ﬁ Texas A&M Engineering Arts
5 Experiment Station \

et Métiers

AM?
Synergetic Research Initiation Workshop

October 14

TEXAS A&M UNIVERSITY

- Engineering




] Texas A&M Engineering
Agenda (CT Time) Experiment Station

9:00 -9:10 AM Introduction - 10’ _

Welcome S. Bukkapatnam, M. El Mansori

Overview of AM?2 Partnership E. Masad

TEES vision for AM? D. Lagoudas

Arts et Metiers vision for AM2 |. lordanoff
9:10 - 9:20 AM Educational Exchanges - 10°

REEP and Dual Degree M. Alves, R. Kubler

IRES Projects M. El Mansori *Group picture
9:25-10:55 AM Research activities Arts et Metiers — TEES - 90’

See detailed program

11:00 — 11:20 AM Discussions (Q&A) - 20’

11:20 - 11:30 AM Closings and next steps - 10’

A 2 \ Qtr}slétiers
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Synergetic Research Initiation Workshop 1?% ‘ TexasASMENSIneering

Experiment Station

9:25 -10:55 AM Research activities Arts et Metiers — TEES - 90’
1- M. Chao “Powder-bed additive manufacturing”

2- R. Knoblauch “Smart machining and sensors”

3- D. Sagapuram “Machining and deformation processing of metals”

4- H. Ramezani Dana “Analysis of the mechanical behavior of 3D Printed structures’
5- B. Tai “Additive and subtractive processes”

6- A. Ktari “Digital twins for smart low-pressure casting process”
7- M. Kuttolamadom “AM of Pharmaceutical Printlets
8- F. Chegdani “Machining of biocomposites under extreme conditions”
10:05-10:10 Break
9- Q. Wang “Sustainable Manufacturing of Polymer Composites”
10- C. Eksin “Network science and distributed optimization”
11- M. Elhadrouz “Digital Twins For Additive Manufacturing”
12- S.J. Wolff “In situ monitoring of metal additive manufacturing”
13- S. Jegou “Thermochemical surface treatments and gradient properties”
14- C. Lee “Precision metrology”
15- R. Kubler “Mechanical behavior and gradient properties” -
A 2 16- J.P. Goulmy “Development of DIC for the understanding of mechanisms at different scales” Arts echn
17- J. Wilkerson “Processing - microstructure - ballistic performance relationships” ‘ et Métiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE
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Guiding Principles for Partnerships

* Create opportunities and engage in global programs that:
—are consistent with TEES strategic areas
—build on unique capabilities of TEES
—offer added value for TEES and its partners
—have potential for funding
* Encourage faculty/researcher-driven initiatives




Active Research Projects with International Partners

« Argentina * Mexico
« Australia  Morocco
- Bangladesh - Norway
 Belgium * Netherlands
» Brazil « Paraguay
« Canada  Peru
 China « Qatar
* France « Saudi Arabia
* Germany . Sjngapore
 Greece « South Korea
* Israel « Sweden
« Japan  Taiwan

* Turkey

* United Kingdom

Sub-awardees

Australia o s KA
Canada "
China R~ "N

France

N

Greece - . ¢ hiiog &
Norway ] 4 ‘
Qatar < ‘
Spain

Singapore

South Korea

Turkey

United Kingdom



Arts et Métiers Institute of Technology \\ Arts

(AMIT) et Métiers

* Hybrid manufacturing » An active advisory committee

* Processing of extreme * An agreement with Henri-Fabre
environment materials technology center for internships

« Manufacturing analytics and « Joint proposals in Europe and the US

control » Support study abroad in Aix-en-Provence

« Joint workshops




Faculty Collaborations

« Joint PhD and Master students

— 2 PhD completed and 2 are currently in AMIT

— 1 PhD at TAMU

— 2 MS committees completed in TAMU

— 2 MS committees completed in AMIT?

Joint appointments with AMIT

— 5 TAMU faculty members are affiliated with AMIT

— 9 assistant professors at AMIT supporting the partnership
Invited visiting professor (Dr. JN Reddy)

AMIT Faculty Visit to TAMU: Dr. El Hadrouz and his student Mr. Ejaz (Dr.
Lagoudas)

Fulbright-Tocqueville Distinguished Chair 2020-2021 (Dr. Bukkapatnam)
-/ 5



Academic Partnerships

« Research internships for TAMU students at AMIT

INVENT FOR THE PLANET

Dual master degree with AMIT (manufacturing focus) ' THES'UN R
Study abroad programs
REEP with AMIT -

FEBRUARY 15-17, 2019

L=l

==
=
=

=
=

2015-2019: 2 Arts et Metiers students each year in TAMU
2018-2019: TAMU students for a full semester at Arts et Metiers N\
2019: 4 ENSAM students participate remotely in Global 1538
Engineering Design

2020: 4 Arts et Metiers students at TAMU and 2 TAMU st. at Arts
et Metiers Aix



Research Funding

* A project funded by STILL Company for development of Al-based
methods for defect detection

 |nternational Research Experience for Students -National Science
Foundation Project

« Expected more research funding from companies in the next few
months

 CPER Project supported by the southern region for common
research facilities and staff




Short Courses, Workshops and Training- AM2 Cluster

* French American Innovation Day February 2020

* \Workshops
— 1st workshop 2018 in College Station together with SME

« identified key smart manufacturing challenges for Industry 4.0

— 2"d workshop 2019 in Aix en Provence with AM2 industrial partners

 Discussed the needs for an industry consortium initiation and to implementation o
industry 4.0 challenges

— 3" workshop 2019 in College Station with French Consulate
« |nitiating a consortium business model for AM2 Transatlan®™

— 4t workshop 2021 (Online) O | FRENCH
AMERICAN
S

N

O | INNOVATION
C\J DA‘{” Gl Ll é‘
HOUSTON/COLLEGE STATION ' Gl |




Deep Tech Talk Webinar Series

 https://tees.tamu.edu/global/deep-

technology-webinar-series.nhtml
Deep Technology Webinar Series

The Deep Tech Talk Webinar Series is a partnership with Texas A&M University at Qatar,

Aristotle University of Thessaloniki in Greece and Arts et Métier in France. This webinar will
present and discuss experiences from around the world about the path for
commercialization of deep technologies that advance scientific frontiers. The webinar series

will focus on:

The Path for
Commercialization
of Deep Technologies

13 July 2020, 8-10:15 a.m. CDT
Via Zoom

Register at tx.ag/Mokpkhg

Keynote Talk:

Mr. Arnaud de la Tour
CEOQ of Hello Tomorrow

Company Perspectives:

Dr. Blake Teipel
Essentium Inc. (USA)

Mr. Cosimi Corleto
STIL Marposs

Dr. Sam Saltiel
BETA CAE Systems (Greece)

How can you approach your research with an entrepreneurial mindset and an eye toward
transferring ideas to the marketplace? During the Deep Tech Talk Webinar Series, we
present and discuss experiences from across the globe about the path to commercialization
of deep technologies that address today’s biggest societal and environmental challenges, and
shape the way we solve the world's most pressing global issues.

Email: kholoud nawahdah@qatar.tamu.edu Visit: https://tees.tamu.edu/global/deep-technology-webinar-series.html
(FaN\ARISTOTLE
Ai IM TEXAS A&M ﬁﬁ (x;{'m\)?ﬁ;u NIVERSITY \ Arts
g UNIVERSITY at QATAR Texas A&M Engineering A OF THESSALONIKI

Experiment Station

et Métiers I




Moving Forward

« Expand the collaborations to include broader topics and more faculty
members

« Establish a joint research facility in Arts et Metier

* Hire a Senior Research Engineer to be located in France
* Develop research opportunities (Industry and European Research Council)
e Raise funds for joint research facilities
 |dentify research opportunities

e Conduct research in collaborations with TEES researchers and collaborators
in Europe

https://tamus.wd1.myworkdayjobs.com/en-US/TEES_External/job/College-Station-
TEES/Senior-Research-Engineer-l _R-041469
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AM? Educational Exchanges

Regis Kubler, Maria Alves

TEXAS A&M UNIVERSITY

A 2

- Engineering

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE




' Texas A&M Engineeri
Educational Exchanges Texas ABM Engineering
REEP (Reciprocal Educational Exchange Program) : E‘%

Mapping initiative between TAMU and Arts et Metiers curricula (Face Grant 2020-21) "
MEEN-MSEN-ISEN-ITDE-ETID-MMET departments and Arts et Metiers Aix

ENGR410 projects: 2019-2021 -11 Arts et Metiers students

Hybrid REEP: AM2faculty-led program in manufacturing May-June 2022 TEXAS ABM UNIVERSITY
- Engineering

AAAAAAAAAAAAAAAAAAAA

ANGERS

S )

Dual Degree at Master level:

MTDE program : MSc/MEnNg in interdisciplinary engineering
MSc2 AM2S « Advanced Manufacturing and Materials Science » opened in Sep 2020
MSc1 AMZ2S to open in Sept 2022 — Aix en Provence campus

MASTER OF SCIENGE IN INTERDISCIPLINARY ENGINEERING
DUAL DEGREE PROGRAM

AM?S : ADVANCED
MANUFACTURING AND

2 [\ AN MATERIALS SCIENCE \ Arts
A | 12 Ok et Métiers
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Synergetic Research Initiation Workshop

Research activities

TEXAS A&M UNIVERSITY

- Engineering




Synergetic Research Initiation Workshop 1?% ‘ g%aesrifni'\rftlfsrgipoenering

Research activities Arts et Metiers — TEES - 90’
1- M. Chao “Powder-bed additive manufacturing”

2- R. Knoblauch “Smart machining and sensors”
3- D. Sagapuram “Machining and deformation processing of metals”
4- H. Ramezani Dana “Analysis of the mechanical behavior of 3D Printed structures ”
5- B. Tai “Additive and subtractive processes”
6- A. Ktari “Digital twins for smart low-pressure casting process”
7- M. Kuttolamadom “AM of Pharmaceutical Printlets
8- F. Chegdani “Machining of biocomposites under extreme conditions”
5’ Break
9- Q. Wang “Sustainable Manufacturing of Polymer Composites”
10- C. Eksin “Network science and distributed optimization”
11- M. Elhadrouz “Digital Twins For Additive Manufacturing”
12- S.J. Wolff “In situ monitoring of metal additive manufacturing”
13- S. Jegou “Thermochemical surface treatments and gradient properties”
14- C. Lee “Precision metrology”
15- R. Kubler “Mechanical behavior and gradient properties” -
A 2 16- J.P. Goulmy “Development of DIC for the understanding of mechanisms at different scales” Arts echn
17- J. Wilkerson “Processing - microstructure - ballistic performance relationships” ‘ et Métiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE




1-Dr. Chao Ma (cma@tamu.edu) }.\FVI ENGINEERING

TEXAS A&M UNIVERSITY

Binder Jetting Additive Manufacturing

* Projects

— Two NSF projects Powder | Debinding
— Two industrial pFOjeCtS (Sponsored el - -
by Fortune 500 Companies) r Powder Green part - Brown part Sintered part

— One ANL project
— One internal project

L L e g . J i e J . g
* Applications om0, e ——
— High-quality ceramic and metallic | DRt s Binder et
components in various industries, caredge gg:g
such as energy, chemical, , Shnin Green oo
. . - owdader StoC
biomedical, aerospace, and ; = part %"; der

defense

E Build plate
 Publications I ‘ I 1

— 12 journal papers, 7 conference
papers, and 1 patent application




1-Dr. Chao Ma (cma@tamu.edu) }.\FVI ENGINEERING

TEXAS A&M UNIVERSITY

Powder Bed Fusion Additive Manufacturing

* Projects
— Two internal projects Powder [~ Spreader

= % %

— High-quality metallic components in various industries,
such as energy, chemical, biomedical, aerospace, and

° Publications Deliver powder Spread powder

— 10 journal papers and 4 conference papers

defense

Laser

BANES

Lower platform Laser melting




1-Dr. Chao Ma (cma@tamu.edu) }.\FVI ENGINEERING

TEXAS A&M UNIVERSITY

Powder Bed Fusion Machines

* Renishaw AM 400 printer with high flexibility on parameter optimization

« Custom-built printer with high flexibility on material development and
iInstrumentation




Texas A&M Engineering

2- R. Knoblauch « Smart Manufacturing and sensors 1?% ‘

Experiment Station

Smart manufacturing experimental setup on a 5-axis CNC machine-tool

* Integration of the following sensors to the CNC machine:
* Non-contact roughness sensor

* Force sensor

Development of Al models (off-line) that correlate input to output variables (model accuracy = 90%)

* Machine Learning models being investigated: Deploying the Al model for smart control of machining process !
. . . . 1. /End mill cutter
- Random Forest - Gradient Boosting Em — - . B 2/ Worgiece
' —y e , orce sensor
- Boosting - ANN h_ Eoree L, N . | i builtrodel !ﬁl‘r'. 4. CC sensor
Sensor Do +ap; QIS (e s
. i I CNC Machi : :
Metrology analysis of chromatic confocal e 01 Comparison with J
. . ' on-machine «<—— Ra predicted
roughness measurement inside machine tool I ,J_'_ measured Ra
New Vc, ap, f '________f

A Milling of aluminum (dry cut)

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE




Texas A&M Engineering

2- R. Knoblauch « Smart Manufacturing and sensors 1?% ‘ Experiment Station

Sinumerik 840D

Next steps: 5
1 —, Software version(SV):
- V02.06 + SPO1 + HF03

 Investigation on Machine Learning Control model for roughness

 Integration of Al-model to DAQ system and feedback method to close the loop

S
£
s §
& & & 4 5 L & 05 & 08
N § N 2 Ky & o = o > 4 5 3 5
& 5 5 g 3 & & & & & & & & 3 &
S § & &£ § £ & & & s s s s & & 08
S @ & < @ @ @ @ @ @ @ @ @ @ @ @ -04
1st Comp | | | R [ | | | | | | | | | g
- 0.2
[ I I |
2nd Comp i i i " i T 1 1 [ i 1 i i i i '
- -0.2

Connection of machine tool with external PC to close the loop

Neural network predictions XGboost_predictions

Next step:

» 3D comparison between metrology

room and in-machine

%5 02 0.4 0.6 03 1.0 12 74 %8s 0.2 0.4 06 0.8
Values True Values

Circle of Correlations

yyyyyyyyy

PC-1 (13%)
o
8

-0.25
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A
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) | | I | [
/ o5 {1 \ | I | (I ! i X
4 I P 1T d \ | ] .
b 104 \ v '
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y,
Information
~0.75 Profi il (1/
: § ) T T=0.000 um
. e Paramé Veleur  Unité
— o r [
-1.00 - - ngueur 0.9800 mm
-0.25 0.00 1.00 e e I e I s

-1.00 -0.75 -0.50 0.25 0.50 0.75
PC-0 (53%)

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE



Texas A&M Engineering

3 «Machining and Deformation Processing of Metals» Eﬁ ‘ Experiment Station

Dinakar Sagapuram
ISEN Assistant Professor

Research Interests
- Physics of material behavior (deformation and failure) during processing

,- N il « Contact mechanics, friction, tribology
.- ,ru m' i ,' :":' i ] « High-speed imaging, in-situ experimental methods
‘NM; m' T , ”k(, : « Synthesis of high-performance metallic materials

=

| In Situ Analysis of Deformation Fields
Strain- S i 92 mmi » Ultrahigh-speed photography (optical, infrared)
; « Image correlation (PIV, DIC, etc.)
« Quantitative velocity, strain and temperature fields
« Validation of physics-based models (e.g., FE)
- Rapid material characterization under extreme conditions

\ Arts _
et Métiers

Transatlantic Partnership
F"’."P ILrl TR OF THE F..'IJQ'



3 «Machining and Deformation Processing of Metals» Eﬁ ‘ ER T N ENR [ EEIie

Experiment Station

fo~30nm-1um

Length-Scale Effects in Cutting and

Deformation Processes

« “Size effect” on energy and forces

- Brittle fracture to ductile flow transition

- Role of friction, adhesion and surface energy

« New applications of cutting for small-scale mechanical
behavior and nanotribology studies

Instrumented ultramicrotomy

> Metal Peeling

Energy Efficient Routes for Sheet

Metal Production

« Microstructure and texture design for high
performance

« Physics-based process modeling

« Process scale-up for large-scale sheet production

- Analysis of energy usage and emission reductions

\ Arts
et Métiers




4-H. Ramezani Dana ﬁ ‘ Texas A&M Engineering
Analysis of the mechanical behavior of 3D Printed structures L] Experiment Station

My research areas of interest are: v Additive manufacturing processes

v Manufacturing process optimization
v" Numerical simulation of mechanical behavior

Additive Manufacturing experiences:

> 1st axis : Composite Additive Manufacturing - APF (PLA/Flax) - FDM (PA6/Carbon)
» 2n axis : Ceramic Additive Manufacturing — ExOne sand 3D Printing (Binder jetting)
» 3rd axis : Metallic Additive Manufacturing — SLM (316L Stainless steel)

v Development of auxetic structures via FDM process
Auxetic materials exhibit a negative Poisson’s ratio effect.

= Displacement
e 11€ld (axial)
.

Longitudinal displacement field derived

Numerical simulation of the mechanical behavior from Digital Image Correlation (DIC)

v Polymeric auxetic structure (PLA)

n 92 > Composite auxetic structure (PLA/Flax fiber) \

Aim: Evaluate the influence of natural fiber on the auxeticity of the structure
Transatlantic Partnership

FOR INDUSTRY OF THE FUTURE

Arts :
et Métiers

Hossein RAMEZANI DANA

Development of cellular materials via bimaterial additive manufacturing, CFM, 2017



4-H. Ramezani Dana ﬁ ‘ Texas A&M Engineering
Analysis of the mechanical behavior of 3D Printed structures 5 Experiment Station

Purposes: - Realisation of the Functionally Graded metallic Materials (SLM)
- Establish a relationship between the mechanical properties and the microstructures

Energy density change Microstructure change Mechanical property change
(Laser speed) (grain size) (elasticity, deformability)

1

The work in progress :

Energy density increase => hardness increase

- Additive Manufacturing of
' B 57 1/mm3 Metallic part via FDM technique
v 8 LS: 700 mm/s - (Printing - Debinding - Sintering)
b b D: 180 J/mm3 . e s s e i
F LS: 222 mm/s - c Green :
130 J/mm3 "R : I
ED:80.’/mm3 W e —!——-———1
. LS: 500 mm/s : Ch A A AA bt AT
i ' ED: 57 )/mm3 Say b v SN %' 5 b b R 1
in B <. 700 /s —— Building direction : intered 1
ection 1 at I 1
FGM pecimen showing the A graph of each indentation and its e mm e e e = = = = =
different energy level respective hardness for the FGM Metallic part printed at the green and sintered state

AM2 sample, using a color-coded scale \ ArtS :
et Métiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE

As a part of Luca FREITAS internship (TAMU student ) Hossein RAMEZANI DANA



5- B. Tai« Additive and Subtractive Processes» 1?% ‘ eyt U

Research Focus: Machining processes (metals, composites, ceramics)

Strengths: Process characterization (custom-design, high-speed imaging, force sensing,
vibration, temperature, etc.), and numerical modeling (thermo-mechanical FEA, meshfree SPH,

CFD)
Feature projects:

Drilling with through-tool Fracture-accelerated rock Precision machining of AM
oil mist (NSF) drilling (DOE) metals (DOE)

Rotary rock cutting

Outlet Inlet

\ Arts :
et Métiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE



5- B. Tai« Additive and Subtractive Processes»

ﬁ ‘ Texas A&M Engineering
5 Experiment Station

Research Focus: 3D printing processes (thermoplastics, polymer composites, photopolymers)
Strengths: Process development (machine design, fabrication, or integration), in-situ and post

process characterization

Featured projects:

Hybrid manufacturing of polymer  Vat photopolymerization with soft
composites materials (XYZ Printing)

High Precision Servo-Controlled [

Interlayer strengthening
mechanism

ns-pulse generator

Plasma
discharger

\ Arts :
et Métiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE



6- A. KTARI

« Digital twins for smart low-pressure casting process »

ﬁ ‘ Texas A&M Engineering
5 Experiment Station

Research project - LPC process

Mold )/ Mold
cavity ' N parts
Gate —3 f N >\ N\ J
NGz t AN
Gas W B Z Ll
. | — A YV ¢
lnput [/ / 4 ? / —-——/-'-7;1 /
é 7 Z
e e 7
Rising tube — 7 7
% \é 7 Z
% 7 .
7 7
Liquid metal /7/ / /

Crucible

mp Gas is used to pressurize an enclosure furnace
mp The melt is forced to rise through the rising tube towards the mold

>
B 2 E How to Integrate new technologies to bridge the gap between

physical and digital domains in LPC processes ?

Industry 4.0

Transatlantic Partnership

Low=-Pressure Casting Process

& Itis possible to maintain the velocity of the
melt bellow the critical value (V < 0.5 m/s)

LPC parts (typical defects)

Filling defects

Solidification Defects

Oxide inclusions, bubbles, bifilms...

Local section change
Solidification shrinkage
Viiquid metal > Veritical (zones of last solidification)

(Oscillation phenomena) .’

Shrinkage porosity

Z> Optimize the input pressure ramp sequence

P Packing pressure

. Over-pressure
Entirely filled mold }-------=---—-___
Mold filling

Pressure
Tube/Mold interface |--------

release

time

FOR INDUSTRY OF THE FUTURE

\ Arts :
et Métiers
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6- A. KTARI Texas A&M Engineering
« Digital twins for smart low-pressure casting process » Experiment Station

Research project - current work and future direction (2021 -2024)

Build a digital twin for smart filling of 3D printed sand mold in LPC process

Skrinkage
Time to orosit
Velocity (m/s) solidification (s) P Y
. . . . 0.500 m 2
d High fidelity FE computations of LPC process B oo 08
0.367 402
i ) . 0333 679.9
=) Make accurate predictions (V, T, shrinkage,...) 939 5435
835 /f =
. . ; 375.4
=) Generate data for machine learning 0.8 !
0034 e . . -
0.000 768 Simulation  Prediction

Filling stage

 Integration of smart contactless sensors (Printed 3D sand molds)

MEMS
accelerometers,
etc.

=) On-line monitoring of the process parameters (V,T, P, ...)
=) Select the appropriate sensors (Extreme operating conditions! )

Dialog IoT Sensor
 Integration of a machine learning models

=) ML based digital twin for online monitoring, inspection and adjustment

) of the process parameters \ Arts
A et Métiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE




7- M. Kuttolamadom « AM of Pharmaceutical Printlets iijﬁ ‘ Texas A&M Engineering

Experiment Station

SLS OF PHARMACEUTICAL PRINTLET FORMULATIONS

 To investigate SLS of tailored pediatric
dosages without drug degradation

 Liquid-phase sintering; Balancing structural

integrity vs. degradation vs. performance

o
&

DED OF PERSONALIZED PRINTLETS

40% CBZ Dissolution Rate

« Developing a prototype DED system for
tailored multi-drug/dose manufacture

« Supplementary heating vs. single-step

» Order & grade compositions, rates, etc.

« Process mechanics, monitoring & control
-

FUNNEL

Transatlantic Partnership

\ Arts :
et Métiers

FOR INDUSTRY OF THE FUTURE




7- M. Kuttolamadom « Other Research Thrusts » 1?% ‘ Texas A&M Engineering

Experiment Station

» Additive Manufacturing
PBF/DED of metallic alloys & ceramics/oxides
SLS/DED/SLA/FDM of pharmaceuticals & dental implants
Bioinspired functionally-graded material systems
» Surface Modification & Tribology
Laser surface texturing
Laser-based surface coating/alloying
* Machining (metallic alloys, rock-bit tribosystems)
* Engineering Education
Arts

2
A [ Theme: Processing-Structure-Property-Performance interplays } \ et Métiers

Transatlantic Partnership
FFFFFFFFFFFFFFFFFFFFFF




8- F. Chegdani « Machining of biocomposites under ‘ Texas A&M Engineering

extreme conditions » Experiment Station

Traditional machining Mechanical polishing Cryogenic machining Laser machining

. T Y - - 5
B ::'_::«:.;,:“ O0C ) s
Ca L y o0
RS L Wy
, 5 . RO LTS : .

Ca a0 = o
- OM

N X

:j::Bioc”':o\m“pdsite

Effect of hygrothermal Effect of lubrication Development of cryogenic Optimization of the laser
conditioning on the conditions on surface finish nitrogen jet as sustainable cutting process to avoid
cutting behavior of and damages of machining process for thermal degradation of

biocomposites biocomposites biocomposites biocomposites

A VI \ Qtrf\jlétiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE




8- F. Chegdani « Machining of biocomposites under

Texas A&M Engineering

extreme conditions » Experiment Station

5 1.6 1:F 18 19

2

2:

1 22
Accelerometer-1
04 T T
02
0
-0.2
-0.4 .
15 16 17 18 19 2 2.1 22
Accelerometer-2
04 T T L
02
0
02 ! 3
-04 L n L L L
145 16 17 1.8 19 2 241 2R
Time (seconds)
Tool approach Cutting

u - 2 Acoustic Emission analysis

Machining
analysis of
biocomposites

Finite Element analysis

\ Arts
o Topographic analysis et Métiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE



Synergetic Research Initiation Workshop 1?% ‘ g%aesrifni'\rftlfsrgipoenering

Research activities Arts et Metiers — TEES - 90’
1- M. Chao “Powder-bed additive manufacturing”

2- R. Knoblauch “Smart machining and sensors”
3- D. Sagapuram “Machining and deformation processing of metals”
4- H. Ramezani Dana “Analysis of the mechanical behavior of 3D Printed structures ”
5- B. Tai “Additive and subtractive processes”
6- A. Ktari “Digital twins for smart low-pressure casting process”
7- M. Kuttolamadom “AM of Pharmaceutical Printlets
8- F. Chegdani “Machining of biocomposites under extreme conditions”
5’ Break
9- Q. Wang “Sustainable Manufacturing of Polymer Composites”
10- C. Eksin “Network science and distributed optimization”
11- M. Elhadrouz “Digital Twins For Additive Manufacturing”
12- S.J. Wolff “In situ monitoring of metal additive manufacturing”
13- S. Jegou “Thermochemical surface treatments and gradient properties”
14- C. Lee “Precision metrology”
15- R. Kubler “Mechanical behavior and gradient properties” -
A 2 16- J.P. Goulmy “Development of DIC for the understanding of mechanisms at different scales” Arts echn
17- J. Wilkerson “Processing - microstructure - ballistic performance relationships” ‘ et Métiers

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE




9- Q. Wang «Sustainable Manufacturing of Polymer Compositeﬁ ‘ Eigaesrif‘ngéwtirgagg‘oene””g

[
() L Coz
. ) o ® Storage &
r ' | . g ________
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8.

DOC
\

OO0

D
OO
00

Polymer

OO0
e

AKX

Adsorption Bead e e
— R}

Wastewater Clean Water Y

A . \ Qtr}slétiers
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Texas A&M Engineering

9- Q. Wang «Sustainable Manufacturing of Polymer Compositesﬁjﬁ ‘ Experiment Station

Limiting Oxygen Inde)]']

l‘
4.4

e

Flame Retardant Plastics Manufacturing

«—Specimen

Surface Extrusion Characterization Fire i S
Treatment Compounding SEM/XRD/XPS/TGA Testing Mixture of

gas (N»/0,)
Cone Calorimeter

1 g g Gas Phase
:3‘ - @ | - | I'vlt“c .
Ko *
UL-94 ) '
Layered Silicate Polymer Char Layer Heat l
= O { "I“I!“ Molten Polymer
{ ) Phase
Nanoparticle LDPE, HDPE =S Underlving Poly
Nanotubes PP, PC ‘;\ \‘ R e
2D Materials PET, PBT Laser Induced Fluorescenc'e\
« Graphene ABS, ASA, PS
* Mxene PA 6, PA 66
« ZIP PC/ABS

| = Arts
Wang Research Lab @ Texas A&M Chemical Engineering; Contact: QWANG@tamu.edu et M étiers
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10 - C. Eksin « Network science and distributed 1?% ‘ Texas A&M Engineering

optimization» Experiment Station

Autonomous teams pidemics
|
Distributed algorithms Operator (Supply) Individual behavior
el
f B 7 Tomrn
T~
/ EDDD[ ": - [G) L
e [ F f ' \ 02 SLI L S o
o — " b4 Time (Hours) @ \ '-f,i‘ ,
Firefly ™~ e
v A
Environment Consumer (Demand) Disease dynamics
(consensus, shape formation) (unknown, incentives) (co-evolution)
Vision: Plan, learn and Vision: Digital, active consumers, Vision: Standardized accurate
Coordinﬁe in novel environments flexible, scalable, and secure forecasts and v&l ﬁa_ljc%ies
et Métiers
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10 - C. Eksin « Network science and distributed 1?? ‘ Texas A&M Engineering

optimization» Experiment Station

Autonomous teams

pidemics

Distributeialgorithms Operator (Supply) Individual behavior
.,G::}/-"’uf'_" o
',} : L II 7;\4’“@ \/7); Oug‘\@
: o » F @ Za[] NP ) weess WUROEAN 5 I
RO T ﬂ o 9 ﬂ%w UM L CQRY.©:
“* Team objective: Form agrid shath . _L;L,(,,-‘g'iaft’fh i a /
Environment Consumer (Demand) Disease dynamics
(consensus, shape formation) (unknown, incentives) (co-evolution)
Vision: Plan, learn and Vision: Digital, active consumers, Vision: Standardized accurate
Coordinﬁe in novel environments flexible, scalable, and secure forecasts and v&l ﬁa_ljc%ies
et Métiers
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10 - C. Eksin « Network science and distributed 1?? ‘ Texas A&M Engineering

optimization» Experiment Station

Autonomous teams

pidemics

Distributed algorithms Operator (Supply) Individual behavior
v 500000 7. %
AT e GEEORER S '
{ \}\‘; DR mTimem(Hou?s) reees °
2020-'07-01 5;1(;10-01 2021-'01-01
7 A =]
Environment Consumer (Demand) Disease dynamics
(consensus, shape formation) (unknown, incentives) (co-evolution)
Vision: Plan, learn and Vision: Digital, active consumers, Vision: Standardized accurate
Coordinﬁe in novel environments flexible, scalable, and secure forecasts and qw&l ﬁg‘ljc%ies
et Métiers
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11-M. EL HADROUZ « Digital Twins For Additive Manufacturing » 1?% ‘ Texas A&M Engineering

Experiment Station

(J Education

- Phd in Mechanics of Materials

- Master of Research in Mechanics, Materials,
Structures and Manufacturing Processes

- MSc in Mathematical Sciences "

- MSc in Mechanical Engineering !

- BSc in Physics and Chemistry l
LiaMPAu °

_iRENAV
IRENAV

“-SUR-SAONE -

d Current Position

- Associate Professor (Campus of Chalons en i
Champagne)

- Teaching : Mechanics, Mechanical Design, CAD,
Finite element method

- Research : Advanced Numerical Simulation Methods
for Digital Twin for Additive Manufacturing

A . \ Qtrf\jlétiers

Transatlantic Partnership
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Texas A&M Engineering

11-M. EL HADROUZ « Digital Twins For Additive Manufacturing »1?% ‘ T

(1 Research Project
Industrial project (ENSAM Chélons-en-Champagne: Learning Factory): High pressure die casting (1300T)

Additive Manufacturing + conformal cooling . .
— High wear resistance

High hardness at high temperature

High toughness

Simulation of Laser heating
(Thermal field)

Powder Bed Fusion Manufacturing S TR 7 T 7
A : Grai H Nth '“ d solidificati \ AI"tS
rain growtn and soliairication Z4s
Transatlantic Partnership CeIIUIar AUtomaton et Metlers

FOR INDUSTRY OF THE FUTURE

Process optimization




12- S. Wolff« In situ monitoring of metal additive 1?}? ‘ Texas A&M Engineering

manufacturing » Experiment Station

Custom operando directed energy deposition

system at synchrotron for in situ high-speed ()88 X-ray images show
X-ray imaging at up to 1 MHz ¢ Pores /" porosity formation,
o i e ‘;gal'ggr B melting, and
. «— parcle 88 Solidification
Powder Argon 3 ¢ ) -
Chamber i Powder flow feeder > a2 - . ..
r | 1 — lﬂrcontroller Keﬁ\) — b
— - “\.Melt track
| l,, ¢/ | boundary
e Powderparticles Laser scanning 200 pm t0+1 800 IJS
X-ray bea flow into nozzle gsceip

Rotary stage

b)
Inside the Chamber

Laser beam—

Meltpool
boundary -

S Powder flow

Alv

Transatlantic Par
FOR INDUSTRY OF THE rui1UKE




12- S. Wolff« In situ monitoring of metal additive 1?}? ‘ Texas A&M Engineering

Experiment Station

manufacturing »

Synchronized X-ray imaging

Observations of dissimilar material printing: with infrared thermal imaging
Flowability, miscibility, melting, and solidification Radiance Temp (°C)
o, s oo |
. | Pe » - Laser (@) 1288
‘ . : #® beam 1400
< 1200
Q. /' ‘N e 1000
Nb trajectory '(° 800

~

e

Melt pooI/ )
boundary

A . \ Qtrf\ilétiers
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13- S. Jégou « Thermochemical surface treatmenﬁ}ﬁ ‘ Texas A&M Engineering

Experiment Station

and gradient properties»

. Associate Professor since 2011

. . Crack Fissure
. Material Science i A
. . 33CrMoV12-9 steel-made gear
. Surface Engineering
. Research activities:
. Relation : microstructure / properties / process
AS332 Super Pma -
. . . Airbus Helicopt
. Microstructure design of metallic alloys T
. Thermo-chemical treatments and optimisations
. Kinetics of diffusion and phase transformations Highiy grain-oriented Fe-Si
— electrical stee
. Control of microstructure during treatments and in operations =20
Q1.8 Goss texture
. Effect of initial microstructure z .l {110}<001>
. Effect of applied or induced gradients X 1]
. Ex.: driving forces due to applied/residual stress —— g2}
. Modelling of diffusion and thermodynamic calculations Electrical transformers =Y % w0 Je =
RD Angle from RD(degree) TD
<001> <111> <110>

Fe-Si electrical steel-made shee

-

. Example : Nitriding of

2 «  Bearing and Tool steels » ' Arts
A «  Electrical steels oo \ et Métiers

Transatlantic Partnership
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13- S. Jégou « Thermochemical surface

5 Texas A&M Engineering
treatments and gradient properties» Experiment Station

Transversal approach gz
PROCESS SURFACE |JER
CLEANING B B - N =00 )
MODELLING the gradients "
12 Ph.D.:
1992 — Barrallier L. f . T \ Y
1998 — Locquet J-N. S
2000 ~ Chaussumier M. o KINETICS OF DIFFUSION AND
2006 — Goret V. oaf el i
2009 - Jégou S. A C " o Thermogravimeter  Nitriding furnace PRECIPITATION
2015 - Fallot G. e pe N/C profiles
2016 — Guillot B. : \a\f Thermo-Calc " B
2017 — Weil H. T I : Software i ol
2018 — Godet F. = p ! i I [ Y, S
2022 - Germain L. R R .
2023 — Zhang Y. T A A
depth [um] depth [um]
2024 — Delarbre F. gas/solid & . . . .
Interface Phase fraction and distribution

FLimZvp  BENAULT

Jliyjjﬁ_ © AIRBUS

I

g 5 Gsarran FATIGUE

PROPERTIES Rotative Bending test
———— )

NN = e——
Bodycote 33CrMoV12-9 ASAXS
NAYAL MECHANICAL o ’

p— PROPERTIES 0

o s ™)

"l" W(ﬁﬂ VVVVVVVVVV LOCAL MECHANICAL PROPERTIES Residual stresses 25} : == : ;
) 0,33 0,79 3,65 13,77
rrlg & EBSD-SEM BSE-SEM - Instrumented DIC (XRD) atmz atmz atmz  atme
== - - - o T
thyssenkrupp i ENOR indentation g 1
A 0 200 400 600 800 ﬁ i::z i —— 25n]
depth [um] Mo [ —o s5n ]
335—1500 - —— 30h
Hardness RIS 40'0[ ]so‘u 500
\§ L J




14- ChaBum Lee « Precision Metrology »T?Jﬁ ‘

= Positioning/Posture control

B A V4
>

Reflector

= Signal processin
LEDPCB @D g P g
strip

RGBLED ;

;¥ Mechatronics | » Electric circuit design

\ <« Diffracted

Field
IR o-ccor piane

:\-\/\/‘\‘T Intensity

Interference
Fringe
.

< >

Measurement arm
>

g@ Scan
iy

Thinfilm = Wafer inspection * Machine dynamics

Defects |
are .
Wafer

- &

_ Profile

* Photomask inspection = Solid mechanics

emiconductor

= Optic surface inspection * Finite element analysis

Metrology Precision

Metrology

= R2R pattern inspection * Impedance modeling

Spindle

* Dual-mode stage

= Fast tool servo

Texas A&M Engineering

Experiment Station

feedback

S5

Unit : m
5.7259€-5 Max
5.078e-5
44302¢-5
3.7823e-5
3.1345¢-5
24867¢-5
1.8388¢-5
1191e-5
5.4314e-6
-1.047e-6 Min

> ‘:"'
3
FUg

= Auxetics

= Spindle metrology = Interferometers

s

Phase (0~2m)
Shifter

RGB LED
Driver

Camera |

Light Source
(Visible or Infrared Light)

S N oy Yy

Stereoscopy
Algorithm

= Cutting force metrology Tool Sensors & = Microscopy >
= Cutting tool metrology. Metrology LRI « Fluorescence strobo-stereoscopy - /,/
= OMM surface metrology 8 = Strobo-spectroscopy Q'?{ ‘E“::ﬁw

% Camera 2
ﬁ 3D Imaging

= Cutting temperature metrology = Knife-edge interferometer
= Curved-edge interferometer

= Magneto-eddy NDT

*NDT: Non-Destructive Testing
*R2R: Roll-to-Roll

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE

Arts
et Métiers



Texas A&M Engineering

14- ChaBum Lee « Precision Metrology »1?% \ Experiment Station

Motion |, x1024 ,| Pulse || Phase (0~2m)

comeer] e e o—  (Fluorescence) Strobo-Stereoscopy and -Spectroscopy
1 o
FSpi—nCEj :i Cameral e

' [maging device
Light Source > D eihg Defects/Profiles
(Visible or Infrared Light) S
ectral responses
Measurement arm ~ Deem [/ P
| I N e Sphtters > Spectrometer l
| Algorithm Thm ﬁlm S _/ g 21\ On/Off Driver )
« Surface integrity \ =] a—
V4 y 2 » Patten recognition @ Camera 2 @ DefeCtS (i;?gﬁ \ ) 4 RCVICW Sys'[ems
:' « Surface defect: . .

x® ‘, b Dl\]/rn_:f;icse - Characterization/Identification 3D Imaging Wave plate | | RGB/IR lamp (Deep Leamlng)

Wafer Objective | || | (Broad spectrum) =
_ lens \Y/ _—
N § 021 — ew knowledge

Target o 4\ * Defect classification
(Phase-shifting) “=" + Maerial property identification

? Wafer/Thin-film @
: Broader Impacts

%+ Abnormalities: Defects/Overlay « High performance device
Spindle | ®{| * Iregular Material Properties + Improved device life cycle

* Low-cost design/manufacturing
\-ﬁiratureA/B Interpolator [~ Pulse counter [~ + Training future skilled workforce

\ Arts :
et Métiers
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15- R. Kubler « Mechanical behavior and gradient 1?}% ‘ Texas A&M Engineering

properties » Experiment Station

Research Focus :

» Material behavior of metals and ceramics

Numerical modeling of the thermomechanical behavior implemented in a FE code applied to processing
Residual stress field prediction vs experimental data

Impact analysis from the material to the structure

Applications to mechanical surface treatments: shotpeening, deep rolling, burnishing, compaction

YV V V V

processes o N 1
4000 2\ Thvg: 75%)
. . . T T \ T wvg: 75%.
Multiphased behavior law with | | 0
phase transformation 35001 Modsle anaiytique :
Austénite résiduelle (1-f) % 30001 3 1 e
s 2500 -) &
2 : P . :
s 2000f 2% - .
X 8 | %/ Compaction of Al coating
Germination de @ ‘m TSI SwA-Hos0 e Dee 00 QWEQS&JPF‘
é \\\° martensite (f,€) 1000 [
Martensite pré- 2 500 )
existante (f) - =
0 i ; i .
1 10 100 1000 Shot peening
Vitesse initiale (m/s)
>, T S0 % Y+d Y, T+dT
R
31 e .,
3 P
21 )

\ Arts :
et Métiers

Fi ., (
T 6 RO N
s @ Traction f Exp L _JELT TETTR,
g4
g « Traction f Simulation
&

2 Cisaillement f Simulation

0

0 0,05 01 0,15 02 0,25 03
Déformation équivalente

Transatlantic Partnership
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15-R. Kubler « Mechanical behavior and gradient Texas A&M Engineering

properties » & | Experiment Station

Material behavior and Multiple Impacts and Durability of mechanical fields
Single impact residual fields and fatigue

Process Parameters

= 60
L . .
£ | o Mechanical stress relaxation
= z =
< : £
xel - 20 g -
= T D
Dg— | 0 - g —200 -
0 10 20 30 40 50 60 E’
©
3 —400
@
g €9 O cycles
= 600 -4 1000 cycles
th & 50 000 cycles
- o 160 200 300 200 500
00 Depth (um)
: 400 0 Fatigue fracture surface
k - : . . . . . . . o 300 =
L a -200
4 =
T 200 ; =
100 | | S 400
< F=] qA
n OZZI e l % o] H “@ LA A A Experimental A
© 100 0 600

A Simulation I

Depth (um)

Fatigue curve

®e K
A a sSP2 : - |
= m SP1 ~eee
® e AR

[Condor Project 2014-2018] \ Hybrid model coupling FEM/AI /

Hidden layer 2 » 200 1.E+07 Fat gue
initiation

£ o} -

]

=
= o
2 ¥ HCF Fatigue
- ~ANN model ~RSM ~FL model ’ 8
& - 8 Crossland Flexion d I
Sie moae
~#—Essai CETIM
200 400 600 500
Transatlantic Partnership Depth beneath the shot-peened surface (um) Levos
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16- J.P. GOULMY « Development of DIC for the understanding of ‘ Texas A&M Engineering

mechanisms at different scales » Experiment Station

Mechanical properties
Tools

%ﬁj«»

Multi-scale approach

0.04

Objective:
. . . . DIC apply on steel
Development of experimental mechanics and test-calculation dialogue using optical camera
- DIC measurements for the understanding of mechanisms
Method:

» Development of tools to improve the quality of experiments

+  Use of different tools (Optical camera, SEM)

*  Coupling of different characterization techniques

+  Development of the test-calculation dialogue (macroscopic and polycristal
models) Compar/son between DIC and modeling. Tensile test on pure copper.

A . \ Qtrf\jlétiers
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16- J.P. GOULMY « Development of DIC for the understanding of ﬁ ‘ Texas A&M Engineering

Experiment Station

/p.
- i
7 - NE
s .
A\ W &
o

» =

'

Turbine disk

mechanisms at different scales »

Residual stress and work Decrease in fatigue

. Residual stresses ) : )
Shot peening » Work hardening » hardening relaxation during » lifetime gain .\&
in)

thermal or cyclic loading

Connecting
" Not shot peened oA Fati Jifeti rods
4 atigue liretime
o e g Strong ’
3 .E [ \
& 2 influence \
2 4
© <
o With relaxation ;o
(14 _' >
N

Without relaxation

Structural effect or ’ Explanation of the physical mechanisms involved
physical mechanism? « Couple measurements techniques (surface or volume information) at different scales
» Develop in-situ test like DIC at high temperature

* Plasticity * Develop ex-situ test
9 * Recrystallization « Use of test-calculation dialogue : development of multi-scale and multi-physic modelling

- W\ et Métiers

A

Transatlantic Partnership
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17-J. Wilkerson « Processing — Ballistic Performanceﬁjﬁ ‘

Texas A&M Engineering
Experiment Station

*  Failure often nucleated from Mn-rich particles in AZ31B.

+ These particles are preferentially aligned along the rolling direction
(RD) in rolled AZ31B.

+  We studied effect of particle orientation on ballistic performance.
Conclusions
+  The alignment of the second-phase particles affects the ballistic

performance of sphere-like projectiles, but not plate-like projectiles.
*  Projectile geometry affects stress state, which affects failure mode.

* Regardless of orientation and projectile shape, reducing Mn-rich
particles improves ductility, spall strength, & ballistic performance.

Target Plate

Problem Setup

a
- AR =2

Transatlantic Partnership
FOR INDUSTRY OF THE FUTURE

Alighment of

Rolled Axis

»"/

&
RD I
200 pm

/<0, 0 |Normal Axis

2"d Phase .
Particles /.

Critical Velocity vs.
Particle Alighment

* Forplate, AR K 1.
* Forsphere, AR = 1.

V. IS the minimum projectile velocity to
induce damage, spall, fracture, or
penetration.

v ND
A N

\‘ Arts :




17-J. Wilkerson « pstructure — Ballistic Performance ﬁ ‘

Texas A&M Engineering

Experiment Station

Modeled anomalous size effects

10

9

Spall strength, X' (GPa

10° 102 10" 10° 100 102 100 100
Grain size, dg (um)

Wilkerson & Ramesh, PRL
(2016); Mallick, Williams,
Wilkerson, JDMB (2020);
Mallick, Parker, Wilkerson,
Ramesh, JDBM (2020);
Williams, Mallick, Wilkerson,
JDBM (2020).

A 2

Transatlantic Partnership

log,o (0/vg X s)

Modeled effect of GB misorientation ‘

Modeled deleterious effect of point defects
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Zener ratio, A
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Nguyen, Luscher, Wilkerson,
JMPS (2017, 2020, 2021);
Acta Mat (2020).

VVF

\V]

R
o
1

A ¢ =10%/s (This work)
1 é~ 6x10%/s
1.2 4 @® £~ 8><104/8
senh — 9C

0z >0

Spall strength, ¥* (GPa)
>~

at. % Al in Mg

Nitol, Adibi, Barrett, & Wilkerson, MOM (2020).

cluster_size
- 2

Mg with vacancies

' | clustering time ) |
\ ] /

cluster_size
1 M 50

Final microstructure a function of
Temperature
Clustering time

Adibi & Wilkerson, EML (2021); JAP (2020).
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Synergetic Research Initiation Workshop

Discussions
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Synergetic Research Initiation Workshop

Closing and next steps

TEXAS A&M UNIVERSITY

- Engineering




Texas A&M Engineering
Experiment Station

Thank you - Merci
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