UNIVERSITE
DE LYON

ElA

,{/:»’?%\
N
Cew b

TOHOKU

uuuuuuuu

1

ELyT Workshop 2018

9th annual workshop

Satillieu, France - March 6th-8th 2018

Abstract Book

Core-to-Core Program - &
] erSEl g LB

INSTITUT NATIONAL /—
DES SCIENGES =
APPLIUEES et e —

LYO

® ceEntraLeLYon INSA

— @
[ o La Region
DPE T — Auvergne-Rhone-Alpes

2]
=
i
-~
=



Acknowledgments

This workshop was partly supported by the JSPS
Core-to-Core Program, A. Advanced Research
Networks, “International research core on smart
layered materials and structures for energy saving”.

This workshop was also partly supported by CNRS,
INSA-Lyon, Ecole Centrale de Lyon, Université de
Lyon and the French region Auvergne-Rhdne-Alpes.

Core-to-Core Program

v

e (4



ELyT Workshop 2018

March 6-8, 2018

Satillieu, France

La Gentilhommieére,

Program of ELyT Workshop 2018

Tuesday, March 6™

Time | Title Presenter Project

11:00 | Arrival of the chartered bus

12:00 | Lunch

13:30 | Welcome address & presentation of ELyT Global J. Fontaine, T. Uchimoto

& D. Fabrégue

13h50 | Information on Core to Core program T. Takagi

14:00 | Elaboration and characterization of porous FeCr M. Mokhtari DeProMiNa
obtained by liquid metal dealloying

14:20 | Consolidation Process of Cu from Powder to Plate | H. Miki & S. Takeda COSMIC
by Compression Shearing Method

14:40 | The choice of Nd**/Yb** rare earth ions-doped G. Boulon LasMat
Lu,O3 sesquioxide as a laser material

15:00 | Study of the surface roughness measurement by P. Guy & H. Nakamoto PYRAMID
ultrasonic scattering on a carbon steel block

15:20 | Micromagnetic Non Destructive Testing: joining B. Ducharne & BeNTo
materials models and NDT experiment T. Uchimoto

15:40 | Coffee break

16:10 | J-F Collaborations of Materials related to CFRP, | Y. Nishi
Actuators, Adhesion and EBI processes

16:30 | Miniature-Scale Energy Generation by Magnetic M. Kohl MISTRAL
Shape Memory Alloys

16:50 | Rolling Characteristics of Neutrophils on PDMS J.P. Rieu & A. Shirai MicroCell
Surface Mimicking the Endothelial Topography:
Effect of Pressing Force on Cell Trajectories

17:10 | Endovascular research and training using PVA-H S. Tupin FMMD
models

17:30 | In-situ techniques in electron microscopy L. Joly-Pottuz

17:50 | Information about ELyT School 2018 V. Fridrici & N. Wada

18:00 | End of session
Poster session (see last page) & free discussions

19:30 | Dinner




ELyT Workshop 2018

March 6-8, 2018

Satillieu, France

La Gentilhommieére,

1

Wednesday, March 7t

Time | Title Presenter Project

7:30 | Breakfast (last order at 8:30)

9:00 | Invited talk: Ab Initio Modeling of Dislocation Cores | D. Rodney
in Metals

9:30 | Additive manufacturing of 3D architectured M. Coffigniez
metal/ceramic biomaterials by robocasting

9:50 | Rubber-Ice Friction mechanisms: Multi-Physical and | S. Hemette EliceTrib
multi-scale approach

10:10 | Influence of the composition on properties of Co | A. Chiba & D. Fabrégue DECCOBABA
based alloys

10:30 | Coffee break

10:50 | Experiments and simulations on wear mechanisms | Y. Long & M. Kubo SuperLub
of DLC and ceramics

11:10 | New metallic glasses for biomedical applications 0. Baulin

11:30 | Low and ultralow friction of microcrystalline | M. Belin & H. Miki lofDIAMS
diamonds films: towards smart and tribo-resistant
coatings

11:50 | Robust shape optimization under squeal noise | F. Gillot & K. Shimoyama MuORode
response of brake systems

12:10 | End of session

12h30 | Lunch

14:00 | Invited talk: Ultrahigh-temperature materials | K. Yoshimi
research in Tohoku University

14:30 | Design of interface structure of fiber-reinforced | H. Kosukegawa DESIRE
polymer blend

14:50 | Mechanical characterization of Inter-particle | K. Ogawa & O. Lame PolymCold
sintering of Ultra High Molecular Weight SprayCoat
Polyethylene (UHMWPE)-Fumed nano-alumina
(FNA) composites processed under different
interfacial loading conditions

15:10 | Effects of temperature elevation on drilling of | Y. Muramoto BoneDirill
acrylic composite materials for bone biomodel

15:30 | Piping sYstem, Risk management based on wAll | T. Takagi & P. Guy PYRAMID
thinning Monltoring and preDiction

15:50 | Coffee break

16:20 | Experimental Study on Active Control of Protein | A. Komiya
Mass Flux

16:40 | Nonlinear Ultrasonic Phased Array for Imaging | Y. Ohara
Closed Cracks

17:00 | Surface Integrity and Structural Integrity T. Shoji

17:20 | Magneto-mechanical energy conversion in G. Sebald MARECO
magneto-rheological elastomers: effect of matrix
change

17:40 | Numerical Analysis for Ultrasonic Testing using | F. Kojima
EMAT under Extremely High Temperature

18:00 | End of session
Free discussions

19:00 | Dinner




ELyT Workshop 2018

March 6-8, 2018

Satillieu, France

La Gentilhommieére,

1

Friday 8th
Time | Title Presenter Project
7:30 | Breakfast (last order at 8:30)
9:00 | Wall turbulence nature and its control aimed at A. Yakeno
laminar wing technology
9:20 | Mechanism Analysis Technique for Fuel K. Yoshida
Diversification: In-situ Observation of Tribo-
chemical Reaction in Methanol Blended Gasoline
9:40 | Application of big data analysis to NDT data pool T. Soma
10:00 | Optimizing surface finish to Prevent SCC initiation H. Abe, B. Ter-Ovanessian OPSCC
in energy industries
10:20 | Coffee break
10:50 | Thermofluid characteristics of a flow channel with S. Ebara
finger-stacked structure
11:10 | Thermomechanical modelling of High Molecular C. Bernard PolymCold
Weight semi-crystalline polymers - Application to SprayCoat
Cold-Spray simulation
11:30 | Concluding remarks
11:50 | Wrap up
12:00 | Lunch
13:30 | Gathering for departure
14:00 | Departure of the chartered bus
List of posters
Number | Title Presenter Project
1 Consolidation Process of Cu from Powder to Plate S. Takeda COSMIC
by Compression Shearing Method
2 Texturation multi-échelle des surfaces et effet sur L. Jay TriArtiJoints
le comportement tribologique d’un cartilage
artificiel
3 MIP NDT Characterization and Modelling B. Gupta BeNTo
4 Topology optimization for intracranial stent based M. Ohta
on computational fluid dynamics
5 Study on experimental evaluation of repassivation | T. Ohira
condition of chloride stress corrosion cracking







March 6-8, 2018

ELyT WorkShop 2018 La Gentilhommieére,

Satillieu, France

Tuesday, March 6" — Afternoon
First session — 13:30-15:40



La Gentilhommiere,

ELYyT Workshop March 6-8, 2018
2018 Satillieu, France gyT

Elaboration and characterization of porous FeCr obtained
by liquid metal dealloying

Project DeProMiNa : De alloying to produce micro and nano porous metal

KATO Hidemi MAIRE Eric
WADA Takeshi LE BOURLOT Christophe
MOKHTARI Morgane MOKHTARI Morgane
IMR MATEIS
Tohoku University INSA LYON
Japan France

Abstract :
1. Introduction

Nanoporous metals have attracted considerable attention for their excellent functional properties
[1]. The most promising technique used to prepare such nanoporous metals is dealloying in aqueous
solution. Nanoporous noble metals including Au have been prepared from binary alloy precursors [2].
The less noble metals, unstable in aqueous solution, are oxidized immediately when they contact water
at a given potential so this process is only possible for noble metals. Porous structures with less noble
metals such as Ti or Fe are highly desired for various applications including energy-harvesting devices
[3]. To overcome this limitation, a new dealloying method using a metallic melt instead of aqueous
solution was developed [4]. Dealloying in the metallic melt is a selective dissolution phenomenon of a
mono-phase alloy solid precursor: one component (referred as soluble component) being soluble in the
metallic melt while the other (referred as targeted component) is not. When the solid precursor
contacts the metallic melt, only atoms of the soluble component dissolve into the melt inducing a
spontaneously organized bi-continuous structure (targeted+sacrificial phases), at a microstructure
level. This sacrificial phase can finally be removed by chemical etching to obtain the final nanoporous
materials. Because this is a water-free process, it has enabled the preparation of nanoporous structures
in less noble metals such as Ti, Si, Fe, Nb, Co and Cr.

2. Experimentation, discussion

In this study, (FegoCr20)30Niz, (FegCrao)soNiso and (FegCrao)7Niz precursors ingots were dealloyed
1h at 1093K for 1h in a Mg melt bath under a high-purity He atmosphere to give FeCr-Mg bicontinous
structure. The selective etching step was carried out using highly concentrated nitric acid to dissolve
the solid-state solution of Mg, resulting in microporous FegCrz. Porous samples obtained from
(FegoCra0)30Nizo, (FegoCrag)soNiso and (FegoCrao)70Niz precursor will be referred as respectively 30%FeCr,
50%FeCr and 70%FeCr. To characterized the microstructure samples were 3D imaged by Xray
tomography.



Figure 1 : Images extracted from Xray tomography scan and 3D view
in inset of (a) 30%FeCr (b) 50%FeCr (c) 70%FeCr

Figure 1 shows one reconstructed slice for each sample extracted from the reconstruction and a 3D
in inset. Two phases are visible. The lighter phase corresponds to the FeCr phase and the darker phase
to the air.

From theses images morphological parameters can be extracted. Figure 2 presents the phase
thickness distributions of FeCr and Air phases for all samples. The phases display a unimodal
thickness distribution. FeCr phase thickness distribution are similar for all samples : i.e. ligaments
size are independent of precursor composition. Because FeCr phase thickness distribution are similar
and materials density are different, pores distributions must be dependent of precursor composition as
shown on Figure 2. The average ligaments size is 4.8+0.3um for 1h dealloying at 1093K and this
value depends only of dealloying time and temperature.
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Figure 2: Evolution of phase thickness for different precursor
composition
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Abstract :
1. Introduction

In recent years, requirements for the material property such as a high strength and/or
high toughness are increasing with development of machine and mechanical system.
Materials processing is one of the important technique to improve those properties.
Many scientists are working in this field and several processing for manufacturing metal
and composite such as casting and powder metallurgy have been proposed.

Our research group has been focusing on a novel powder molding technique,
COmpression Shearing MEthod at Room Temperature (COSME-RT) as the method to



consolidate metal powder into thin plate directly. COSME-RT is the method for forming a
thin plate using biaxial force which gives compression stress and shearing strain to raw
metal powder simultaneously at room temperature in ambient atmosphere. In this
method, dissolving at high temperature is not required and metal plate can be formed
without coarsening of crystal grain and making compound. Consolidated metal plates
indicate high mechanical strength according to refined crystal grains.

2. Scope

COSME-RT has attracted attention as the novel method of solidifying metal powder.
The metal powders are solidified by the enforced plastic flow, and external heating is
not required. Therefore, COSME-RT is considered as susceptible to form composite
material which is keeping each of the individual characteristic of the original powder
materials.

In this project, the possibility of compacting the metal powder and the composite
between metal and other material, polymer, ceramics and compound etc., using COSME-
RT will be investigated, to clarify the interparticle bonding of powder particles during
the compression and shearing process. With development of this technique, we would
like to form the multifunction material which shows the good electrical and friction
properties by a simple solidifying process as a practical material.

In relation to this project, Mr. Sho TAKEDA attends a Double Doctoral Degree (DDD)
program between the Graduate School of Engineering, Tohoku University, Japan and
Ecole Centrale de Lyon (Laboratoire de Tribologie et Dynamique des Systémes), France
from 2015. He recently finished writing his thesis based on our collaboration research
and two research papers published [1] and accepted [2] in 2017. At this workshop, we
would like to make presentation about the part of his work as our latest collaboration
results.
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Abstract :
1. Introduction

Piping system in nuclear power plants is one of important components. Since liquids flow in the
piping system, Flow Accelerated Corrosion (FAC) occurs pipe-wall thinning through many years of use.
To evaluate the pipe-wall thinning, thickness measurement is performed by ultrasonic testing devices.
In the thickness measurement, the pulse-echo method determines thickness from time-of-flight and
ultrasonic velocity. Although the pulse-echo method uses only the receiving time of the ultrasonic
signal, the signal amplitude has also the information of ultrasonic attenuation. The attenuation depends
on propagation distance, backscattering, grain size of carbon steel and so on. If one effect varies and the
others are constant, we can evaluate the effect from the amplitude.

The surfaces thinned by FAC have been reported to have various roughness [1]. The roughness
provides us with detail characteristics of FAC. In this study, we aim to measure not only thickness but
also roughness of pipe-wall thinning from ultrasonic signal.

2. Theory, experimentation, discussion

The following theory is based on Nagy’s work [2]. We consider a randomly rough surface of a solid
h(x,y) positioned in the z=0 plane of an x, y, z coordinate system as shown in Fig. 1. The rough surface
is supposed to be geometrically flat over an area A, and the surface quality is characterized by a
roughness parameter /:

h? = % [, [ h*(xy)dxdy, (1)

where 4 is a root-mean-squared roughness parameter. When a plane wave propagates and reflects at the

rough surface on the opposite side, the wave is perturbed by random phase modulation ¢, (x,y). The
coherent specular wave is given as

R .
R=22[ [el#rGNdxdy, @



where Ry is the complex amplitude without surface roughness. According to the phase perturbation
approximation, the roughness induced phase modulation is expressed by ¢,-(x,y) = —2h(x, y)k, where
k denotes the wavenumber in the carbon steel. Here, we presumed that the correlation length of the
rough surface is high with respect to the wavelength. In addition, presuming that the surface profile is
an ergodic random process, we obtain the following equation by the probability density function p(¢) of
the random phase modulation.

R=Ro [, e?p(®)do. (3)
When the probability density function is the Gaussian distribution, the solution is given by

R = Rye~##/2, (4)
If the related attenuation R/R, is obtained, the roughness parameter is determined by Eq. (4).

In an experiment, we obtained reflected waves on 5 specimens by an ultrasonic device (Prisma,
Sonatest co.). The specimens are carbon-steel rectangular blocks with 20 mm thickness and 40x40 mm?
area. Each specimen has a roughness surface with periodical flaws. The specimens are called #1, #2, #3,
#4, #5, and their roughness parameters are 13.26, 21.48, 24.91, 34.12 and 52.80 um, respectively. The
ultrasonic longitudinal velocity was 5800 m/s and the actual frequency was 4.88 MHz. The probe was
placed on the flat surface of the specimen through a contact medium and detected the first reflected
wave from the opposite rough surface. The detection was conducted for 10 times. The average amplitude
was normalized by the average amplitude of a specimen without roughness. The relationship between
the roughness parameter value and the attenuation is shown in Fig. 2. The line denotes a theoretical
relation by Eq. (4). The experimental results have a good agreement with the theory. Assuming that we
estimated the roughness value from the attenuation, the ratios of errors to true roughness values were
58.8, 18.0, 34.6, 2.1, 1.2% to #1, #2, #3, #4, #5, respectively. Since the gradient of the theoretical cave
in the range of low roughness value was low, the error ratios of #1, #2 and #3 were relatively high.
These correlation lengths are too low for the theoretical assumption. In addition, the high error ratios
indicate that the estimate of low roughness requires high-precision amplitude measurement. Normally,
ultrasonic devices and probes measure thickness by inspector’s hand. The high-precision amplitude
measurement in this study is difficult for ultrasonic devices.

In future works, we use an electromagnetic acoustic transducer (EMAT) instead of ultrasonic
devices. The EMAT fixed on a specimen has a potential of a high-precision amplitude measurement.
The EMAT also has a wide-range frequency which is suitable for the theoretical presumption.
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Fig. 1 Coordinate system with rough surface for Fig. 2 Relationship between surface roughness
wave reflection. and surface roughness induced attenuation.
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The constant increase in inline production rates, along with an improvement of quality standards have
revealed a huge industrial need for precise and systematic inspection of steel products. Different
techniques such as destructive or nondestructive testing for the control of the manufactured products
quality already exist. The objective of nondestructive testing (NDT) is to evaluate both internal and
external fatigue states of the inspected parts without affecting their integrity. Nondestructive testing &
evaluation (NDT&E) using electromagnetic techniques is based on the micromagnetic response of
material properties such as microstructure and residual stress under application of external magnetic
fields [1][2].

Several years ago Japanese researchers [3]-[5] returned to an old Austrian patent of Werner [6].
Werner proposed to form a one-turn coil by using two pairs of needles, but the application of his
invention was difficult, due to relatively small (less than mV) output signal of the sensor.
Experimental and theoretical analyses [6] proved that today this method can be used with satisfactory
results. This point probe method consists in application of probe needles to a conductive sheet of
magnetic material, forming two point contacts. Based on the potential difference produced by eddy
currents generated by ac magnetization, it is possible to measure the flux density in the area
surrounded by points 1-2-3-4 shown in Figure 1.

In a uniform magnetization model (a model having a structure without magnetic domains), the voltage
detected by the needle probes is equivalent to half that measured by a search coil (one turn) wound
around the 1-2-3-4 area. Assuming that the specimen structure has 180° magnetic domains, the voltage
displays a stepped behavior depending on the locations of measurements in the form of deviations
from the average magnetization. Such deviations can reach considerable magnitudes, especially if the
span of the probe needles is small or if the ratio of the 180°-domain wall spacing to the sheet thickness
is large. According to an analysis of eddy current distribution, the measurement error in the point
probe method is slightly greater than in measurements made by a search coil, but not so great as to
create problems from the standpoint of practical use. It is stated that when the span between probes is
about 10 mm, it is possible to evaluate localized flux densities in grain-oriented electrical steel sheets.



However, due to limitations in the technical developments, this technique has never been used as a
micro magnetic sensor principle for nondestructive evaluation. The recent improvements in the field of
analog electronics and numeric analysis enabled this method to produce reliable results. Due to the
potential for making localized measurements associated to its directional behavior, this technique is
well suited to NDT applications. Hence, it is legitimate to assume that by changing the orientation of
the two point probe techniques, micro-residual stresses can be detected directionally and from a set of
experimental results, the depth defect could be determined.

Labview

controler

Voltage
amplifier

Cross
section
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Our target of the projects since 1998 has been the rising the international activities of Research &
corresponding Education of finally getting PhD in INSA Lyon, France, for my former master course
student, Assistant Prof. Kanda.

Based on the collaboration with ECL (M. Salvia), the CFRPs (fiber reinforced polymer) have been
investigated. They are @Enhanced Tensile Strength of Titanium/Polycarbonate Joint Connected by
Electron Beam Activated Cross-Weave Carbon Fiber Cloth Insert (H. Hasegawa, M. C. Faudree, Y.
Enomoto, S. Takase, H. Kimura, A. Tonegawa, Y. Matsumura, |. Jimbo, M. Salvia and Y. Nishi , Mater.
Trans. 58(11) (2017) 1606-1615).@ Improvement of Bending Modulus and Impact Value of
Injection-Molded Short Carbon Fiber Reinforced Polyetheretherketone (PEEK) with Homogeneous
Low-Voltage Electron Beam Irradiation (Y. Nishi, R. Ourahmoune, M. Kanda, J.H. Quan, M.C. Faudree
and M. Salvia; Mater. Trans., 55 (8) (2014) 1304-1310), @Effects of Electron Beam lIrradiation on
Elasticity of CFRTP (CF/PEEK), (H. TAKEI, M. Salvia, A. Vautrin, A.Tonegawa, Y.Nishi; Mater. Trans. 52
(4) 2011 pp734-739), @ Effects of Electron Beam Irradiation on Impact Value of Novolak-Type
Phenol CFRTP (Y. Nishi, H. Takei, K. lwata, M. Savia, A. Vautron; Mater.Trans.51 (12) (2010) 2259-
2265) and @ Effects of Electron Beam Irradiation on Impact Value of Carbon Fiber Reinforced
Thermoplastic Polyetheretherketone (Y. Nishi, H. Takei, K. Iwata, M.Salvia, A. Vautrin; Mater.Trans.50
(12) (2009) 2826-2832).

Based on the collaboration with LGEF, INSA de Lyon (D. Guyomar & K. Yuse), the Sensor and
Actuators have been investigated and constructed with @Effect of 100 keV Class Electron Beam
Irradiation on Impact Fatigue Behavior of PZT Ceramics (N. Tsuyuki, A. Takahashi, S. Takase, D.
Kitahara, M. Kanda, N. Inoue, K. Yuse, D. Guyomar, A. Tonegawa, Y. Matsumura and Y. Nishi;
Materials Trans.Vol.59, No03(2018) in press), @An Improved H,-Gas Pressure Operated LaNis
Powder-Dispersed Polyurethane/Titanium 2-Layer Actuator with Reversible Giant and Rapid
Expansion by Hydrogenation (Y. Nishi, J. Ohkawa, M. C. Faudree, M. Kanda, K. Yuse, D. Guyomar, H-H.
Uchida; Materials Transactions, Vol.59 No.01 (2018) pp.129-135), @Improvement of Electric Field
Induced Compressive Electrostriction of Polyurethane Composites Film Homogeneously Dispersed
with Carbon Nanoparticles, (M. Kanda, K. Yuse, B. Guiffard, L. Lebrun,_ Y. Nishi, D. Guyomar: Materials
Transactions,Vol.56 No.12 (2015) pp.2029-2033.), @Actuation abilities of multiphasic electroactive




polymeric systems, (M. Lallart, J.-F. Capsal, A. K. Mossi ldrissa, J. Galineau,_M. Kanda, D. Guyomar;
Journal of Applied Physics,Vol.112 (2012) 094108 ), @Solidification Thickness Dependent
Electrostriction of Polyurethane Films (M. Kanda, K. Yuse, B. Guiffard, L. Lebrun, Y. Nishi, D. Guyomar:
Materials Transactions, Vol.53 (2012) pp1806-1809), @ Modeling of thickness effect and
polarization saturation in electrostrictive polymers,(M. Lallart, J.-F. Capsal, M. Kanda, J. Galineau, D.
Guyomar, K. Yuse, B. Guiffard: Sensors and Actuators B: Chemical, Vol.171-172 (2012) pp739-746),
@The compressive electrical field electrostrictive coefficient Ms; of electroactive polymer
composites and its saturation versus electrical field, polymer thickness, frequency and fillers, (D.
Guyomar, P.-J. Cottinet, L. Lebrun, C. Putson, K. Yuse, M. Kanda, Y. Nishi: Polym. Adv. Technaol,
(2011) DOI 10.1002/pat.1993), Thickness effect on electrostrictive polyurethane strain
performances: A three-layer model, (D. Guyomar, K. Yuse, M. Kanda , Sensors and Actuators
AVol.168 (2011) pp307-312.), @ Development of large-strain and low-powered electro-active
polymers (EAPs) using conductive fillers, (K. Yuse, D. Guyomar, M. Kanda, L. Seveyrat, B. Guiffard:
Sensors and Actuators A,Vol.165 (2011) pp147-154.), Focus on the electrical field-induced strain
of electroactive polymers and the observed saturation, (D. Guyomar, K. Yuse, P-J. Cottinet,_ M. Kanda,
L. Lebrun, J. Applied Physics,Vol.108 (2010) 114910.), @ Reversible Bending Motion of Unimorph
Composites Driven by Combining LaNis Alloy Powders Dispersed Polyurethane and Thin Supporting
Copper Sheet under Partial Hydrogen Gas Pressure, (J. Okawa,_M. Kanda, K. Yuse, H-H. Uchida, D.
Guyomar, Y. Nishi , Materials Transactions Vol.51 (2010) pp994-1001.), and @ Giant Bending Strain
of Reversible Motion of Uni-Morph Soft Mover Composites Driven by Hydrogen Storage Alloy
Powders Dispersed in Polyurethane Sheet, (Y. Nishi, S. Ohkawa, M. Kanda, A. Shimazu, R. Suenaga, Y.
Ebihara, D. Kubo, H.H. Uchida, K. Yuse, D. Guyomar: Materials Transactions, Vol.50 (2009) pp2460-
2465).

Based on the collaboration with MATEIS, INSA de Lyon (J-Y Cavaille), the Adhesion and
strengthening of polymers induced by EBI process have been investigated and constructed with
@Adhesion of Polyethylene/Polyethylene Terephthalate (PE/PET) Laminated Sheets by
Homogeneous Low Potential Electron Beam Irradiation (HLEBI) Prior to Assembly and Hot-Press
above Melting Point, (S. Takase, H. T. Uchida, A. Yagi, M. Kanda, O. Lame, J.-Y. Cavalille, Y. Matsumura,
Y. Nishi: Materials Transactions, Vol.58 No.07 (2017) pp.1055-1062), @ Effects of Homogeneous
Low Energy Electron Beam Irradiation (HLEBI) on Adhesive Force of Peeling Resistance of Laminated
Sheet with Polyethylene (PE) and Austenitic 18-8 Stainless Steels (C. Kubo,_ M. Kanda, O. Lame,_J-Y.
Cavaille, Y. Nishi: Materials Transactions, 57(3) (2016) 373-378), @Evaluation of the Tensile Strength
of Electron Beam Irradiated Powdered Ultra High Molecular Weight-Polyethylene (UHMWPE) Prior to
Sintering (M. Kanda, T. Deplancke, O. Lame, Y. Nishi and_J-Y. Cavaille, Materials Transactions, 56 (9)
(2015) 1505-1508), @High Electric Conductive PMMA Composites without Impact Value Decay by
Dispersion of Copper Powder, (Y. Nishi, Y. Ebihara, N. Kunikyoh, M. Kanda, K. Iwata, K. Yuse, B.
Guiffard, L. Lebrun,_D. Guyomar, Materials Transactions, Vol.51 (2010) pp1437-1442.), @Impact
Value of High Electric Conductive ABS Composites with Copper Powder Dispersion Prepared by
Solution-Cast Method, (Y. Nishi, N. Kunikyo, M. Kanda, L. Lebrun, D. Guyomar: Materials Transactions,
Vol.51 (2010) pp165-170), and @ Effects of Homogeneous Low Voltage Electron Beam Irradiation on
Brazilian Bending Strength of Liquid Quenched Ten Mega Molecular Weight-Polyethylene (TMMW-
PE) (Y_Nishi, M. Kanda, K. Shiraishi, S. Ishii, M. Uyama, S. Inui, M. C. Faudree, O. Lame and_J-Y. Cavaille,
unpublished data).

Future contribution to J-F Collaboration: Our Research unit is constructed with Tokai U. < A. Prof.
Uchida (CFRP and polymer adhesion), Prof. Tsuchiya (PZT film, fine needle), Prof. Kimura (Solar car),
Prof. Takashiri (Thermoelectric power device), Prof. Kikugawa (Bioadaptable materials), Profs.
Horisawa, Shibuya & Tonegawa (plasma electrode engine for interplanetary space ship)>and Prof. H-
H. Uchida (Hydrogen Storage alloy), as well as Ibaraki University <Prof. Ohta & A.Prof.Nishi (Thermal
conductivity and viscosity) and Chubu University <Prof. Inoue & A. Prof. Kanda (Direct current system
for Superconducting wire)>.




La Gentilhommieére,

ELyT Workshop March 6-8, 2018 Eg‘?
2018 Satillieu, France

MIniature-Scale Energy GeneraTion by Magnetic Shape
MemoRy ALloys

ELyT Global Project MISTRAL

Materials and structure design
Simulation and modeling

Manfred KOHL, Prof.

Institute of Hiroyuki MIKI,
Microstructure Assoc Prof.
ZZi?sr:«ZI}?eg{rg gllt];)te of { - = Frontier Research Inst.

g &< for Interdisc. Sci. (FRIS),
Technology(KIT),

Tohoku University,
Aramaki asa Aoba 6-3,
Aoba-ku, Sendai, Japan

Hermann-von-
Helmholtz-Platz 1
76344 Eggenstein-

Leopoldshafen
Mickaél Lallart Mar.cel GUELTIG, Dr.
Institute of
Assoc Prof. )
Laboratory of Microstructure
; . . Technology(IMT),
Electrical Engineering )

. Karlsruhe Institute of
and Ferroelectricity Technology(KIT)
(LGEF - EA 682), INSA- Gy,
Lyon, Hermann-von-

F-69621 Villeurbanne, Helmholtz-Platz 1

France 76344 Eggenstein-
Leopoldshafen

Makoto OHTSUKA,

Assoc Prof.

Institute of

Multidisciplinary

Research for Advanced

Materials(IMRAM),

Tohoku University,

4 P4 h Katahira 2-1-1, Aoba-

ku, Sendai, Japan

Abstract :
1. Introduction

Recently, attaining multi-functionality and improving functionality for the conventional mechanical
system have been required with the development of science and technology. However, the
performance enhancement usually brings complication and enlargement of the system. Our research
group have focused on the "smart" concept as a keyword of function improvement. It aims at
improving reliability and stability of the system by functional advancement of composing elements.

Functional materials are the novel material, which provide a new function and realize simplification
and miniaturization for the mechanical system alternatively. Examples of the functional materials are
described in the following: Shape memory alloys, piezoelectric material, liquid crystal and magnetic
material, etc. These show the property variation and/or the special function on certain conditions, such



as temperature change, and electric field applied, and so on. At the present, there are few materials put
to practical use. The research of development and application on these materials will become more
important in the near future.

The shape memory alloy is a material with the function of the shape memory effect and the
superelasticity, which originates from the martensitic transformation. Shape recovery force and shape
reversibility are the typical properties of the shape memory alloy. From these functions, the shape
memory alloys are applied over industrial machinery, such as an automobile, an electrical equipment,
and a medical equipment.

Recently, ferromagnetic shape memory alloy (FSMA) attract attention as a new SMA with the
magnetically induced shape memory effect [1]. Using FSMA as the actuator element, it is expected
that high-speed operation and high stress load become the possible. As the example of the shape
memory alloy in which magnetic property is greatly related to mechanism of the generation of shape
memory effect, Ni-Mn-X (X = In, Sn) type FSMAs have been found and their meta-magnetic phase
transition (MT) has been observed from ferromagnetic austenitic (A) phase to antiferromagnetic or
paramagnetic martensitic (M) phase [2]. FSMAs are expected to exhibit the shape memory effect
(SME) associated with the reverse MT induced by a magnetic field [3]. For the properties described
above, metamagnetic shape memory alloys (MSMAs) are attractive for micro-actuation due to their
multifunctional properties [4, 5].

2. Outline of the research

The project MISTRAL exploits the potential of magnetic shape memory alloys (MSMAs) for use in
energy generation on a miniature scale. The objectives are two-fold: (1) The Villari effect in single
crystalline NiMnGa will be implemented in a new generation of vibration energy harvesting devices.
(2) The temperature-induced change of magnetization in Ni-Mn-X (X = In, Sn) films and plates will
implemented in novel thermomagnetic energy generators. In both cases, resonance effects will be
exploited to maximize energy conversion and efficiency. Experiments include material
characterization (thermal, magnetic, mechanical properties) as well as characterization of device
performance (force-/temperature-induced change of magnetization, mechanical performance,
generation of electrical energy). Based on obtained empirical data, finite element and lumped element
models will be developed to simulate coupled physical properties and device characteristics in order to
enable performance prediction as well as efficiency improvement.
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Neutrophils’ rolling on endothelium of blood vessels is the earliest event of their immune response
to initiate the subsequent events for their extravasation. It is known that this process is predominantly
observed in post-capillary venules namely mediated by binding of P-selectin on the endothelial cells
and PSGL-1 on the neutrophils [1]. In the post-capillary venules, erythrocytes aggregate to axis of the
vessels to displace neutrophils toward the vessel wall [2]. Since the endothelial cells are nucleated
cells, inner lumen of the vessels is bumpy due to their convex shape. And thus, neutrophils are
expected to roll along borders of the endothelial cells under a pressing force by the red blood cells.
Furthermore, it is known that P-selectin is expressed along border of the endothelial cells by a
stimulation of histamine [3]. The cells tracing the borders have high possibility to bind with the
selectin during their rolling. To summarize, the neutrophil rolling is mediated both by selectin/ligand
binding, the pressing force toward the vessel wall, surface topography of the endothelium and the
localized expression of the selectin. The aim of this study is elucidation of correlative effects of the
pressing force and the surface topography on the rolling characteristics of the cells among these four
factors. For this purpose, we fabricated a patterned PDMS substrate which mimics the surface
topography of the endothelium. We observed behavior of HL-60 cells, which are widely accepted as a
model cell of neutrophils, on the substrate under a variety of pressing forces using a homemade
inclined centrifuge microscope system [4] that was already used to test unspecific HL-60
cells/substrate adhesion recently [5].

2. Fabrication of patterned PDMS substrate

We assumed the endothelial cells are tiled inner lumen of the blood vessels in a zigzag [6]. We
reproduced this topography by a hexagonal pattern, i.e., short hexagonal poles with a height of 2.3 um
and 16 um a side arranged with a clearance of 12 um. The resultant apical cell area which is a
hexagonal area connecting centerlines between adjacent hexagons is 1,365.8 um?. This was designed
considering the size of HUVECsS, i.e., the height is around 2 pm and the apical area is 1,238+52 um? [7,
8]. A Si mold for fabricating the substrate was made by the reactive ion etching with NanoLyon
facility (ILM, UCBL). PDMS (Sylgard® 184, Dow Corning) was pourd onto the mold with the
thickness of 1 mm and cured in a oven. The PDMS sheet was peeled off from the mold and stuck onto
a flat glass plate after 1 min. absorption to air plasma. Figure 1 shows an example of the fabricated
patterned substrate. Here, for comparison of the motion of HL-60 cells on the hexagonal pattern, a
stripe pattern with the width of 12 pum is also arranged.



3. Rolling experiment of HL-60 cells

The HL-60 cells (supplied by Center for Biomedical Research, Institute of Development, Aging
and Cancer Tohoku University) are suspended in a medium RPMI-1640 (Wako) supplemented with
15% FBS (HyClone) at the concentration of 3x10° cells/ml. The rolling experiment of the HL-60 cells
was performed usin the inclined centrifuge microscope system [4]. This system has a container bottom
of which the PDMS substrate is settled and filled with the suspension of the HL-60 cells. The
container is mounted on a rotor of a centrifuge to apply a centrifugal force F. Here, since the container
is inclined from the rotational plane, initially buoyant cells are driven in radial directiona, and the cells
land on the substrate is driven by the tangential component, Fr, of F' to the substrate while being
pressed onto the substrate by the normal component Fy. We can control Fy and Fr arbitrarily by
choosing appropriate combination of the inclination angle of the container and the rotational speed.

In this study, we observed motion of the cells at 7= 30 pN under a variety of Fi from 23.5 to 70.5
pN. To characterize the cells behavior, we introduced two parameters; mean velocity, U, of the cell
velocity in the direction of Fr and circular variance ,CV,
of instantaneou cell velocity vectors. Figure 2 shows
influence of Fv on U and CV on the the hexagonal
pattern normalized by those on the stripe pattern, i.e.,
Uhnexagon/ Ustripe and CVhexagon — CVitripe, TESpectively. As
shown in this figure, they both approach 0.4 as the
increase in Fy, which is the analytical limit when all the
cells trace valley of the pattern by pure geometrical
considerations. This figure indicates importance of Fy
in characterizing the cell behavior. For Fy < 20 pN, the
cells mostly go straight above the hexagonal surface.

Fig. 1 Microscopic view of PDMS substrate
4. On-going project

We are now struggling in functionalization of the ;
PDMS substrate to coat the valleys of the patten with P- 5
selectin mimicing localized expression of the selectin. :
For this purpose, we apply the micro-contact printing to S

hé
\:
S

—a— /U

hexagon’ stripe

[0 CViagonCV,

coat BSA on hump part of the pattern in advance, and Fr=30pN

immerse in a P-selectin solution to coat the hollow part.
Figure 3 shows an example of immunofluorescent
image of the functinoalized PDMS substrate shown in
Fig. 1. P-selectin was labeled by AlexaFluor 555, and 00, 20 0 pos %
the bright parts indicates existence of P-selectin. At the Fyy [pN]

present state, the yield ratio is up to about 70%’ aI.ld itis Fig. 2 Influence of pressing force Fy on normalized
not good to comfirm success of the functionalization by mean velocity and circular variance of HL-60
the labeling P-selectin before the experiment. We are cells. They approach 0.4 as the increase in F.
looking for a better way of the functionalization and
confirmation of the success.
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Abstract :

1. Introduction

Over last two decades, endovascular repair became the standard for intracranial aneurysm
management. As the number of endovascular devices increased, training of clinician is important to
ensure the right selection of device and a smooth operation. Such training is usually performed on an
in vitro model made of silicone, which main problem is its bad friction with medical devices. Poly-
vinyl alcohol hydrogel (PVA-H) was proposed previously as a vascular models base material [1] as it
combines several advantages: transparency, low friction [4] and mechanical properties similar to
vascular tissues [2-3]. As a proof of concept, a sensory test and a pre-operative training performed by
trained medical doctors using such vascular models are presented in this study.

2. Material & methods

Vascular models were manufactured based on a previously described lost-wax technique [1,3], using
patient specific artery and aneurysm geometries. For the sensory test, a tubular type model filled with
saline was equipped with customized connectors and fixed on the support frame as shown in fig.1a.
Tests were performed in an angiography room, in where model side, angiography image and operator
side can be monitored and recorded at the same time (fig.1). For the pre-operative training, a flow
circuit (fig.2a) was built to recreate steady cerebral flow conditions (250ml/min and 90mmHg) in a
box type vascular model. Pressure sensors and flowmeter were used to record the evolution of flow
conditions during the training. Moreover, two cameras were used to record the device deployment in
frontal and lateral view, as an usual angiographic system (fig.2a).

3. Experimentations and discussion
3.1 Sensory test (in collaboration with Pr Shojima, Saitama Medical University, Japan)

A sensory test was performed by comparing artery mimicking tubular models made of silicone and
PVA-H. A clinician carried out the evaluation by inserting a micro-catheter and a guide wire in each
model. In the doctor’s opinion, PVA-H model better mimicked the real operation sensation due to its
low friction properties. However, the experiment revealed that poor fixation of the model inducing
shaking and deformation that affect the medical device manipulation. Fixation that mimics the
surrounding tissues mechanical properties needs to be developed for future experiments.



Fig.1: Sensory test: (a) PVA-H model, (b) model angiography, (c) clinician operation (from [5])

3.2 Pre-operative training (in collaboration with Pr MATSUMOTO, Kohnan Hospital, Japan)

A training experiment was performed using a PVA-H box model representing a patient aneurysm
located on the internal carotid artery (ICA) (fig.2b) into which a medical doctor deployed a flow
diverter (Pipeline, Medtronic, USA) (fig.2¢c). During the experiment, change of pressure and flow rate
were recorded (fig.2a) and correlated to doctor’s manipulation. The flow diverter was found too short
to cover the whole aneurysm, which would have required the deployment of a second device during a
real operation. This revealed the difficulty for clinician to choose the right device and the benefit of
such pre-operative training. Moreover, impacts of medical device on the hemodynamic conditions can
be evaluated with such system.

Figure 2: Pre-operative training: (a) flow circuit, (b) patient angiography, (c) device deployment in
PVA-H model.
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Abstract :

Characterization of nanomaterials or materials at the nanoscale has drastically increased during
the last decades. This increase can be explained by (i) the necessity to obtain materials with nanometer-
size grains, for instance nanocomposites, and by (ii) the use of nanoparticles in different fields, for
instance lubrication applications. A challenge lies in the in situ microstructural characterization of such
materials as it can give access to valuable pieces of information regarding the microstructural changes
induced by their use.

Dedicated TEM (Transmission Electron Microscopy) holders equipped with force and
displacement sensors have been developed and are of a very high interest to test, in situ, the mechanical
properties of nanometer-sized objects [1,2]. On crystalline nano-objects, Molecular Dynamics
simulations have shown that dislocations nucleate at the surface [3]. Coupling TEM nanocompression
and numerical simulations can be of much interest to determine the mechanical porpoerties at the
nanometer scale and to study the deformation mechanisms.

The innovative mechanical observation protocol of nanoparticles in the 100nm size range is
presented in Figure 1. It consists of in-situ TEM nano-compression tests of isolated nanoparticles Load—
real displacements curves, obtained by Digital Image Correlation, are analyzed and these analyses are
correlated with Molecular Dynamics simulations. A constitutive law with the mechanical parameters
(Young modulus, Yield stress...) of the studied material at the nano-scale can be obtained [2]. In-situ
TEM nano-compression tests were performed on ceramic MgO nanocubes. Magnesium oxide is a model
material and its plasticity is very well known at bulk. The MgO nanocubes show large plastic
deformation, more than 50% of plastic strain without any fracture [4].
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Figure 1: a) Schematic representation of the front piece of the sample holder used for in-situ testing, b) MgO nanocube just
before in-situ nanocompression test. Arrows show possible movements of the sample
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Abstract :

1. Introduction

There are many inhabitations to making sustainable development in human society, such as
depletion of resources, environmental pollution, and mass production. In order to overcome these
problems, the development of new materials and new ways of applying materials are investigated in
the field of materials science. As a method to develop metals, we focus on a novel powder molding
technique, compression shearing method at room temperature (COSME-RT) [1, 2].

COSME-RT is a molding method in which metal powder is consolidated into a thin plate material
by applying biaxial forces at room temperature and ambient atmosphere. The most notable feature of
this method is it can fabricate materials without heat treatment. Therefore, by this method, it is
possible to fabricate materials which are easily affected by heating and practical use of this method is
expected.

However, there are some issues to be solved to put COSME-RT into a practical use. In particular,
clarification of the consolidation mechanism of a metal by COSME-RT is a fundamental issue for
ensuring the reliability of COSME-RT. One of the major reasons behind lack of progress in the
mechanism clarification is the difficulty in controlling and visualization of the process of COSME-RT.
To solve this issue, the author conduct the unidirectional friction experiment and try to clarify the
bonding mechanism of powder particles.

2. Experimentation, discussion

The material used in this study is powder of 99.9% purity Cu. The average particle size of this
powder was 38 um. This powder was compressed under a uniaxial normal stress of 1000 MPa to get a
compressed sample. Target size of a sample was 20 x 20 x 0.25 mm’.

Figure 1 shows a schematic illustration of a unidirectional friciton experiment. The following four
steps are defined as one cycle, and this cycle was repeated. (1) The ball was placed on a sample and a
normal load was applied to the sample through the ball. (2) A tangential force was applied to the ball
whilst maintaining the compressive load. The ball was sliding on the sample and a tangential force
was applied to the sample. (3) The ball was pulled offthe sample. (4) The ball was moved to the initial
position of the first step. The experimental conditions were set to correspond with the forming
conditions of the pure Cu plate by COSME-RT apparatus (DRD-NNK-002, DIP Co., Ltd., Gunma,
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Figure 1 : Schematic illustration of unidirectional friction experiment.

5.0
4.0
3.0
2.0
0
P=40N, P=40N, P=27N,
N=100 N=200 N=100

Figure 2 : Thickness of deformed zone of samples after friciton experiments.

Japan) [3]. In order to avoid the oxidation of the sliding surface of the samples, all the tests were
performed with 5.0 I/min nitrogen blowing around the contact surface. A ZrO, ball of a half-inch
diameter was chosen as a counter material to avoid wear of the sliding surface. The amplitude and the
sliding velocity were programmed to be 10 mm and 5.0 mm/min, respectively. The normal load P was
set to be 4.0 and 27 N, which correspond to the theoretical maximum Hertzian contact pressure of 500
and 1000 MPa, respectively. The number of the sliding cycles N was programmed 100 and 200. Allthe
friciton experiments were performed at room temperature.

The fracture surfaces of the samples after the friction experiments were observed by using a
scanning electron microscope. In all the samples, the part of the powder particles near the sample
surface deformed along the sliding direction. Figure 2 shows the measured thicknesses of the
deformed zones of powder particles on the samples after the friciton experiments. For a normal load of
P=4.0N, the thickness of the deformed zone was almost 1.0 um regardless of the number of the
sliding cycles N. When the normal load was P =27 N, the thickness of the deformed zone was
approximately 4.0 um. The stress applied to the particles increases when the applied normal load
increases, and the strain applied to the particles may increase when the number of sliding cycles
increases. Therefore, we clarified that the applied stress had a greater effect on the deformation of the
powder particles than the applied strain. For the future work, the applied stress will be evaluate
qualitatively to investigate how stress is required to proceed the bonding process of the particles.
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Abstract:

Over the last ten years, the use of artificial joint for hip or knee is significantly increased. In
France for example, around 140 000 hip prostheses were implanted in 2013 111 because of arthrosis or
fracture. Due to the aging of population, eventually leading to an increase of natural joint
dysfunction by arthrosis (25, this tendency is expected to grow.

Through the years, the design of artificial joints has been improved, with the introduction of
ceramic-ceramic contact, and titanium based coatings. Indeed, as the artificial joints are implanted in
human body, the use of non-aggressive materials such as titanium is highly required. These solutions
are presenting drawbacks on patient’s health. The main disadvantage can be summarized in the
resulting wear particles that can be scattered in the patient body and potentially causing damages
because of their high hardness.

In order to limit wear in artificial joints, harder coatings such as DLC are investigated. A
biomimetic approach for this problem is proposed, this method is based on the use of a soft material
to prevent the appearance of hard particle. Indeed, in natural joints, bones are coated by soft
cartilage immerged in synovial fluid. This soft cartilage presents nonetheless remarkable friction
coefficient 3. Among the soft friction materials, the polymer gels are attractive as potential
replacement for titanium in artificial joints, especially since the elaboration of double-network
hydrogel by Pr. Gong et al. from Hokkaido University 3.

The material being studied for this application is the double network gel (DN gel). This kind of
polymer gel, containing high water proportion, has shown several advantages as friction material,
such as low friction (u << 0.1) (41 with water lubrication, biocompatibility and mechanical strength
clearly higher than usual polymer gels. The DN gel is considered as an efficient material that can
replace for titanium coating based in artificial joints, but it can now also be considered for various
machine designs. In order to do so, many aspects of gel friction should be studied and improved.

The purpose of our study is to adapt and verify the rubbing performance of the DN gel in
order to have a comparable friction coefficients to the ones in the human case. To understand the



general behavior of the material, we propose a rheological model of the DN gel by performing
mechanical tests. This later will also give us information about the role of each mechanical property
on the friction behavior.

In a second time, we will investigate the previous limits by using a multi-scale texturing on
subtract materials or on the gel surface with the help of a femtosecond laser. A static and a dynamic
contact analysis between subtract and textured gel for several speeds and loads will be proposed. A
complimentary study based on the numerical simulation in order to understand the gel — subtract
contact for different shapes of textures and the pressure repartition.
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Abstract: A modified Jiles-Atherton model has been used to numerically reproduce experimental
Magnetic Incremental Permeability (MIP). The small alternating magnetic field creates local changes
in the magnetic state of the sample which can be considered as extremely weak minor loops. Even if
the frequency of this alternating excitation is high, the rate dH/dt remains sufficiently low to limit the
model as a quasi-static contribution. Jiles-Atherton model exhibits issue to reproduce in simulation
closed minor cycles. This is corrected here assuming that the excitation is sufficiently weak to
consider minor loops just as anhysteretic rate.

1. Introduction

In ferromagnetic materials, magnetic domain walls interact with microstructure over similar
mechanisms as dislocations do [1, 2, and 3]. This fundamental observation is the basis of micro-
magnetic materials characterization. Coupling between the stress and magnetic field is the main and
important feature of the ferromagnetic materials consisting of various small magnetic domains in its
microstructure [4]. Conventional Eddy current testing has been extensively used for the ferromagnetic
materials characterization but when it comes to creep damage detection, it becomes difficult to
distinguish between the changes caused by the actual creep damage and from the signals generated by
other sources, like microstructure, surface roughness, hardness etc.

Magnetic Incremental Permeability (MIP), as shown by experiments in this research, because of its
high sensitivity to stress, is used to investigate samples in this study. When a ferromagnetic material is
exposed to a steady and static magnetic field, the reversible permeability measured with a small
alternative magnetic field is defined as the magnetic incremental permeability [S]. MIP is calculated
by measuring the minor loop magnetic flux density during the process of magnetization. MIP is very
efficient in understanding the degradation/creep in the materials which also gives a lot of information
about the microstructure of the ferromagnetic materials. Moreover, as the microstructure of a
ferromagnetic material, e.g. the magnetic domain etc., is easily affected by the technical damage such
as plastic deformation and fatigue damage, MIP method is considered as a promising NDT technique
to evaluate the residual stress [Chen].



2. Discussions

Figure 1 demonstrates the experimental set-up for the measurement of magnetic incremental
permeability on 12 Cr-Mo-W-V steel creep test samples. The samples are magnetically excited using a
sinusoidal magnetic field with the help of a U-shaped electromagnet. The excitation frequency chosen
for these measurements is 0.1Hz after comparing the effect of different frequencies. The excitation
magnetic field has been chosen as 100 A.cm™. The sensor also consists of a Hall sensor which is used
to measure the tangential magnetic field strength H. The sensor used is a Transmitter-Receiver type,
the transmitting coil of which is used to provide a small alternating magnetic field, AH, which is
superimposed on the steady large magnetic field (definition of Magnetic Incremental Permeability).
The frequency chosen for the small alternating field is finalized as 50 kHz. The output of the Receiver
coil in the sensor is fed to LI 5640 (NF Corporation) Digital lock-in amplifier. A modified Jiles-
Atherton model has been used to numerically reproduce the experimental situation. The small
alternating magnetic field creates local changes in the magnetic state of the sample which can be
considered as extremely weak minor loops. Even if the frequency of this alternating excitation is high,
the rate dH/dt remains sufficiently low to limit the model as a quasi-static contribution. Jiles-Atherton
model exhibits issue to reproduce in simulation closed minor cycles. This will be corrected here
assuming that the excitation is sufficiently weak to consider minor loops just as anhysteretic rate.
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Figure 1:Set-up for the Magnetic Incremental Permeability testing (Schematic)

A large number of comparisons between simulations and experimental results will be presented as
well as detailed explanation as to how this numerical tool can be used to interpret experimental results.
Figure 2 below demonstrates the MIP signature of ruptured samples from each of the three categories
of difference in temperature treatments. It is well distinguishable that the cross points and He value of
each of the curves are variable to each other. The coercivity of samples decreases with the increase in
the temperature. The value of cross point which represents the remanence, increases with the increase
in temperature.
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Figure 2: MIP signatures for varied temperature treated samples (L) and some simulated results with Jiles-Atherton model for
MIP curves (R)
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Abstract : Stent insertion aims at reducing the flow in an aneurysm. To minimize the
average velocity in an aneurysm, we applied optimization technique to explore the stent
geometry to lead better treatment outcomes based on computational fluid dynamics.

1. Introduction

A modern technique treating cerebral aneurysm is the insertion of a medical device called a flow
diverter (FD) stent, which is a tubular mesh made of NiTi wire. The aim of FD implantation is to
reduce the flow in an aneurysm by covering an aneurysm orifice. Given that the aim of stent insertion
is to reduce flow, optimization is applied using computational fluid dynamics (CFD) analysis in recent
years [1,2]. However, owing to some limitation on computational resource and complexity of bio-
system in our body, there are still problems remaining to explore the clinical optimal.

Here, we present several approaches to optimize a FD stent for intracranial aneurysm based
numerical studies.

2. Automatic optimization using lattice Boltzmann method and simulated annealing

The first issue for optimization is a number of numerical models. Indeed, optimization method may
require a huge number of flow simulations to determine the best stent geometry. To solve this
problem, we consider the possibility to use lattice Boltzmann (LB) bloodflow simulations in



combination with an optimization algorithm that can explore the design space of FD stents, in a fully
automated way.

A set of struts as FD stent model was represented into mathematical equations on D3Q19 lattice
topology (Fig. 1). Automatic optimization procedure gradually improves flow-reduction with
probabilistic modification of mathematical equations. Improve ratio depends on geometry (2.6-28.1%),
however, the optimal geometries for each aneurysm geometry show similar tendency to block the
inflow.

Radius

Figure 1: Mathematical representation of stent based on 8 helixes.
3. Surrogate-based optimization of stent in Fluid-Solid Interaction analysis

Secondly, optimization study for intracranial stent neglect the influence of wall deformation by
stent deployment. As low wall shear stress (WSS) on the vessel wall surface and the excess force
exerted from stent to the blood vessel are the two parameters which are believed to be the reason of
these post-stenting problems [3], therefore, this phenomenon is considered important to be included in
optimization as well.

In this study, we developed Kriging model based on response behavior of stent design variables
towards objective function. With the aim of minimizing low WSS area on the vessel wall, we
constructed 26 numerical models as initial sample points using Halton sequence sampling method. All
simulations have been conducted as one-way coupled Fluid-Solid Interaction (FSI) simulation (Fig. 2).
As the results, response surface suggests that strut with medium size around 100-250 micron with a
relatively big inter-strut gap is suitable for achieving the optimize criteria in case of rectangular cross-
section.

s 5, — -
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Figure 2: Flow pattern around the vicinity of stent struts (left: without vessel deformation, right: with vessel
deformation)
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1. Introduction

For light water reactors (LWR), it is necessary that structural materials have high corrosion resistance
in addition to high mechanical properties such as strength,toughness and workability. For this reason,
materials such as stainless steel are widely used as structural materials of LWR. However, passivation
film tends to be broken in chloride-containing environment and localized corrosion can occur [1].
During the Great East Japan Earthquake that occurred on March 11, 2011, TEPCO Fukushima Daiichi
Electric Power Plant was urgently shut downed, and all power supply was lost due to the subsequent
tsunami. For cooling the fuel, seawater was injected in the reactor and in the spent nuclear fuel pools
(SNFP)

Reduction of dissolved oxygen by hydrazine injection and removal of salt have been carried out in
the spent fuel pool system as a countermeasure against corrosion. In the reactor system, switching to
freshwater injection and nitrogen degassing have been carried out [2].

With these countermeasures, the possibility of further initiation of localized corrosion is now low.
However, if localized corrosion has occurred in the highly corrosive environment right after the
accident, the localized corrosion can possibly continue today to grow. There are many crevice
structures such as regions of contact between components and locations under wreckages in the
nuclear reactor and in the spent fuel pools. Therefore, there is a possibility that crevice corrosion has
occurred inside such a crevice structure. In addition, when a certain amount of tensile stress exists on
these parts, there is a possibility that the crevice corrosion is transitioning to stress corrosion cracking
(SCC). In order to evaluate the effectiveness of the countermeasures taken, it is necessary to study the
repassivation conditions. Type 304 stainless steel used for the Fukushima Daiichi Power Plant spent
fuel pool liner is normally used in high-purity water conditions to cool the spent fuel, yet the corrosion
resistance towards large amounts of sea water has never been considered. There are a few studies
concerning the critical conditions for SCC of austenitic stainless steel in neutral chloride environment,
but there is no study on the repassivation conditions [3].

In that context, this research is aimed at proposing an evaluation method to estimate the repassivation
conditions in chloride environment for Type 304 stainless steel

2. Experimentation, discussion

2.1 Overview of the Experiment
In order to evaluate the conditions for repassivation of SCC, it is necessary to combine a method for
measuring the crack length and electrochemical measurements at same time. Electrochemical tests
were carried out using the three electrodes method. After sweeping from the Open Circuit Potential
(OCP) to the critical potential of SCC and maintaining that potential, stepped polarization was
conducted towards cathodic direction. The schematic diagram of the evaluation method of
repassivation potential using electrochemical test and crack monitoring method is shown in the Fig.1



Moreover, it is generally known that the length of cracks caused by SCC differs between the inside
and the surface of a specimen [4][5]. In order to evaluate the repassivation conditions more
accurately, it is therefore important to combine several methods. That is why experiments were
conducted with combining the Direct Current Potential Drop (DCPD) method, the Digital Image
Correlation (DIC) method, and the Acoustic Emission (AE) method. The advantages of combining
these methods are:

1. accurate evaluation of crack repassivation: even when it is measured that the crack propagation
has stopped by the DIC method and the DCPD method, if the AE generated by SCC is still
measured, there is a possibility that SCC propagation is still occurring inside the specimen.

2. difference in the crack propagation rate between surface and bulk: can be obtained by comparing
DIC (surface information) and DCPD (surface + bulk) measurements.

2.2 Experimentation

The comparison of experimental conditions carried out at Tohoku University and INSA-Lyon is
shown in the Table 1. Firstly, the test which generates crevice corrosion as the starting point of SCC
by electrochemical measurement and makes the transition in pre-crack was conducted. It was
confirmed that pre-crack can effectively act as a corrosion crevice and that SCC occurs and develops
at the crack tip. Then the measurement of the crack length by DCPD method was successfully
conducted.

From these methods, it appears that stress corrosion crack did not repassivate without sweeping the
potential towards lower values.

The repassivation potential and the crack growth rate were measured by the combination of
electrochemical measurement and DCPD method and DIC+AE performances are now investigated.
In order to optimize the DIC measurements, adjustment of the position of the light, investigation of
the noise source, reduction of vibrations, acquisition of conversion coefficient, etc... are currently
carried out.

1) @ ®) Tohoku University | INSA-Lyon
7 d 10mv g Sample Material Type 304 Stainless Steel
Crifal Potetial _ 5 Sensitization Rate 46% 13%
e N Fooraee %) i 8051°C, 3wi% NaCl, T0£1°C, 3wi%h NaCl
i /" """"""""""" f ‘ g N, gas deaeration N, gas deaeration
- — Specimen CDCB(K Value is constant) [Flat type(K Value is not constant)
Crevice Geometry Fatigue Crack
E Initiation of SCC epassivation % Surface Treatment SIC paper(#600) Eleilrcocl;lrﬁc(?:fi?)g:;ng
o L R R B é Electrochemical Test | Constant Potential holding+Step Polarization(Cathode Direction)
rrrrrrrrrrrrrrrrrrr T O | Evaluation Method DCPD Method DIC+AE Method
Time Crack mesureing position Surface+Bulk Surface
Fig.1 The schematic diagram of the evaluation Fig.2 Comparison of experimental condition
method of repassivation potential between Tohoku University and INSA-Lyon
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Ab Initio Modeling of Dislocation Cores in Metals
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The modeling of dislocations and their mobility using ab initio density functional theory (DFT)
calculations has made tremendous progress these past few years, in part thanks to an increase in
computing power, but also because of methodological developments, including methods to correct the
energy for elastic interactions between periodic images. I will review recent advances in dislocation
plasticity based on ab initio calculations, mainly in body centered cubic (BCC) and hexagonal close
packed (HCP) metals.

BCC metals HCP metals
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In BCC transition metals, I will discuss our new understanding of the screw dislocation two-
dimensional Peierls potential and its close connection to the well-known deviations from the Schmid
law. Alloying effects on the dislocation core structure and mobility will be addressed, highlighting
how interstitial atoms can restructure the screw dislocation core. In HCP metals, I will show how DFT
calculations identified stable and metastable dislocation cores, how these cores are related to slip in
different slip systems and how an inversion of stability between a glissile and a sessile core explains
the profoundly different plastic behaviors observed by in-situ TEM in Zr and Ti. I hope that this talk
can serve as a basis for discussion on the challenges and opportunities to bridge these small-scale
simulations with higher-scale models and simulations.
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Abstract :

1. Introduction

Additive manufacturing allows the production of cellular structures. Bone cells thrive on porous
surface, suggesting that bone cells could actually grow into scaffolds obtained by robocasting, to
solidly anchor it or even to replace it in case of resorbable formulation.

This project aims at developping new metal/ceramic composite scaffolds for bone implants with
improved properties. Two kinds of composite structures are studied:

- A non-resorbable metal/ceramic structure of Ti6Al4V / Hydroxyapatite, where the Ti6Al4V will
improve ductility.

- Aresorbable metallic/ceramic structure of Mg / HA (or Mg / B-TCP) which implies to deal with
Mg reactivity.

Those scaffolds are manufactured by robocasting. This process allows to build-up a structure layer
by layer, from a powder-based ink. Then, the structure undergoes thermal treatments to be debinded
and sintered.

2. Experimentation

As a first step and before the composites structures, scaffolds of each constitutive material are
produced following the process detailed below, and characterised step by step.

The first important step is the ink formulation and the characterisation of its rheological behavior.
As explained by M’Barki and al, a printable ink should present a dynamic yield stress high enough to
compensate both the gravity and the capillary forces [1]. Then, during the whole process, the evolution
of both macroscopic structure and microstructure, are followed by scanning electron microscopy, X-
Ray diffraction and X-Ray tomography. The mechanical properties of the scaffolds are mesured
through compressive tests.

Once the process optimised, a work on Mg biodegradation rate will be needed as it is known to be
strongly impacted by both alloying elements and impurities level [2, 3].
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Ti6Al4V based scaffolds obtained by robocasting could be compared to those obtained by electron
beam melting at Tohoku University.
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Abstract:
1. Introduction

Driving on ice is a delicate exercise due to the poor adherence of tire on ice and
the use of studded tires is tightly regulated or forbidden in many countries. In this
context of road safety improvement under severe climatic conditions, it is necessary to
precisely study and investigate the sliding contact between rubber and ice and to
determine the different key mechanisms governing the tribological behavior of the
rubber-ice contact.

2. Strategy and collaboration

The strategy chosen here is to investigate the rubber-ice contact at different
scales - macrometric (scale of apparent surface contact), micrometric (scale of group of
contact between asperities) and nanometric (scale of a contact spot) - in order to link
the physical process of friction and adhesion observed at the macrometric scale to their
potential causes induced at subscale (micrometric and/or nanometric).

In this perspective a tri-partite collaboration was developed between the Laboratoire de
Tribologie et Dynamique des Systemes (LTDS), the Kurihara Laboratory from the



Tohoku University and Nihon Michelin, and especially around a PhD study in co-
supervision between the Ecole Centrale de Lyon (ECL) and the Tohoku University.

3. Measurements and results

The adhesive properties at a contact spot scale were investigated by means of a Surface
Force Apparatus (SFA) based system as a function of rubber mechanical properties and
topography under negative temperature conditions. In parallel, the friction behavior
was analyzed at the macro and micro scales for sliding velocities ranging from pm/s to
m/s, temperatures ranging from -15°C to -2.5°C and various rubber mechanical properties
and topography. The stiffer the material, the lower the friction. The topography also
induced a variation of friction. Ice melting can appear as function of rubber-ice contact
temperature and sliding velocity and then, impact friction behavior within contact. The
friction mechanisms are discussed in terms of adhesion, viscoelasticity and thermal
effect.

Rubber
Rubber Rubber
< P < > e
50 mm ~100 pm ~ 100 nm
Macrometric scale Micrometric scale Nanometric scale
L [ [
1 1 1 )
Nihon Michelin LTDS Kurihara Lab

Schematic of rubber-ice contact from macro, micro and nanoscale points of view and
experimental strategy
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Abstract

The Cobalt based alloys are good candidates for biomedical applications such as implants. However for
some specific case, their hardness should be improved. One possibility is to modify the carbon content.
The higher the carbon content, the higher the fraction of carbide and usually the higher the strength.
This study will focus on the influence of the carbon content on the microstructure and mechanical
properties of Co based alloys with different carbon content and especially in the case where additive
manufacturing is used to produce the implants.

20pm

Microstructure of the initial Co based alloy without C and tomography of an alloy with C
showing porosity after additive manufacturing
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Abstract :
1. Introduction

Diamond-like carbon (DLC) is a promising protective coating to reduce the friction and wear of
materials. It is known that the tribological properties of DLC coatings are strongly affected by the
hydrogen gas environment due to the tribochemical reactions. Thus, the detailed tribochemical
reaction dynamics with hydrogen gas are required to improve the tribological properties of DLC
coatings.

2. Computer simulations

We performed molecular dynamics sliding simulations of DLC to investigate the effects of
hydrogen gas environment on the tribological properties of amorphous carbon. The sliding simulations
were performed with hydrogen-free DLC model in vacuum and hydrogen gas environment,
respectively. We used reactive force field (ReaxFF) to take into account chemical reactions [1]. Figure
1 shows snapshots of the sliding simulations after 600 ps in the (a) vacuum and (b) hydrogen gas
environment. We found two different wear mechanisms of DLC in our simulations: chemical wear as
the generation of gaseous hydrocarbons and adhesive wear as the transfer of carbon atoms to the
counter surface. Figure 2 shows the wear amount of DLC asperities in the (a) vacuum and (b)
hydrogen gas environment. In the vacuum environment, adhesive wear is the dominant wear
mechanism. Generally, the adhesion is directly determined by the number of interfacial C-C bonds
connecting the two surfaces. In the vacuum environment, the hydrogen terminations were gradually
depleted from the surface due to the generation of gaseous hydrocarbon molecules, leading to the
formation of interfacial C-C bonds. On the other hand, the adhesive wear was largely suppressed in
the hydrogen gas environment because hydrogen molecules have passivated the DLC surface and have
inhibited the formation of interfacial C-C bonds. Therefore, the hydrogen gas environment prevents
the DLC from deterioration and maintains the low wear behaviors during the whole lifespan of the
coatings. In these simulations friction was not calculated.
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Figure 3 : Friction coefficient and optical wear tracks of ta-C/ta-C contact in vacuum (10 nPa) and
hydrogen gas environment (60 hPa).

2. Tribological experiments

Tribological experiments with ta-C carbon film were performed first in ultrahigh vacuum (10
nPa) and then with introducing a partial pressure of hydrogen of 60 hPa. The results shown in Figure 3
are in good agreement with the simulations: In UHV, at the beginning of friction, passivation of ta-C
by H/OH is removed by shear and friction increases drastically to high value (0.8). In presence of
hydrogen, the friction decreases to a low value (below 0.05) and is stabilized. The wear scar in
vacuum is well visible with black marks. In H,, the wear scar is hardly visible.

It is interesting to notice that in the early stage of friction (the first 10 cycles) we have the
removal of chemisorbed species by shearing process in both cases. Afterwards, it is necessary to have
seizure and dangling bonds formation (friction increase at 0.2) for hydrogen molecules to react with
the carbon. This suggests that only hydrogen atoms as radicals are able to passivate the surface.
Compared to this, water vapor reacts much more quickly and easily and a much lowest partial pressure
(about 107 hPa) is necessary
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Abstract :

Metallic glasses exhibit unique properties compared to crystalline alloys, high
strength and low Young Modulus. This last feature is interesting to prevent bone
osteolysis due to stress shielding. The biocompatible amorphous alloys could be of two
kinds: reinforcement or biodegradable. To improve ductility or glass forming ability, most
part of the glasses for biomedical applications contain non desirable elements such Be or
Ni. In this work two new metallic glasses were elaborated, a Mg-based system : Mgss-
vCagx-Auy (with x=0, 2, 4) and Mg1x)Cai0AusYb+x (with x= 0, 8) and a Zr-based
system : Zrs6C028Ga1e6-x(Si)x(Sn)x.

From a first observation, the samples exhibit some ductility. The super-cooled
liquid region was evaluated to be equal to 22 °C for the Mg-based metallic glass and can
reach 29°C for the Zr-based system. The resistance to crystallization and thermal stability
were investigated with different experimental methods. At 120°C, no crystallization was
detected after 30 minutes, which is a crucial advantage for the process of sterilization in
medicine for both samples. Cytotoxicity tests were done on the Zr-based sample to
investigate the biocompatibility of the Gallium.



Mechanical properties has been also investigated by hardness and
nanoindentation. The results are promising and now the effect of small addition of
others elements is investigated to increase Delta T.
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1. Introduction

In the field of tribology, the low and ultra-low friction is one of the most challenging subject [1, 2].
Different kinds of tribosystems are expected to exhibit low friction performances. One of them is
some hard coatings, and especially the carbon-based coatings under dry lubrication. Interesting results
have been reported previously, obtained on partly polished CVD diamond-films. Very low friction has
been reached in air [3]. The authors have shown that the friction results were strongly influenced by
contact conditions, especially the sliding speed and surface profile. These results are very promising,
but not fully understood yet. Starting from that point, we are running a research program, dealing with
low- and ultra-low friction obtained on thin films based on diamond coatings. In particular the group
of H. Miki et al. at Tohoku University, has recently highlighted a milli-range order friction, with a
contact of partly polished microcrystalline diamond layers. On the other side, LTDS has improved an
experimental technique to qualify ultralow friction level, called “relaxation tribometer technique”,
down to the level of 10 to 10, if it happens. The complementary skills are joining in this project to
go further in the knowledge of low-friction processes. In the previous ELyT-Lab project, we have
explored the friction properties of partly-polished CVD diamond coatings in dry friction. Especially,
we have first quantified different components of friction: especially a solid-type friction independent
of the speed and also a velocity-dependent contribution of friction, identified through the use of this
technique. It should be noticed that this approach has no equivalent today. The influence of roughness
was the main parameter under investigation.

2. Experimental

Friction characterization has been achieved thanks to the oscillating relaxation tribometer, recently
developed at LTDS, in order to measure the kinematic friction between two sliding surfaces [4]. This
technique is based on the study of the dynamic free-response of a single degree-of-freedom
mechanical oscillator, in which the sliding contact acts as a damper. It has been beneficially used to
determine the velocity-independent and velocity-dependent friction contributions, with no need for
any direct friction force measurement. The samples have been prepared at Tohoku University. The
diamond coatings were deposited by the Hot Filament CVD method on SiC ceramics substrate.



Deposited microcrystalline diamond films were then carefully polished, inducing surface topography
changes, see Fig. l.a. Three levels of roughness have been investigated in the preliminary
experiments: 1.0-1.5 um, 0.4-0.7 pm and 0.1-0.2 pum. The normal load used here is ranging from 50 to
300 mN. The experiments have been run in air, temperature of 23°C and humidity 38 RH%.

3. Main results

As a result of experiments, a typical time-response of the loaded contact was obtained, during its
evolution from the initial situation, up to the final stop, through a damped oscillating process. The
normal load was set to 50 mN. In these mild conditions, the maximum Hertzian pressure was 270 MPa
and no wear is expected to occur. The main results are the following:

- we can observe the decay of the amplitude, due to low-friction value at the interface, see Fig.
1.b. From a qualitative point of view, we also can notice that the decay curve of the envelope
of the velocity is not strictly linear (Coulomb-type friction), giving evidence for a velocity-
dependent contribution of friction;

- from these oscillations data, we can compute directly the friction law, giving the dependence of
the friction coefficient with sliding velocity, see Fig. 1.c;

- the effect of roughness of the coating has been investigated. It is clearly shown that low-
friction is occurring for highly polished surfaces [5,6].
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Fig. l.a. Typical 3D topographic image obtained on a partially-polished diamond, as
elaborated by CVD process. Different polishing features can be obtained. We can observe some plateaus, with
initial grooves, coming from the elaboration process. Three different polish samples have been elaborated and
tested: 0.1<Ra<0.2 um, 0.4<Ra<0.7 um, 1.0<Ra<l.5 um. Fig. 1.b. Typical relaxation results of the friction
oscillations obtained on zone 1: Ra: 0.1 to 0.2 um, normal load: 50 mN. In blue, the velocity time-response of
the test, dots in red: the detected envelope of the velocity maxima ; Fig. 1.c. Evolution of the friction coefficient
as a function of velocity, so-called friction law, directly computed from oscillating data above.

4. Next steps

The next steps of this ELyT Global project will include the detailed modeling of friction laws
obtained with the oscillating technique, and the comparison to those obtained on a classical tribometer
configuration. We will also consider i/ the effect of an applied continuous sliding velocity component,
in addition to the oscillating one, and ii/ the effect of surface topcoats of diamond films.
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Abstract : In this project we focus on the robust shape optimization aiming at decreasing the
squeal noise of a classical brake system. In the first steps a FEM of the pad and the disk have
been modelized. Then stability diagrams have been generated to understand how geometrical
parameters influence stability behavior of the structure. Next step will be to describe the pad as
an iso-geometric element (IGA) in contact with the disk. Such formulation will enable fast and
accurate shape optimization loop based on EGO approach, i.e. meta-heuristics optimizer on a
meta-model surface response of the physical model.

1. Introduction

Squeal noise for brake systems is an industrial challenge addressed by many researchers. Among the
research topics on squeal noise, squeal prediction is the basis. The shape optimization of a brake
system under noise criteria is a quite new subject. Indeed, squeal noise prediction needs costly
calculations that are not easy to include in optimization algorithms. Moreover, the remeshing step
remains hard since the contact between the two structures strongly depends on their shapes.

2. Stability criteria

Robust optimization loops require dedicated stability criteria, as well as description of parameters
incaccuracy impact on it. We proposed such stability criteria and studied deterministic parameter
influence first (cf. Fig. 1). We intensively used parallelization to achieve such results, as full FEM
model was used. Next step will consists in using IGA description of the pad as well as generated meta-
models which will be used as basis models for the optimization, for example with meta-heuristics.
Indeed reaching a robust shape design will request to consider statistical knowledge of the objectives
functions.



Figure 1 : Left : SOM representation of stability criteria and 8 models parameters. Rigth : Classical
FEA model of a brake system used for the SOM generation
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Such knowledge is hardly reachable without meta-modelizing. Robust optimal solutions belong then
to a Pareto front usually provided by a specific meta-heuristic, as the proposed problem might expose
a large number of parameters.

3. Originality

Shape optimization with iso-geometric models is a hot topic nowadays, as it will enable significant
improvement in computing time cost and result accuracy. One the other hand nearly no results have
been obtained on robust shape optimization of brake systems as such systems are very complex to
simulate when considering non-linear behavior such as squeal noise. Black box optimization
approaches have been successfully developed recently to address complex problems, such as robust
optimization, where at least the first and second moment order of the cost function are to be
considered. We aim at enabling practical systems such as brakes to benefit from such approach.

4. First Ph.d. work

A Ph.D. research grant has been awarded to Pradeep Mohannasundaram (three years from 10/2017).
First work has consists in building a numerical framework for the optimization loop which involves
Abaqus and Matlab, under a python script as parameters input leading block. Stability diagrams for
different geometries have been generated.

Next steps will consist in using IGA description for the pad, which will require specific elements
(virtual grid) for the contact problem involved. This kind of elements are not easy to use in the context
of friction interfaces, since the surfaces are not defined through physical points.

5. International collaboration context

Ecole Centrale de Lyon and Tohoku University are collaborating within the International Associated
Laboratory (LIA ElyTLab). French Ministry of Research has decided to move to the next step by
creating on 1st April 2016 an International Mixted Unit, (UMI ElyTMax, UMI 3757) at Tohoku
University. The 7" research topic of this research structure is dedicated to Multi objective robust



design and is lead by Dr. Besset and Dr. Gillot for the French Side, and Dr. Shimoyama for the
Japanese side.

Dr. Shimoyama has been awarded a position as Invited Professor in Ecole Centrale de Lyon for three
months in 2013.

Dr. Gillot has received a position as Invited Professor for one month at Tohoku University, IFS, in
May 2015.

A Ph. D. (Mss Mélina Ribaud), co-supervised by Dr. Gillot, has been invited at Tohoku University for
two months (JSPS Summer Grant Program) to work under the supervision of Dr. Shimoyama.

A Carnot Grant to support this research activity has been awarded on the French side on June 2017 (to
be used 01/2018 — 12/2019).

A french Ministry of Research and Education Ph.D. Grant has been awarded on the French side to
support the Ph.D. of Pradeep Mohannasundaram (three years from 10/2017)

Next step is to deepen the collaboration work within this research topic through double diploma Ph.D.
students, Post Doc and specific grants.
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Abstract :

In the graduate school of engineering, Tohoku University, there are three departments
dedicating education and research on materials science and engineering (MSE). One is the
Department of Metallurgy, the second one is the Department of Materials Science and the other is
the Department of Materials Processing. Dept. Metallurgy consists of 5 research groups studying
on steel making, casting and solidification processes, phase diagrams and alloy design, metal
forming processes, and electro-chemical processes. Dept. Mater. Sci. has 7 research groups
studying on corrosion and surface chemistry, spintronic materials, electronic materials, high-
temperature materials, semiconductors, magnetic materials, and ionic conductors. Dept. Mater.
Processing has 6 research groups studying on welding and joining, powder metallurgy and
processing, non-destructive testing, biomolecular systems, and biomedical materials. In addition,
3 research groups studying on iron making, electro-magnetic processing, and surface and catalytic
physics are involved from the graduate school of environmental studies. In total 21 research
groups cooperatively engage in the MSE program at the Aobayama campus.

One of strong collaboration research projects among Dept. Metall., Mater. Sci. and Mater.
Process. is on “Ultrahigh-temperature materials and processing”. Ultrahigh-temperature
materials beyond Ni-based superalloys are believed to play an important role to achieve
sustainable societies in the world. We anticipate that they will improve the energy-conversion
efficiency of heat engines such as gas turbines and jet engines and thus contribute to suppressing
CO; gas emission. Quite recently, a novel ultrahigh-temperature material based on molybdenum
has been developed in the high-temperature materials group of Dept. Mater. Sci. [1]. It is
composed of molybdenum solid solution (Moss), MosSiB: (T-), TiC, and a small amount of MoC
phases (Fig. 1) [1]. The Mo-based ultrahigh-temperature material, so-called “MoSiBTiC alloy”, has
a relatively low density comparable to that of Ni-based SX superalloys [2], excellent high-
temperature creep strength (Fig. 2) [2],and acceptable room-temperature fracture toughness (Fig.
3) [3]- Therefore, the collaboration researches in the departments on the MoSiBTiC alloy have
been performed relevant to phase diagram, microstructure analysis, fatigue, powder metallurgy
and processing, application to the tool of friction stir welding oxidation-resistant coating, and so
on.



In this presentation, the introduction about the Department of Metallurgy, Materials Science,
and Materials Processing is briefly made first. Next, the material properties of the MoSiBTiC alloy
is shown with recent hot topics. Finally, a couple of achievements obtained in the collaboration
researches in the departments are presented.
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Abstract :
1. Introduction

Carbon fiber reinforced thermoplastic (CFRTP), which is a composite made of carbon fibers
embedded in a thermoplastic matrix, has been studied for the applications to mass-production
industries. CFRTP has some problems for practical applications. One problem is that adhesion
between fiber and matrix can be weak, depending on the polymer matrix. For example, polypropylene
(PP), which is generally used as the matrix of CFRTP, cannot be bonded well with carbon fiber
because of hydrophobicity of PP [1]. Therefore, to improve this compatibility, the use of hydrophilic
polymer such as polyamide (PA) has been studied. However, PA has disadvantages such as high
hygroscopicity, high melting point and viscosity which make the material handling difficult.

The other problem of CFRTP is that impact resistance and strength of thermoplastic materials are
generally incompatible. The use of polymer blends (made of two or more kinds of polymers) as matrix
for CFRTP has attracted attention in order to combine two properties of component polymers at the
same time. When blended polymers are immiscible, it is known that the polymer blend has a phase
separation structure such as sea-island structure. The control of this phase separation structure can
change the properties of the polymer blend. To reach properties for the polymer blend better than
those of each polymer component, a compatibilizer is used to form stable phase structures. Even
though hydrophobic PP and hydrophilic PA are incompatible, adding a compatibilizer makes the



diameters of dispersed phase in PP/PA polymer blend smaller and stable, and also improves the
mechanical properties of the blend. In the case of PP/PA polymer blend, maleic anhydride grafted
polypropylene (MAgPP) is often investigated as a compatibilizer.

The purpose of this study is to evaluate whether CFRTP based on PP/PA polymer blend can be
applied to a commercial product and to design the optimum interface structure of fiber/ polymer blend
in CFRTP. As an initial stage, the interfacial shear strength (IFSS) and phase separation structure
between carbon fiber and PP/PA polymer blend were evaluated. The values of the IFSS of the
different combinations of fiber/polymer in surface characteristics were discussed by the observation of
the phase separation at the interface by electron microscopy.

2. Experimentation

PP/PA polymer blends which have different concentration of PA were prepared by using a kneader
(HAAKE Rheomix 600p, Thermo Scientific Inc.). All specimens have 10 wt% of MAgPP as a
compatibilizer. PP/PA polymer blends were processed into thin films with a thickness of 100~200 um
by using a hot press (AH-203, AS ONE Co.). Two kinds of carbon fibers with different surface
characteristics were prepared as follows: sizing reagent on commercial carbon fiber (T700SC, Toray
Industries Inc.) was removed with a mixture of acetone and methyl-ethyl ketone (50/50, v/v), and the
desized fiber was reduced by the reduction treatment by referring Gao's method [2]. Sized polar fiber
(commercial one) and reduced nonpolar fiber are respectively named as "sCF" and "hCF".

A single filament of carbon fiber was embedded in molten PP/PA polymer blend film at 200°C by
using a hot press and then cooled to room temperature. Uniaxial tensile test of the single carbon fiber
embedded films was conducted by a displacement of 1 mm, and the length of fragments of the broken
fiber in the film was measured by using an optical microscope. The values of IFSS of the specimens
were calculated by the Eq. (1);

_ 3do ¢ (1)
-y

where, 7is IFSS (Pa), d is the diameter of carbon fiber (m), o is the strength of fiber, L, is the mean
length of the fragments (m) [3].

The phase separation structure of the interface between fiber and polymer blend was observed by
using a scanning electron microscope (SEM) (SUPRA 55VP, Carl Zeiss) and a transmission electron
microscope (TEM) (JEM-2100F, JEOL Ltd.).

3. Results and Discussion

The tendency of IFSS according to the concentrations of PA in polymer blend was different
depending on the surface characteristics of carbon fiber as shown in Fig. 1. IFSS of sCF, which is
polar fiber, increased according to the concentrations of PA and reached about 12 MPa at 100wt% of
PA. On the other hand, IFSS of hCF, which has nonpolar characteristic, becomes the maximum at
40wt% of PA showing about 12 MPa. This result indicates that the use of nonpolar fiber is sometimes
more suited in terms of the adhesion between fiber and matrix than polar fiber when we use polymer
blend of PP/PA as matrix.
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Figure 1 IFSS of carbon fibers and PP/PA polymer blends.

Figure 2 SEM image at the interface of sCF and PA40%.

By the observation of SEM and TEM, the phase separation of PP/PA polymer blend at the interface
was different between sCF and hCF. At 40wt% of PA, PA was dispersed phase and distributed in the
continuous phase of PP (Fig. 2). The dispersed phase of PA adhered on sCF at 40wt% of PA as shown
in Fig. 2. However, PP was segregated on hCF, and the dispersed phase of PA did not adhere on hCF.
These differences of the phase separation structures at the interface of fiber/matrix were reflected on
the different tendency of IFSS of carbon fiber and PP/PA polymer blend. The adhesion of polar fiber
(sCF) on PP/PA polymer blend is formed by hydrogen bonding between sCF and amide groups of PA,
and the IFSS is dependent on the amount of PA dispersed phase surrounding the fiber. In addition, the
shear stress on sCF may decrease due to the dispersed phase of PA adhered on sCF. On the other hand,
the adhesion between nonpolar fiber (hCF) and polymer blend is formed by dispersion force, and the
tendency of the IFSS is explainable by the dispersion component of surface free energy of polymer
blend.

To improve and control the adhesion of fiber and matrix of CFRTP, it is required to design the
optimum interface structure by adjusting the surface characteristics of fiber. Considering that the value
of IFSS of carbon fiber and epoxy resin, which is the combination used in aircraft industry, is more
than 20 MPa [4], it is needed to improve IFSS of CFRTP more for practical applications.
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Abstract :
1. Introduction

UHMWPE, due to its molecular weight, is used in several applications like orthopedic implants,
armor plates, ship rudders because of its high wear resistance, impact resistance, and cavitation
erosion resistance [1-3]. Processing of UHMWPE via a technique called cold-spray was made
possible [4] thanks to an understanding of classical compression sintering and the high-speed
compaction of UHMWPE. Cold spray is a coating technology in which fine particles (5-100 pm) are
impacted onto a target surface at high velocities (200-1000 m/s) to obtain thick coatings/sintered
consolidates avoiding the traditional tools like monitored temperature presses [5]. In the case of
UHMWPE, Ravi et al. reported that particle binding agents like FNA and particle temperature were
the primary parameters that permitted the buildup of coating thickness [4]. This research work aims at
understanding the effect of interfacial loading during the processing of UHMWPE interfaces because
of effect of shot-peening seen during coating process. Thereby, helping to predict and understand the
cold spray buildup mechanism. Hence, the study is a first step towards understanding the cohesive
strength and physical properties of the cold-sprayed deposited material with respect to the interfacial
loading conditions and effect of FNA particles.

2. Experimentation, discussion

UHMWPE volumes are processed at different compression loading by powder compression
sintering to emulate various sections of cold-sprayed deposits. This study focuses on characterizing
mechanical properties of UHMWPE-FNA composite consolidates as a function of (i) interfacial
loading and (i) percentage of FNA particles during processing. Two sintering protocols, namely half-
sintering and full-sintering, under a low and a high compressive loading condition respectively were
carried out. Tensile tests of the sintered samples were carried out to understand the strength of the
interfaces. Figure 1 shows the conditions used to process sintered volumes.
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Figure 2 Illustration describing the full-sintering and half-sintering protocol and cross-section of
the sintered product.

Firstly, while looking into the sintering of any two interfaces of nascent UHMWPE particles, it was
understood that when the interface reaches melting point the chain diffusion and re-entanglement
occurs through the interface. The results obtained with FNA content at high and low compressive
loads showed that a sufficiently high interfacial load is necessary to embed FNA particles into the
polymer matrix to promote wetting and continuity of polymer around FNA. Due to the consequential
wetting of FNA particles by the UHMWPE chains, it was shown to reinforce the interfaces. Most
likely phenomena for reinforcement is believed to be a percolating interfacial zone comprising of a co-
continuous network of polymer chains and FNA particles wetted by polymer chains. In stark contrast,
the low interfacial load was seen to be decreasing the mechanical property of the volume with the
increase in the FNA content which suggested that interfacial load, during half-sintering, was not
sufficient enough to provide the energy to press the interface against each other for a good wetting and
a subsequent inter-diffusion. Figure 2 shows the tensile test results of the full sintered and the half
sintered material containing different percentages of FNA content.
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Fig. 2: The variation of the mechanical properties UHMWPE composites processed by full
sintering and half sintering containing different percentages of FNA content.
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Abstract :
1. Introduction

Drilling is one of the basic surgical skills in dentistry and orthopedics. Generally, bone biomodels
play a role in doctors’ training or evaluation of medical devices such as bone screw or pin. Compared
to natural bone, biomodels have advantages such as reproducibility, and easiness of handling.
However, mechanical properties of biomodels are too limited to reproduce mechanical / tribological
response of natural bone. Existing bone biomodels can rarely provide clinically relevant data [1]. To
the author’s knowledge, a bone biomodel that can show the equal drilling behavior of natural bone has
not been achieved yet. Therefore, the purpose of this study is development of a bone biomodel with
realistic mechanical / tribological behavior. To obtain the target material, authors fabricated and
studied acrylic composite materials. This report focuses on the drilling behavior considering the effect
of temperature elevation during drilling on the work pieces.

2. Materials and methods

2. 1. Sample preparation

Poly(methyl methacrylate) (PMMA), so called acrylic resin, was chosen as a base of composite
material. PMMA for dental application (Miky blue, Nissin Dental Products Inc.) was used. Then,
cellulose fiber (CF), cellulose nano fiber (CNF), and wood fiber (WF) were obtained as additives.
Additives were mixed with PMMA respectively, at each maximum soluble amount. In this research,
the amount of each additive was 10% for CF, 20% CNF, 4% WF at weight ratio, which was defined as
(Additive) / (PMMA + Additive). As a result, 4 samples including pure PMMA were fabricated. In
addition, 2 types of conventional bone biomodels made of polyurethane (called PU20 and PUS50 in this
study) (Solid Rigid Polyurethane Foam, Pacific Research Laboratories, Inc., Vashon, WA, USA) were
obtained as controls. Every sample was cut into a cube 20 mm on a side for drilling tests.

Porcine femoral bone was obtained by butcher. The bone shaft was taken out and cleaned. Then,
the bone specimen was sunk in ethanol for a day, and dehydrated at room temperature. The authors
estimated that storage in ethanol has no significant effect on mechanical behavior since it has been
revealed by Linde and Sorensen that the storage in ethanol did not change the elastic properties of
trabecular bone [2].



2. 2. Drilling tests

Experimental set-up consists of a tapping center (Brother TC-22A, Brother Industries, Ltd.), a
dynamometer (Kistler Type 9125A, Kistler Co., Ltd.) for measurement of drilling properties such as
thrust force and friction torque, and a clamp on a working table. Temperature was monitored with a
thermographic camera (Infrared thermography FSV-2000, Apiste Corporation) during drilling. A
tapered drill for dental surgery (Twist Drill, Nobel BioCare Japan Co., Ltd.) with a diameter of 2 mm
was used in a series of tests. Rotation speed of the spindle was 1000 rpm, and feed rate 0.035 mm/rev.

3. Results and discussion

Figure 1 shows thrust force curve, averaged from 3 holes of drilling tests for all the materials. The
results were smoothened by moving average filter. The curve for drilling on bone stands for mainly 3
phases [3]; first contact between the drill and the surface of samples, the start of material removal with
continuous rise in thrust force until the full engagement of the drill-bit, and then penetration of the
drill-bit where thrust force keeps the maximum value. Polymeric materials show equal trends on the
elevation of thrust force, while materials except PU20 show gradual decrease after reaching its
maximum force. The trend is not seen in porcine bone. Comparing the maximum values of thrust force,
acrylic materials show almost half of porcine bone, where PU50 and PU20 show much smaller.
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Figure 1: Thrust force profile for all the materials focusing on the difference of materials (left), additives (right)

The gradual decrease in thrust force especially for
acrylic materials can be affected by temperature
elevation due to friction heat during drilling. In order
to see the effect of change in mechanical properties
on thrust force profile, DMA measurement results
reported previously [4] were combined with the Thrust force
recorded temperature distribution (Figure 2). Thrust T R i “/ K 3
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Abstract :

We aim to develop new tools and techniques to detect and quantify wall thinning due to Flow Assisted
Corrosion in piping systems. Corrosion modes and rate will be predicted by numerical simulations at
any position for actual layouts of piping systems. These predictions will be validated by
electrochemical experiments under controlled mass transfer coefficient. From the previous results,
ultrasonic guided modes EMAT networks will be designed. Their performances will be investigated in
corrosion test facilities and the adequate signal processing techniques based on Bayesian approach will
be developed. To increase the method reliability, simulations will help selecting the best technical
solution, based on Probability of Detection and flaw characterization performance. Special ultrasonic
imaging techniques will also be applied if necessary. From all the data gathered during the project, an
industrial risk evaluation of any kind of piping system subject to corrosion will be performed.

1. Introduction

The PYRAMID project is an International Collaborative Research Project (PRCI), which brings
together French public laboratories (MATEIS and LVA at INSA Lyon, and CEA), an International
Joint Unit (ELyTMaX), Japanese public laboratories (IFS, and GSE at Tohoku University, GSST at
Gunma University), and the Nuclear Technology Research Laboratory at CRIEPI a non profit research
foundation, supported by the electrical japanese industries.

PYRAMID project aims to develop new tools and techniques to detect and quantify wall thinning
due to Slurry Flow induced Corrosion (SFC) in piping systems. SFC is a special case of Flow
Accelerated Corrosion (FAC) in presence of a flow with a high concentration of debris of various
kinds (concrete, corrosion, metallic...).

The final goal is to provide a risk management system based on prediction-monitoring of wall
thinning due to SFC.



Corrosion modes and rate will be predicted by numerical simulations at any position for actual
layouts of piping systems such as elbows. These predictions will be validated by electrochemical
experiments under controlled mass transfer coefficient.

Also Ultrasonic Non Destructive Testing (UT) methods will be designed with the help of
simulations and their performances will be investigated in corrosion test facilities. The adequate signal
processing techniques based on Bayesian approaches will be developed.

UT techniques are widespread in industry because they allow the control in the bulk of the
component and help to improve productivity and compliance of products with quality and safety
requirements. Among them, Electro-Magnetic Acoustic Transducers (EMAT) allow the generation
and sensing of elastic waves in a part without mechanical contact with it; therefore, they can be used at
high temperature and in various harsh environments where standard piezoelectric transducers fail. The
use of EMAT constitutes a versatile solution adapted to complex cases.

The availability of validated simulation tools to predict the wave field they generate and their
sensitivity to an arbitrary wave field is crucial if one wants to benefit of their advantages and limit
their drawbacks. Once such tools are developed, they can be efficiently coupled to other tools
dedicated to elastic wave propagation and scattering, the complete set of simulation tools allowing the
full simulation of non destructive inspections in complex cases.

Elastic Guided Waves (GW) are used in the non-destructive testing of pipes. Numerical study of
GW scattering is often computationally expensive because of very short wavelengths compared to the
size of the pipe. Furthermore, the number of scattered modes from non-axisymmetric defect (as typical
corrosion area, crack...) can be too large for standard finite element method (FE). Accordingly, the
simulation platform CIVA deals with models based on a Modal Formalism to simulate non-destructive
inspection by GW using the Semi-Analytical Finite Element method (SAFE). Presently, EMAT
sources are taken into account in an efficient hybrid SAFE/FE method for computing the scattered
modes by an arbitrary complex defect that has been implemented for several years in CIVA NDT
simulation platform by CEA.

To increase the method reliability, simulations will help selecting the best technical solution, based
on Probability of Detection and flaw characterization performance. Special ultrasonic imaging
techniques will also be applied.

This dual approach, which combines simulation and characterization, should make it possible to
optimize the inspection process in corroded steel pipes.

From all the data gathered during the project, an industrial risk evaluation of any kind of piping
system subject to corrosion will be performed.

The results of the research carried out in the project will be directly applicable to any kind of piping
system subject to corrosion that has to be detected, quantified and the subsequent risk evaluated.

2. Impacts and benefits

The PYRAMID project falls under the guidance 15 of French SNR entitled Sensors and
Instrumentation and of the Materials and Processes axis (Axis 3) under the challenge of Stimulating
Industrial Renewal (Challenge 3).

Firstly, the results of this research will be directly exploitable by the industrial, in particular in the
context of the decommissioning of Japanese nuclear plants.

The extension of the simulation tools will contribute to improve the understanding of the FAC
phenomena and the performances of the ultrasonic control. The project will therefore have a
significant societal impact, as it will meet regulatory requirements on facility safety. From an



economic point of view, the different models developed in the project should make it possible to take
on new markets in the field of simulation of the NDT, but also in the field of FAC simulation. The
implementation of tools to deal with realistic applications with reasonable computational times should
appeal industrial sectors whose requirements have not been satisfied so far.

On the NDT side, the objective is to incorporate the achievements into a later version of CIVA and the
validity domains associated with the developed simulation tools to be clearly identified.

Integrating the CIVA platform, the developments resulting from the PYRAMID project must make it
possible to establish its dominant position in the market for modeling tools for non-destructive
methods. The validation phase of the models in the project is therefore particularly important to
enhance the capacities of the simulation to reproduce quantitatively the experimental phenomena.

Independently of the developments of the simulation tools, studies carried out in the field of the
characterization of FAC in the harshest conditions that can be found constitute subjects of importance
for the scientific community on the knowledge of the corrosion processes under slurry flows.
Moreover, the knowledge that will be contributed by the project on the ultrasonic control of these
corrosion problems are not only interested in nuclear domains but can also be beneficial for other
industries (Petroleum Industry, Chemical storage and transport, ...) where an increase in the safety and
risk management of piping systems are needed.

By insuring the quality of the NDT of corroded piping systems, in nuclear or chemical plants, and
therefore prevent industrial accidents leading to leakage of chemical pollutant, the PYRAMID project
will contribute to the industrial and societal values of sustainable development and the safety of people
and goods.

In addition, the development of simulation tools will simplify the signal processing, making the
inspection technique accessible to a greater number of users. In this way, the increase in control
activity will definitely generate new possibilities for creation of employment in the field of the NDT.

The design of new innovative EMAT sensors and integrated sensor networks associated to high
performance signal processing algorithms, will also contribute to foster the sensors manufacturing
sector.

3. Dissemination and potential interactions with ElytSchool

On a long term scale, the issue of decommissioning nuclear power plants will arise in many countries
worldwide, and the results of PYRAMID project will be of a great importance.

Based on the results and methods that will be found to be the most promising, higher education
programs could be proposed in order to graduate high level technicians, as well as engineers prepared
to handle all the aspects of that challenge.

Finally, beside the publication policy, we would like to organize special sessions focused on FAC
modelisation, simulation and characterization, but also on EMAT guided waves NDT methods in the
NDT Schools that TU and INSA organize each year in Japan and France alternatively.
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Abstract :
1. Introduction

The diffusion coefficients are one of significant thermophysical properties for the investigation and
complete understanding of mass transport phenomena. Conventionally, at a viewpoint of hindered
diffusion, the diffusion phenomena of protein have been studied by observing diffusion fields under
the conditions of several kinds of gel or membrane system, and effective diffusion coefficients were
determined and evaluated [1-3]. As a precursor study by authors [4], a hindered diffusion phenomenon
was evaluated by using Poly Lactic Acid (PLA) as a thin membrane. The thin membrane has micro-
structured channels and pores, and separates high concentration solution and low concentration one in
transient diffusion field. The protein passes through the narrow channels and pores of membrane, and
hindered diffusion occurred. In this study, we aim to conduct the diffusion experiments at a view point
of active mass transfer control of protein, and quantitative evaluation of mass transport phenomenon
by changing the microchannel and pore size of membrane. As same as precursor study, the transient
field of Lysozyme in hindered diffusion is carefully visualized with changing the condition such as
microchannel and pore size by using optical interferometer in this study. The capability and technique
for active control of protein mass transfer are also discussed in this study.

2. Experimentation, discussion

For the visualization of protein mass diffusion field in the vicinity of thin membrane surface, an
optical system was applied. In order to attain accurate and reliable measurement of hindered diffusion,
we utilized the phase shifting technique, which calculates phase shifted data with 8bit brightness
digital data (0 to 255 brightness value) from the obtained interferograms, and gives spatially precise
concentration profile. For magnification of the field, a special optical device layout was adopted. The
beam was expanded by a convex lens after passing through a test cell. A detector, CCD camera, was
settled a position at which an abject was focused. By changing positions of both convex lens and CCD
camera, magnification and minification are easily adjusted.

For the formation of small transient diffusion field, a quartz glass cell for optical measurement was
applied. The cell is composed of quartz glass, four Teflon blocks and a thin membrane. The four
Teflon blocks forms a narrow diffusion channel at the center of quartz glass cuvette, which has
dimensions of 4mm in width, 40mm in height and 10mm in depth. A thin membrane, which is
exchangeable, is fixed between upper and lower blocks and separates the diffusion channel into two
regions. As thin membranes, a series of Polybutyrate Adipate Terephthalate (PBAT) shown in Fig. 1
were used.



(a) membrane 1: mean dia. 173pm  (b) membrane 2 : mean dia. 132pm  (c) membrane 3 : mean dia. 18.4pm

Fig.1: Photos of membranes

Each visualization experiment was run in 5 times under same condition for the reduction of
measurement error. Under isothermal condition at 25°C in temperature-controlled room. Through the
series of experiments in this study, typical protein, Lysozyme (14.3kDa), was applied as target protein.
Distilled water was used as solvent in all the solutions. The thickness of the thin membrane was
0.5mm. The experiments were conducted by using Lysozyme solution whose concentration is Smg/ml.
This concentration difference generates analyzable number of fringes in a view area.

Figure 2 shows the visualization results of transient diffusion field of protein by phase shifting
interferometer in the vicinity of PBAT membranes 1 and 2 of distilled water side (upper side). The
height of field of view is approximately 7.4 mm. As is obvious from Fig. 2, transient diffusion field
could be clearly visualized by the interferometer. Figure 2(a) shows a time series of transient diffusion
field in the case of membrane 1, and Fig.2 (b) shows those of membrane 2. As is obvious from the
comparison of Fig.2 (a) and (b), the PBAT membrane 1 could transport much protein molecules than
membrane 2 because Fig.2(a) shows large number of fringes. This is caused by the pore size effect. In
both cases, the protein molecules transported from lower region through membrane travel into interior
of distilled water area with time advanced, however the travel area (i.e. diffusion area) is not extended
with proportional to elapsed time. In case of membrane 1, after 6000 seconds later, fringe pattern
shows that the concentration profile keeps stable, and mass flux decreases. From the experimental
results, it is suggested that the membrane affects the protein mass transport during pass process of
membrane. In Fig. 3, the mass fluxes in the vicinity of thin membrane surface were summarized as a
function of cubic value of mean diameter of pore membrane. As is obvious in Fig.3, the mass flux was
affected by the pore size, and it is found that there is a proportionality between mass flux and cubic
value of pore size only in the range of large pore size. This fact means the mass flux was affected by
the volumetric structure of membrane in case of large pore size, however, there is the other effect on
mass flux in case of small pore size. The experimental result reveals that there is the other
“enhancement” effect between molecule and membrane wall. For more detailed discussion, more
experiment is required.
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Abstract :
1. Introduction

Nondestructive testing is of importance to satisfy the safety and reliability of infrastructure and
industrial materials. Within many kinds of nondestructive testing, ultrasonic testing (UT) has the
highest sensitivity to cracks, which can significantly weaken material strength. Crack depth can be
measured by UT if they are open, since the ultrasound is strongly scattered mainly at tips of cracks,
with an air gap between crack faces. Some cracks are however closed because of compressional
residual stress or by oxide film generation between crack faces, in which UT may sometimes lead to
underestimation or miss detection. This is because ultrasound propagates through the contact parts
between crack faces.

To solve this problem, we have focused on the combination of phased array imaging technique
with nonlinear ultrasonics, which is a kind of unique technique that is highly sensitive to closed cracks.
Nonlinear ultrasonics involves some types of contact vibration of crack faces, which has been referred
to contact acoustic nonlinearity (CAN) and non-classical nonlinearity. Thus far, we have developed
two kinds of novel imaging methods. The first one is called subharmonic phased array for crack
evaluation (SPACE),[1,2]. The fundamental principle that governs SPACE is the subharmonic
generation induced by a large-amplitude ultrasonic incidence of which frequency is the order of MHz.
It has exhibited a great imaging capability to many closed cracks. Further challenge is to visualize
very tightly closed cracks of which the crack closure stress is higher than the large-amplitude incident
wave used in SPACE. To overcome this difficulty, we have proposed a combination of thermal stress
instead of large-amplitude ultrasonic incidence with phased array imaging technique, and referred to
global preheating and local cooling (GPLC)[3,4]. In this study, we will show their unique capability
for closed crack imaging.

2. Principles

The schematic of SPACE and GPLC is shown in Fig. 1. SPACE is based on the subharmonic
generation by short-burst waves and the phased array algorithm with frequency filtering. It provides



fundamental image at the frequency f and subharmonic image at the frequency /2, visualizing the
open and closed parts of cracks, respectively. In GPLC, tensile thermal stress can be applied to closed
cracks just by using cooling sprays. Note that its applicable tensile stress is even higher than the stress
of large amplitude ultrasonic wave used in SPACE. By temporarily opening closed cracks by GPLC,
closed cracks can be imaged by commercially available phased array.
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Array transducer
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Fig. 1: Schematic of SPACE (left) and GPLC (right) for closed-crack imaging.

3. Experimental results

As typical imaging results obtained by SPACE, the fundamental and subharmonic images of a
fatigue crack (aluminum alloy A7075, three-point bending) are shown in Fig. 2. While the fatigue
crack was absent in the fundamental image corresponding to conventional ultrasonic phased array
image, the subharmonic image clearly indicated the crack tip, which provided an accurate crack depth
of 20 mm, which presents the closed-crack imaging capability of SPACE.

Figure 3 is the imaging results obtained by GPLC, where the compact tension specimen (A7075)
with a fatigue crack was measured. Before cooling, only the starting notches were imaged, whereas
crack responses appeared instantaneously after the cooling. The maximum crack depth was measured
to be 11.3 mm at 4 s, which is an excellent agreement with the true crack depth.

2 s after the onset
of cooling

Before cooling

4s

Crack Tip

‘

Fig. 2: Imaging results of a fatigue crack (A7075) by SPACE. Fig. 3: Imaging results of a fatigue crack by GPLC

References :

['] Y. Ohara, T. Mihara, R. Sasaki, T. Ogata, S. Yamamoto, Y. Kishimoto and K. Yamanaka, Appl. Phys. Lett., 90 (2007)
011902-1-3.

[:] A. Sugawara, K. Jinno, Y. Ohara and K. Yamanaka, Jpn. J. Appl. Phys., 54 (2015) 07HCO08-1-8.

[}] Y. Ohara, K. Takahashi, S. Murai and K. Yamanaka, Appl. Phys. Lett., 103 (2013) 031917-1-5.

[ Y. Ohara, K. Takahashi, Y. Ino, K. Yamanaka, T. Tsuji and T. Mihara, NDT & E Int., 91 (2017) 139-147.



La Gentilhommieére,

ELyT Workshop March 6-8, 2018 #7?
2018 Satillieu, France

Surface Integrity and Structural Integrity

Tetsuo Shoji, Professor

Frontier Research Initiative, New Industry
Creation Hatchery Center, Tohoku University
& National Center for Materials Service
Safety
tshoji@fri.niche.tohoku.ac.jp

Abstract :

1. Introduction

Life time prediction and inspection interval optimization are of importance in safe and
economical operation of energy conversion plants being operated under the extremely severe
environments in temperature, environment and loading. Structural integrity of such energy conversion
plants can be degraded by three types of degradation modes such as 1) Material type degradation mode,
2) Surface type degradation mode and 3) Crack type degradation mode. In many cases where the
structures are constructed with ductile structural materials such as low carbon wrought steels, stainless
steels and nickel base alloys, final stage of failure is cause by the crack propagation to the critical size.
Before the crack grows to such a critical size, crack must initiate and propagate some distance as
called short crack growth period before behaving a long crack growth as can be evaluated by Fracture
Mechanics.

Fig. 1 shows a schematic illustration of the process of crack initiation and growth where six
segments of the process is shown in relation to the transition from Surface Integrity to Structural
Integrity. There are several stages before crack grow at a rather rapid rate as a long crack behavior
where (D Initial condition, @ Precursor, 3 Incubation, @ Proto-crack and & and (6 Propagation
after establishment of crack tip environment and stress field. Surface integrity is strongly affected by
the Initial condition before surface is exposed to a service condition where surface is as fabricated, as
supplied, surface preparation by mechanical and chemical treatment. In some cases, residual stresses
may exist by welding. As a consequence, nature of a surface of a structure can be very different in
each component fabricated by different condition such as machining machine and tool, machining
speed, cutting depth etc. Therefore, it is very important to characterize the surface based upon
microstructure, surface roughness and hardness, In some cases, severe scratch, small tearing crack or
heavily deformed slip band can be introduced during a fabrication process and these initial condition
may play a crucial role in the following process such as precursor, incubation, initiation and short
crack growth. Especially with a focus on the oxidation in high temperature and high pressure waters
such as LWR environments, factors which may influence the oxidation kinetics are of great concerns
with a special reference to SCC initiation and structural integrity assessment. In order to give an
insight to this relevance of surface integrity to structural integrity, some evidences observed in plants
and in Lab. are shown below, emphasizing the importance of surface preparation during a fabrication
process of strucutures.
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Fig. 1 Transition from Surface Integrity to Structural Integrity in case of SCC

2. Evidences and discussion

Fig. 2 shows example of PWSCC and IGSCC in SG inlet nozzle of PWR M#2 plant. Two type
of SCC were observed at the safe end of the inlet nozzle of PWR plant and PWSCC in Ni-base alloy weld and
IGSCCin 316 HAZ.
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Fig. 2 Field PWSCC and IGSCC events at SG Inlet nozzle of M#2 plant.

After detailed examination of the cracked area of 316 HAZ of the inlet nozzle,
preferential oxidation was observed undert the rather uniform oxide film as an oxide intrusion as



shown in Fig. 3. There are many slip bands observed at the angle of about 45° to the surface
suggesting some shear deformation.

Oxidation along Slip Band (M # 2)
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Fig. 3 Surface oxide and oxide intrusion along slip bands

Fig. 4 shows an EDX anlysis of the surafce oxide and oxide intrusion shown in Fig. 3 with an
enlargement and the results shows a clear evdence of oxidation along the slip band. It is well known
that preferencial dissolution can take place in SSRT in some materials/environments combination but
this figure shows a preferential internal oxidation can take place along the slip band. This evidence
implies that the slip band formed during the fabrication or contact fatigue/fretting fatigue can also be
preferentially oxidized and can play as an intiation site of following SCC. Oxygen mass transport
along the slip band by pipe diffussion may affected by the mechanism of hydrogen accelarated
oxidation because hydrogen can also diffuse much easily than oxygen by pipe difusion and pre-
oxidation by hydrogen may promote the internal oxidation along the slip bands by pipe diffusion.
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Fig. 4 EDX analysis of oxide of 316 SS at the cracked safe end of the inlet nozzle
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Fig. 5 Surface hardening by machining and SCC initiation relevance

Fig. 5 shows the hardness profile near the surface of the cracked region showing a
relevance to SCC initiation. Higher hardness more than 400HV0.01 at closer position of 3 mm from
weld is clear where SCC was initiated and propagated. Base metal hardness shows around 150 to 170
HV1. Hardened thickness was around 200 to 400 um. Importance of surface finish is also observed in
the laboratory experiments in relation to the field cracking. Fig. 6 demonstrates the significance of
surface finish in oxidation localization of 316L SS in simulated BWR environment. One sample was
prepared as mirror polished condition and the other as lathed and then immersed in a simulated BWR
water with oxygen of 200 ppb. Oxidation localization was evaluated by the analysis of oxide/metal
interface profile analysis. Heavily machined surface shows deeper oxide penetration than those in

mirror polished sample.
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Fig. 6 shows an oxidation localization affected by the surface finish.

One mirror polished and the other lathed finished where deeper oxidation penetration is clear in the

histogram of oxide/metal interface profile analysis.
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Based upon the interface profile analysis, one parameter as a measure of a depth of localized oxidation
penetration has been proposed on these samples and also applied to the samples of the cracked
component of PLR piping of BWR and results are summarized in Fig. 7
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Fig. 7 Sumary of the oxidation penetration parameters obtained
in the laboratory tests and also in the field cracking.

Fig. 7 shows a proposed parameter variation with oxidation time and suggests that
oxidation localization is more pronounced at the early stage of oxidation and also at the stage of
prolonged oxidation time with a strong influence of surface finish. Lathed surface may have a risk of
early stage SCC initiation than those of miror polished surface. The results shown inFig. 7 with field
cracked data implies that there seems to be a critical number of the proposed parameter for oxidation
localization around 100 — 150 nm above which SCC crack may initiate and propagate.

As demonstrated above, surface finish plays a crucial efects of surface oxidation and
its localization. There are still a lot of thing have to be done to draw any conclusive statement on this
mechanisms but some mechanisms must underlying to promote such a oxidation localization along the
slip band. It is interesting to note that similar phenomena is observed in field SCC events in PWR and
also in BWR where environmental oxidizing potential is very different and suggesting that such an
oxidation localization or oxide intrusion can happen even at the low ECP such as PWR condition. One
possible direction to tackle this prolem would be the role of hydrogen in oxidation acceleration
through the mechanism of oxidant hydrogen in metal.
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Abstract :

Applying a shear strain to a magneto-rheological elastomer results in a change in its magnetic
permeability, which in turn can be used for electromechanical energy conversion/harvesting. In this
work, we present experimental results of pseudo-Villari effect in magneto-rheological elastomers for
soft and hard matrix-based composites.

1. Introduction

Vibrational energy harvesting devices offer the capability of converting unnecessary or unavoidable
movements or vibrations into electrical energy usable for wireless and self-powered devices. In this
framework, magneto-rheological elastomers may offer an attractive alternative thanks to their low
stiffness, and very low fabrication cost (similarly to other dielectric polymers [1]). The change of the
magnetic permeability with a mechanical stress is known as the Villari effect and finds potential
applications as environmental sensors [2]. Conversely, magneto-rheological eclastomers, whose
mechanical storage and loss moduli can be changed by applied magnetic field, find potential applications
for vibration control [3]. In this work, we investigate how magneto-rheological elastomers can also exhibit
a pseudo-Villari effect.



2. Experimental results

Magneto-rheological (MR) elastomers are composed of ferro-magnetic particles dispersed in an
elastomer matrix. During the curing of the matrix, the particles are aligned in the direction of an
external magnetic field to fabricate an anisotropic composite, where the particles form long chains
embedded in the elastic matrix. When a shear strain is applied, the chains are twisted from the main
direction of the magnetic field, resulting in a decrease of the magnetic permeability. A mechanism of
the resulting pseudo-Villari effect was proposed in [4].

At a given shear strain, when a magnetic field is applied, the chains tend to partially re-align in the
direction of the main magnetic field, and it might enhance the shear stress as well as dipole-dipole
interaction between particles (so-called magneto-rheological effect).

Two types of MR elastomers were experimentally tested. In the first case, silicone rubber (30 wt%)
was mixed with carbonyl iron particles (70 wt%) resulting in hard MR elastomer. In the second case,
silicon oil (15 wt%) was added to silicone rubber (15 wt%), keeping similar weight fraction of
particles in the final composite, resulting in a soft MR elastomer.

Using a dedicated experimental setup, the two MR elastomers were characterized, determining
both their MR effect (i.e. change of their mechanical properties as a function of applied magnetic field,
Fig. 1), and their pseudo-Villari effect (i.e. change in their magnetic properties under the application of
a static shear strain, Fig. 2).
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Conclusion

Both soft and hard elastomer matrices exhibit a significant variation of their mechanical properties
upon the application of a magnetic induction field. Similar behavior were observed both for their
magneto-rheological effect in terms of absolute variation of the modulus (AG’~45 for an induction
field increasing from O to 0.5T) and for their pseudo-Villari effect (AB ~10mT for 50% strain and bias
magnetic field of 0.3T). Therefore, both magneto-mechanical depends on the particle type and volume
fraction only, probably because it comes from the dipole-dipole and induction field - dipole
interactions only. As a consequence, the initial properties of the matrix can be adjusted depending on
the application (e.g. choosing the resonance frequency of a resonant device by changing the stiffness
of the matrix) without any loss of performance in terms of coupling between magnetic and mechanical
energies.
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Abstract : Motivated by ultrasonic test using electromagnetic acoustic transducer (EMAT), an electromagnetic-elastic
coupling model is considered under extremely high temperature. Since the mechanism of the producing test signal is quite
sensitive with respect to temperature inside the target material, it is very crucial to analyze numerical treatments in such
coupling procedures. First, the mechanisms of transmitter-receiver EMAT are described by hybrid use of a transient magnetic
potential equation in the subsurface of the target material and a boundary integral equation on the outside material. Secondly,
the dynamics of ultrasonic wave propagation is given by an elastic equation with temperature dependent physical parameters.
The sensitivities of EMAT based nondestructive testing method are investigated through the computational experiments.

1. Introduction

Casting process simulations have been critical issues on quality control for metal producing process
[1]. It is important to collect on-line data related to metal solidification process using in-line
measurements. However there have been technical problems on in-line measurements for the casting
process due to the very high temperature environment. Ultrasonic testing using electromagnetic acoustic
transducer (EMAT, [2]) is a feasible method for steel product monitoring system because of non-
contacting device and robustness to high temperature. In this report, we discuss simulation studies on
producing test signals by EMAT device. Since the signal strength depends upon electromagnetic
parameters, such as magnetic permeability, electrical conductivity of the metal, it is considerably
important to simulate the testing mechanism provided with temperature dependencies of those
parameters.

2. Simulation Studies

Temperature dependencies on electromagnetic and elastic parameters are given by the empirical
curve based on the experimental data. The hybrid use of finite and boundary element method in two
spatial dimensions is adopted to our numerical treatment considered here [3]. Figures 1 and 2 depict the
electromagnetic elastic propagation domain.

Permanent magnet
N S
EMAT
Permanent n]ilgncl g N z
- Coil transmitter
N S . ——— Coi
EMAT device T
o T Q Sub surface
Q. S L I o e e
- Al
[ e— Coil Target Material
| I [eesssg geEsssansus
Q Interface CdSub surface

| m— G|

Qsub Target Material NTpIS EMAT
S N receiver

Permanent magnet
Fig. 1 Geometry in electromagnetic domain Fig. 2 Geometry in elastic domain



The basic model for eddy current analysis is written by

{V (V4 )} +6(T) (aAZ + E)CD> =0 in QgpUQ 1
[loljr (T) z o ot 0z - in Sub Interface a
d0A oY .
C(Z)Az + J ( a Z) l,l)dl" + J Az <_) dF = l’lO J jsij)dx m 'QAL'T U aﬂlﬂtérface lb
r n r on c

where i, (T) = 1+ (@.(T) — Dx(QL,,) and &(T) = x(QL,,)o(T) , respectively. The wave
propagation model is represented by

N 5 5 04, 0 5 04, 0
i= ) o= (o (G ) B o (G ) 8 2
0°U S
p(T) 3z (VA+260) (V- W} +{VXGMVxuW}= f, in Qy. 2b
The dynamics of the receiver EMAT is similarly rewritten by
dA, 09 Ju du
—V——— (VA 5(T — =6 B =2 -BM =
{ P AGR Z)}+G()<6t+az> “()<" ac Y 6t> 3a
04, Y
A dar A (—) dr=0. 3b
c(@) Z+JF ((')n)w +JF “\on

The temperature dependencies on electromagnetic and elastic parameters used in the experiments are
shown in Figs 3 to 6.
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Abstract:

Wall turbulence, such like coherent motions of streamwise roll vortices, associated streaks and
their self-sustaining mechanism, have been discussed for decades. Energy conversion performance of
fluidic devices such as aircraft, cars, turbine blades and curved pipe will dramatically increase if the
turbulence is controlled completely. Wall turbulence nature, the generation and maintenance
mechanism of turbulence coherent motion, in other words, laminar-turbulence transition, still attracts
attention. With the recent development of computational technology including direct numerical
simulation of Navier-Stokes equations, it became possible for us to analyze the detailed flow structure
(Fig. 1 and Fig. 2). Obtained new knowledge has given us a new sight to deal with the wall turbulence.

Blue/Red iso-surface
-u'v’=0.2

Grey iso-surface Q
=-0.02

Fig.1: Streamwise vortices visualized with contour surfaces  Fig.2: Conditionally sampled streamwise vortex and
of the 2" invariant of velocity gradient tensor; Q = -0.013. associated negative Reynolds shear stress; bursting event Q2
(blue) and sweep event Q4 (red) ©.

The opposition control has been one of the most famous flow control technology ". It restrains a
streamwise vortex rotation by blowing from the wall in its opposite direction. Streamwise roll vortex
is responsible for momentum transport to increase friction drag or to suppress flow-separation (Fig. 1).
Conventionally-proposed flow control strategies are based on such turbulent motion near the wall. On
the other hand, some predetermined controls have been known to achieve drastic performance, those
control parameters do not depend on the streamwise vortex but the larger length scaled factors.
Spanwise wall oscillation control decreases turbulence energy considerably and reduce friction drag as



much as 50% %*%. The control is simple and to oscillate the wall in the spanwise direction slowly
with the period 7= 100 in the viscous wall unit. That is corresponds to the streak length scale / ~ 1000
more than that of the streamwise vortex *®. Flow goes through with 7 = 100 and with the convective
velocity at y ~ 10 to reach / ~ 1000 without oscillation. We considered that streak structure is
modulated and the self-sustaining mechanism is disturbed under the spanwise wall oscillation. In the
presentation, I will introduce some results of non-orthogonal transient growth modes under the
oscillation control 7,

On the other hand, several methods for prediction the control effect of the spanwise wall oscillation
have been proposed ®°'?. However, both of them can be applied only when the oscillation period is
short (7 < 150), and it is not clear why the proposed index correlates with the turbulence statistics
under control. Therefore, I analyzed details of the dynamical process of the multi-scaled turbulence
structure consisting of the streamwise vortex and the low speed streak structure. In this study, the flow
field of this study is considered to be turbulence of superimposed control oscillation of large time
scale and disturbance by streamwise vortex structure of smaller time scale. Therefore, the phase-
average statistics based on the frequency of control oscillation and the disturbance component of the
deviation therefrom are considered, instead of Reynolds decomposition dealing with time average
statistics:

f’i(‘rvyvzvt) = <fb> (y,¢)+fi"(z7y7z7t) 1
1 N-1 . .

At this time, the phase averaged statistic is calculated as above Eq. 2.

Based on the details of phase averaged statistics, a new prediction method was proposed to
estimate the drag reduction performance by only the control parameters ©.
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Abstract :

The selection of structural materials for applications is usually done from their
mechanical properties and adding a safety coefficient to take into account some
environmental effect. If this methodology can be used in the most of applications,
additional precautions are required in energy industries. Synergistic effects can be
activated between the material metallurgy, the environment and mechanical stresses
when the material are exposed under extremes conditions (pressure, temperature,
strongly aggressive solution, etc.). In various kinds of environments, including boiling
water reactor coolant, primary circuit of pressurized water reactor and chloride
containing water, the material surface state is the key parameter to control the corrosion
and Stress Corrosion Cracking (SCC) susceptibility of alloys. For example, It has been
widely accepted that surface machining enhances SCC susceptibility of non-sensitized
austenitic stainless steels in a boiling water reactor environment.

Surface finishing operations such as grinding, wire brushing, machining produce surface
states that compromise the corrosion resistance of oxidative and passive materials [1].
These processes affect the electrochemical and mechanical stabilities of the material at
the microstructure scale and also the passive film properties [2]. A part of our
collaborative study (Project ELyT lab: R32 - Understanding and managing stress
corrosion cracking) showed that even slight cold work introduced with fine emery finish
has significant impact on oxidation properties[3] and cracking susceptibility of Ni base
alloys in superheated steam.

Until now, researches focused on the relation between the microstructural modification
induced by the surface preparation on the SCC behaviour of material or on the selection
of the most suitable treatment [4,5]. However, industries need appropriate surface finish
procedures to reasonably minimize SCC susceptibility of alloys. To achieve an effective
answer on this demand, new knowledge are required on:

- Physical metallurgy of alloy surface (micro- and nano-structure of surface)



- Electrochemical properties, in particular, stability of passivity (re-passivation kinetic,
growth mechanism)

- SCC initiation dynamic (embryo formation, re-passivation, coalescence of micro-cracks).

All those properties need to be linked each other to understand the effect of surface finish
on SCC susceptibility of alloys.

Physical metallurgy
of alloy surface

MATEIS, INSA-Lyon Q Q QSE, Tohoku University

Electrochemical properties
(stability of passivity)

High temperature corrosion,
SCC initiation dynamic

Optimizing surface finish
to prevent SCC initiation

Figure 1 : Frame of the project
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Abstract : For the first wall cooling in Flibe blanket of a fusion reactor, a flow channel
with finger-stacked structure has been proposed. In this study, a flow visualization
experiment was conducted in order to optimize the channel structure. And then, a heat
transfer experiment using the channel optimized was performed to investigate its heat
transfer characteristics precisely.

1. Introduction

The Flibe blanket has been proposed and studied as one of the advanced blanket systems for
nuclear fusion reactors [1]. Although the blanket has several favorable features, Flibe has poor heat
transfer performance due to its high Plandtl number. In addition, the blanket system is under strong
magnetic field generated by superconductor magnet, corrosive F» gas generates from Flibe due to
electrolysis by MHD effect when the flow velocity becomes high. For these reasons, it is necessary to
develop heat transfer enhancement to realize high heat transfer performance under low flow velocity.
As heat transfer promoter for Flibe flow, a flow channel with finger-stacked structure (FSS) was
proposed [2]. The channel comprises of a number of circular cylinders with hemispheres on the tops
(referred to as ‘fingers’) as turbulent promoters. The fingers are set so as to have spatial gap between
their tops and a channel wall, which is heated by core plasma, to avoid the flow stagnations and hot
spots. Heat transfer characteristic of the channel with FSS, of course, depends on its structure such as
finger arrangement, the gap width between the fingers and the heated wall, finger dimensions and so
on. In this study, we conducted a flow visualization experiment using 2-dimensional PIV measurement
to optimize the channel structure. Subsequently, a heat transfer experiment using the flow channel
optimized was performed to scrutinize its heat transfer characteristics.

2. Flow visualization experiment

In the experiment, the refractive indices of the channel material and working fluid were matched by
using sodium iodide solution as a working fluid to visualize the complex inner flow in the channel
with FSS precisely in the 2-dimensional PIV measurement. The detail dimensions of a test section is
shown in Fig. 1. In this study, two different FSS arrangements (staggered and in-line), three different
gap widths, Cg, (0, 1, and 2 mm), and three different finger lengths, H, (14, 28, and 54 mm) were
investigated. To understand the 3-dimentional internal flow field, visualization for 3 coordinate planes
(XY, YZ and ZX as shown in Fig. 1) was conducted. Particle Reynolds number based on the finger
diameter, d, and the superficial velocity was set to be from 4200 to 4600 as turbulent flow regime in
this experiment. As typical results, Figs. 2 show the time-averaged flow fields and distributions of
turbulent kinetic energy in FSS channels with three gap widths, finger length of 54 mm, and staggered
finger layout in ZX plane 2 mm away from the bottom channel wall. It is found that it can be seen in



the case of C= 1 mm thatl ow velocity areas behind fingers are reduced largely and velocity
fluctuation almost halves compared to the case with no gap. After considerations about the
experimental results of the flow visualizaiton, the channel with FSS in the staggered layout having 1
mm gap width with d/H = 0.5 or 1 was chosen as one of the optimized channel structures for heat
transfer enhancement.
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Fig. 2: Effect of gap width in ZX plane

Fig. 1: Detail dimensions of test section (H=54 mm, staggered layout)

3. Heat transfer experiment

For the channel with optimized FSS parameter, a heat transfer experiment was conducted using
7/10-scale model of FSS channel and silicon oil as a simulant of Flibe in terms of high Prandtl number
fluid. Heat transfer characteristic obtained from the experiment is shown in Fig. 3. In the figure, the
solid line indicated by SPP shows the correlation equation obtained from the reference 3 using a
sphere-packed pipe as a heat transfer promoter. When C,= 0.7 mm, corresponding to the case of C= 1
mm in the visualization experiment, heat transfer performance is the most enhanced and almost equal
to that of the sphere-packed pipe.
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Fig. 3: Relation between space-averaged Nusselt number and Reynolds number

4. Conclusion

In this study, the structure of cooling channel with FSS was optimized by the flow visualization
experiment and its heat transfer characteristic was investigated. It was found that the channel with a
slight clearance gap between finger top and heat transfer wall could attain good heat transfer
performance with hot spot mitigation.
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Abstract:

High molecular weight semi-crystalline polymers are difficult to shape due to their very long
chains and strong visco-elastic behavior. Processing these materials required to sinter them
(powder)by pressing at high temperature and/or high speed. Even for these loading conditions, the
efficiency of the process is far from being optimal. To improve it, we developed numerical models to
represent the mechanical behavior of these materials.

1. Introduction

Semi-crystalline polymers exhibit complex microstructure involving crystal network, with
crystalline lamellaes and tie molecules, and macromolecular network. In the case of high molecular
weight semi-crystalline polymers, they exhibit very long chains, which participate at the same time in
the construction of the crystalline lamellae, tie molecules, and macromolecular network [1,2]. These
materials are often used for structural and protective applications; however, their behavior is still not
well understood and modelled. Therefore, to improve the numerical prediction of such material, it is
needed to physically describe the relationship between its microstructure.

For high molecular weight semi-crystalline polymers, Deplancke et al. [3] developed a one-
dimensional model based on the evolution of structure between crystals and fibrils within the crystal
network. The model assumes that, at room temperature, the amorphous chains (tie molecules, fibrils
and macromolecular network) are in their rubbery state. Thus, their behavior, assumed to be
hyperelastic, is represented by the 8-chain model [4]. The crystalline structure is represented by an
elastic-perfectly-plastic model. On the other hand, they established a relationship between fibrils and
crystals through the stress concentration:

0. = kog (1)

where o, is the stress of the crystal, of is the stress of the fibrils and & represent the mechanical

coupling between fibrils and crystal. Moreover, the stress-strain within the crystal network is
represented by the relationships:

{a:¢ac+<1—<p)af )

=@+ (1— @l



This model provides good prediction of the material behavior; however, a three-dimensional model
is needed to extend this model to further application.

2. Three-dimensional constitutive model

From the one-dimensional model developed by Deplancke et al. [3], we developed a three-
dimensional model based on the polymer physics. The difficulty of the model lies in the consideration
of the mechanical coupling with respect of the crystalline ratio. Using the finite strain formalism, we
express the total deformation gradient related to crystal network Fp through:

— TFeRP
Fy = FjF?

Foy = FL °F? with { 3

T F, = FeF, ©)
where ¢ is the crystalline ratio, subscript ‘c’ represents the contribution of the crystal lamellae and
subscript ‘f” represents the contribution of the fibrils within the crystal network. Moreover, each
structure can be deformed elastically, defined by superscript ’e’, and visco-plastically, defined by

superscript ‘p’.
The evolutive mechanical coupling between crystal lamellae and fibrils also need to be considered
in the three-dimensional model. Unlike Deplancke et al. [3], we propose to introduce the mechanical

coupling in the formulation of the deformation gradients instead of stress tensors. Thus, the
relationship between fibrils and crystal lamellae is described by { parameter through:

F. = (F,)" 4)

From these constitutive equations, we simulate the mechanical behavior of Ultra High Molecular
Weight PolyEthylene (UHMWPE). The numerical predictions are compared with uniaxial
compression tests in Figure 1. Fairly good agreement is observed between experimental results and
numerical predictions. The next step of this modelling is to introduce these constitutive equations into
a finite element software to simulate dynamic applications such as the impact of a polymer particle
onto a substrate (ie. Cold-spray process).

40
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Figure 1: Compressive thermomechanical behavior of UHMWPE. Comparison between experimental results (dot)
from Deplancke et al. [3] and 3D numerical predictions (solid).
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