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SPE Foundation

By: Eve Vitale

The SPE Foundation Releases
2022 Impact Report

lease take a moment to review the
SPE Foundation’s 2022 Impact Re-
port. You will find details about the

PlastiVan® program, our new Girl Scout
polymer science patch, our SPE Junior Re-

Composites Connection

searcher program, SPE scholarships and
more. There’s also a timeline of the SPE
Foundation from 1996-2022. I hope you
have a reaction similar to mine.

Joy. The excitement I see on the faces of
children during a PlastiVan experience,
the gratitude of the teachers whose class-
rooms we serve, the “aha” moment of a
Girl Scout when she realizes that a science
or engineering career is a real possibility —
these things bring me great joy.

continued on page 4...
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Belief. Introducing students to positive
plastics education, awarding scholarships
to deserving students who feel the weight
of a high-price education, asking for the
necessary resources from plastics-indus-
try stakeholders to change lives — these
are the things that require my belief that
our work matters.

Gratitude. The way I feel about the men-
tors who have stepped up to guide stu-
dents in Detroit, the amazement when
our top scholar shares his award with
other first-generation college students, the
true desire of our funding partners to use
their own riches to support the hopes and
dreams of children — these are things for
which I am grateful.

When reflecting on 2022, I was heartened
by our continued and collective work as
members of SPE, supporting and caring
for our next generation of plastics and
polymer professionals.

Composites Connection

I know as you read this year’s report you
will feel these things, too. The SPE Foun-
dation’s positive plastics education sup-
ports workforce development, creates op-
portunities for children everywhere, and
addresses the challenges and the innova-
tion required to create a sustainable future
for plastics. Our partnership matters to so
many who will follow in our footsteps and
to our industry and together we're making
a difference — for children, for communi-
ties, and for our world.

For more information on how you or your
company can support the work of the SPE
Foundation or if you'd like to receive a hard
copy of the 2022 Impact Report, contact me
at foundation@4spe.org.

With gratitude,
Eve Vitale

Link to report:
https://www.4spe.org/files/foundation/
ImpactReport22.pdf
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SPE Fellow Recognition

BOD member Dr. Uday Vaidya receives
prestigious SPE Fellow Recognition

r. Uday Vaidya, one of the BOD

members at the SPE Composites

Division and also The University of
Tennessee (Knoxville) Governer’s Chair
in Advanced Composites Manufacturing
was recently awarded the prestigious Fel-
low status by the Society of Plastics En-
gineers (SPE) at the 81st Annual Techni-
cal Conference (ANTEC 2023) in Denver,
Colorado . This recognition is given to in-
dividuals who have made significant con-
tributions to the plastics and composite
materials industry and have demonstrat-
ed a high level of expertise, innovation,
leadership, and dedication in their field.

Picture on the left shows Dr. Vaidya re-
ceiving the award from Bruce Mulholland,
current President of SPE. He comments
“This awards ceremony is SPE’s version of
the Oscars, and I'mvery pleased to receive
this honor.

With over 25 years of experience in the
field of composite materials, Dr. Vaidya
has made significant contributions to re-
search, education, and industrial applica-
tions. He has also been a strong advocate
for education and outreach in the field of
composite materials. He has mentored nu-
merous students and young professionals
and has established several partnerships
with industry and government organiza-
tions to promote research and innovation
in the field of composites materials. In his

/u/I/

own words, ve been fortunate to estab-
lish four student sections of SPE, starting
with Tuskegee University, then North Da-
kota State, followed by University of Ala-
bama Birmingham, and most recently the

University of Tennessee.”

Composites Connection

Dr. Vaidya's research focuses on the devel-
opment of lightweight, high-performance
composite materials for various industries,
including automotive, aerospace, and de-
fense. He has authored numerous research
papers, book chapters, and technical re-
ports and has received numerous awards
and honors for his research contributions.

As shown in the picture above, Dr. Vaidya
was joined by his wife and sons at this spe-
cial occasion.

A long term member of the SPE commu-
nity, Dr. Vaidya mentioned that “Back in
the 1980’s you waited patiently for each
month’s magazine to arrive to learn when
ANTEC will occur, and you worked to at-
tend. That’s when I learned the real value
of networking.”
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Award Opportunities

By: Dr. Pritesh Yeole

art of the mandate of the Society

of Plastics Engineers — Composites

Division is to recognize excellence
in composite materials development and
proliferation. Several awards have been
organized for this purpose to honor and
recognize such individuals, both on aca-
demic and industrial levels. Every year
the Composites Division issues these
awards based on rigorous competitions
through the solicitation of nominees and
applicants. The awards are a) the Harold
Giles Award, b) the Jackie Rehkpof Schol-
arship, c) the Travel Award, and d) the
Educator of the Year Award. Other non-
financial awards are a) Honored Service
Member / SPE Fellow and b) Compos-
ite Division Person of the Year Award.
These two awards aim to recognize dis-
tinguished contributions from dedicated
members of society.

Harold Giles Scholarships

This award was created in honor of the
late Harold Giles who was taken from
this world too soon. Harold was among
the best Composite Division Awards
Chairs that many of us worked with dur-
ing his days at Azdel and UNC. He would
have been thrilled to know that we are
honoring his name in awarding worthy
students. This award is run through SPE
International in their Foundation Pro-
gram series. The Composites Division
will select the winners from the pool of
applicants in two categories, Graduate
and Undergraduate students. This year,
we received 34 applications (10 under-
graduates and 24 graduates). The award
is dispensed through SPE International to
the winners.

Composites Connection

The scoring criterion is based on twen-
ty points for the category of scholastic
achievements, community service, and
other honors, up to ten points based on the
strength of the recommendation letters,
ten points for previous employment his-
tory particularly if this involved composite
activity, up to five points for filling out the
application form correctly and using good
English, five points for providing their
transcript and for getting good grades, and
a final five points for the reason they ap-
plied for the scholarship.

Award Requirements:

¢ Two awards presented to one undergradu-
ate and one graduate student, who will
maintain the academic status for at least
two semesters after award announcement.

* An essay documenting experience in the
composites industry is required (courses
taken, research conducted, or jobs held)

¢ Have not received the award in previous
years.

* Winners are typically students who not
only maintained a good grade point aver-
age but also served their community, had
some experience in the composite area,
and are backed by solid reference letters
from former professors and employers

The award can be up to $3500 per student
depending on funding availability.

Key Dates:

Issue call for nominations ..... February 1st

Close call for nominations ........... April 1st
Complete award adjudication ....June 30th
Notify recipients by ........cccocceeueec. July 30th
Present awards .......ccccoceeveniins SPE ACCE

continued on page 9...
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Connection

Dr. Jackie Rehkopf Memorial Scholarships

This award is in honor of the late Jackie Rehkopf, a rec-
ognized engineer who published books and was actively
involved in the composites industry. The Automotive and
Composites Divisions co-sponsor these awards and there-
fore co-coordinate. This award is presented annually at the
SPE ACCE conference each fall and is a premiere award for
exemplary performance. This year, we received 6 graduate
student applications.

Award Requirements

¢ A single full-time grad student or two undergrad stu-
dents if no grad students qualify

e Preference will be given to female students, but the best
candidates will be selected

e Focus should be on research activities targeted to ground
transportation composite technology

¢ Students must be in good academic standing and pursu-
ing a degree in Polymer Science, Composites, Plastics, or
a related Engineering discipline

* A 2-page essay is required showing planned work and
how it will benefit composites in an automotive or other
ground transportation application

e A letter of recommendation from the student’s advisor or
mentor is also required

e Scholarship recipients are required to present work at an
SPE technical conference and/or have it published in an
SPE technical journal

The award can be up to $5000 if one student is selected or
up to $2500 per student if two are selected, depending on

funding availability.

Key Dates

Issue call for nominations ..........ccccccceeucucvcuccnennnes January 1st
Close call for nominations .........cccccccceeueveuererereuennes April 1st
Complete award adjudication ............cccceveerunnnnne. June 30th
Notify recipients DY .......cccocevieunicinicrniernecneeennne July 30th
Present awards ..., SPE ACCE

continued on page 10...
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Award Opportunities continued...

Travel Award:

This is a two-year award where the appli-
cant fills out an abstract form the first year
and returns the second year to present a
paper/poster to discuss how the topic has
progressed. This reward is presented at
ANTEC during the business meeting. Typ-
ically, scoring has been based on English,
the concept’s novelty, and the research
plan’s strength. This is a $2000 award, dis-
pensed in two installment payments over
2 years. This award is sponsored by indus-
try partners every year. If any company
like to sponsor this award, please reach
out to the Awards Chair Dr. Pritesh Yeole
(priteshyeole. mse@gmail.com).

Award Requirements

® A two-part award presented annually to
an undergraduate or graduate student.

e At the time of application, master’s stu-
dents must be in the first year of their
program and doctoral students must be
in the first two years of their program

Composites Connection

e The winner is selected based on a 250-
word abstract describing their compos-
ites research

e In the first year, the recipient receives
a $1000 (USD) scholarship award and a
plaque, presented at ANTEC

¢ To be eligible for the second $1000 in-
stallment, the research described in the
winning abstract must be presented in a
paper at ANTEC the following year

Educator of the Year Award:

The Educator of the Year Award is an indus-
try-sponsored award. A certificate/plaque
combination will be presented at ANTEC
during the business meeting. The present
score sheet provides scoring of up to ten
points for English at 1X, ten points for rec-
ommendation letters at 2X strength, and
student support examples at 3X strength.
This prestigious recognition is aimed to
honor an Educator who has influenced his
students to excel in the composite field and
grow their composites careers.

Award Requirements

* Someone in the educational field (high
school, university, or college level)

* Has made a significant contribution to
the training of students in the compos-
ites area. E.G.:

o the creation of new educational
programs

o the development of new pedagogical
tools

o motivating students to enter the
composites sector

* Selection will be based on contributions
made during the previous year.

® Must submit a nomination form and two
letters of support

The award is $2500, covered by an indus-
try sponsor. If any company like to spon-
sor this award, please reach out to the
Awards Chair Dr. Pritesh Yeole (priteshy-

eole.mse@gmail.com).
10
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ACGCE Keynote Speakers Announced

First Keynote Announced For SPE® ACCE 2023 Event
What Does Disruptive Electrification of Transport
Mean for Industrialization of Composites?

Joe Summers,

Commercial Director Airborne and Managing Director Airborne UK

TROY (DETROIT), MICH.
he executive planning committee
Tfor the SPE® Automotive Compos-
ites Conference & Expo (ACCE) is
announcing the first keynote speaker for
their ACCE 2023 event September 6 — 8,

2023 at the Suburban Collection Show-
place in Novi, Michigan (Detroit suburb).

Joe Summers, Commercial Director Air-
borne and Managing Director Airborne
UK, will present “What Does Disruptive
Electrification of Transport Mean for In-
dustrialization of Composites?” The pre-
sentation will show how electrification is
disrupting most transport segments and
creating new ones. In all cases, the ad-
ditional mass of batteries creates a need
for some degree of weight-offsetting and
composites are the obvious solution.
However, the very specific demands of
carrying batteries are a challenge for com-
posites to meet.

Composites Connection

Many issues are typical to any new applica-
tion for composites, trying to balance fixed
vs recurring costs, functional performance,
sustainability, qualification and repeatabil-
ity, but scalability is bringing another di-
mension of challenge. This keynote will
summarize the key functional challenges
for composites in a variety of new and
emerging segments and focus on how EV-
TOL brings functional challenges of aero-
space, with production volumes more akin
to automotive, and how technology devel-
opments are trying to solve them.

“I think the conference subject is a perfect
description actually - ‘Composites the Key
to EV” encapsulates our thinking too and
the approach of Airborne,” said Summers.
“Everyone recognizes that design-for-X is
vital but more than ever, with the need for
composites, and the drive to achieve rapid

continued on page 13...
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Speakers Announced continued...

quirements. ASCEND is helping to devel-

scaling of rate manufacture, design-for-
automation is critical,” continued Sum-
mers. “We support that through “Indus-
trialization Partnership” which are all the
steps before readiness for automation,”
added Summers.

The keynote will include how UAM/EV-
TOL (Urban Air Mobility/Electric Verti-
cal Take Off and Landing) combines the
challenges of aerospace and automotive,
how the demands of both sectors magnify
the challenges to the composites industry,
and how we might collectively rise to that
challenge with solutions.

The keynote will refer to a specific ex-
ample of the crossover between Automo-
tive and Aerospace approaches. Airborne
is working within the ASCEND consor-
tium (Aerospace and Automotive Supply
Chain Enabled Development) to acceler-
ate the development of composite mate-
rial and process technologies for the next
generation of energy efficient aircraft and
future mobility. Other industry partners
include Assyst Bullmer, Cobham Mission
Systems Wimborne, Cygnet Texkimp, Des
Composites, Far-UK Ltd, GKN Aerospace,
Hexcel Composites, Hive Composites,
LMAT, Loop Technology, McLaren Au-
tomotive, the National Composites Cen-
tre, Rafinex, Sigmatex (UK) and Solvay
Composite Materials with collaboration
and investment support from Axillium
Research. Through a 3-year commitment
established in March 2021, the £40 mil-
lion consortium, funded by a £20 million
commitment from industry and a £19.6
million commitment from the UK gov-
ernment via ATI, is focusing on greater
adoption of composite technologies today,
the industrialization of new technologies,
as well as accelerating aerospace produc-
tion rates to meet future high-volume re-

Composites Connection

op technologies from across the UK supply
chain to develop the advanced materials
and automation equipment required to
manufacture lightweight structures for the
sustainable air mobility, aerospace and au-
tomotive industry.

About the SPE ACCE

Held annually in suburban Detroit, the
ACCE draws over 800 speakers, exhibi-
tors, sponsors and attendees and provides
an environment dedicated solely to dis-
cussion, education and networking about
advances in transportation composites.
Its global appeal is evident in the diver-
sity of exhibitors, speakers, and attendees
who come to the conference from Europe,
the Middle East, Africa, Asia/Pacific and
South America as well as North America.
About 20% of attendees work for automo-
tive and light truck, agriculture, truck &
bus or aviation OEMs and another 25%
represent tier suppliers. Attendees also
work for composite materials processing
equipment, additives, or reinforcement
suppliers; trade associations, consultan-
cies, university and government labs; me-
dia; and investment banks. ACCE has been
jointly produced by the SPE Automotive
and Composites Divisions since 2001. For
more info go to: https://speautomotive.
com/acce-conference/.

The mission of SPE is to promote scientific
and engineering knowledge relating to
plastics worldwide and to educate indus-
try, academia, and the public about these
advances. SPE’s Automotive Division is
active in educating, promoting, recogniz-
ing, and communicating technical accom-
plishments in all phases of plastics and
plastic-based composite developments in

continued on page 14...
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Speakers Announced continued...

the global transportation industry. SPE’s
Composites Division does the same with a
focus on plastic-based composites in mul-
tiple industries. Topic areas include ap-
plications, materials, processing, equip-
ment, tooling, design, and development.
For more info go to: https://speautomo-
tive.com/ and https://composites.4spe.
org/. For more information on the Society
of Plastics Engineers, see www.4spe.org.

SPE® is a registered trademark of the
Society of Plastics Engineers. All other
trademarks are the property of their re-
spective owners.

Composites Connection

A

Joe Summers, Commercial
Director Airborne and Managing
Director Airborne UK will present
“What Does Disruptive Electrification of
Transport Mean for Industrialization of
Composites” at the SPE ACCE 2023 Event,
September 6 — 8, 2023

Bio: Joe Summers has been in the compos-
ites industry for nearly 25 years, starting
his career at Gurit where he held various
roles including Head of Engineering and
Program Management, and Director of
Business Development. He joined Air-
borne in 2017 and is Commercial Director
for the automation business, along with
being Managing Director of the UK sub-
sidiary. Joe is also a director of Composites
UK, the UK composites trade association.

For more information and the SPE ACCE
see https://speautomotive.com/acce-con-

ference/ .

For more information on the Society of
Plastics Engineers, see https://4spe.org/

14
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Sponsor the Newsletter

Quarter page ad or logo ad:

3.75”" x5” $500
Half page ad:
757 x5.5”,5” X7.5”,4” X 8.5”.ccccerrrrernens $750
Full page ad:
77 X107, 8.5” X 117 ..oreerrerresressessessens $1,250

Contact: Teri Chouinard CBC, APR
SPE Composites Division
Sponsorship Chair
C/O Intuit Group, Inc.
phone 248.701.8003
Teri@IntuitGroup.com

Please provide Logos as JPG and EPS files (send both if pos-
sible)

Please provide Ads as High Resolution PDF files
Advertising with the SPE Composites Division is inex-
pensive and easy. Please help us to promote the benefits
of Composites in Industry.

Sponsoring the Newsletter enables the SPE to commu-
nicate the benefits of the composites in many industries,
which fortifies your marketing efforts. .
Composites Connection

e Support your SPE Composites Division

¢ Reach 1,000 Composites Professionals
3 Times a year via the E-Newsletter

¢ Also reach 1,070 SPE Composites Division Linked In
Members 3 times a year and an additional 11,492
COMPOSITES Linked In Members Secondary group
where the link to the newsletter is posted year-round

* Reach many more as a sponsorship also includes
your logo on our website, www.composites.4speorg
with a link to your company

¢ Maximize your exposure to the customers & the trade
« Stay informed on the latest composites activity

Increase your presence on the web leading to more
sales by sponsoring our Electronic Newsletter
which is published on the SPE Composites Divi-
sion Website and emailed to all Division Members
(1,000 approx.) 3 times annually. Rates include 3
issues (not on calendar basis - published approx.
Nov/Dec, Mar/April, July/August). All ads include
a link to your website increasing your exposure on
the worldwide web exponentially. Sponsorship
also includes your logo ad with a link to your web-
site on www.composites.4speorg further increasing
your presence on the Web as a Leader in Compos-
ites Technology. 16
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ACCE Best Paper Finalists

Reconstruction of Full Fiber Orientation
Distribution in Molded Composites

Using Deep Learning

Mohammad Nazmus Saquib!, Siavash Sattar!, Richard Larson!, Jiang Li,

Sergii G. Kravchenko? Oleksandr G. Kravchenko!

10ld Dominion University, Department of Mechanical Aerospace Engineering, Norfolk, Virginia

’Department of Materials Engineering, University of British Columbia, Vancouver, BC, Canada

Abstract
olded composite materials are key
Mto the functionality, mobility, and
sustainability of electric vehicles
(EVs), on-demand air mobility, and aero-
space structures. Fiber orientation distribu-
tion (FOD) characterization of composite

materials is necessary to understand the
mechanical variability in prepreg platelet

Composites Connection

molded compounds (PPMC). A novel U-Net
deep learning model was developed to pre-
dict the local through-thickness fiber orien-
tation (FOD) field in PPMC composites using
the thermal strain field as an input. The deep
learning model was trained with synthetical-
ly generated PPMC morphologies and tested
on a molded plaque. Thousands of virtual
PPMC plates were subjected to uniform tem-
perature change and used to collect the ther-
mal strain components on
the surface of PPMC plates. The strain com-
ponents were used to train the U-Net model
to predict average through-thickness FOD in
the entirety of the molded plate. A heating
stage with a digital image correlation (DIC)
setup was developed to analyze the thermal
expansion behavior of PPMC samples. The
trained deep learning U-Net model was used
to predict FOD in a physical part by provid-
ing surface strain fields collected through
thermal DIC. The obtained U-Net model
prediction of FOD was compared to FOD ob-
tained through microscopy and image anal-
ysis. The predicted non-uniform behavior of
FOD was compared with the experimentally
measured FOD along several polished cross-
sections and revealed close agreement. The
present results indicate the opportunity for
rapid inspection to detect manufacturing-in-
duced FOD in molded composites using the
proposed deep learning model.

continued on page 18...
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ACCE Best Paper Finalists continued...

Introduction

Prepreg-Platelet Molded  Composites
(PPMC) are an important section of the
molded composites, as it has better pro-
cessability into complex geometric shapes
to be used in the automotive and aerospace
industry [1], [2]. PPMCs are discontinuous
fiber reinforced polymer composites made
from slitting prepreg tapes heat pressed
within a mold to give desired form [3].
PPMCs offer high structural grade prop-
erties although made with discontinuous
fibers [4]-[10]. FOD in a PPMC depends
on several factors including material de-
position, compaction, flow direction, heat
supplied, pressure applied, etc. [11]. Due
to high material anisotropy, PPMC ex-
hibits complex mechanical behaviors as
platelets during production could not be
deposited in a controlled way [12]. Hence,
PPMC’s FOD is locally varying from pro-

Composites Connection

duction due to stochastic deposition during
manufacturing. Variations of FODs locally
in PPMC morphology are known as man-
ufacturing-induced signatures. Spatial vari-
ability of FOD leads to the local variation of
thermo-mechanical properties of the PPMC
throughout the plate. Although many in-
dustrial-scale productions have the same
global orientation, variations of FOD locally
make each part unique [8]. After the appli-
cation of uniform temperature differential,
varying deformation configuration on the
surface of the PPMC was found due to local
FOD variation on the PPMC plaque [13].

To know the physical-mechanical proper-
ties of composite material, it is important to
find its fiber orientation [14]. Conventional
Non-destructive evaluation (NDE) methods
like flashtomography and pulse echo C-scan
ultrasound can detect voids, and defects but
these are currently unable to analyze local
FOD in PPMC [15]. Some traditional FOD
inspection methods like optical microscopy
and micro-computed tomography (uCT) are
proven to deliver accurate analysis, but they
are time-consuming [16], [17]. Some other
limitations include the destructive nature
of the optical microscopy process and uCT
having a restriction on analyzing larger
specimens [18]. A reliable rapid inspection
method for characterizing the FOD of PPMC
mesostructures is a necessity for predicting
structural mechanical properties to ensure
composite reliability.

Data-driven modeling is becoming popu-
lar day by day. The application of Artificial
Intelligence (AI) and Machine Learning
(ML) was found useful to solve many com-
posite manufacturing and performance-
related problems [19]. Application of deep
learning extracts and analyses informa-
tion from images using machine learning
techniques [18]. Image classification and

continued on page 19...
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ACCE Best Paper Finalists continued...

input resolution (strain fields). Specifically,

semantic segmentation in deep learning
enable to store fine detailed information
about an object. For quality inspection
at different stages of manufacturing and
to predict FOD within, computer vision
should be considered [21], [22]. In this
study, a new method was proposed to
combine thermal DIC response and arti-
ficial neural network rapid FOD analysis.

A fully convolutional network (FCN) U-
Net, which is a pixel-based image segmen-
tation model, was used throughout our
work to predict the manufacturing-induced
FOD in PPMC plates. Fiber orientations on
the PPMC averaged through the thickness
were predicted based on the images of the
full field strain distribution on the PPMC
plates. Experimental images of strain distri-
butions were captured via the thermal DIC
technique on the top and bottom surface of
the PPMC plate and applied to the trained
U-Net model to predict FOD. This paper de-
scribes the proposed method, accuracy, and
validity of the developed U-Net model for
predicting local FOD. Thermal DIC strain
data was used to provide the input of the
algorithm to predict FODs in a PPMC plate,
whereas optical microscopy image analy-
sis was used to measure and validate the
predicted FOD on the surface of the PPMC
plates [17], [23], [24].

Method

The proposed framework uses virtual
PPMC morphology for extracting the cal-
culated data obtained via linear finite ele-
ment analysis. Next, U-Net model training
is conducted along with model perfor-
mance evaluation using experimental
validation. U-Net is a type of FCN, which
is different from the regular contracting
convolutional neural network (CNN). U-
Net allows for up-sampling expansion
that provides the same resolution of the
predicted output data (FOD field), as the
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average through-thickness FOD was pre-
dicted by U-Net from a given strain field. U-
Net was also used because it can work with
fewer training images to provide better seg-
mentation in a comparatively lesser amount
of time [25].

The structure of the reconstruction of FOD
and its prediction in PPMC plate is shown
in Figure 1. A finite element model was de-
veloped to simulate PPMC response under
uniform thermal loading. Ten thousand of
virtual morphologies and corresponding
strain data were used to train the U-Net
model. The advantage of using the high-
fidelity synthetic morphology is apparent
when considering the amount of time that
would be required to generate the equiva-
lent number of experimentally molded sam-
ples, followed by the FOD evaluation for ML

Figure 1: Framework of FOD

reconstruction in PPMC using U-Net.

continued on page 20...

19



ACCE Best Paper continued..

training and thermal expansion experiments. The use of the

synthetic data is also free from the associated experimental
errors during all of the specified steps. Upon completion of
training, U-Net can rapidly predict local through-thickness
FOD in PPMC. To experimentally validate U-Net perfor-
mance, experimental strain data obtained from thermal DIC
was used as input for the trained U-Net model to predict the
through-thickness FOD of the respective sample. The FOD
prediction was compared with the measurement of FOD via
microscopic analysis using image segmentation.

The reconstruction of the FOD study is mainly comprised of
two parts: a) A forward linear finite element model to extract
strain data on the part surface due to the uniform temperature
change of PPMC plates, b)To solve the inverse problem utiliz-
ing strain data from finite element analysis output to predict
FOD in a PPMC plate. The second part is solved using FCN.
The FCN was trained to form a relation between strain fields
and FOD identifying parameters.

Generation of synthetic datasets

Virtual PPMC morphologies were modeled in Digimat FE e-
Xtream Engineering defining specimen dimensions, platelet
dimensions, and global fiber orientations as input. A repre-
sentation of virtual PPMC morphology produced by Digi-
mat is shown in Figure 2. The morphologies were then im-
ported into ABAQUS/Standard to perform FE analysis. The
platelet dimensions for PPMC were set as 6.35 x 12.7 x 0.13
mm and the PPMC plate dimensions as 126.4 x 126.4 x 1.95
mm. The prepreg tapes used for the analysis are IM7/8552.
A Uniform temperature difference was applied to the PPMC
plate to perform the thermo-elastic analysis. The full PPMC
plate was then meshed into 160 x 160 x 15 eight brick node
C3D8 finite element voxels, each having dimensions 0.79 x
0.79 x 0.13 mm for performing the FE analysis.

PPMC structures with the same global FOD typically had
different locally variable FOD due to the Monte Carlo meth-
od of generating the synthetic PPMC morphologies. Ap-
plication of uniform thermal load on PPMC plates results
in non-uniform strain responses throughout the surface.
These strain fields were provided as in-
put to U-Net later to predict locally varying FOD in PPMC
morphologies.

continued on page 21...
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A python script was generated to pro-
duce multiple PPMC morphologies with
different global orientations (A = 0.,
0.3, 0.5, 0.7, 0.9), and FOD varying locally
within the plates. A is the probability of
finding fiber alignment in an X-direction.
Another script was used to import these
morphologies in ABAQUS and perform
FE analysis to extract surface strain fields
on the top and bottom surfaces of the
PPMC plates. The results were stored as
arrays of structured data and used in U-
Net training later.

The PPMC plate was constructed with
160 elements on both the X and Y-axis. It
was treated as a 160 x 160-pixel image to
be used for Fully Convolutional Network
(FCN). From the FE analysis, local FOD
characteristics (A11, A12) and surface st-
rains of top and bottom
surfaces were stored.

Deep Learning Model for FOD
reconstruction

The input for U-Net training was the
structured data array of surface strains,
which were obtained from FE analysis.
The surface strain data of the PPMC plate

Composites Connection

Figure 2: a) Digital PPMC mor-
phology with locally varying

FOD; b) Individual PPMC plate-
lets in space.

was stored as a 160 x 160 x 6 data array. The
160 x 160 data points were strain data of
each element voxels and the 6 depth chan-
nels were surface strains of
top and bottom surfaces. The U-Net train-
ing was done using 25 patches with 32 x 32
x 6 voxel dimensions. Thus, the extracted
patches covered the whole in-plane 160 x
160 voxels of the synthetic PPMC plate. The
total number of patches used for training,
testing, and validation was 2,50,000 with
70,15,15% split, respectively. The neurons
(weights and biases) of the neural network
were arranged as layers to give an out-
put, whereas filters help to extract unique
features in the sample. 4 such U-Net lay-
ers and 128 filters were used for its train-
ing purpose. The U-Net trained with data
extracted from total 10,000 morphologies
having global FOD, A = 0.1, 0.3, 0.5, 0.7,
0.9. For each global FOD state, equal 2000
morphologies were generated for training
purposes. An epoch is the complete travel
of the training dataset through the algo-
rithm. 4000 such epochs were performed
to complete the training process.

continued on page 22...

21



* SPE Foundation

e SPE Fellow Dr. Vaidya

e Award Opportunities

¢ ACCE Keynote Speakers

¢ ACCE Call for Papers

* BOD Listings

ACCE Best Paper Finalists continued...

Figure 3: Schematic of Digital Image Correlation Experimental Setup.

Digital Image Correlation and ex-
traction of thermal strain fields
Digital Image Correlation (DIC) is a non-
contact process that compares different
images of a specimen at different defor-
mation stages due to applied load, taken
at a time interval. The system tracks pixel
displacement with respect to the refer-
ence undeformed configuration of the
image to calculate the strain field com-
ponents. The experimental setup for this
study consisted of two cameras, a heating
chamber, a temperature controller, exter-
nal light sources, and a computer with
GOM Snap software. The schematic of
the overall experimental setup is shown
in Figure 3. The two cameras capture
timed pictures during the heating cycle.

Composites Connection

The heating chamber used thermal insula-
tion to ensure the application of uniform
thermal load on the PPMC surface. Quartz
glass was used to cover the heating cham-
ber, as it helps to keep the heating stage
insulated. The PPMC specimen was also
placed upon a hollow square to ensure a
uniform heat load was applied to it. Before
starting the process, the PPMC plate was
painted to create speckle patterns on both,
top and bottom surfaces, to analyze defor-
mation during a thermal expansion (Fig-
ure 3). The temperature inside the heating
chamber was elevated from room tempera-
ture with the help of a temperature control-
ler to create a temperature difference. The
painted specimen was placed inside the

continued on page 23...
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insulated heating chamber to minimize

any kind of heat loss as much as possible.
The sample was then heated following a
ramp of 1.3°C/min. To apply thermal load
uniformly, isothermal heat was applied
for 45 minutes, followed by the cooldown
stage. During the application of load, an
image was taken each minute and stored.
The heating cycle was recorded by the
thermo-couple inside the heating cham-
ber and is shown in Figure 4. Two sets
of images were captured for calculating
the deformation of the specimen once the
thermal equilibrium was reached during
the iso-thermal stage: strain data was re-
corded at Time-1 (136 minutes), and Time-
2 (166 minutes). Time 1 was selected after

reaching the isotherm and Time 2 was 30
minutes into the isothermal stage. The
same steps were repeated for the other
surface (top/bottom) to capture specimen
deformation images.

All the images captured were imported
into GOM Correlate to extract deformation
data. Firstly, surface strain components
were created on the PPMC specimen (63.5
X 63.5 x 1.95 mm) reference image using the
squared facets metric. Squared facets were
set at 19 pixels and a point distance of 16
pixels. These squared facets identify paint-
ed stochastic patterns within its space and
later track the change of its position gradu-
ally with the application of load to find de-

Figure 4: a) Full-field application of thermal load inside the heating chamber; b) Thermal
strains (E , E, E“) heatmap on the front surface of PPMC plate; c) Thermal strains

(E, Ey, Exy) heatmap on back surface of the PPMC plate

Composites Connection

continued on page 24...
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formation. 81 x 81 such data points were
created on the surface of the PPMC speci-
men to extract full-field strain distribu-
tion . MATLAB griddata
function for 2-D data interpolation using
nearest method for discontinuous data in-
terpolation was used to sort the extracted
strain fields to specific grid locations, de-
termined by the pixel size in U-Net train-
ing to get full field FOD as output. 0.79
x 0.79 mm grid sizes were maintained
to match the finite element mesh sizes,
which were used to generate the synthet-
ic datasets to be used for U-Net training.
Strain data were extracted, sorted and

Figure 5: a) 8-bit greyscale micrograph of
1/38th part of the PPMC plate along the
length; b) binarized, filtered and segmented
2-bit micrograph; c) 4 x 12 grid line segmenta-

stored this way using image sets captured
at Time 1 and Time 2. Strain field at two

different times during isothermal heat-

tion of the micrograph for accurate measure-
ments; d) Ellipse measurement within a grid
using MATLAB image processing toolbox to

ing stage were averaged before using as
U-Net input. Strain distributions of both
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front and back of the specimen were pro-
vided as an input and passed through the
trained U-Net 4 layers and 128 filters of
weights and biases to predict the average
through-thickness FOD of the specimen.

Optical microscopy and image
analysis to characterize FOD
Optical microscopy and image analysis
combination were used to characterize
FOD locally through the thickness. A 63.5
x 63.5 mm sample PPMC plate was used
for inspection. The plate was cut open
along 14.5-mm and 31.75-mm lines from
the top for inspecting and measuring lo-
cal FOD. The cut-through samples were
mounted for microscopy using epoxy
resin and then went through seven stage
polishing process: 300, 400, 600, 800, and
1200 grit sandpaper grinding, followed by
3 um and 1 um deagglomerated diamond
polishing. The prepared sample was then
taken to a Leica DM6 M microscope for
microscopic analysis. The micrographs

Composites Connection

characterize FOD.

were captured in 38 different segments,
1.67 x 1.95 mm each, and stitched together
using Leica software. Microscope-captured
greyscale images are shown in Figure 5a.

The 8-bit grayscale micrographs captured
were taken into Image] software to bina-
rize, filter, and segment them (Figure 5b).
After complete binarization, the black and
white colors in the micrograph referred to
the matrix and fibers in the PPMC plate.
The threshold of the binarization was ad-
justed in such a way that, the micrograph
can represent the fiber boundaries accu-
rately. The binarized image was then taken
into MATLAB for FOD measurement with
the help of the image processing toolbox.
First, the micrographs were segmented into
4 x 12 grids, and then the image was split
into 48 parts according to the grids (Figure
5¢). It was split in such a way to find similar

continued on page 25...
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a darker shade exhibits a higher degree of

fibers within the image, which helps the
MATLAB script to identify and fit ellipses
perfectly for FOD measurements. The grid
segmentation representation of the micro-
graph is shown in Figure 5d. Some of the
fiber bundles contain almost parallel to the
plane long fibers, which are very difficult
to capture by MATLAB image processing.
Those segmented micrographs were taken
into Ellipse fit software to measure and
calculate the fiber orientation manually.
Some of the images were also analyzed us-
ing EllipseFit to cross-check and validate
MATLAB image processing.

Results

Virtual testing of U-Net Response

15% of synthetic datasets produced were
stored for testing purposes. A method of
testing U-Net response virtually is to pass
a randomly selected PPMC plate through
U-Net for FOD prediction and compare
it with the ground truth value. Figure 6
shows the heatmap comparison of the U-
Net prediction of spatial FOD of a PPMC
plate with its actual FOD. The region with

fiber alignment region in the X-direction.
One difference is the prediction seems
to show less sharpness in some places of
higher alignment. Other than that, it can
be conferred that model is correctly pre-
dicting local FOD for the virtual responses.

Comparison of FOD measurement
with U-Net prediction

The FOD measurement of each grid was
averaged column-wise to get a local aver-
age degree of alignment along the X-axis
through the thickness. Image representa-
tion of voxelized FOD calculation is shown
in Figure 7. All fibers aligned almost paral-
lel to the X-axis were found to have Axx
close to 1 and fibers perpendicular to X-
axis were measured close to 0. Again, fi-
bers with a smaller elliptical cross-section
having close minor and major diameter
values were measured to have significantly
higher Axx compared to fibers with a big-
ger elliptical cross-section having a minor
diameter significantly smaller than its ma-
jor diameter.

continued on page 26...

Figure 6: Truth vs Prediction heatmap of a random plate tested on U-Net.
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Figure 7: Measurement of Axx in individual platelets to get average FOD

through thickness locally.

PPMC plate FOD distribution was measured along 14.5mm and 31.75mm lines from the top
edge of the surface. 14.5 mm line was symbolized as line 1 and 31.75mm line as line 2. Line
1 showed a lower degree of alignment in FOD along X-axis compared to line 2. The presence
of long and larger elliptical fibers along the X-axis resulted in lower Axx values. Resin-rich
pocket regions are also responsible for variability in FOD. FOD measurement along line 1 and
line 2 is shown in Figure 8 below.

continued on page 27...
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Figure 8: Measurement of FOD along line 1 and line 2 to check fiber

orientation variation locally.
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Figure 9: Measurement vs Prediction comparisons along inspection lines in a PPMC plate.

Measurement along different lines and
U-Net predictions in the same place are
compared in Figure 9. Line 2 was selected
for comparison along the middle of speci-
men, whereas line 1 was selected based on
the U-Net prediction, where heatmap was
showing higher variability and lower val-
ue in fiber alignment along X-direction.

U-Net predictions were made based on the
thermal DIC strain data. Strain fields were
extracted on two different times during
isothermal heating and were averaged to
predict full field FOD via U-Net. Later, U-
Net prediction was compared with mea-
surement for validation. For Line 1, some
variation in FOD was found between U-
Net prediction and measurement data in
the latter half of the specimen. There was
a difference also in the strain data extract-
ed during two times during isothermal
heating stage. This happened due to un-
expected heat loss during experiment per-
formance. To minimize this effect, strain
extracted at two different times were aver-
aged before using as U-Net input. Other
than this, the rest of the line FOD mea-
surement revealed a close comparison
with test prediction along line 1 giving
13.99% error on an average.

Composites Connection

For Line 2, FOD measurements and predic-
tion average showed a similar trend along
the line. The U-Net prediction along line 2
gave 7.02% error in comparison with FOD
measurement along same line. Measure-
ment of FOD leads to some high peak and
low peak points. Optical microscopy mi-
crographs with even smaller dimensions
to extract more data points along the line
would minimize this discrepancy. It can
be conferred from the line Inspection that,
the U-Net model can accurately predict lo-
cal FOD in a PPMC plate.

Conclusion

The developed U-Net model established
a relation between supplied deformation
data and spatially non-uniform through-
thickness average component of fiber ori-
entation tensor in PPMC. The partially
defined inverse problem was solved by
deep learning, wherein the thermal strain
fields on the top and bottom surfaces of the
part were used to predict local FOD in the
PPMC plate. The deep learning model was
trained and validated using 10000 virtual
PPMC morphologies with varying degrees
of fiber alignment. Based on the machine

continued on page 28...
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learning training and validation the mod-
el was found to predict fiber orientation
with average error of 6.3%. To validate the
model, a physical PPMC strain response
was generated via thermal DIC setup and
was used for the U-Net model. The PPMC
plate was cut for polishing along the spe-
cific locations to measure FOD. Image
analysis of the fiber ellipses was conduct-
ed to measure FOD through the thickness
and compared with U-Net prediction. In
comparison with U-Net prediction, FOD
measurement revealed similarity in trend
after inspections and image analysis. The
functioning U-Net model allows for mi-
crostructure reconstruction and opens
possibilities to rapidly inspect local vari-
ability of FOD in PPMC components al-
lowing to capture the manufacturing-in-
duced signature of the part.
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of Civil and Environmental
Engineering

University of Delaware
Newark, DE
gillespi@udel.edu

Khaled W.
Shahwan, Ph.D.

SPE Composites Director,

Sr. Advisor — Technologies

& Strategies, Applied

Materials & Manufacturing

Pacific Northwest
National Lab

khaled.shahwan@pnnl.gov

Jim Griffing

SPE Composites Director,
SPE Past President

and Membership Chair
(Retired)

Seattle, WA
jsgriffl@gmail.com

Shankar Srinivasan, Ph.D.

SPE Composites Director
and Industry 4.0 Leader at
Lesaffre (Location and
email to come)

Enamul Haque, Ph.D.
SPE Composites Director,
A2H Consulting Group
Enamul. Haque@
a2hconsultinggroup.com

Uday Vaidya, Ph.D.

SPE Composites Director,

and Education Chair
Professor in Mechanical,
Aerospace & Biomedical
Engineering

Chief Technology Officer
(CTO), IACMI

University of Tennessee
Knoxville, TN
uvaidya@utk.edu

Antoine Rios, Ph.D.

SPE Composites Director,
Finance Chair,

The Madison Group
Madison, WI
Antoine@madisongroup.
com

Pritesh Yeole, Ph.D.
SPE Composites Director,
and Award Chair
Research Associate in
Advanced Composites
Manufacturing

Fibers and Composites
Manufacturing Facility
University of Tennessee
Knoxville, TN
pyeole@vols.utk.edu

Sponsor the Newsletter

¢ Support your SPE Composites Division

¢ Reach 1,000 Composites Professionals
3 Times a year via the E-Newsletter

e Maximize your exposure to the
customers & the trade

The best advertising value in the Composites Industry

Contact Teri Chouinard CBC, APR for more info Teri@IntuitGroup.com

See page 16 for more details




