three-dimensional system
able to obtain measurements of the expansion and pressure around the wall of an
intracranial aneurysm. The experimental measurements are made using a Speckle
method, more precisely an Electronic Speckle Pattern Interferometry (ESPI). This
method uses a surface roughness illuminated by a laser beam, which generates a
pattern that could be used to measure an out-of-plane displacement field. The
aneurysm model was fabricated in PDMS by using Acrylonitrile Butadiene Styrene
{ABS) molds manufactured with a 3D printer.

2 Materials and Methods

2.1 Geometric Parameters

The geometry and dimensions of the aneurysm model were based in clinical data
for a common saccular intracranial aneurysm [16] and drawn in the Solidworks"
CAD software. This geometry was used to produce the aneurysm model in PDMS
for the experimental tests. In Fig. 1 it is represented the geometry and dimensions of
the used aneurysm model.

2.2 Fabrication of the Aneurysm Model

The model of aneurysm has been produced in PDMS. This material is biocom-
patible and its elastic behavior is similar to the arteries [17]. To obtain the aneurysm
model seen in Fig. 2e it was necessary to develop and elaborate a special mould
with the same geometry and dimensions of the model. The mould was fabricated in
ABS material using a Solidoodle™ 3D Printer. In Fig. 2a it is possible to observe the
mould and core used to obtain the PDMS aneurysm model and a detail of the 3D
printer used for this study. The moulds and cores obtained from the 3D Printer were
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firstly subjected to a surface treatment to decrease the superficial roughnegg With
acetone vapor (Fig, 2b). Before pouring the PDMS into the mould cavity, wag made
the assembly of the mould with the core (see detail of Fig. 2b). The used PDMg Wit
Sylgard 184, Dow Corning Corporation product, which is a silicone elastomey kil
The kit contains two chemicals: base (part A) and curing agent (part B), thy wﬂ_;_
mixed in 10:1 mass ratio and poured onto master mold in a Petri dish (see Fig, %),
The PDMS was cured at room temperature in order to completely relegse the
bubbles formed during the plinth of the PDMS and by the contact with the Malerig|
of the mould and core. After a complete cure (42 h) of the PDMS the materials Werp

Fig. 2 Main steps of the fabrication procedure: a printing the geometries in ABS by means a 3D
printer; b surface treatment with acetone vapors; ¢ deposition of the polymer PDMS over the
molds to obtain the channel; d curing the polymer at room temperature for 42 h and more at 80 °C
for 30 min; [ three-dimensional PDMS channel with the inputfoutput connections
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An

Jaced into the oven at 80 °C for 30 min (Fig. 2d). Finally, after the molds have
cooled down, they were cut and taken off from the petri dish where the inlet and
outlet holes were made.

2.3 Experimental Set-up

The experimental method used to obtain the measurement of displacement field on
the PDMS aneurysm model was the ESPL. In this analysis the deformation occurred
mainly on out-of-plane direction as the implemented ESPI set-up allows the mea-
surement in this direction. To achieve this step, the experimental setup was coupled
with an accurate image processing tool and designed to cancel rigid body motion
only obtaining the above mentioned. The optical set-up used to measure out-of-
plane displacement fields with ESPI are schematically represented in Fig. 3. In this
case, the laser beam is splitted in two, one being the object beam and used to
illuminate the object and the other being the reference beam. This combination
generates a sensibility vector normal to the object surface. The mirror mounted on a
piezoelectric transducer is used to implement the phase stepping technique, which
in combination with image processing algorithms allows the calculation of the
spatial phase distribution. The light source used was a 2 W laser from COHERENT
(Verdi) with a radiation wave length of 514 nm.

To calculate the displacement field eight images were recorded at different phase
shift, being half of them token before and the remaining after the injection of the
glycerin.

The PDMS aneurysm model was fixed on the optical table and was pumped
glycerin by means of a syringe pump with a flow rate of 250 pl/min. Figure 4 shows
the aneurysm model placed in the out-of-plane displacement set-up.

Varigble
Beam-splilter

\ Mirror PZT

Microscope, Object
objectivetpinhole

CCD

Beam-splitter rsj e

. . Micrescopic
Mirror ob,lecﬁvep

Fig, 3 ESPI set-up to measure out-of-plane displacement fields [18]
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Fig. 4 PDMS aneurysm model in an out-of-plane displacement set-up

3 Resulis and Discussion

Using the ESPI the displacement field is calculated by subtracting the speckle phase
maps obtained before and after the fluid flow. The discontinuities in Fig. 5a are dye
to the phase calculation algorithm and can be removed by phase unwrapping,
Different solutions are available for this purpose according to the data spatial nojse
[19]. The results presentation could be improved using a pseudo color presentation
where the displacement intensity is codified according to a color, see Fig. 5h,

A more understandable way to present the information is by showing a three-
dimensional representation of displacement field. Figure 6 represents the dis-
placement field measured with ESPI. Analyzing the obtained preliminary results it
is observe that the maximum displacement has occurred on the aneurysm region
and on the inlet of the artery. This phenomenon could be explained by two possible
reasons: the pressure is higher in both aneurysm region and artery inlet; the wall
thickness in the regions of the highest displacements could be lower than the other
regions of the model.

Fig. 5 a Phase map and b Unwrapped phase map of displacement field. The flow direction is from
rieht (inlet) to lefr {ontlet)
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Fig. 6 Out-of-plane
displacement field measured
on PDMS aneurysm model
with ESPI

Defarmation {pm)

4 Conclusions

The fabrication methodology used to obtain an aneurysm model has allowed to
achieve an in vitro model with a geometry and dimensions very similar to a realistic
in vivo aneurysm. However, the demolding process was extremely laborious and
consequently some parameters like wall thickness and superficial roughness were
difficult to control. The roughness of the moulds and cores can influence the
velocity and pressure inside the model however the tested surface treatment with
acetone vapors may be a good solution to eliminate this influence.

The optical technique of ESPI proved to be well adapted for displacement field
measurement on PDMS materials. The results show that this technique correlates
well in the displacements when high spatial resolution is used, allowing extracting
the information for the applied deformation. A study to compare in more detail the
present experimental results with numerical simulations is currently under way.

In the near future we intend to optimize the fabrication process by using others
materials to produce the moulds and cores. Regarding the displacement field
measurements we plan to obtain more accurate results and out-of-plane measure-
ments by using other techniques such as Digital Image Correlation. Experiments at
different and higher flow rates are also one of the futures goals.
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