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SPONSOR LINKS
Chairman’s Message:
Oleksandr G. Kravchenko, Ph.D.

S U M M E R 2 0 2 4

Dear Composite Division Members,

I hope this letter finds you well and thriv-
ing in your endeavors within the fasci-
nating world of composite materials. As 

we move forward into the year, there are 
several exciting updates and announce-
ments I am excited to share with you.

Firstly, please join me in extending heart-
felt congratulations to Dr. Srikanth Pilla 
from the University of Delaware, our 
newly awarded SPE Composites Division 
Fellow. Dr. Pilla’s outstanding contribu-
tions to transitional research work, his 
dedication to fostering industrial-aca-
demic collaborations, and his remarkable 
mentorship of the next generation of com-
posites researchers truly exemplify excel-
lence in our field.

Moreover, as part of our commitment to 
nurturing emerging talent, I want to em-
phasize the upcoming deadline for stu-
dent scholarships supported by SPE CD. 
These scholarships aim to recognize and 
support the achievements of undergradu-
ate and graduate students who exhibit 
exceptional promise in the realm of com-
posite materials development.

Our division continues to thrive as a di-
verse community of professionals from 
all corners of the globe. In this newsletter, 
you’ll find a snapshot of our membership, 
showcasing our wide-reaching presence 
and collaborative spirit. I encourage each 
of you to continue fostering this inclusive 

environment by inviting colleagues, cli-
ents, and friends involved in the compos-
ites industry to join SPE and the Compos-
ites Division.

Looking ahead, mark your calendars for 
the Automotive Composites Conference 
and Exposition (ACCE) where we’ll delve 
into the latest trends and advancements in 
polymer composites research, with a focus 
on automotive applications. This year’s 
event boasts a broad range of technical ses-
sions, including exciting new areas such as 
AI and machine learning. We’re also glad 
to announce the new format for the student 
poster competition at ACCE, providing a 
platform for students at all levels to show-
case their innovative composites technolo-
gies. I encourage our student members to 
seize this opportunity to share their work 
and engage with industry experts.

Lastly, I want to highlight a notable study 
presented at last year’s ACCE, which ex-
plored the intricate dynamics of abrasive 
waterjet cutting in fiber-reinforced compos-
ites for ensuring accurate mechanical test-
ing—a topic of critical relevance in our field.

As we continue to push the boundaries of 
innovation and collaboration, I look for-
ward to the exciting developments and dis-
coveries that lie ahead.
 
Warm regards,
Alex Kravchenko, PhD
Chair, Composites Division, 
Society of Plastics Engineers
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As of April 2024, the SPE Compos-
ites Division has 385 members.  
The chart below shows the dis-

tribution of the SPE member categories. 
The largest group is Professional Mem-
bers (242) followed by Young Professional 
Members (64).

The Composites Division members come 
from all over the world.  In the chart be-
low, there are 308 members from the Unit-
ed States, 30 from Canada, and 47 from 
the rest of the world.  In the United States, 
members come from 38 states. The states 
with 10 or more members, from largest to 
smallest are from Michigan, Ohio, Texas, 
Georgia, Pennsylvania, Massachusetts, 
California, Minnesota, Connecticut, Indi-
ana, Wisconsin, and Tennessee. In Cana-
da, members come from 4 provinces with 
the most coming from Ontario and Que-
bec respectively. For the rest of the world, 
members come from 21 countries from 
most to the least are from India, Austra-

By:  John P. Busel, F.ACI, HoF.ACMA

Snapshot of the Composites Division Membership

lia, France, Germany, Netherlands, Japan, 
South Korea, Belgium, Columbia, Israel, 
Austria, Brazil, Ireland, Italy, Luxembourg, 
Mexico, Pakistan, Sweden, Thailand, Trini-
dad and Tobago, and United Arab Emirates.

The Composites Division Board of Direc-
tors asks all members to encourage your 
colleagues, clients, and friends involved in 
the composites industry to join SPE and the 
Composites Division. For SPE membership 
information, see www.4spe.org. 
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Welcome Vipin to the SPE Board

Dr. Vipin Kumar is an R&D Staff 
Scientist at Oak Ridge National 
Laboratory. Dr Kumar’s current 

research area includes developing new 
composite manufacturing techniques 
using large-scale polymer additive 
manufacturing (AM) and traditional & 
advanced manufacturing processes. He 
received his Ph.D. from the University of 
Tokyo, Japan (Department of Aeronautics 
& Astronautics) in 2016.  He received a 
prestigious Japanese Government schol-
arship (MEXT) during his full Ph.D. 
Course. He also has expertise in the CFRP 
composites’ response to direct lightning 

strikes and is engaged in designing nov-
el materials to mitigate lightning strike 
damage. He has published over 90 papers 
in reputed Journals and peer-reviewed 
conferences and has 4 awarded and 10 
pending patents under his name. He is a 
winner of the 2023 R&D 100 award, a fi-
nalist for the 2022 R&D 100 award, and a 
winner of the CAMX-combined strength 
award 2022. He also won the SME 2022 
Outstanding Young Manufacturing Engi-
neer and SAMPE 2021 Young Profession-
als Emerging Leadership Awards.

SPE Composites Board would like to 
welcome Vipin to the Composites SPE 
Board of Directors

https://www.michelman.com/solutions/hydrosize/?utm_campaign=22-glob-fibr-spe&utm_medium=banner&utm_source=specc-newsletter
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This Issue:

• Message from the Chair

• Membership Report

• Welcome Vipin Kumar

• ACCE Best Paper Finalists 

• ACCE Call for Papers

• ACCE Keynote Announced

• ACCE Call for Abstracts

• Award Report

• Award Winning Paper

• BOD Listings

The executive planning committee 
for the SPE® Automotive Compos-
ites Conference & Expo (ACCE) is 

announcing the first keynote speaker for 
their ACCE 2024 event Sept. 4 – 6, 2024 
at the Suburban Collection Showplace 
in Novi, Michigan (Detroit suburb). An-
drew N. Hrymak, Co- Director of the 
Fraunhofer Innovation Platform for Com-
posites Research at Western University 
and Professor of Chemical and Biochemi-
cal Engineering, will present “High Per-
formance Composites: Trends and Impact 
on Automotive Lightweighting.” The 
presentation will showcase some of the 
significant automotive high performance 
composite developments of the last de-
cade as well as emerging composite tech-
nologies that will have a major impact 
in future vehicle architectures. “A key 
enabling solution to the societal need for 
sustainability and reducing carbon foot-
print is vehicle lightweighting through 
composite structures,” said Hrymak. 
“Over the last decade, the composites in-
dustry has made major strides in advanc-
ing new material systems and processing 
techniques to produce lightweight vehicle 
structures at high volume automotive 
production rates,” continued Hrymak. 
“Emerging composite technologies will 
continue the advancement of sustainable 
automotive vehicle design and manufac-
turing into the future,” added Hrymak.
 

Andrew N. Hrymak is Co-Director of the 
Fraunhofer Innovation Platform for Com-
posites Research at Western University 
and Professor of Chemical and Biochemi-
cal Engineering. His research interests in-
clude modeling, design, and optimization 
of materials processing systems and poly-
mer composites. He previously served as 
Provost and Vice-President (Academic), 
Dean of the Faculty of Engineering, As-
sociate Editor of Computers and Chemical 
Engineering, and Editor-in-Chief of Inter-
national Polymer Processing. He has pub-
lished more than 140 peer reviewed articles 
and 50 peer reviewed conference papers 
and book chapters.

Andrew N. Hrymak

The best advertising value in the Composites Industry

Sponsor the Newsletter
• Support your SPE Composites Division

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

• Maximize your exposure to the 
   customers & the trade

Contact Teri Chouinard CBC, APR for more info  intuitgroup@gmail.com
See page 18 for more details
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Call for Abstracts SPE ACCE
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Sponsored by Dassault Systèmes
ABSTRACTS DUE JULY 1, 2024
TROY (DETROIT), MICH.

The organizing committee for the 
SPE® Automotive Composites 
Conference & Expo (ACCE) invites 

graduate, undergraduate, community 
college, and high school students to sub-
mit abstracts on innovative composites 
technologies, for automotive and ground 
transportation, for its annual student 
poster competition. The competition will 
be held during the ACCE at the Suburban 
Collection Showplace in Novi, Michigan 
(Detroit suburb) Sept. 4 - 6, 2024. Judges 
who are industry experts, SPE board 
members, and members of the media will 
review all posters with student authors 
during the conference. Students entering 
the poster competition will also give a 
5-minute mini-talk podium presentation 
on their poster topic in a special techni-
cal session. First-, second-, and third-place 
awards will be presented to winners in 
graduate, undergraduate and high school 
categories during a special ceremony dur-
ing the ACCE.

Poster Titles and Abstracts are due by 
July 1, 2024. Digital copies of posters are 
due by August 20, 2024 for pre-review by 
judges. Abstracts and Digital Copies of 
the posters need to be submitted online 
via the SUBMIT 2024 PAPERS, PRESEN-
TATIONS AND POSTERS HERE button 
on https://speautomotive.com/acce-con-
ference/. Questions should be sent to
Douglas_E_Smith@baylor.edu.

Call for Abstracts for SPE ACCE 
Student Poster Competition

Students will need to bring 24” x 36” print-
ed copies of their posters to the conference. 
Large multiposter panels and push pins for 
displaying the posters in the Student Poster 
Display area will be provided. All students 
presenting a poster in the competition will 
receive free registration to the conference, 
and a shared hotel room provided by SPE 
ACCE. Students who submit abstracts and 
posters early, will be provided with accom-
modations at the Hyatt Place hotel onsite 
at ACCE. The ACCE provides students 
with excellent networking opportunities 
especially ideal for those close to graduat-
ing who are starting to look for a job. The 
poster template is on the SPE ACCE web-
site “2024 ACCE POSTER COMPETITION 
TEMPLATE” https://speautomotive.com/
acce-conference/.

Poster topics may include, but are not lim-
ited to, subjects such as:
• Automotive Composites
• Composites and lightweight materials 
	 for trucks
• Bio-composites
• Nanocomposites
• Glass, carbon, and hybrid fibers
• Thermoset and thermoplastic technologies
• Recycling and green technologies
• Multi-materials
• Joining technologies
• Applications of Composites in 
	 Electric Vehicles
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• Modeling and analysis of 
	 lightweight materials
• CAFE standards and mandates
• Cost-effective manufacturing
• Use of advanced materials in 
	 innovative applications
• Virtual prototyping and design
• Microstructure, failure and fracture
• Failure envelopes and theories
• Additive manufacturing of composites
• Air Mobility

Students and their posters are ranked us-
ing the following criteria:
•	Content (student and poster demon-

strate clarity of topic, objectives, and 
background);

•	Motivation for research and technical 
relevance to conference theme;

•	Methodology and approach to problem;
•	Quality of proposed research results/

findings;
•	Conclusions are supported by informa-

tion presented;
•	Presentation (display aesthetics are 

pleasing and there is a logical flow be-
tween sections);

•	Knowledgeable (presenter has a good 
grasp of the subject);

•	Understandability (poster is effective 
even without student being present to 
explain it); and

•	Overall rank vs. other posters and pre-
senters.

High Resolution Photos from the ACCE 
are available via:

https://www.flickr.com/photos/speautomotive/al-
bums/with/72157673717033072

2023 ACCE Student Poster 
Competition first place winner in the 

Graduate Category –
Amit M. Deshpande, University of 

Delaware, for his poster “Manufac-
turing and Validation of a Carbon
Fiber Reinforced Thermoplastic 

Composite Door” receiving his award 
from Keith Nagara, Dassault

Systèmes, ACCE Student Poster 
Competition Sponsor

Keith Nagara, Dassault Systèmes 
(Student Poster Competition 

Sponsor) Presenting Award to 
Johnathan Behr,

Clemson University, First Place 
Winner In the Undergraduate 

Category
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Award Report
By:  Pritesh Yeole, Ph.D.

Part 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 are based on rigorous competi-
tions through solicitation of nominees and 
applicants. The awards are a) Harold Giles 
Award, b) Jackie Rehkpof Scholarship, c) 
Travel Award, and d) Educator of the Year 
Award. Other non-financial awards are a) 
Honored Service Member / SPE Fellow 
and b) Composite Division Person of the 
Year Award. These two awards aim to rec-
ognize distinguished contributions from 
dedicated members of the 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 one of the best 
Composite Division Awards Chairs that 
many of us worked with during his days 
at Azdel and at 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 Program series. The 
Composites Division will select the win-
ners from the pool of applicants in two 
categories, Graduate and Undergraduate 
students. This year, we received 45 appli-
cations (27 Graduate and 18 Undergradu-
ate students). The award is dispensed 
through SPE International to the winners.

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 
applied 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 July 30th
Present awards SPE ACCE
 

continued on page 14...
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Award Report continued...
Dr. Jackie Rehkopf Memorial Scholarships
This award is in honor of the late Jackie 
Rehkopf who was a recognized engineer 
who published books and was actively 
involved in the composites industry. The 
Automotive and Composites Divisions 
co-sponsor these awards and therefore 
co-coordinate. This award is presented 
annually at the SPE ACCE conference 
each fall and is a premiere award for ex-
emplary performance.
 
Award Requirements
• A single full time grad student or two 

undergrad students if no grad students 
qualify

• Preference will be given to female stu-
dents, but the best candidates will be 
selected

• Focus should be on research activities 
targeted to ground transportation com-
posite technology

• Students must be in good academic 
standing and pursuing a degree in Poly-
mer 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

• A letter of recommendation from the stu-
dent’s advisor or mentor is also required

• Scholarship recipients are required to 
present work at an SPE technical confer-
ence and/or have it published in an SPE 
technical journal

 
continued on page 15...

https://www.byk.com/en/product/highlights/plastics-additives
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Award Report continued...
The award can be up to $5000 if one stu-
dent is selected or up to $2500 per stu-
dent if two are selected, depending on 
funding availability.
 
Key Dates
Issue call for nominations January 1st
Close call for nominations April 1st
Complete award adjudication June 30th
Notify recipients by July 30th
Present awards SPE ACCE
 
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. Typi-
cally, scoring has been based on English, 
the novelty of the concept, and the strength 
of the research plan. This is a $2000 award, 
dispensed in two instalment payments 
over 2 years. This award is sponsored by 
industry partners every year. If any compa-
ny 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.
• 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

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

• 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 Awards is an in-
dustry 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 
recommendation letters at 2X strength, and 
student support examples at 3X strength. 
This prestigious recognition is aimed to 
honor an Educator who have 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 industry 
sponsor. If any company like to sponsor 
this award, please reach out to the Awards 
Chair Dr. Pritesh Yeole (priteshyeole.mse@
gmail.com).
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ACCE Award Winning Paper
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Abstract

An abrasive waterjet is an effec-
tive method of cutting fiber-rein-
forced composites as it allows for 

high accuracy cuts without introducing 
thermal effects or physical contact with a 
machining tool. In the machining of fiber 
reinforced composites for research pur-
poses, the fabrication of accurate and un-
damaged test specimens is crucial for test-
ing mechanical and physical properties. 
The cutting edge of the test specimen can 
be varied based on primarily the cutting 
speed of the abrasive waterjet. The qual-
ity of the cutting edges can have a signifi-
cant impact on the test results since stress 
concentrations can form in those defects. 
In addition, the abrasive waterjet leaves 
what is known as a kerf angle. A kerf 
angle is formed because of the inherent 
physics of the cutting process. Through-
out this study, the kerf angle was primar-
ily evaluated with carbon fiber reinforced 
composite samples with varying cutting 
speeds and different thicknesses. Fiber 
reinforced composite test specimens were 
then fabricated with an abrasive waterjet 
to test the effect of the edge surface finish 
and its effect on the mechanical proper-
ties. A tensile test was conducted with the 
composite test samples that were cut at 
various speeds. A Digital Image Correla-
tion (DIC) camera was used to track the lo-
cal strain change throughout the duration 

of the test to investigate any stress concen-
trations which were formed. The kerf angle 
data along with the cutting speeds effect of 
the selected composite’s mechanical prop-
erties was analyzed and presented to ad-
dress importance of using proper abrasive 
waterjet cutting parameters for fabricating 
composite test specimens. 

Introduction
The composition of fiber reinforced com-
posites includes a combination of fiber 
strands surrounded by a polymer matrix. 
The reinforcement fibers’ purpose is to pro-
vide the structural stability of the compos-
ite and is responsible for withstanding the 
required load for each specific application. 
The polymer matrix is critical for bonding 
the reinforcement fibers and distributing 
the load throughout the entire part [1]. Fi-
ber reinforced composites are becoming 
more and more common because of their 

continued on page 17...

Influence of Waterjet Cut Quality for 
Fabrication of Test Specimen on 
Mechanical Testing Results
Jacob Montrose & Garam Kim
School of Aviation and Transportation Technology, 
Purdue University West Lafayette, Indiana/
United States of America 47906

Harry K. Lee
Composites Manufacturing and Simulation Center (CMSC), 
Purdue University West Lafayette, Indiana/
United States of America 47906

Jacob Montrose receiving 
Honorable Mention Award
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ACCE Award Winning Paper  continued...

continued on page 18...

high strength aspect ratio while also be-
ing lighter than other common aerospace 
materials like steel and aluminum [2]. 
Based on previous research, depending 
on the type of fiber reinforced composite, 
general composites weigh as much as 51% 
less than an equivalent thickness steel 
part [3]. With a higher strength to weight 
ratio, fiber-reinforced composites are an 
optimal material for applications that re-
quire a lighter material yet still require 
the ability to carry high mechanical loads. 

The emergence of fiber reinforced com-
posite parts and structures have increased 
over the past decades in various indus-
tries. Specifically, the aviation and aero-
space industries have shown tremendous 
growth in composite structures [4]. One 
example of the growth of the composite 

industry within aviation includes the Boe-
ing 787 Dreamliner. In 2009, the 787 took its 
first maiden flight, which was the first time 
a plane that was manufactured with more 
than 80% composites took to the skies for 
commercial use [5]. In the 1970s, the Con-
corde utilized fiber reinforced composites, 
but it was only made up of about 7% of the 
total aircraft [6]. In addition to the aviation 
industry, aerospace companies have also 
started to heavily rely on fiber reinforced 
composites. In 2020, the overall aerospace 
composite market reached $10 billion in 
value [7]. As a result, in the ever-growing 
expansion of the composite industry, the 
emergence of composite parts and struc-
tures has pushed for further research into 
their mechanical and physical properties. 

http://www.dscconsumables.com/
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continued on page 19...

ACCE Award Winning Paper  continued...
The fabrication and manufacturing process 
of fiber reinforced composites can some-
times be quite challenging. Conventional 
manufacturing methods of composites are 
obstacles for manufacturers because of the 
heterogeneous complex of fiber reinforced 
composites [8]. Often, when a composite 
part is machined using a CNC machine, it 
is very common for the fibers to be pulled 
out of the part with the rotation of the tool. 
With the pulling of the fibers, the compos-
ite inevitably loses a substantial amount 
of strength. This phenomenon is what is 
known as fiber pullout. The fibers are sepa-
rated from the rest of the part, thereby ef-
fecting the overall mechanical properties. 
Another major problem that is induced by 
conventional cutting methods in compos-

ites is delamination. Delamination occurs 
when the laminate plies are separated from 
each other during the high-speed cutting 
process [10]. The torque of the machining tool 
causes delamination within the composite 
part therefore weakening the parts mechani-
cal properties. For further evidence of how 
common delamination occurs in conven-
tional composite cutting methods, a study 
has concluded that there is a 50% chance of 
delamination when the cutting feed rate is 
above 600 mm/rev [11]. Since the convention-
al fabrication methods for composites have 
shown inherent problems, there is a need for 
further research into unconventional fabrica-
tion methods and their effect on the compos-
ite’s mechanical properties. 
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One unconventional method of machining composite ma-
terials is by using a laser. Laser cutting is a considerably 
new, innovative way for composites to be accurately cut. 
By using an intense directional monochromatic light beam, 
lasers can penetrate the composite at varying thicknesses 
by adjusting the frequency of the light [18]. As previous-
ly mentioned, tool contact with the composite results in a 
high likelihood of defects intrinsic in the part. Like most 
all unconventional methods of cutting composites, laser 
cutting does not use a tool on the part itself which avoids 
common defects formed in conventional methods. On the 
other hand, there are many disadvantages that are asso-
ciated with laser cutting because of its inherent thermal 
nature [19]. Due to the physical properties of composites, 
there have been studies showing the laser beam melting or 
destroying the fibers and matrix in an unwanted way. De-
lamination and epoxy recession are two of the side effects 
that are attributed with laser cutting of composite materi-
als. The industries who utilize unconventional methods of 
composite cutting have reportedly struggled with finding a 
way around the defects formed during the manufacturing 
process [20].

Waterjet cutting is another unconventional method of fab-
ricating and manufacturing composite parts, materials, 
and samples. A waterjet encompasses many advantages 
compared to other methods of cutting composites. Abra-
sive waterjets utilize a combination of high-pressure water 
streams and garnet abrasives [11]. The high-pressure water 
is streamlined through the jewel orifice and is then mixed 
with the garnet abrasives inside of the mixing chamber as 
shown in Figure 1. Once the abrasives have been mixed 
with the abrasives, the mixture undergoes a narrowing in 

continued on page 20...
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the focusing tube which utilizes the Ber-
noulli principle [12]. By narrowing the 
tube, the pressure is increased even fur-
ther to provide a more focused, penetra-
tive force into the composite material. 

That penetrative force that is created dur-
ing the waterjet process has many ad-
vantages in the cutting of the composite 
material. No direct tool contact is one 
of the most important advantages that a 
waterjet has over conventional composite 
machining methods [13]. Without direct 
tool contact, the waterjet avoids heating 
the composite material to a temperature 
that could alter its mechanical proper-
ties. If the fiber reinforced composite is 
heated up during the machining process, 
the thermal conductivity of the part will 
result in an unwanted amount of resin 
degradation [14]. Based on a previous 
study, once the part has been heated to 
its glass-transition temperature, the me-
chanical properties of the composite part 
have been drastically changed. As a re-
sult, both tensile and shear strength are 
reduced by at least 30% in each of the test 

specimen groups which were separated by 
ply orientation. Since the abrasive waterjet 
does not use a machining tool or bit, anoth-
er major advantage of the waterjet emerg-
es. During the cutting process of an abra-
sive waterjet, there is no tool wear which 
keeps the operating costs extremely low 
making it very popular for industry. Fur-
thermore, when a computerized numerical 
control (CNC) machine is used to cut com-
posite materials, there is a high wear factor 
on the machining tool [16]. This is not only 
economically inefficient, but if there are 
multiple composite parts that need to be 
manufactured, there is a chance that each 
part would have a different edge cut fin-
ish due to the tool wearing down [17]. An 
abrasive waterjet does not experience tool 
wear when cutting which allows for a more 
repeatable cut on each part. The cut may be 
repeatable without the tool wear, but the 
waterjet cutting quality is significantly 
lower than when using a CNC.

Even though waterjets possess many advan-
tages, there are also some disadvantages. 
One of the most common disadvantages 
of using a waterjet to cut composites is the 
edge cut quality that is produced because 
of the cutting process. Edge cut quality re-
fers to the roughness that is produced from 
the high-pressure water and garnet stream 
as shown in Figure 2. The differences in 
edge cut qualities is a result of the cutting 
speed, the thickness of the material, and the 
hardness value associated with each mate-
rial. If the waterjet cutting process is slowed 
down to achieve a smoother finish, then the 
amount of time to manufacture the part 
will rise significantly [21]. For those in com-
posite industries, even though an abrasive 
waterjet is an effective way of fabricating 
parts, the manufacturing time has been one 
setback compared to conventional methods 

continued on page 21...

Figure 1. Schematic drawing of the 
abrasive waterjet.
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of cutting composites. Not only is the ma-
chining time increased, but the amount of 
abrasive also becomes quite costly as the 
waterjet uses a constant flow rate of abra-
sive throughout the entire cutting process. 

Another disadvantage of waterjet cutting 
is the possibility of blowback. Steel slats 
are used inside of the waterjet to provide 
support for the composite structures for 
the machining processes. Blowback occurs 
when the cutting stream crosses over those 
steel slats and rebounds the abrasive back 
onto the reverse side of the part. This de-
fect impacts the overall finish of the com-
posite part, but if the part is a key structur-
al component, the mechanical properties 
may also be altered. In addition to blow-
back, delamination is another defect that 
is produced during the machining process 
[22]. Due to the multi-layer fabrication of 
fiber reinforced composites, delamination 
is quite prevalent when cutting composites 
with an abrasive waterjet. Delamination is 
a common problem with an abrasive wa-
terjet because when the waterjet begins its 
cutting operation, the pierce point causes 
an initial crack on the top layer due to the 
immediate ultra-focused high pressure ex-
erted on the part. Not only is the top layer 
damaged, but the mixture of the high-wa-
ter pressure and the abrasives are destruc-
tive enough to spread out in between the 
laminates and propagates that initial crack 
between the layers of the crack. As a re-
sult, the crack will spread out between the 

layers of the fiber reinforced composites. If 
the crack begins to propagate outside of the 
intended cutting area, then the destruction 
of the fibers and polymer matrix are bound 
to affect the mechanical properties of the 
specimen [22].

Lastly, arguably the most challenging dis-
advantage to control for precise abrasive 
waterjet cutting into any material is what 
is known as the “kerf angle” [23]. After 
the mixing chamber has appropriately 
combined the garnet abrasives with the 
high-pressure water stream, the number of 
abrasives in the centralized area on the part 
become scattered. When the stream cuts 
the part, the top of the material will experi-
ence the most localized number of abrasives 
compared to the bottom because the abra-
sives follow the channel formed during the 
cut. As a result, the width of the cut on the 
top layer are inevitably larger than the re-
sulting width on the bottom layer as shown 
in Figure 3. A taper is therefore formed on 
the cutting edge of the part. The reduc-
tion in cross-sectional area that is resulted 
from the tapered cut significantly affects 
the parts mechanical properties. For the 
edge cut quality, blowback, and delamina-
tion there have been a significant amount of 
research and discoveries in limiting those 
defects. The edge cut quality can be greatly 
improved by simply slowing the cutting 
speed of the abrasive waterjet. Next, blow-
back can be slightly avoided by ensuring 
that the part that is being cut is away from 

Figure 2. 100% - 20% cutting speeds and the resulting edge surface finish.

continued on page 22...
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the steel slats within the waterjet as much 
as possible. If the part is too large, blow-
back may still occur, but if the pierce point 
of each cut is not directly on the composite 
part, then the blowback will be kept to a 
minimal, case depending. Kim states that 
by using a low-pressure cutting pressure 
along with an early release of the abrasives 
can prevent delamination between the lay-
ers of the fiber reinforced composite. Kim 
further states that a ramping up to high-
pressure during the cutting process from 
the low-pressure piercing does not result 
in interlaminar delamination [26]. As men-
tioned, edge cut quality, blowback, and de-
lamination of abrasive waterjet cutting has 
been extensively researched in the past.

The kerf angle on the other hand has been 
an issue that has yet to be completely ana-
lyzed and resolved. The kerf angle occurs 
regardless, to different severities, of the 
thickness and type of material. It is one 
of the most challenging abrasive water-
jet defects for engineers and researchers 
to understand and compensate for. Some 
companies have made efforts to reduce the 
effect of the kerf angle on the manufactured 
parts. In recent years, the advancement of 
the 5-axis abrasive waterjet machine along 
with further research into the kerf angle 
has resulted in a better understanding of 
how to compensate for the taper on ma-
chined parts. With the adjustment of the 
waterjet head, up to 5 degrees maximum, it 
is possible to angle the high-pressure water 
abrasive mixture into the part at an angle. 

Figure 4: The mechanically recycled CF-PEKK 
and the fiber length distribution.
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Even though the compensation for the 
kerf angle can be effective in some cases, 
the rate at which the abrasive waterjet cuts 
the part is still the main factor in produc-
ing the resulting taper [25]. The conclusion 
of Wang’s paper indicates that the angle 
can be compensated for, but it is not effec-
tive enough to completely correct the sur-
face profile. Since the surface profile still 
produces a taper on the part, the cross-
sectional area is therefore altered. With 
current day technology advancements in 
abrasive waterjet cutting operations, there 
is still a need to investigate the effects of 
two major elements: kerf angle and the ef-
fect of the cutting speed on the parts’ me-
chanical properties.   

Methodology
As mentioned previously, the kerf angle is 
a quite difficult defect to avoid during the 
abrasive waterjet cutting process. There 
are three main factors that affect the kerf 
angle formed on the edge because of the 
abrasive waterjet cutting operation: thick-
ness of the material, the cutting speed of 
the waterjet, and the hardness of the mate-
rial. As a result, it was important to study 
these traits and how the kerf angle forms. 
Table I provides the recommended cutting 
speeds from the waterjet manufacturer in 
inches per minute.  

Since material thickness and the cutting 
speed has been addressed for the carbon 
fiber reinforced composite samples, the 
remaining variable that effects the result-
ing kerf angle on a part is the materials’ 
hardness. To relate the abrasive waterjet 
machining and the hardness of the mate-
rial, a confidential equation is formulated 
for each waterjet manufacturing company. 
Based on the company’s internal evalua-
tions of common materials used through-
out the industry, a machinability index is 
attributed to each material. This machin-
ability index is based on the hardness of 
the material along with other mechanical 
properties including ductility and brittle-
ness. From those observations, it was 
evident that the lower the machinability 
index, the harder the material, which in-
evitably confirmed the recommended cut-
ting speeds previously mentioned for the 
carbon fiber reinforced composite samples. 
Table II provides the information of the in-
dex given for the composite laminate used 
in this research. 

Based on the machinability index and their 
relation to the proposed cutting speeds of 
the waterjet, it was possible to continue to 
the abrasive waterjet cutting procedure. 
Once all three variables were addressed, 
all samples were then cut using the abra-
sive waterjet with the predetermined cut-
ting parameters as previously shown. The 
samples were placed on a sacrificial board 
to prevent any movement of the samples 

Table I: Carbon fiber reinforced com-
posite cutting speeds.

Table II: Material machinability index as-
signed by waterjet manufacturer.
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during the cutting process. In addition, a 
laser was installed on the abrasive waterjet 
to ensure that the x-axis and y-axis lined 
up perfectly with the sample’s edge. From 
there, the waterjet was positioned outside 
of the part to prevent any delamination or 
other defects in the cuts. The saw cut func-
tion was then used to cut 0.75” perpen-
dicular into the sample for each cut. After 
each sample was cut, the samples were 
then cleaned with the appropriate chemi-
cal agent and potted for microscopic im-
ages. For the best microscope images, the 
samples were grinded with 220-, 500-, and 
1200-grit. Polishing was the next step in 
achieving the cleanest microscopic images, 
so the samples were polished in a specific 
order. Once complete, each sample were 
then analyzed with a scanning microscope 
with 10x magnification. Since another soft-
ware called ImageJ was going to be used 
for the measurement of the top and bot-
tom lengths for each cut, it was imperative 
that a known distance was captured. To 
do that, a distinguishable feature for each 
sample was measured inside of the micro-
scope software. Then, that known distance 
was able to set the scale factor inside of 
ImageJ. Without this procedure, theoreti-
cally each sample would have resulted in 
various scale factors, therefore effecting the 
finals measurements. Then, having set up 
the scale factor, the samples were then im-
ported into ImageJ for the evaluation of the 

desired measurements. An unexpected pre-
liminary finding occurred during the inves-
tigation. Three zones were distinguished, 
making it important to further breakdown 
the kerf angle into the three respective sec-
tions shown in Figure 4. The first top zone 
had a curved section, the second zone was 
divided up based on the taper of the cut, 
and the final zone was a straight cut end-
ing at the bottom of the sample. A clear rep-
resentation of these three distinguishable 
zones found during the evaluation of the 
microscopic samples is shown in Figure 4.

Figure 4: Three distinguishable zones delineated 
based on microscopic images.

Zone 1: Curved Zone
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As a result of the three distinguishable 
zones throughout the initial observations, 
it was also important to study the effects 
of the abrasive waterjet cutting process on 
fiber reinforced composites mechanical 
properties. When machining fiber rein-
forced composite parts, the surface finish 
is crucial in maintaining the intended me-
chanical properties. For composite parts 
machined with an abrasive waterjet, the 
surface finish is extremely important be-
cause if there are any defects left on the 
part, it could possibly result in skewed, 
unpredictable mechanical properties. As 
a result, this study also investigated the 
impact of the edge cut quality formed on 
fiber reinforced composite test specimens 
and their mechanical properties. In this 
case, since an abrasive waterjet was used 
to machine each test specimen, different 
edge finishes were achieved by varying 
the speed of the waterjet. Varying the 
cutting speeds produced different edge 
finishes which is likely where stress con-
centrations could initialize and propagate 
when under loads. As a result, throughout 
this study, for each ply orientation group, 
three different machining speeds were 
used: 200 in/min, 125 in/min, and 50 in/

min. Along with varying the speed of the 
waterjet cutting operation, different fiber 
orientations were tested. Per the recom-
mendations of ASTM 3039, two separate 
sample sizes were fabricated to perform 
tensile tests. The 0° fiber orientation sam-
ple group was manufactured to specific 
dimensions of 10” long, 0.5” wide, and 
0.04” thick. The 90° fiber orientation sam-
ple group was manufactured to 7” long, 1” 
wide, and 0.08” thick. Different fiber orien-
tations were manufactured because it was 
imperative to investigate the relationship 
between the fiber orientation, edge surface 
roughness, and its effect on the ultimate 
tensile load each sample group could with-
stand. Table III shows the corresponding 
cutting parameters for each group. 

The purpose of testing both 0° and 90° 
ply orientations were to be able to analyze 
whether the reinforcement fibers or the 
polymer matrices were more effected by 
the edge cut quality. For the 0° test speci-
mens, the reinforcement fibers of the com-
posite were parallel to the load that was 
applied. It was then conceivable to inves-
tigate the effect of the roughness on the 
edges, fiber orientation, and the strength 

Table III. Cutting Speeds for carbon fiber reinforced composite tensile testing.



26C o m p o s i t e s  C o n n e c t i o n

ACCE Award Winning Paper  continued...

This Issue:

• Message from the Chair

• Membership Report

• Welcome Vipin Kumar

• ACCE Best Paper Finalists 

• ACCE Call for Papers

• ACCE Keynote Announced

• ACCE Call for Abstracts

• Award Report

• Award Winning Paper

• BOD Listings

of the test specimen. On the other hand, 
the 90° test specimens were used to deter-
mine the relationship between the edge 
finish and the altered state of the polymer 
matrix. The 90° were able to test primar-
ily the matrix because the load that was 
applied to the test specimen was now per-
pendicular to the fiber orientation. By do-
ing this, the polymer matrix was isolated 
from the reinforcement fibers and an in-
vestigation could now be done to evaluate 
how the stress concentrations formed. 

Once the specimens for each group were 
fabricated with the abrasive waterjet, the 
ends were sanded using 200 grit sandpa-
per and an orbital sander. The 0° samples 
were sanded 2.25” on each end and on 
both sides. In addition, the 90° samples 
were sanded 1” similarly. The tabs were 
necessary because of the high force exert-
ed by the 22-kip load frame shown in Fig-
ure 5. Through previous research, with-
out the tabs, the composite samples would 
become distorted thereby effecting the 
results. To provide the most precise and 
secure bond, a bonding jig was designed 
for the desired adhesion during the 24-
hour bonding process. After the speci-
mens were inserted into the bonding jig, 
a steel plate was compressed onto a lower 
steel plate to provide equal compression. 
To ensure the top plate did not move dur-
ing the 24-hour cure cycle, c-clamps were 
also placed to secure the top plate and the 
bottom plate. After 24 hours, the c-clamps 
and bonding jigs were removed apart, 
and the samples were pulled out. 

After the bonding process, the samples were 
spray painted so the Digital Image Corre-
lation (DIC) camera could obtain accurate 
data during the tensile test. First, a white 
spray paint was applied to one side of all 
the samples. Then, a black ink roller was 
used to provide fine speckles to the white 
paint. Before testing could commence, the 
DIC was calibrated using a similar speckled 
patterned calibration tool. The rate at which 
the 0° samples were pulled by the 22-kip 
load frame was 2 mm/sec per ASTM 3039. 
For the 90° samples, after multiple dummy 
test sampling, it was determined that for the 
best evaluation, a pulling rate of 0.5 mm/
sec was optimal. Throughout the testing of 
all 30 fiber-reinforced composite samples, 
the DIC was able to produce images every 
0.5 seconds which provided the most accu-
rate analysis possible. During the analysis 
process, the calibration images that were 
previously mentioned were used for each 

continued on page 27...

Figure 5. 22-kip load frame with two DIC cam-
eras setup during tensile testing.
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Figure 6. (a) Kerf angle projection graph. (b) Top and bottom length measurements.

sample to calibrate the analysis software 
as well. For each sample, the software was 
able to evaluate all the photos from the DIC 
which amounted to approximately 150-200 
images per sample. In addition, with the 
data outputted by the 22-kip load frame, 
the software was able to determine specific 
mechanical properties of each sample and 
report an excel file for further investigation.

Carbon Fiber Reinforced Composite Kerf 
Angle Results
The first sample that was investigated was 
¼” thick carbon fiber reinforced compos-
ite. The 100% (blue) cutting speed shows 
the greatest angle along the tapered zone. 
Also, the 100% cutting speed took away 
the least amount of material but left a 
much more pronounced kerf angle on the 
sample. Next, the 75% cutting speed (red) 
produced a slightly smaller kerf angle 

than the 100% speed, but it was still rela-
tively tapered. The 50% cutting speed kerf 
angle more nearly resembled a straight cut, 
yet still had a slightly tapered kerf angle. 
Lastly, the 25% cutting speed proved to be 
the optimal cutting speed for the ¼” thick 
carbon fiber reinforced composite sample 
in terms of reducing the kerf angle. Fur-
thermore, since the top and bottom lengths 
are trickier to delineate from in Figure 6 (a), 
the top and bottom measurements were 
expressed in Figure 6 (b). A similar, ex-
pected trend occurred throughout the data 
analysis for the four cutting speeds with 
respect to their top and bottom lengths. As 
previously mentioned, the 100% cutting 
speed had the least amount of material 
removed by the abrasive waterjet. From 
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there, each cutting speed removed more 
and more material off the part. The next 
microscopic image that was analyzed was 
the ½” thick carbon fiber reinforced com-
posite sample. On average, the kerf angle 
breakdown in Figure 6 (a) shows a simi-
lar pattern. The 100% cutting speed pro-
duced a larger kerf angle compared to the 
remaining three cutting speeds. Mean-
while, similar to the ¼” thick carbon fiber 
reinforced composite sample, the 100% 
also removed the least amount of material 
during its cut as shown in Figure 6 (b). 
The ¾” thick carbon fiber reinforced com-
posite sample followed the same previ-
ously mentioned trend whereas the 100% 
cutting speed produced the largest taper, 
while the 25% cutting speed resulted in a 
cut with a smaller kerf angle.

Tensile Test Results
The carbon fiber reinforced composite 
samples results led to a further investiga-
tion into the impact of the kerf angle on 
the specimens’ tensile properties. Figure 7 
illustrates the maximum stress the 90-de-
gree group could withstand. The data 
showed an unclear relationship between 
the cutting speed and the maximum stress 
each group could withstand. 
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Figure 7. 90° maximum stress with the theo-
retical cross-sectional area.
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Figure 8 shows the results for the tensile 
testing of the 0-degree test specimens. 
There is a slight increase in maximum 
strength as the cutting speed increases. 
This result is contrary to the initial hy-
pothesis that the slower cutting speed 
would produce a smoother finish there-
fore being able to withstand more load. 

Before the testing, each sample was mea-
sured using calipers to find the cross-
sectional area per ASTM 3039. Based on 

the results from the kerf angle studies 
and the maximum stress with the theo-
retical cross-sectional area, it is concluded 
that this method is not accurate enough 
to provide accurate measurements. Since 
the kerf angle is formed on the part as 
previously shown, the measurement de-
vice used to calculate the width of the test 
specimen only captures the widest point 
of the specimen. Figure 9 portrays the tra-
ditional and actual ways of measuring the 
test specimen’s cross-sectional area. 

To determine the correct cross-sectional 
area, the samples were potted, and mi-
croscopic images were obtained. Once the 
cross-sectional area was determined, it 
was then possible to input those values in 
for the calculation of the maximum stress 
for each sample group. Figure 10 shows the 
corrected maximum stress values. It was 
determined that all the 90-degree sam-
ple groups withstood relatively the same 
amount of maximum stress.

continued on page 30...

Figure 8. 0° maximum stress with the theo-
retical cross-sectional area.

Figure 9. Theoretical vs. Actual measurement methods of samples for stress calculations 
using vernier calipers.

Theoretical Cross-Sectional 
Measurement

Actual Cross-Sectional 
Measurement
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Similarly, the 0° sample groups were ap-
proximately the same amount of stress 
each sample could withstand once the 
cross-sectional area was accounted for. 
Figure 11 shows the recalculated maxi-
mum stress which places importance the 
kerf angle factor in obtaining the correct 
and accurate cross-sectional area.  

Conclusion
Throughout the investigation of the effect of 
the abrasive waterjet on carbon fiber rein-
forced composites, many observations were 
made. First, when a 100% cutting speed was 
used, the kerf angle was the largest. From 
the 100% cutting speed, the kerf angle be-
came less and less as the cutting speeds 
were slowed down. Additionally, the cut-
ting speed of the abrasive waterjet produced 
varying kerf angle which also altered the 
amount of material that remained on the 
part. To test the mechanical properties of 
the composite test specimens with various 
edge surface finishes, sample groups were 
formed to perform tensile tests. Both the 
90° and 0° groups’ maximum stress values 
were determined with the cross-sectional 
area acquired by manual measurements. 
As a result, the cross-sectional areas were 
not accurate enough because of the previ-
ously mentioned resulting kerf angle left on 
the specimen. To verify the hypothesis, the 
specimens underwent high-precision mea-
surements, and the cross-sectional area was 
corrected. There was relatively no difference 
in the edge surface finish and the amount of 
stress the specimens could withstand. This 
could be the result of the small thickness 
values of the composite specimens. Since 
the specimens were so thin, there was not 
enough material to alter the edge surface 
finish to the point where stress concentra-
tions could form. Further research must be 
conducted to fully analyze and verify the 
previously mentioned hypothesis. In con-
clusion, when using fiber reinforced com-
posite test specimens for tensile testing, it 
is recommended to use another means of 
cutting the samples. The kerf angle itself 
alters the test specimens enough to the 
point where the cross-sectional measure-
ments are too inaccurate when following 
the ASTM 3039 guidelines. 

 

Figure 10. 90° maximum stress with the 
theoretical cross-sectional area.

Figure 11. 0° maximum stress with the theo-
retical cross-sectional area.
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