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FROM THE EDITOR

» Print is dead. Readership of printed newspapers and printed 

magazines is in a death spiral. Traditional media and traditional 

journalism are disappearing. Everyone gets their news and infor-

mation online.

I wouldn’t blame you 

if you thought each of the 

above statements was true; 

they have been repeated so 

often over the past decade that 

they have established, through 

repetition, status as assumed fact. 

Reality, however, is a bit more complex, and it depends entirely on 

where in the media landscape you are standing.

Take, for instance, these words you are reading right now. If you 

are in North America, the odds are very good that you are reading 

them on paper in a printed magazine that you are holding in your 

hands. If you are in Europe or Asia, however, the odds are even 

better that you are reading these words on a PDF via a computer 

or phone, mainly because the high cost of mailing printed copies 

of CW outside of North America forced us to shift to a digital-only 

delivery platform for those continents.

In each instance, however, whether physical or digital, you 

are consuming CW in a traditional magazine format, comprised 

of editorial content surrounded by paid advertisements. And 

each month we deliver about 27,000 printed copies of CW to 

subscribers in North America, and another 5,000 digital copies 

to subscribers outside of North America. Indeed, although print 

publishers in the consumer world might be struggling, trade 

publishers (like CW), and their readers, remain healthy and 

vibrant.

This is not to say the CW audience is unchanging. Although the 

printed magazine remains the core of our journalism, we have, 

like many publishers, developed many ancillary products as well, 

including two e-newsletters (CW Weekly and CW EXTRA), the CW 

Blog and the CW Web site. In addition, we have a strong presence 

on Twitter, LinkedIn, YouTube and Facebook. The latter is our 

most active and dynamic social media outlet.

In short, our job is to deliver technical information to 

composites professionals about the design and manufacture of 

composite parts and structures. Doing so requires that we put that 

information where and when you want it. So, if you like to read the 

printed magazine at your desk, we can do that. If you like to read it 

on your phone, we can do that, too.

Starting this month, we are adding another communications 

arrow to our quiver with the launch of CW Talks: The Composites 

Podcast, a bi-weekly podcast that will highlight the people and tech-

nologies that are shaping the world of composites.

The premise of CW Talks is simple: The composites industry is full 

of smart and interesting people whose knowledge of composites, 

we believe, should be shared in their own words. So, each episode 

of CW Talks will feature a person (or persons) who has expertise 

and insight about where composites have been and where they are 

headed. We will talk to them about their history and experience with 

composite materials, what they know, what they have learned and 

what technologies they see in the near future. The first episode of 

CW Talks is a conversation with Arnt Offringa, head of aerostruc-

tures R&T at Fokker Technologies, GKN Aerospace’s Fokker business 

unit in Hoogeveen, The Netherlands. He will be followed by Brian 

Dods, CEO of the Institute for Advanced Composites Manufac-

turing Innovation (IACMI, Knoxville, TN, US) and Tom Haulik, sales 

director, carbon fiber at Hexcel (Stamford, CT, US).

You can find CW Talks on iTunes or Google Play. You can also 

find CW Talks on the CW Web site at www.compositesworld.com/

podcast. Take a listen and let me know what you think. Also, let me 

know if you have an idea for CW Talks — person or subject. This is 

a young and dynamic product, and as such, it can be molded and 

adapted to suit our audience. As I said, we are in the business of 

serving your composites information needs, and we are ready and 

willing to make it happen. Contact me at jeff@compositesworld.com 

with your suggestions.

CW Talks: The 
Composites Podcast 

joins the CW arsenal

JEFF SLOAN — Editor-In-Chief
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COMPOSITES: PAST, PRESENT & FUTURE

»  The ISO/ASTM 52900 standard defines additive manufacturing 

(AM) as the process of joining materials to make parts from 3D 

model data, usually layer upon layer, as opposed to subtractive 

and formative manufacturing methodologies. AM is used to build 

physical models, prototypes, patterns, tooling components and 

production parts in plastic, metal, ceramic, glass and composite 

materials. AM encompasses seven distinctly different processes. 

Parts can be created in a layer-by-layer fashion by extruding, 

jetting, photo-curing, laminating or fusing materials. 

AM continues 

to be a rapidly 

expanding 

ecosystem. In 2016, 

the AM industry, 

consisting of all AM 

products and services 

worldwide, grew 17.4% 

(CAGR) to US$6.063 

billion. This compares to 25.9% growth in 2015 when the industry 

reached US$5.165 billion. The CAGR for the past four years (2013-

2016) is 28%. The CAGR over the past 28-year period is an impres-

sive 25.9%. 

This US$6.063 billion estimate of worldwide revenue includes 

industrial systems and desktop 3D printers (those that sell for 

less than US$5,000). And, it’s important to note that this estimate 

does not include R&D initiatives at original equipment manufac-

turers (OEMs) and their suppliers. They are among the principal 

customers of AM products and services. Also, it does not include 

revenue from AM parts manufactured by OEMs. 

In 2016, 97 manufacturers from around the world produced and 

sold industrial-grade additive manufacturing systems (those that 

sell for US$5,000 or more). This compares to 62 manufacturers in 

2015 and 49 in 2014. 

In my 2010 report to CW’s readers on this subject, I noted that 

AM methods had begun to transition from primarily prototyping 

and functional modeling to the manufacture of finished produc-

tion parts. Our 2009 survey of AM companies showed that AM part 

production represented 15.6% of their business in 2008. In 2016, 

this figure grew to 60.6%.

Also in 2010, I noted that AM’s impact on the composites 

industry was difficult to gauge, but several AM technologies 

offered opportunities to manufacturers. In the seven years since, 

we have seen additional system manufacturers offer machines 

that produce composite parts, with moderate adoption of them. 

AM processes offer reduced costs and time associated with 

the development of tooling, especially for complex parts. And 

because multiple small parts can be built simultaneously, produc-

tion efficiency is inversely proportional to part size, which makes 

the process very attractive for individual parts. Some organizations 

have discovered the use of AM to produce tooling for composite 

layups. I see this as an opportunity that will grow over time. I 

concluded in 2010 with this observation: “I see a need and oppor-

tunity for the composites and AM industries to cooperate and 

grow together. Both have a lot to gain by jointly solving some of the 

problems that we face and by offering a wider range of materials.” 

Additive manufacturing continues to represent a relatively 

new and exciting frontier for composites manufacturers. Since 

2010, several companies have come forward with unique and 

groundbreaking developments. Cincinnati Inc. (Harrison OH, 

US) co-created, with Oak Ridge National Laboratory (Oak Ridge, 

TN, US), the Big Area Additive Manufacturing (BAAM) system 

that offers print rates of 45-68 kg/hr. Also, it has a print envelope 

measured in meters rather than in millimeters, for true large-scale 

composites manufacturing. EnvisionTEC (Mt. Laurel, NJ, US) has 

developed small and mid-sized systems capable of printing to 0.03 

mm resolution and can handle glass-reinforced, high-strength 

plastics. Markforged (Cambridge, MA, US) has introduced its Mark 

One, the world’s first commercial 3D printer equipped to 3D print 

parts with continuous strand carbon, Kevlar or glass fiber rein-

forcement. Similarly, Arevo Inc. (Santa Clara, CA, US) has devel-

oped additive manufacturing systems that combine continuous 

fiber reinforcement with thermoplastic matrices. 

These and other developments are interesting, but in many 

ways, my concluding words from 2010, stated earlier, still apply. 

So much more needs to be done to fully tap the potential. In many 

ways, the AM industry has only begun to realize what’s possible in 

composites manufacturing.

To acquire a copy of the Wohlers Report 2017 (US$595, print; 

US$495, PDF), visit wohlersassociates.com.  

Additive manufacturing 
has only begun to tap the 
potential available in the 
composites Industry.

Additive manufacturing  
and composites: An update 

Terry Wohlers is the principal consultant and president of 
Wohlers Associates Inc. (Fort Collins, CO, US), an independent 
consulting firm that he founded 30 years ago. Wohlers and his 
team have provided consulting assistance to more than 250 
organizations in 25 countries. He has also provided insight to 
175+ additional clients from the investment community. He is a 

principal author of the annual Wohlers Report, has authored 400 books, articles 
and technical papers and has given more than 140 keynote presentations on five 
continents.
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PERSPECTIVES & PROVOCATIONS

» Routinely, a television show or magazine will highlight what 

happened to celebrities from the past — musicians, child tele-

vision stars, one-hit wonders, etc. These segments, frequently 

titled, “Where Are They Now?,” often find these oldtimers living 

well, but away from the limelight, without the trappings of fame 

or fan clubs. Doubtless, a few that seemed destined for long-term 

success found their careers diverted or simply interrupted.

We have some analogues in the composites world. A technology 

comes along that seems to set the world on fire, or shows incred-

ible promise, only to stagnate or ebb, never achieving the “hockey 

stick” shaped forecasts provided by early entrants and the invest-

ment community. Although that list is long, I looked back over the 

past 10-15 years and found a few worth mentioning.

The first is the 

proton exchange 

membrane (PEM) 

fuel cell, which 

generates power 

from the simple 

mating of hydrogen 

and oxygen, producing 

water as a byproduct. 

PEMs were heavily promoted as a solution to high gasoline prices 

in the late 1990s. Shares of the leading players, Ballard Power 

Systems and Plug Power, soared on the promise of millions of cars 

and homes running on cheap, clean hydrogen power. For compos-

ites, the opportunity was certainly attractive — PEM cells made use 

of molded, conductive bi-polar plates, carbon fiber membranes 

and high-pressure, lightweight compressed hydrogen tanks wound 

with high-strength carbon fiber. Honda, Mercedes, GM and other 

OEMs fielded test fleets. Suppliers developed materials to serve 

what was surely enormous growth potential. Ultimately, excite-

ment waned, due to poor cold weather performance, cost issues — 

especially with pollutant-sensitive, expensive platinum catalysts — 

and the lack of a refueling infrastructure for gaseous hydrogen.

So where are they now? Although some hurdles have been 

cleared, others remain. Ballard and Plug Power are still alive, but 

focused on fleet vehicles and clean power for industrial and IT 

firms, having scaled down growth expectations. Toyota, BMW and 

other OEMs still dabble with PEMs, but only in niche markets.

Around 2000, a second example was TWINTEX, a Saint-Gobain 

Vetrotex commingled tow, produced by combining polypro-

pylene (or PET) fibers in line with the drawing of the glass fibers. 

This eliminated the need for the secondary process usually asso-

ciated with commingling, therefore offering a lower price point. 

Woven into wide, long rolls, TWINTEX fabrics and tows saw exten-

sive end-use product development in automotive components, 

impact-resistant watercraft, pallets and shipping containers, 

among others. The performance/price ratio boded well for 

exceptional market growth. But despite attractive material pricing, 

processing of TWINTEX was not always easy nor rapid.

Where is TWINTEX now? In 2007, Saint-Gobain’s reinforcements 

business was acquired by Owens Corning, and the technology 

portfolio was subsequently sold to Fiber Glass Industries in 2012. 

After FGI’s operations ceased in 2014, production of TWINTEX also 

ceased and FGI’s assets were sold to SAERTEX. Commingled fibers 

produced by conventional means are today supplied by Concordia 

Fibers, Innegra, Coats Group, and Schappe Techniques, albeit 

without the large-volume expectations of TWINTEX.

I might get some pushback on this one, but a third technology 

with unrealized potential are carbon-based nanomaterials. In the 

mid-2000s, carbon nanotubes were extensively promoted as the 

next transformational material for composites. The space attracted 

researchers, industrial entrants (existing and startup) and wide 

media coverage. A broad range of materials, including vapor-grown 

nanofibers, Buckminsterfullerenes (“buckyballs”), single-walled 

nanotubes (SWNT) and multi-walled nanotubes (MWNT) were 

targeted as additives to matrix resins to enhance impact, thermal, 

electrical and other performance characteristics. And SWNTs and 

MWNTs could be added to the surface of conventional carbon fibers 

to leverage fiber-to-resin adhesion, enhancing compression or shear 

strength. Standing in the way of that explosion of growth were issues 

with poor dispersion in the matrix, commercial scalability and cost. 

So where is carbon nanotechnology now? Small quantities of 

carbon nanotubes/nanofibers are produced and sold into niche 

applications, largely for sporting goods. But clumping, difficulty with 

volume production and high prices have quelled the fervor in most 

markets. Recent efforts are focused on graphene, in platelet and 

sheet form, with electronics the most promising future market.

Innovation is the lifeblood of any industry, and composites are no 

exception. These examples and others like them, though legitimately 

promising, were hurt by unreasonably elevated expectations. It’s 

also possible that inventions like fuel cells arrive before the market 

is ready to adopt them, but might ultimately succeed. That has me 

wondering what are today’s “next big things” that we will be looking 

back on and wondering “where are they now?” in 2030?   

Where are they now?

Dale Brosius is the chief commercialization officer for the 
Institute for Advanced Composites Manufacturing Innovation 
(IACMI, Knoxville, TN, US), a US Department of Energy (DoE)-
sponsored public/private partnership targeting high-volume 
applications of composites in energy-related industries. He is 

also head of his own consulting company and his career has included positions 
at US-based firms Dow Chemical Co. (Midland, MI), Fiberite (Tempe, AZ) and 
successor Cytec Industries Inc. (Woodland Park, NJ), and Bankstown Airport, 
NSW, Australia-based Quickstep Holdings. He also served as chair of the Society 
of Plastics Engineers Composites and Thermoset Divisions. Brosius has a BS in 
chemical engineering from Texas A&M University and an MBA.

Promising technologies of 
yesteryear: Where are they 
now? What can be learned 
from unfulfilled promises?
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GARDNER BUSINESS INDEX: COMPOSITES

New orders grow for a fifth straight month; electronics,  
automotive and aerospace markets expand.

» With a reading of 53.6, the Gardner 

Business Index in April showed that the US 

composites industry had grown for a fifth 

month in a row. Although April’s was the 

slowest rate of growth in 2017, the composites 

industry still was growing overall at its fastest 

rate since the first half of 2014.

New orders grew for a fifth consecutive 

month, but the rate of growth in that subindex 

decelerated in April for the second month 

in a row. Although the production subindex 

grew for the 10th straight month, the rate of 

growth slowed sharply in April. By contrast, 

the backlog subindex increased for the third 

straight month, reaching its highest level 

since February 2016 and its second highest 

level since May 2014. The trend in the backlog 

subindex indicated increasing capacity utili-

zation in 2017. Employment increased for the 

ninth consecutive month. The rate of growth in employment as 

April closed out had been constant since December 2016. Exports 

decreased for a third straight month. Supplier deliveries length-

ened significantly during the first four months of 2017. In April, 

that subindex reached its highest level since March 2012.

Beginning April 2016, material prices had increased at a consis-

tently strong rate — that subindex had remained just below 60 

for nine months in a row. But in the three-month period ending 

in April 2017, the subindex had soared above 70. Notably, these 

are the only months that the material prices subindex has risen 

above 70 since the GBI survey was first recorded in December 

2011. Prices received increased at an accelerating rate for the 

sixth month in a row. The rate of increase slowed slightly In April 

compared to March, but,the subindex had otherwise trended 

upward since January 2016. Future business expectations still 

remained comparatively strong through April, but that subindex 

had nevertheless fallen off steadily since December 2016.

In terms of markets served, the electronics sector in April had 

recorded strong growth in four of the previous five months. The 

automotive industry had grown for a fifth straight month. In two 

of the preceding four months, the automotive market’s subindex 

had hovered just above 50.0. The aerospace index in April 

expanded for the sixth month in a row and for the eighth time in 

10 months.

Regionally, The US South Central experienced the fastest 

growth in March. It grew at an accelerating rate for the third 

month in a row. Both the South Central and the Southeast had a 

subindex over 60. The Southeast grew at a robust rate for a fourth 

straight month. The North Central-West and North Central-East 

maintained their ongoing strong rates of growth. However, the 

West and Northeast showed contraction.

Facilities with more than 250 employees grew for the fifth 

month in a row in April, the last three months, with a subindex 

above 60. Plants with 100-249 employees showed that they’d had 

strong growth for nine months. Companies with 50-99 employees 

were flat, failing to grow for the second time in three months. 

Companies with 20-49 employees expanded for a fifth straight 

month. Companies with fewer than 20 employees contracted after 

two months of growth.  

April 2017 — 53.6

Steve Kline, Jr. is the director of market intelligence for Gardner 
Business Media Inc. (Cincinnati, OH, US), the publisher of 
CompositesWorld magazine. He began his career as a writing 
editor for another of the company’s magazines before moving 
into his current role. Kline holds a BS in civil engineering from 

Vanderbilt University and an MBA from the University of Cincinnati.  
skline2@gardnerweb.com
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A composite carrier that follows you anywhere, 3D printed tooling for custom Falcon bizjet 
components, and a composite suspension knuckle for future Ford compacts.
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TRENDS

What should hip urban dwellers do when they need to pick 
up a week’s groceries or carry a big briefcase of documents 
home from the office, but don’t own a car and can’t find a 
taxi or Uber (or an aerial drone)? Piaggio Fast Forward (PFF, 
Boston, MA, US) could have the answer. Founded in 2015 
by the Piaggio Group, the maker of the iconic Vespa motor 
scooter and other two- and three-wheeled vehicles, PPF’s 
stated goal is to “create lightweight, intelligent and autono-
mous mobility solutions for people and goods.” Architectural 
composites innovator Greg Lynn, PFF’s co-founder and chief 
creative officer, saw a trend: “People were moving less, and 
more things were being brought to them. We see an alterna-
tive vision, where robotic solutions can help people move 
more, by carrying and following. It makes your hands free so 
you can do more with your hands, and you can walk or run 
further, longer.” 

The first PFF product prototype, introduced in February 
of this year, is the Gita (pronounced “gee-ta,” Italian for 

“short trip”). Gita is a 0.67m diameter, smart, wheeled 
robotic cargo vehicle, with an 18-kg payload. Equipped with 
an optical detection system and sensors, it creates a three-
dimensional map of its surroundings, with waypoints, while 
following a human, who wears a camera device. Once Gita 
knows a route, it can operate autonomously in some envi-
ronments or in a convoy mode with other Gita devices, or in 
tandem with the Kilo, a larger PPF-designed robotic vehicle 
that has a 91-kg capacity.

Instead of streets filled with autonomous cars, PFF ima- 
gines people walking, biking or skating with their robots 

handling the heavy lifting. PPF’s Gita (pictured here) can 
move at a human walking pace or can accelerate up to 35 
kph, fast enough to keep pace with a runner.

Lynn tells CW that PFF is currently building high-perfor-
mance working prototypes of the Gita, and can’t yet discuss 
its industrialized production plans. But the company has 
built 12 prototypes, the first six in carbon fiber and six more 
in carbon fiber/fiberglass. Prototype composite tooling was 
created by Symmetrix Composite Tooling (formerly mould-
CAM US, Bristol, RI, US) from machined foam patterns for the 
cylinder barrel, the domed cylinder ends, and cargo area or 

“column.” Parts were wet-laminated and vacuum-consolidated, 
some by New England Boatworks (Portsmouth, RI, US) and 
the rest by PFF, in-house. “We switched to fiberglass cover 
panels and cargo structure for the newer prototypes because 
we needed to have better transmission through areas of the 
vehicle for the electrical signals,” says Lynn.

Almost all other details, mounts and additional parts that 
bond to Gita’s body or structure are 3D-printed, carbon-
reinforced nylon parts (some with chopped and others with 
continuous carbon fiber) built with in-house MarkForged 
(Somerville, MA, US) printers, and other printers that also 
use chopped fiber in nylon, says Lynn. “We were able to very 
rapidly build working prototypes at a very high quality and 
with the weight and strength of production parts by work-
ing with the composites industry in the Bristol, RI area,” he 
adds, “as well as using the robotics we have in-house to 
make our own CNC-shaped molds and laminating our own 
parts in-house.” 

Composites in transit: Rolling robotic “stuff carrier” the new must-have 

Source | PFF
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The trend toward use of polymeric additive manufacturing 
(AM) or 3D printing to produce tooling for composite parts 
is growing. CW reported in its July 2015 issue (short.compos-
itesworld.com/3Dtools) that many see it as the key to reducing 
lead times, enabling them to keep pace with composite 
part design and manufacturing cycles that are accelerating 
in all markets, including aerospace. Tools can be 3D printed 
in days or as little as hours, and — with improving materials 
and build designs — can, in many cases, stand up to auto-
clave cycles,  

Stratasys Inc. (Eden Prairie, MN, US), a manufacturer of 
AM systems using fused deposition modeling (FDM) tech-
nology is working with many customers on both AM tooling 
and part concepts and materials. Among them is Dassault 
Falcon Jet (South Hackensack, NJ, US and Little Rock, AR, 
US). Fifty to 70 Falcon aircraft undergo completion per 
yearly in Little Rock.

That Dassault Falcon Jet is an AM innovator is consistent 
with its history. The venerable French aviation company, 
celebrated its centenary in 2016. Founded by aeronautical 
engineer Marcel Bloch (later known as Marcel Dassault), 
who developed the two-bladed Éclair propeller, founded the 
Societe d’Etudes Aeronautiques (SEA) to build planes for 

3D printed tooling for Falcon Jet

France in World War I, Dassault produced passenger aircraft 
for Air France prior to World War II and grew tremendously 
between 1945 and 1975, fielding the Mirage and Mystère 
combat fighter jets, French civil aircraft and business jets. 
The Dassault Falcon 20 made its first flight in 1963. Today, 
the company is known for its “heavy” bizjets. Notably, 

Source | The Manitowoc Co.
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NEWS3D Printed Tools for Falcon

Dassault engineers also helped develop the computer-aided 
design tools used on its aircraft, which became CATIA and 
led to spinoff software company Dassault Systèmes.

Bastien Carel and Gregory Hilbert, of Little Rock’s 
composites engineering team, report that they are devel-
oping 3D printed tools up to 4.6m in length for molding 
honeycomb-cored composite interior flat and curved panels, 
bulkheads and aircraft lavatory wall sections. Why 3D 
printing? Carel explains, “We are in a situation with high part 
variability and low volume,” because jets receive customized 
interior layouts according to each customer’s specs. “We’re 
utilizing AM tooling as a complement to more traditional 
tooling. It’s not a direct competition with metal tooling, but 
it can be more efficient in terms of time and cost.” They use 
a Fortus 900mc, the largest production printer currently 
offered by Stratasys. Material is Ultem 1010 polyetherimide 
(PEI), with a Tg of 216°C; raw materials are supplied by SABIC 
(Pittsfield, MA, US) to Stratasys to produce the final FDM 
filament. The tools, produced in tongue-in-groove segments, 
will be bonded with epoxy. Says Carel, “We are trying a 
near-net approach to minimize any issues with joining.” That 
involves trials with post-cure machining to achieve tool 
desired surface, and sealers, to ensure vacuum integrity.

The FDM tools meet requirements for dimensional 
accuracy, claims Carel, because parts are vacuum-bagged 
and oven-cured at 121°C. Test-part cure cycles, thus far, show 

“no visible flaws.” 

BIZ BRIEF

GE has completed the US$1.65 billion acquisition of Aarhus, 
Denmark-based LM Wind Power, developer and manufacturer of 
rotor blades for wind turbines. The completion of the transac-
tion follows regulatory approval in the European Union, the US, 
China and Brazil. The transaction internalizes wind turbine blade 
design and manufacturing for GE’s Renewable Energy business, 
reportedly improving its ability to increase energy output and 
create value for onshore and offshore wind farm customers.

“The completion of the LM Wind Power acquisition provides us 
with the operational efficiencies necessary to support the growth 
of our wind turbine business, which is the fastest growing seg-
ment of power generation,” says Jérôme Pécresse, president and 
CEO of GE Renewable Energy. “With LM’s technology and blade 
engineering, we are now able to improve the overall performance 
of our wind turbines, lowering the cost of electricity and increas-
ing the value for our customers.”

LM Wind Power will be run as an individual operating unit 
within GE Renewable Energy, providing blades for both GE’s 
onshore and offshore wind business units. LM Wind Power 
also will continue to supply blades to other turbine OEMs, with 
established protocols and safeguards to protect customers’ 
confidential data.

Source | The Manitowoc Co.
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Ford Motor Co. (Denton, UK) has published a report 
describing an R&D effort aimed at manufacture of a carbon 
fiber composite rear suspension knuckle for a C-segment 
vehicle, the official European Union designation for what US 
automakers call a compact car. (The EU’s A- and B-segment 
vehicles span the US automakers subcompact classifica-
tion.) Partially funded by Innovate UK and called Composite 
Lightweight Automobile Suspension System (CLASS), the 
project was undertaken by Ford’s Dunton Technical Centre 
(Essex, UK), Warwick Manufacturing Group (University of 
Warwick, UK), Gestamp Ltd. (Newton, Aycliffe, UK) and 
GRM Consulting (Leamington Spa, UK) to assess the feasi-
bility of replacing a steel predecessor with a composite. The 
composite part had to accommodate metallic fasteners, 
meet current hard-point locations, and comply with Ford’s 
noise, vibration and harshness (NVH) requirements. 

The resulting suspension knuckle, (pictured above) 
comprises carbon fiber/vinyl ester SMC with a tailored 
reinforcement provided by a carbon fiber/epoxy prepreg. It 
is manufactured via compression molding with a less than 
5-minute cure and weighs 50% less than the all-steel version. 

Yatish Chandra, one of the report’s authors and a 
composites CAE engineer, Research and Advanced Group 

at Ford, says the CLASS project was facilitated in part by 
GRM’s finite element analysis (FEA) optimization, which 
accelerated layup schedule development. This helped identify 
the need for prepreg, which was selectively applied to the 
knuckle to resist buckling and compressive stresses.

The production process starts with the building of a ply 
stack of prepreg sheets, followed by preforming and trimming. 
Preforms are then inserted into a mold with the SMC and the 
final part is then compression molded. Trimming and drilling 
follows to create holes that accommodate attachment points. 

Yatish notes that the goal of the project was to develop a 
concept process that could produce knuckles in series, at a rate 
of about 25,000 parts/yr. It’s up to Ford now, he says, whether 
it will apply the composite knuckle to a production vehicle.

Chandra’s report co-authors are Alan Banks, supervisor, 
Ford Commercial Vehicle Chassis Group (Dunton); Emad 
Wahab, senior engineer, Ford Research and Advance Group 
(Dunton); and Thomas Gerhards, research engineer, Ford 
Research and Advance Group (Aachen, Germany).

To download a copy of the report online, visit this URL | 
short.compositesworld.com/knuckle

Ford assesses SMC/prepreg 
suspension knuckle 

AUTOMOTIVE

 Source | Ford Motor Co. 
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NEWSK-EV Concept Car

Qoros Automotive Co. Ltd. (Shanghai, China) revealed 
the Qoros Model K-EV, its newest high-performance 
carbon fiber-intensive electric concept car, at Shanghai 
Auto 2017, held April 21-28, in Shanghai, China. The K-EV is 
built with Clever Carbon Cabin (CCC) technology, a seam-
lessly integrated cabin concept made primarily from carbon 
fiber composites. The use of this durable material, says 
the company, significantly reduces the mass of the vehicle, 
which contributes to an increase in the vehicle’s energy 
efficiency to provide high mileage that reportedly helps 
to reduce “range anxiety.” CCC’s use of carbon fiber also 
maintains vehicle body strength and durability, with signifi-
cant design freedom, while maintaining occupant safety 
over long-term use. The seamless construction of CCC lends 
Model K-EV its refined and simplified appearance.

“Qoros is committed to deliver world-class quality prod-
ucts that offer premium customer experience,” says Leon 
Liu, CEO, Qoros Auto. “The Qoros Model K-EV concept 
represents the next step in Qoros’ new energy strategy, 
fulfilling Qoros’ promise to bring future-oriented new 
energy vehicle products to the market in the near future.”

The Qoros Model K-EV will feature individually powered, 
high performance, all-wheel drive system, using the same 

high-performance electric drive-line technology also found 
in Koenigsegg’s (Ängelholm, Sweden) limited production, 
plug-in hybrid supercar, the Regera. The company believes 
this proven technology puts Model K-EV ahead of the 

“concept car” category and opens the possibility for near-
term mass production. Qoros’ cooperation with Koenigsegg 
starts with the QamFree engine, the engine technology 
developed by Koenigsegg’s sister company, FreeValve 
(Ängelholm), which can boost the performance of a conven-
tional gas engine while reducing its fuel consumption. This 
new technology will be introduced to Qoros’ future internal 
combustion car models to “sharpen their competitiveness in 
the market,” the company stated.

Following the debut of Model K-EV at Shanghai Auto, 
plans are being drawn to put the car into mass production 
sometime in 2019.

AUTOMOTIVE

Qoros unveils carbon fiber-intensive 
K-EV electric concept car

Source | Qoros Automotive Co. Ltd.
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Maryland offshore wind project authorized
The Maryland Public Service Commission has awarded offshore wind renewable 
energy credits to two US offshore wind energy projects.
05/15/17 | short.compositesworld.com/MDOffshore

IACMI installs Schuler press at Detroit technical center
The Institute for Advanced Composites Manufacturing Innovation (IACMI) will use the 
4,000-ton press to prove autocomposites manufacturing technologies. 
05/15/17 | short.compositesworld.com/IACMI-SchD

Brazil composites sales declined 4% in 2016
ALMACO reports that a total of 159,000 MT of composite materials was consumed in 
2016, led by users in the construction end-market.
05/15/17 | short.compositesworld.com/Brazil-16

Impossible Objects launches pilot 3D printing machine
The composites-based additive manufacturing (CBAM) method enables use of carbon 
fiber, Kevlar and glass fiber with PEEK and other high-performance polymers.
05/09/17 | short.compositesworld.com/IO-CBAM 

KraussMaffei adds MX SFT mold carrier to its TechCenter
The automated system supports development, prototyping and production of FRP.
05/09/17 | short.compositesworld.com/MX-Soft

Notes about newsworthy events recently covered on the CW Web site. For more  
information about an item, key its link into your browser. Up-to-the-minute news | 
www.compositesworld.com/news/list

MONTH IN REVIEW

SABIC invests in Airborne International
With the new investment, Airborne will implement the digital infrastructure that 
will serve as a backbone for thermoplastic composite automation technologies.
05/08/17 | short.compositesworld.com/SABIC-AirB

American wind power industry reports strongest first quarter since 2009
New wind turbine installations in the first quarter spanned the US,  
from Rhode Island and North Carolina to Oregon and Hawaii.
05/08/17 | short.compositesworld.com/USWindBest

The Comac C919 completes maiden flight in China
The C919, for which Comac has received 572 orders, competes with the  
Airbus A320  and the Boeing 737.
05/08/17 | short.compositesworld.com/C9191stFlt

Washington State University develops recycling method for carbon fiber
The WSU researchers have filed for a patent and are working to commercialize it.
05/08/17 | short.compositesworld.com/SC787-9

TPI Composites, Vestas sign wind supply agreement for Latin America
The blades will be produced at a new facility in Matamoros, Mexico, which is 
scheduled to open for production in the first half of 2018.
04/28/17 | short.compositesworld.com/TPI-LatinA
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Shape Machining Ltd. (Witney, UK) has produced 
tools and made composite parts for the new 
Elemental RP1 high-performance sports car, from 
Elemental Motor Co. Ltd. (Waterlooville, Hants, 
UK). Designed and manufactured by a team of 
ex-McLaren designers, the recently launched RP1 features 
advanced aerodynamics and novel composite solutions, 
including an all-carbon composite passenger tub built 
to Formula 1 strength and stiffness standards. The result, 
according to Shape, is a stunning, modern, high-perfor-
mance road car.

“The performance of the RP1 is amazing,” claims Shape’s 
managing director, Peter McCool, noting a 0-60 mph time 
of less than 3 seconds during testing. “As you can imagine, 
we are very pleased that Shape has supplied tooling and 
parts to this beautiful new sports car. Our engineering back-
ground and willingness to undertake R&D work allows us 
to develop innovative solutions to meet specific customer 
requirements. Elemental have benefited from this approach.”

Shape was founded by McCool, a former F1 designer, 
to provide precision-machined composite tooling to the 
motorsport, automotive and aerospace industries, where 

Shape Machining shapes  
Elemental sports car 

AUTOMOTIVE

complex composite tooling is a requirement. The company 
recently launched the Shape Tex brand of composite preform 
manufacturing. Dry carbon/glass preforms are intended 
for use in resin infusion and resin transfer molding (RTM) 
processes. Shape also produces thermoplastic preforms 
using SYNERGEX commingled carbon/thermoplastic fibers, 
a technology provided by Coats Group (Uxbridge, UK, see 
endnote). 

Peter Kent, composites director, Elemental Cars, says, 
“The RP1’s weight is crucial to its performance, and we are 
using 21st Century materials and manufacturing processes to 
make a car that is fast, strong and light. Shape’s expertise 
in creating the specialized tooling for some of the advanced 
composite parts on the RP1 has helped us to achieve our 
specific brief of engineering a lightweight sports car that 
delivers unrivalled performance and driver engagement.”

Read more about SYNERGEX | short.compositesworld.com/Blog-Paris 

 Source | Elemental Motor Co. Ltd.

High Performance Tooling for 
the Composites Industry 

• Steel
• Invar
• NVD Nickel
• Aluminum
• Precision Machining composites@webermfg.ca

webermfg.ca



19CompositesWorld.com

NEWSElemental Sports Car Shapes Up

F148HM24 HYBRID MILL

120 Technology Drive • Troutman, NC 28166

www.cronsrud.com
© Copyright 2017, C.R. Onsrud Incorporated. All rights reserved.

Advanced Materials • Non-Ferrous Metals
High-Speed Machining • Large Part/Envelope Machining

Accurately machined parts – delivered on time, for a competitive cost 
is what drives the automotive and transportation industries, and 
C.R. Onsrud provides that reliability from our U.S. made, world class 
machine tools. The Hybrid Mill is a unique high speed CNC machining 
center, engineered and built  to deliver the rigidity and accuracy of a CNC 
mill, with the large work envelope of a high speed CNC router. Capable 
of 5-axis machining and configured with twin tables for fast changeover, 
this machining hybrid is fully enclosed for chip containment.

Powered by:

BIZ BRIEF

On April 25, PlastiComp Inc. (Winona, MN, 
US) announced it had completed installa-
tion of an additional pultrusion production 
line at its Winona location. The line will be 
dedicated to manufacturing long carbon 
fiber-reinforced thermoplastic composite 
pellets. The firm’s initial production line 
dedicated to the same came online in 2014, 
and it operates four others to manufacture 
long glass fiber products.

 “In recent years, we have experienced 
continuous growth in demand for our 
long carbon fiber-reinforced composite 
materials,” says Eric Wollan, VP and COO 
at PlastiComp. “This additional, higher-vol-
ume carbon fiber pultrusion line will triple 
PlastiComp’s capacity for producing long 
carbon fiber products to ensure an uninter-
ruptable supply chain for our partners.”

Wollan says that carbon fiber’s small 
filament diameter and conductivity make 
it a bit more challenging to manufacture 
composite pellets than other types of fiber. 
To provide a safe operating environment 
and minimize operational downtime, 
PlastiComp houses these pultrusion lines 
in self-contained areas, equipped with iso-
lated electrical and air-handling systems. 

 “PlastiComp is able to completely melt-
impregnate continuous tows of carbon 
fiber with 12,000 to 50,000 filaments,” 
says Wollan. “This capability allows us to 
offer a broad range of composite material 
solutions that we tailor to meet customer 
specific design and performance require-
ments.” 

Marketed under PlastiComp’s Complēt 
trade name, the pellets feature from 15 
to 50%, by weight, long carbon fiber re-
inforcement combined impregnated with 
a broad range of thermoplastic matrices, 
ranging from polypropylene to PEEK. The 
materials are conductive (<10E5 ohms-
per-square), giving them excellent surface 
and volume resistivity properties and up 
to 80 dB of shielding effectiveness against 
electromagnetic interference.

The company also has a long-fiber 
composites product line that combines 
glass fiber and carbon fiber together into 
a single pellet solution. These hybrid 
long glass/carbon products are intended 
to bridge the performance/price gap 
between all-glass and all-carbon fiber 
reinforced materials. 

Henkel Corp.’s (Dusseldorf, Germany) adhesive technologies business unit has started construction 
of a new production facility for aerospace applications at its site in Montornès del Vallès, Spain. The 
new line is expected to meet growing demand for high-impact solutions that support lightweighting 
and automation, key trends in the global aerospace industry. The facility will include new buildings 
and equipment for additional production and warehouse capacities. The first customer deliveries are 
projected for 2019.

“The global demand for passenger aircraft is expected to double by 2034, making this a very at-
tractive growth market for us,” says Henkel executive VP Jan-Dirk Auris. 

BIZ BRIEF
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Pre-Conference Tutorials
Arrive a day early and participate in Pre-conference Tutorials! These 3 hour courses are held on 
Monday, September 11 and fully immerse participants in a specific area of focus. See the full Conference 
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 ■ Additive Manufacturing

 ■ Advances in Materials
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Conference Program
Delivering detailed Technical Papers, Education Sessions hosted by industry thought leaders, the CAMX Conference Program offers 
timely topics and industry experts – sharing their knowledge of over 100 different topics.

Attendees can expect the latest applications and research from key areas throughout the industry, arranged within the following tracks:
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MON. SEPT. 11
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»  In the early days of composites manufacturing, the materials 

for building fiber-reinforced plastic/composite parts were laid 

into molds by hand. Hand layup is still common in the industry, 

but automated processes — notably pultrusion, filament winding, 

automated tape layup (ATL) and others —  have been developed 

along the way to replace or streamline manual operations.

Pultrusion was one of the first automated processes. Patented 

in 1959 by W. Brandt Goldsworthy (1915-2003), pultrusion is an 

automated, computer-controlled process for manufacturing 

linear, constant-cross section, fiber-reinforced composite profile 

parts quickly, consistently and endlessly, and then reliably cutting 

them into pre-programmed lengths.

Although early models could process only unidirectional 

reinforcements, later system designs have enabled the addition 

of multiaxial fabrics during processing. Typically a thermoset 

process, pultrusion also has been adapted for composite profiles 

with thermoplastic matrices.

Historically, pultrusion has been limited in that the profiles 

it generates are oriented along a linear axis. In a word: straight. 

But nonlinear pultruded profiles were envisioned almost from 

Radius-Pultrusion process offers linear or curved profiles.

Curved pultrusion?  
No longer an oxymoron 

 FIG. 1  Curve-capable pultrusion process

For most of its history, the pultrusion process has been limited to production 
of linear profiles. But Thomas Technik & Innovation’s (Bremervörde, Germany) 
Radius-Pultrusion technology successfully turned out this pipe coil prototype for 
an oil company.  Source | Thomas Technik

the beginning. Goldsworthy and other composite pioneers soon 

asked, Why can’t we make curved pultrusions?

The earliest curved variant was probably Goldsworthy’s 

Pulformer, patented and built in the early 1980s by his team as 

a contender for production of curved thermoset composite leaf 

springs for the automotive industry. The Pulformer combined 

step compression molding with pultrusion material infeed tech-

nology to enable continuous, automated manufacture of curved 

parts and parts with non-uniform cross sections. In the end, the 

technology didn’t fulfill the envisioned potential: Composite leaf 

springs are found on cars today, but they are molded, mostly by 

RTM. One automaker in the US and another in Japan bought 

Pulformers and did considerable research, but no Pulformed 

By Donna Dawson / Senior Writer Emeritus
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 FIG. 2  Developmental licensing

Licensee KraussMaffei’s (Munich, Germany) iPul machine, with direct resin injection system and incor-
porated Radius-Pultrusion technology, is capable of pultruding either curved or straight profiles.

Source | KraussMaffei

 FIG. 3  Enabling elegant arcs

A close-up of a curved channel (arc profile) made by the Radius-Pultrusion process.  Source | Thomas Technik

 FIG. 4  Curved profiles demonstrate strength

Radius-Pultrusion curved profiles sustain 100 kg load in strength demonstration.  Source | Thomas Technik

leaf springs were installed on production cars. 

Curved pultrusion technologies conceived by 

other machinery manufacturers were similarly 

unable to attain commercial success.

Nearly four decades later, however, Thomas 

Technik & Innovation (TTI), part of Thomas 

Holding (Bremervörde, Lower Saxony, 

Germany), is reporting considerable success 

with its version of curved pultrusion technology, 

developed in part with financial support from 

the European Union and Lower Saxony.

Notably, TTI’s principal business focus is 

healthy sleep: Since 1957, it has invested in 

research, development and production of beds 

for homes, hospitals, rehabilitation and care 

facilities, and mobile applications in trucks and 

recreational vehicles. Two decades ago, that 

led to composites production — using carbon 

and glass fiber, and more recently natural fiber-

reinforced polymer composites — initially to 

improve the comfort of its bedding systems. One 

of its core composite competencies, as a result, 

is pultrusion.

Rethinking the stationary die 
Trademarked Radius-Pultrusion, the company’s 

curve-capable technology operates like conven-

tional linear pultrusion, but with some impor-

tant differences, as explained by Klaus Jansen, 

CEO of TTI. 

Conventional pultrusion uses a reciprocating 

pulling system to draw dry fibers through a 

resin chamber, then through a heated forming/

curing tool (die), and then into an automated 

cutoff saw. The key here is that the part profile is 

cured as it is pulled through a stationary die. A 

constant cross-section, linear profile is continu-

ously produced by this system.

“In the Radius-Pultrusion process,” Jansen 

explains, “the heated die tool is no longer 

stationary but works as the upstream, and only 

moving, stage of its pulling system. The heated 

die tool is a reciprocating puller, and a stationary 

gripper on the downstream end of the line 

opens and closes as programmed, but does not 

travel. The die tool grips incoming raw material 

at the upstream end of the line, then moves 

downstream, curing the profile as it proceeds 

toward the gripper unit. As the die moves down-

stream, the gripper remains open and the cured 

profile is pushed through it, toward the auto-

mated cutoff saw. When the die reaches the 
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downstream gripper, the gripper closes, firmly holding the cured 

profile while the die opens and again moves upstream to pull 

and cure the next section of material. This essential difference — a 

moving die — allows the material to be pulled around a curve. The 

result is a system that can continuously produce either a linear 

constant cross section or a constantly curved profile,” Jansen says.

As with conventional linear pultrusion, Radius-Pultrusion is 

a wet process. The fibrous materials are wet-out either by resin 

injection or in an open bath where local environmental regula-

tions permit. 

TTI has vetted its system with a variety of composite mate-

rials, including glass or carbon fiber impregnated with vinyl ester, 

epoxy, polyurethane, acrylate esters and others. Multiaxial fabrics 

are commonly incorporated, as well as veils, which are espe-

cially useful for helping drape the material in the mold, Jansen 

says. What is needed in reinforcements for Radius-Pultrusion is 

material suited for what 

Jansen calls endless 

draping, to enable 

the material to follow 

the curve. “It must be 

flexible,” Jansen says, 

noting that many woven materials are, indeed, flexible enough to 

be pulled around the curve.

Five degrees of freedom
For a constant curve in space, at least five degrees of freedom are 

necessary. “In addition to the horizontal x-axis of linear pultru-

sion, curved pultrusion needs up to four additional axes,” Jansen 

explains, naming the vertical y-axis, transversal z-axis and rota-

tional axes (clockwise and counterclockwise), which would be 

added, for example, to make pipe (Fig. 1, p. 22). 

Jansen says TTI is now building machines that can produce 

linear profiles and — with some modification — curved parts 

with radii greater than 2,000 mm), incorporating the required 

additional axes of freedom. “Where the radius is parallel to the 

long axis, rotation and linear movement is vertical; and where the 

radius is parallel to the short axis, rotation and linear movement 

is horizontal,” Jansen says. Typical parts, where the radius is 

parallel to the long axis, are bumper beams that are created with 

a vertical orientation of curve. Parts that can better be created 

with a horizontal curve include the thin reinforcement profiles for 

glass roofs on cars. 

For smaller-sized curved parts, with radii less than 2,000 mm, a 

different, custom design is offered. For these, the machine rotates 

about a central axis, which may be either horizontal or vertical. 

Parts for bicycle wheel rims are one example of what is possible 

on this type of machine. TTI, in fact, is in discussion with and 

making proof-of-concept carbon epoxy rim components for a 

bicycle manufacturer interested in the potential of Radius-Pultru-

sion. The part radius here is about 300 mm.

“Every kind of profile that is somehow curved can be manufac-

tured by pultrusion now,” says Jansen.

Licensing the process
In addition to producing parts for customers on its Radius-

Pultrusion machines, TTI is licensing the technology to others. 

“We are currently developing new pultrusion lines together with 

 FIG. 5   Autocomposites 
pultruded bumper beams?

This graphic rendering depicts licensee Shape 
Corp.’s (Grand Haven, MI, US) Radius-Pultrusion 
system, which will be used to produce curved 
automotive bumper beams.  Source | Shape Corp.

Read this article online |  
short.compositesworld.com/CurvedPult
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KraussMaffei Technologies in Munich, Germany, one of the 

biggest European injection molding and reaction technology 

manufacturers,” Jansen reports. “Complete lines, especially 

for fast or demanding resins, such as polyurethane, epoxy and 

reactive polyamide, are under development and will be sold 

through KraussMaffei, using the Radius-Pultrusion pulling units 

and controls from TTI, with the possibility for the customers to 

license the technology for curved profiles” (Fig. 2, p. 23).

TTI also has a partner in Japan that is selling the machinery 

there, Jansen says, adding that he is not authorized to identify the 

company or product, but says the parts might be for infrastruc-

ture elements. “They won’t tell us,” Jansen says. “Nearly every 

company that has visited us expressed consid-

erable interest and often asked for certain 

profiles for evaluation — without identi-

fying the use for these profiles. They only 

tell us the specifications for the profile 

they want” (e.g., Figs. 3 and 4, p. 23).

Another major licensing agreement 

TTI has recently signed, and one it 

can discuss, is with Shape Corp. 

(Grand Haven, MI, US). Although it 

is a global supplier of multiple material 

structural components, primarily in the automotive sector, Shape 

also sells to a diversified group of customers in other markets, 

says John Keene, Shape’s marketing communications lead. 

The agreement calls for TTI to supply its Radius-Pultrusion 

machines and technology to Shape to enable manufacture of 

automotive bumper beams (Fig. 5, p. 24). Jansen expects the first 

machine will be operational this year. “During the last year, Shape 

and Thomas Technik formed a real partnership for the devel-

opment of a new generation of automotive profiles, and we are 

looking forward to future joint-development projects,” Jansen 

says. “The ability of Radius-Pultrusion to manufacture curved and 

hollow profiles is a perfect fit to both our strategies to bring new 

technologies to the customer.”

Today, most composite automotive bumpers are non-load-

bearing injection or compression molded thermoplastics. 

Thermoset bumper beams are less common because they are 

weightier and more brittle than comparable thermoplastic 

bumpers. Steel beams are still the most widely used because of 

their low cost, but compared to composites, they add weight to 

the vehicle and leave the part corrosion-prone. Further, those 

who use steel sacrifice opportunities for parts consolidation in 

manufacturing. This also results in less energy absorption during 

a crash, thus reducing passenger protection.

Toby Jacobson, Shape’s plastic materials and process manager/

advanced product development, adds that Shape chose TTI’s 

Radius-Pultrusion process primarily for its automation, increased 

speed and ability to produce tubular and multiple hollow cross 

sections.

Jacobson identifies the material systems Shape chose following 

extensive trials to develop a laminate architecture and resin 

formulation that best works with Radius-Pultrusion: “While the 

process provides the flexibility to run nearly any type of ther-

moset resin, our resin of choice is polyurethane,” he says. “It 

offers exceptional toughness properties at reasonable cost while 

allowing us to achieve some very fast production rates. For rein-

forcements, we are running unidirectional, biaxial and triaxial 

noncrimp [stitched nonwoven] fabrics. We’re also pulling some 

individual unidirectional tows when necessary. While most of the 

current interest is with carbon fiber, this process will excel with 

fiberglass and a variety of other reinforcements.”

Keene adds, “This combination of extensive process and 

product design research, paired with production trials and 

physical testing, has Shape in position 

to install their first curved pultrusion 

machine in 2017, in preparation for 

2019 model year production.” 

Curves make the difference in 
cars and more

Historically, linear pultrusion has not 

stimulated much interest in the automotive 

industry because there are simply very few 

long, straight beams in passenger cars. Almost 

all automotive parts are curved. Given that reality, curved pultru-

sion offers the opportunity to open some doors.

“The ability to reliably pultrude a constant curvature could 

result in replacing steel in a number of applications,” says 

Michael Connolly, program manager for Urethane Composites 

at Huntsman Polyurethanes (Auburn Hills, MI, US). He names 

bumper beams, roof beams, front-end support systems, door 

intrusion beams, chassis rails and, perhaps, transmission tunnels 

as potential curved pultruded car parts. “Pultrusion is efficient, 

in that it is automated, low-labor and low-capital, compared to 

other composite processing equipment,” Connolly sums up, “and 

can have a low scrap rate compared to RTM and other molding 

processes. I think the automotive community will start to see 

pultrusion as something they might be able to exploit, now that 

curved pultrusion may be available and reliable.”

Such systems — proven reliable and capable of commercial 

series production — could make a substantial difference in a 

wide range of other market applications as well. Potential output 

includes bicycle parts, as well as a host of curved shapes unique 

to infrastructure, architecture and building construction. In time, 

a wide variety of curved parts now made in individual molds 

might be produced continuously by curved pultrusion.  

Pultruding Curved Profiles

Almost all automotive 
parts are curved. Curved 
pultrusion should open 
some doors. 
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Accelerating materials insertion: 
Where do virtual allowables fit?

In the quest to reduce the 
time and cost for aerocom-
posite design allowables 
development, will conven-
tional physical testing and 
virtual testing go head-to-
head or work side-by-side?

»   There is an important, ongoing debate in aerospace composites. Critics 

of the “building block approach” (BBA) used to generate design allowables 

claim that the required testing of thousands of physical coupons at the 

materials level (Fig. 1, this page) wastes time and balloons costs to the point 

that new materials insertion in aerospace programs is overly burdensome.

These same critics assert that today’s simulation software is sophisticated 

enough to virtually duplicate the conditions in physical coupon testing and, 

therefore, ought to be considered, in some cases, a sufficient substitute 

for physical testing. This could, at a minimum, abbreviate coupon testing. 

Opponents contend that the majority of BBA cost is not in coupon testing 

but, instead, in component and full-scale tests, and that these levels are 

where the progressive damage analysis (PDA) that undergirds virtual allow-

ables (VA) offers more benefits. Further, they argue that physical testing is, 

in any case, currently an aircraft certification process requirement.

At CAMX 2015, two presentations in the Accelerated Materials Insertion 

track took up these opposing views. Roger Assaker, president of software 

By Ginger Gardiner / Senior Editor

COUPONS

ELEMENTS

DETAILS

 FIG. 1   The building 
block pyramid: 
Original cost-
saver
The building block 
approach (BBA) was 
originally developed to 
minimize cost by reducing 
the number of large-scale 
tests (top) required for 
design substantiation. 
However, the trade-off is 
that thousands of physical 
coupons are required 
at the materials level 
(bottom).

Source | MIL-HDBK-17-1F  
(open source)
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firm e-Xstream engineering (Newport Beach, CA, US), put forward 

the critics’ case in his presentation, “Virtual allowables approach 

to accelerate continuous fiber-reinforced polymers develop-

ment and insertion.” Lockheed Martin Aeronautics’ (Fort Worth, 

TX, US) senior staff engineer and stress analyst Dr. Carl Rousseau 

defended conventional building block practice as the author of 

“Why virtual allowables are not cost-effective.” 

It’s important to note at the outset that Assaker and Rousseau 

agree physical testing will never be completely eliminated, 

but they diverge when discussing how many physical tests are 

required and at what level in the BBA pyramid computer-aided 

virtual simulation could and should be used to reduce that 

number. Rousseau believes physical testing is the best method 

for quantifying variability in constituent fibers, resins and manu-

factured laminates. Assaker asserts variability is easily simulated 

by using the deviation in fiber and resin properties per manu-

facturers’ data, while laminate defects from processing can be 

included in the models and explored via PDA simulations. Each 

has respect for the other’s position, and though they see value 

in comparing the time and cost of the two approaches, each 

contends that his position in such comparisons is often misrepre-

sented with incorrect supporting numerical data that needs to be 

clarified. There is no disagreement, however, about the priority of 

aircraft safety, and that current levels of protection must be main-

tained no matter what methods are adopted to facilitate insertion 

of new materials into an aircraft program.   

CW invited these two experts to this forum, not to emphasize 

the divide, but instead to examine each side’s assertions, looking 

for common ground.

Counting the cost of coupons
Speaking first, in defense of BBA practices, Dr. Rousseau contends: 

“This whole issue of an excessive amount of test coupons required 

has been misrepresented,” adding that the norm is 1,500-3,000 

coupons per material form, and this can be reduced by up to 75% 

by using extensive data pooling (see “Statistical data pooling for 

design allowables” online | short.compositesworld.com/DataPool). 

Rousseau points out that coupon testing consumes a relatively 

small fraction of the overall cost (Fig. 1). “Half of the cost of certi-

fication testing is in the full-scale test articles,” he explains, noting 

that most programs complete two full-scale airframe tests — one 

static, one fatigue — and that these account for half the BBA 

program’s cost. “Details and subcomponents are two-thirds of the 

remainder, so coupon testing may total US$500,000 per material. 

To us, that’s just cheap insurance.” In other words, unlike metal, a 

composite’s properties vary based on laminate stacking sequence, 

lot/batch properties of fiber and resin, laminate manufacturing/

Much of coupon allowables development requires testing — effects of defects, variability, environment, process stability, NDI
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 FIG. 2   Simulation already used in BBA 
Rousseau notes that simulation is already used in analysis and modeling valida-
tion at the subcomponent, component and full-scale levels.  Source | Lockheed Martin
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molding process, environmental conditions, etc. 

Why add uncertainty by modeling when you 

can physically test to prove and bound actual 

variability?

Believe it or not, BBA was developed (circa. 

1950s, adapted for composites by the 1980s) to 

reduce the cost of aircraft design substantiation. 

Instead of testing every part of every structure, the 

idea was to establish material basis values and use 

these to calculate preliminary design allowables. 

Then, based on the structural analysis, critical 

areas were identified for physical test verifica-

tion. Thus, by testing greater numbers of cheap, 

small specimens, large-scale tests were mini-

mized. Technology risks were assessed early in the 

program and analyses — traditional closed-form 

(i.e., hand-calcs) and, over time, finite element 

and other computer methods — were used in 

place of tests where possible. “At all different 

stages and scales of development, both testing and 

simulation are used,” says Rousseau (Fig. 2).

Assaker sees some common ground here, 

but points out that Rousseau’s conservative 

cost estimate for coupon testing is based on an 

unspoken assumption. “We agree that more of the cost is in the 

full-size articles testing,” he says. “However, we estimate US$5.7 

million for all testing to generate allowables for a completely new 

material [Fig. 3, above]. Only for materials that are well known,” he 

emphasizes, “can you reduce the cost [as Rousseau asserts on p. 

27] to US$500,000. Our approach [for a new material] is to reduce 

the US$5.72 million to US$476,500 for statistical physical testing, 

and do the rest via simulation.” 

“I agree that if you have to test 31,000 — or even 10,000 — 

coupons, then your test program cost will be in the US$5 million 

range or above,” Rousseau responds. But he appeals to standards 

and expectations set by the National Center for Advanced Mate-

rials Performance (NCAMP, Wichita, KS, US), which works with 

the US Federal Aviation Admin. (FAA, Washington, DC, US) and 

industry partners to qualify material systems and CMH17-1G, the 

latest revision of the Composites Material Handbook. NCAMP’s 

standard test matrix, he points out, is a much lower 1,200 coupons, 

“and if you add up the various recommended test matrices in 

CMH17-1G, the total count is roughly 5,000-7,000.”

At this point, Rousseau specifically compares BBA to VA, as 

presented by Assaker (Fig. 3). Noting the large number of different 

layups there, he says, “I don’t agree that 48 laminates would be 

required to test a new material.” Rousseau explains, “I use six 

laminates for tape and three for a fabric, plus three different thick-

nesses of only one laminate for compression-after-impact (CAI) 

testing.” Rousseau’s method reduces the number of laminates to 12, 

and the total coupon count from 31,104 to 7,776. 

To Assaker’s dichotomy between new vs. well-known materials, 

Rousseau replies, “I consider ‘well-known’ to be any composite 

with continuous fiber, in tape or a 2D weave, in a polymeric 

matrix.” This covers the entire landscape of materials used in auto-

mated tape laying (ATL), automated fiber placement (AFP), as 

well as out of autoclave (OOA) and autoclave-cured prepreg and 

dry reinforcements impregnated and molded using resin infusion 

processes. Not included are 3D preforms used in resin transfer 

molding (RTM) and parts reinforced with discontinuous fibers, 

such as those made with molding compounds. Assaker reiterates: 

“I chose 48 laminates to explore the design space for a completely 

new material.” 

Rousseau and Assaker concede that apples-to-apples compari-

sons here are difficult because actual cost and potential savings in 

a physical testing program vary depending on the part and mate-

rials. Although they agree that physical testing is required, Assaker 

asserts that simulation can reduce the need for physical testing 

and that what remains can be done more strategically. “Our view is 

that the virtual testing would drive the statistical data pooling that 

ROI Quantification – $5M and 500 Days

Customer Baseline Test Program
Test Program Augmented with  

Digimat VA Simulation

Number of Materials 1 Number of Materials 1

Number of Layups 48 Number of Layups 12

Number of Batches 3 Number of Batches 1

Number of Panels per Batch 2 Number of Panels per Batch 2

Number of Coupons per Panel Number of Coupons per Panel

Un-Notched Tension (UNT) 3 Un-Notched Tension (UNT) 3

Un-Notched Compression (UNC) 3 Un-Notched Compression (UNC) 3

Open-Hole Tension (OHT) 3 Open-Hole Tension (OHT) 3

Open-Hole Compression (OHC) 3 Open-Hole Compression (OHC) 3

Filled-Hole Tension (FHT) 3 Filled-Hole Tension (FHT) 3

Filled-Hole Compression (FHC) 3 Filled-Hole Compression (FHC) 3

Bearing, Single-Shear Tension 3 Bearing, Single-Shear Tension 3

Bearing, Double-Shear Tension 3 Bearing, Double-Shear Tension 3

50% Bearing-Bypass, Tension 3 50% Bearing-Bypass, Tension 3

50% Bearing-Bypass, Compression 3 50% Bearing-Bypass, Compression 3

V-Notch Rail Shear 3 V-Notch Rail Shear 3

Compression After Impact (CAI) 3 Compression After Impact (CAI) 3

Other 0 Other 0

Number of Conditions 3 Number of Conditions 3

Total Coupons 31,104 Total Coupons 2,592

Full Program Cost $5,717,952 Full Program Cost $476,496

Test Program Duration 600 days Test Program Duration 50 days

 FIG. 3   Biggest impact with entirely  
new materials
e-Xstream’s Assaker estimates a cost of US$5.7 million for 
the physical testing required to generate allowables using 
BBA for a completely new material, but he says that figure 
can be reduced to less than US$500,000 through the use of 
virtual testing. Rousseau disagrees.  Source | e-Xstream engineering
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companies like Lockheed already use,” Assaker adds, “making the 

allowables process and associated testing more efficient.” 

Cost vs. time
Assaker’s Fig. 3 is a rebuttal to the quantitative comparison in 

Rousseau’s CAMX 2015 presentation which tried to compare BBA 

to VA in more concrete terms. Assaker concedes it is based on a 

number of arguable assumptions — e.g., dollar values can easily 

vary because different organizations do stress analysis differently.

Assaker contends that Rousseau’s conclusions are premised on 

at least one incorrect assumption. “His cost conclusions are true if 

you assume that the VA test coupons are built in the FEA code by 

hand, from scratch, every time,” says Assaker. “But this is exactly 

what our solution was developed to streamline.” To give a quick 

background, Assaker is talking about the Digimat software, which 

he says comprises FEA technology, composites expertise and 

failure models. 

Rousseau says he assumed the FE model would be built once per 

test configuration (compression, tensile, CAI, etc.), “but each time 

the model is run, you have to change the MAT and PSHELL cards 

for material properties, lay-up and/or environmental condition.” 

Assaker responds, “We don’t build the model once per test 

configuration for each material because it is already done; we built 

each test configuration’s model into the software. These are stan-

dardized tests. By definition, they cannot change. Modifying the 

MAT and PSHELL cards is also automated.” He explains the issue 

is not complexity — the coupons are very simple, with elemen-

tary loading conditions — “but you have to do a lot of them and 

there is complexity in the damage analysis underneath.” Assaker 

says e-Xstream worked with allowables engineers to program the 

mechanics into the software so that the user simply enters the 

unique parameters per case.

Despite all the talk thus far, Assaker contends that the impetus 

for development of his company’s virtual testing capability was not 

cost, but time. “Engineers came to us frustrated at the long time 

periods required for testing before they could begin the design 

process,” he explains. “Our objective was to allow an engineer 

to quickly compare material 1, 2 and 3, for example. We wanted to 

shorten coupon testing to six months or less.” 

But Rousseau responds, “In my experience, no one waits on 

testing to begin the design process. I can readily estimate properties 

required to begin design. Since all of the other design development 

tasks take longer than coupon testing, I can always have the final 

allowables done prior to drawing release.” 

Assaker counters that he is suggesting use of VA instead of esti-

mated properties.

It is important to note here that definitions matter.  Because the 

ways BBA and VA are inherently set up, this is a somewhat apples-

to-oranges comparison. Physical testing is used as the input data for 

VA, and thus, is mainly performed for lamina (ply level) — not lami-

nates (layups) — at 0°, 90° and 45° (shearing tests). A small number 

of physical tests on laminates are performed for verification (Fig. 

4, above). Using the lamina data, the software automatically builds 

laminates, sets up test coupons and conditions and then runs the test 

matrices (e.g., compression, tension, OHC, notched, CAI, filled hole, 

etc.) for various environments (room temperature ambient, hot/

wet, etc.). Assaker adds, “We calculate all of these laminate proper-

ties by simulation and test only at the red dots (Fig. 4) to validate our 

results.” The software then solves for allowables. Assaker contends 

this doesn’t require the two months projected in Rousseau’s CAMX 

paper, but a matter of weeks after lamina test data are received. And 

because lamina data are simplified, this testing reportedly can be 

achieved more quickly than Rousseau’s projected 18 months. 

Rousseau clarifies that his 18-month testing period includes the 

time for panel fabrication, machining, wet-conditioning and static 

testing at cold-temperature ambient, room-temperature ambient 

and elevated-temperature wet conditions, plus report-writing. “Wet 

conditioning alone takes two months, regardless of how many or few 

specimens you test,” he points out. “In my opinion, all of this physical 

laminate testing will take a minimum of 9 months, with 18 being a 

conservative estimate.” 

Assaker, however, explains that VA uses a formula to calcu-

late wet laminate properties from the properties for dry laminates 

already developed from lamina testing. This formula is based on the 

 FIG. 4   VA testing with 
physical validations
VA tools use physical lamina test data 
at 0°, 90° and 45° to build laminate 
test coupons using finite elements and 
virtual testing to calculate laminate 
properties. Physical laminate testing 
is only performed at the red dots to 
validate results.

Source | e-Xstream engineering
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underlying physics and damage progression of the environmental conditioning process.

Rousseau counters that there are better fits for this simulation technology than in 

generating allowables. “This specific type of simulation enables more modeling and 

less testing of structural failure events, including failure with various sorts of assumed 

damage or manufacturing flaws. These are required for certification but are expensive 

to replicate experimentally.” He notes that PDA-based simulations are also useful for 

modeling complex failure mode interactions at the assembly level (elements, compo-

nents, full-scale test articles, etc.). “This makes more sense than trying to replace 

coupon-level design allowables.”

But can virtual testing be used to help speed up the insertion of new materials? “Abso-

lutely,” says Rousseau. “Once you get into non-laminated processes like 3D preforms, 

resin transfer molding (RTM) and injec-

tion molding with discontinuous fibers, 

all of the methodology we use for design 

allowables on fiber-placed airframe parts 

— which are fairly flat and behave basi-

cally like shells or plates — breaks down.” 

Assaker agrees and says using VA at 

the more complex levels is already on 

e-Xstream’s roadmap, “but we need to start 

with the coupon level because we have to 

show accuracy and earn industry confi-

dence before testing by simulation can be 

accepted at these higher levels.”

Assaker also agrees with VA’s potential 

role with RTM and short-fiber composites. 

“We don’t have to be relegated to non-

traditional laminates [NTL], but we handle 

them quite well.” He notes that e-Xstream 

has been working with the auto industry 

on chopped fiber parts for 13 years, and 

can analyze them with as much accuracy 

as continuous fibers. “We simulate both 

the part and the process in order to 

address issues like fiber orientation and 

porosity.”

However, Assaker points out that for 

automotive, “we move to direct engi-

neering of parts, which is a very different 

approach from the current step-by-step 

BBA process in aerospace. In order to make 

changes where BBA methodologies break 

down, I believe it is necessary to first show 

how they break down and possible solu-

tions.” For example, in a directly engi-

neered RTM part, observed defects, such 

as porosity, are introduced in the simulated 

laminates. “We can then study the knock-

down factors in resin-rich and resin-poor 

areas,” he explains. “For short-fiber parts, 

we follow this same process, because you 

basically have a different laminate at each 

point in the material due to changes in 

fiber orientation.” He acknowledges that 

there is no CMH-17 equivalent for testing 

short-fiber materials.

But Assaker sees value in virtual test-

ing’s capability to expand the design space  

(e.g., by examining hybrid layups and 

mixtures of product forms, such as tape 

inner laminate with fabric outer plies). He 

says physical testing for this is impractical 

because the number of layup combina-

tions grows significantly. “Virtual testing 

can provide high-quality information 

early, guiding design and physical testing 

Building our future...together!815-987-6000  |  www.ingersoll.com

AUTOMATED FIBER PLACEMENT MACHINES
LEADING THE PRODUCTIVITY CHALLENGE
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to the most promising layups,” Assaker says, 

adding that the current allowables method-

ology, which is basically ‘black metal’ design, 

might be sufficient for conventional layups 

(0°/±45°/90°), but increasing the perfor-

mance of composite structures might require 

novel designs, such as asymmetric laminates 

with low angles (20°, 30°, etc.) and different 

manufacturing techniques, such as steered 

fibers. “Determining the performance of 

NTLs will become increasingly important.”

A matter of semantics?
Rousseau says the consensus among his 

peers at the American Society of Compos-

ites 31st Technical Conference (Sept. 19-22, 

Williamsburg, VA, US) was “there is no use 

for VA in certification.” He concedes, “we 

do believe it is very useful in the pre-design 

and design development process. For 

allowables, you simply cannot simulate the 

statistical data required.” 

Assaker believes that VA can capture 

more variability than BBA: “BBA uses three 

batches of material. We do the same by 

randomly picking different resin and fiber 

properties within the range of values given 

in the material specification and/or lamina 

physical test data. Therefore, we can test 

three batches or 100 simply by changing 

one variable in the software from 3 to 100. 

The range in data was already input at the 

beginning. The only change is computer 

crunching time.” In the future, he sees the 

possibility to input all of the data from an 

OEM’s receiving procedures — e.g., testing 

and/or review to verify that incoming 

materials comply with OEM material spec-

ifications — into the model. This would 

integrate the power of Big Data, which is 

already used by manufacturers to reduce 

variability, off-spec parts and waste.

Assaker contends, “The argument 

between virtual and physical testing in 

the development of allowables has been 

presented as a false choice between one or 

the other. VA is interpreted as using simu-

lation results directly in the production of 

design allowables for certification. 

We see certification as separate. 

What we’re proposing is simula-

tion to help reduce the number of 

allowables tests they need to do.” 

Rousseau agrees, “The best way 

to use the simulation/VA tools is 

as a more efficient way to design a test program. I see these as complementary to the 

traditional allowables methods, not competitive.” Assaker says experts like Rousseau 

can play a key role in helping to refine VA and move it forward to make the allowables 

process more informative and efficient.  

BBA vs. VA Testing
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Disruptive designs for composites operation in 1093°C zones.

» Aircraft engine manufacturers have spent years investigating 

exotic materials, in response to passenger, regulatory and cost 

pressures, that might reduce engine noise, emissions and specific 

fuel consumption (a measure of the efficiency of an engine design 

with respect to thrust output, largely related to mass or weight) 

in commercial passenger planes. Toward these ends, they have 

scrutinized super heat-resistant materials that show potential 

for reliable performance at the extreme temperatures (~1093°C) 

generated during the intended lifecycle and variety of conditions 

undergone by aircraft engines (see Learn More, p. 36). 

Among the candidate materials, which include nickel super-

alloys, one winner appears to be ceramic-matrix composites 

(CMCs), different forms of which have been in R&D for years at 

General Electric (GE Aviation, Cincinnati, Ohio, US), Rolls-Royce 

(Manchester, UK), Pratt & Whitney (Hartford, CT, US) and other 

major aircraft engine manufacturers.  

High-temperature pioneer
Composites Horizons Inc. (CHI) in Covina, CA, US, a high-temper-

ature materials pioneer, won an intensely contested contract from 

GE Aviation in 2010 to build CMC mixer, centerbody and engine 

core cowl components for GE’s newly FAA-certified Passport 20 

engine, destined for Bombardier’s (Montreal, QC, Canada) long-

range business aircraft, the Global 7000 and Global 8000, and similar 

models from other OEMs. At this writing, CHI has produced more 

than 300 ceramic components under the GE contract. 

Acquired in 2016 by Precision Castparts (Portland, OR, US), part 

of the Berkshire Hathaway Group, CHI has focused on high-temper-

ature composites since its founding in Covina, CA, in 1974. It began 

with available high-temperature organic polymers. “We were one of 

the early innovators of polyimide composites in the late 1970s and 

early 1980s, and have worked with engine and aircraft manufacturers 

on all the key polyimide materials,” says Jeff Hynes, CHI’s president 

and CEO. But these, too, had their limits. “Our impetus for inves-

tigating and pursuing higher temperature materials in inorganic 

ceramics, outside of the organic world, was the consistent and persis-

tent interest of our engine customers in higher temperature realms 

than the organic composites could reach. So, our entire operation has 

really focused on high-temperature materials.” (See Learn More.)

With its high-temperature experience and a clear, growing 

demand in aerospace and industrial markets for the highly-prized 

characteristics of hot-zone materials, CHI made a strategic decision 

to fully invest in CMC technology. However, “You can’t simply 

take these materials and put them on polymer matrix composite 

Ceramic-matrix composites: Hot engine solution

By Donna Dawson / Senior Writer Emeritus
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(PMC) cutters, or put them in a PMC layup room,” Hynes says. 

explaining, “You will have contamination issues.” 

With this in mind, the company built a 3,252m2 building in 2014 

dedicated to CMC component manufacture. The facility includes 

an impressive array of CMC resources, including CNC cutters 

(Gerber Technology, Tolland, CT, US) with blades designed for 

cutting abrasive ceramic materials; laser projection systems 

(Virtek Vision, Waterloo, ON, Canada); a 5-axis CNC milling 

machine (Fooke GmbH, Borken, Germany); autoclaves (ASC 

Process Systems, Valencia, CA, US); a specialized 8 ft by 8 ft by 8 ft 

(512 ft3), 1093°C sintering furnace; and digital laser NDT infrared 

flash thermography equipment, designed by Thermal Wave 

Imaging Inc. (TWI, Ferndale, MI, US) and run under contract 

from CHI by X-Ray Industries (XRI, Troy, MI). 

Further, Bill Roberts, a 32-year veteran of The Boeing Co.’s 

(Chicago, IL, US) Space Shuttle program — was brought in as VP 

for ceramic operations. 

Benefits of CMC in engines, compared to metals
As noted, a significant characteristic of CMC is its ability to with-

stand a very hot engine and that engine’s very hot exhaust. That’s a 

significant advantage in this application because when a jet engine 

runs at high temperature, it typically discharges fewer emissions of 

carbon dioxide (CO2) and nitrogen oxide (NOx) — thus advancing 

the aviation industry toward an often elusive, but important goal. 

Another advantage of CMC is that, like the less high-temper-

ature-tolerant PMCs, it is flexible and can be formed into very 

tight radii — for example, the tight radii and complex shape of an 

engine mixer. This is in contrast to the difficulty experienced when 

forming less-flexible metals for this or similarly complex parts, 

Hynes points out. 

CMCs for the Hot Zone

Mixers are used on small- to mid-sized aircraft engines to 

improve the mix of the hot core-engine exhaust with the cooler 

bypass air (air driven by the engine fan that bypasses the core 

engine). The smooth, tight shape that can be realized in a CMC 

mixer helps mix bypass air and exhaust more efficiently. The more 

efficiently those airflows mix, the better the specific fuel consump-

tion. This increases engine efficiency and reduces engine noise. 

“For the same reasons, CMCs also resist acoustic fatigue [vibra-

tion] better than, for example, welded titanium,” Hynes says, 

particularly in designs such as the mixer. Metals that are bent or 

formed in very tight radii tend to exhibit fatigue failure, but CMC 

is far more forgiving and durable, Hynes explains. CMCs “allow 

you to build numerous shapes with exotic geometries,” Roberts 

adds, “without the fatigue risk you would have in a welded joint.” 

As a bonus, CMC contributes to lightweighting of the engine 

structure. “Oxide ceramics are about one-third the density of 

nickel alloys, with similar or even higher temperature capabili-

ties,” Hynes says. “So using CMC can make a significant reduction 

to the overall mass of the engine structure.” 

GE design of parts and materials
GE Aviation maintains a separate facility in Huntsville, AL, US, for 

production of silicon carbide (SiC) CMC materials used to make 

turbine shrouds, nozzles and other “superhot zone” parts for 

its LEAP and other engines, through a joint venture with Safran 

Aircraft Engines (Courcouronnes, France). For sake of cost control, 

however, GE turned to a different CMC for the Passport 20. “SiC/

SiC is a more expensive material and the temperature require-

ment for the Passport 20 exhaust components did not dictate the 

need for the higher temperature capability that SiC/SiC provides,” 

explains Tim Shumate, CHI VP of sales and marketing. 

 FIG. 1  Managing 
heat in the engine 
hot zone

Composites Horizons (Covina, 
CA, US) manufactures the Ox-Ox 
CMC mixer (far left), centerbody 
and cowl cover components 
for the Passport 20 jet engine 
developed by GE Aviation 
(Cincinnati, Ohio, US).  Source | GE
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For the CMC components of the mixer, centerbody and core 

cowl, GE designed CMC prepreg material using alumina oxide 

fibers and alumina oxide matrices — called Ox-Ox CMC — and 

subsequently qualified the prepreg for the Passport 20 as well as a 

number of military applications. The prepreg is produced to GE’s 

specifications by Axiom Materials (Santa Ana, CA, US). Axiom 

weaves the fabric for GE, using 3M Nextel 720 continuous-fila-

ment ceramic oxide fibers, produced by 3M Advanced Materials 

(St. Paul, MN, US). The woven fabric is then pre-impregnated with 

an alumina oxide matrix.

The ceramic matrix is a slurry of alumina and other fillers and 

materials. When the matrix is heated in an autoclave and then 

sintered, the fibers and matrix are fused together. This process 

differs from that for standard PMCs, where two very different 

organic materials, such as carbon fiber and epoxy thermoset 

resin, are combined and heat-molded into a new molecular 

structure. The fiber and matrix in Ox-Ox CMC materials have 

very similar chemical structures, derived from powders and 

 3    After cure, the vacuum bag and caul sheets are removed, the parts are 
de-molded and then transferred to the sintering oven. Autoclave-cured 
mixer parts (top two shelves) and core cowl sections (bottom shelf) are 
shown loaded onto the furnace’s removable floor. After the loaded floor 
slides into the furnace, the door (shown on left) is closed and the furnace is 
brought to high temperature.  

 2     The finished layups are vacuum bagged and the parts are transferred to 
an autoclave for cure under high heat and pressure. Photo shows open 
autoclave during vacuum line installation.

 1    After the metal molds are treated with a special mold release, the cut 
patterns are hand-laid on the molds in the specified ply schedule. Photo 
shows layup of a mixer in a multi-piece mold tool.  Source (all step photos) | CHI

various other mixtures, Hynes explains. When these materials are 

sintered and hardened, their chemical makeup remains the same.

The design load of these parts derives from the aeroloads 

from the engine core airflow and external airflow — primarily a 

pressure load, rather than tensile or compression, Hynes says. 

Like carbon or glass, oxide fibers can be oriented in the layup to 

achieve a quasi-isotropic architecture.

Manufacturing Ox-Ox CMC parts 
For the Passport 20 engine, CHI’s Ox-Ox CMC parts comprise the 

mixer, the exhaust centerbody and the engine core cowl. The mixer 

and centerbody are both part of the engine nozzle. For these, the 

Axiom multiaxial prepreg fabric is cut to pre-designed patterns on 

automated flatbed CNC cutters supplied by Gerber Technology. 

An Ox-Ox CMC prepreg uses solvents that have a volatile flash-

point, so they must be refrigerated until use. They, therefore, have 

a limited cumulative out-time at room temperature that requires 

strict control procedures.
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The precision-cut patterns are hand-laid on custom metal 

molds, previously treated with a special mold release. Layup is 

assisted by laser projection systems provided by Gerber subsidiary 

Virtek Vision International. Molds were provided by GE or by AIP 

Aerospace (Santa Ana, CA, US), CHI’s previous owner.

The mixer assembly — the most complex of the components 

produced — is 965 mm in diameter and 610 mm long. The mixer 

is molded in a multi-segment metal tool that is assembled for 

layup and is then disassembled after autoclave cure to allow 

the tool to be safely removed from the part. After layup, the part 

is vacuum bagged using nylon bags from Airtech International 

(Huntington Beach, CA, US) and cured in an autoclave under 

high temperature and high pressure (details not disclosed) — and 

then de-molded prior to sintering. Because the autoclave cycle 

leaves the ceramic in the green state—that is, compacted but 

not fully cured — Hynes explains, “We have to be very careful in 

de-molding this complex part before it is fully hardened in the 

sintering oven.” 

The engine exhaust centerbody is a cone-shaped structure 

approximately 460 mm in diameter (on the front end) and 610 mm 

tall. It fits inside the mixer and protrudes aft of the mixer trailing 

edge. For this part, the cut patterns are hand laid into concave 

(female) molds and covered with a caul plate — made from an 

undisclosed material — to apply and equalize pressure. It, too, 

is then vacuum-bagged, autoclave-cured and demolded before 

entering the sintering cycle. 

The core cowl is made in four parts, each approximately 1.52m 

long and curved to form a cylinder that encloses the engine 

core. These parts, too, are laid up in single-sided, concave molds, 

covered with caul plates and vacuum bagged. And they, too, are 

autoclave cured, demolded and finished in the sintering furnace.

In each case, the cured parts are then transferred after demolding 

to the sintering furnace. The custom-designed furnace features 

a computer-controlled, removable floor, a design that protects 

workers from having to enter the furnace. After the parts are loaded, 

the floor is activated to automatically slide under the furnace and 

 4    After the parts are removed from the sintering furnace and cooled, they are 
machined on this Fooke 5-axis CNC milling machine. The photo shows a 
centerbody being positioned for machining. 

 5    Quality control inspection includes surface measurements by this Romer 
Coordinate Measuring Machine. Photo shows mixer being measured. 

 6    At this point, the parts undergo nondestructive inspection. Photo shows 
mixer in NDI. The mixer appears black in this photo because, prior to the 
laser IR inspection, each CMC component is treated with a temporary 
nonreflective coating to improve the quality of the thermographic image. 

 7    Following cure, machining and inspection, metal details and ceramic 
components are joined and then the finished parts are packed here in the 
assembly area within the CMC-dedicated building for shipment to General 
Electric.  
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then lift up into position. After the loaded floor is set inside the 

furnace, the insulated door is closed and the furnace is brought 

to operational temperature. As the furnace reaches 1093°C, the 

ceramic matrix fuses and residual organic materials burn off. 

After the parts are removed from the sintering furnace and 

cooled, they are transferred to a Fooke GmbH (Borken, Germany) 

5-axis CNC milling machine for milling, grinding and drilling 

counterbores, using specially designed cutting tools. 

The next step is quality control: First the outside surfaces 

are measured, using a Romer CMM (coordinate measurement 

machine) from Hexagon Metrology Inc. (Cobham, Surrey, UK) to 

confirm surface dimension and shape. Next, they are subjected 

to nondestructive 

inspection (NDI) on 

site, using infrared 

flash thermography 

equipment. The 

automated inspec-

tion system includes 

a robot and various 

other articulating 

devices that enable 

the forward-looking 

infrared camera 

(FLIR) to maintain a direct line of sight on the complex part and scan 

100% of each part’s surfaces to detect porosity and delamination. 

In flash thermography, a heat source, such as a brief pulse of light, 

is used to heat a sample’s surface while an infrared camera records 

changes in the surface temperature. As the sample cools, its surface 

temperature is affected by internal flaws, including disbonds, voids 

or inclusions, which obstruct the flow of heat into the sample.  

Lastly, metal details and ceramic parts are assembled using 

mechanical fasteners, and then the finished units are packed for 

shipment to GE, which does the final assembly.

Hynes notes that fastener technology for engine parts is intel-

lectual property typically closely protected by OEMs because of the 

different coefficient of thermal expansion (CTE) of materials found 

in engine assemblies. Although oxide CMC resists high tempera-

tures in operation, its CTE is similar to that of aluminum. The 

thermal mismatch between oxide components that are attached to 

nickel alloys is, therefore, a significant design consideration.

Markets and applications
In 2015, with the GE contract well under way, CHI concurrently 

began developing its own Ox-Ox CMC matrix materials designated 

AXC-610 and AXC-720. Hynes says CHI is currently using these 

materials in two other applications: one in aerospace, and the other 

in an industrial application.

 FIG. 3  Two-fold 
challenge: Heat and 
shape  
The GE Passport 20 engine, showing 
its metal outer bypass duct (a), and 
its Ox-Ox CMC components: the 
core cowl (b), the mixer (c) and the 
centerbody (d).  

Source | CHI 

a

 a 

 b 

 c 

 d 

Read this article online |  
short.compositesworld.com/CMCsHOT

Read more online about this subject in 
“Aeroengine composites, part I: the CMC 
invasion” |  
short.compositesworld.com/Jet1-CMCs 

Read more online about the development jet-
engine-capable resin technology in “Resins 
for the hot zone, Part 1, polyimides” |  
short.compositesworld.com/HotZoneP1

 FIG. 2  Focused on 
high-temperature 
composites

A high-temperature materials pioneer 
since its inception in 1974, Composite 
Horizons dedicated this entire 
3,252m2 building to CMC component 
manufacturing.  Source | CHI
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Hynes further explains that in “Looking 

for a lower cost alternative to the industry-

standard ceramic fabric forms, CHI began 

working with Nextel fiber supplier 3M 

Advanced Materials and prepreg supplier 

Axiom Materials to test several oxide fabrics 

using the AXC oxide matrix.”  

Most Ox-Ox CMC work has been done 

using very fine (and expensive) 1,500 denier 

yarns, but 3M can supply higher denier yarns 

(3000, 4,500 and 10,000 denier), increasing 

the number of filaments in the tow bundle 

while keeping the same individual filament 

diameters. This results in a significant cost 

advantage in fiber production that can be 

passed along to the supply chain and part 

manufacturers. “It’s the same fiber,” Roberts 

clarifies, “but the tow bundles are larger, 

reducing the fabrication costs.” 

It is highly recommended, however, that 

part contours and layup characteristics be 

carefully considered when selecting the 

lowest cost CMC fabric suitable for a specific 

application. For example, tight contours have 

been achieved using prepregs made with up 

to 3,000 denier, but are not recommended for 

4,500 denier yarns. But gentler geometries 

are possible with the higher deniers.

The results of these investigations were 

reported in two papers. The first, presented 

by 3M, Axiom and CHI to the American 

Ceramic Society Meeting June 2015 in 

Toronto, ON, Canada, was titled “Oxide-

oxide ceramic matrix composites — enabling 

widespread industry adoption.” The other, 

presented at the United States Advanced 

Ceramics Assn. (USACA) meeting January 

2017 in Coca Beach, FL, US, dealt with 

“Designing with oxide-oxide CMCs: Under-

standing the price-performance relationship 

in new fabric designs.” 

Using lower-cost fabric forms, the 

program successfully demonstrated 

mechanical properties equivalent to those 

achieved with more expensive industry 

standard ceramic fabric forms, up to temper-

atures of 2150°F, Hynes says. In addition to 

woven fabric, Ox-Ox CMC tows, tapes or 

chopped fiber also can be made. The markets 

for such lower cost, higher denier Ox-Ox 

CMC materials include high-performance 

aerospace applications, as well as industrial, 

energy and, possibly, high-end automotive 

applications. 

Less yields more
Ceramic-matrix composites are 

making a strong contribution to 

what some consider a disruptive 

advancement in aircraft engines, 

a game-changing transition to an 

integrated propulsion system that 

incorporates advanced materials and technology (including GE’s innovative carbon fiber 

composite fan case). The result has been an 8% reduction in specific fuel consumption, 

lower vibration and noise, significantly fewer emissions and long-range performance.  

Donna Dawson is CW’s (previously) retired 
senior writer emeritus, now residing and 
writing in Lindsay, CA, US, in the foothills of 
the Sierras. donna@compositesworld.com

CMCs for the Hot Zone
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             • Over 40 types of 
              fixtures in stock,
            ready to be shipped.
        • Expert consultation 
       with Dr. Adams
    • Email or call today 
   to discuss your fixture   
and custom design needs.

Three and Four Point
 Short Beam Fixture
ASTM D 790, D 6272, 

D 7264, D 2344

2960 E. Millcreek Canyon Road
Salt Lake City, UT 84109

Phone  (801) 484.5055
Fax (801) 484.6008  

email: wtf@wyomingtestfixtures.com
www.wyomingtestfixtures.com

Dr. Donald F. Adams
President
50 years of 
Composite Testing Experience

FLEXURE FIXTURES FOR EVERY SPECIMEN SIZE

We provide quotes for a variety of grips, fixtures, and jigs. We carry 
over 40 types of fixtures in stock, available for immediate delivery. 

Email or call us today. We look forward to hearing from you.

Three and Four 
Point Flexure
ASTM D 790,

D 6272, D 7264

Long Beam Flexure 
Fixture 

w/Alignment Rods 
and Bearings

ASTM C 393, D 7249

Reversed Cycle Flexural Fatigue

Miniature 
Flexure 
Fixture
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Composites Events
June 6-8, 2017 — London, UK
Offshore Wind Energy 2017  
offshorewind2017.com

June 14-15, 2017 — Rosemont, IL, US
amerimold 2017 
amerimoldexpo.com

June 20-22, 2017 — Chicago, IL, US
The Future of Composites in Construction
jeccomposites.com/events/the-future-of-
composites-in-construction-2017

June 27-29, 2017 — Orlando, FL, US
Refocus: Sustainability and Recycling Summit
refocussummit.org

July 4-7, 2017 — Bologna, Italy
3rd International Conference on Mechanics of 

Composites (MechComp 2017)
events.unibo.it/mechcomp3

July 16-22, 2017 — Rome, Italy
ICCE-25, 25th Annual International Conference on 

Composites and Nano
icce-nano.org

July 17-20, 2017 — Ottawa, ON, Canada
CANCOM 2017
cancom2017.org

July 24-30, 2017 — Oshkosh, WI, US
2017 EAA AirVenture
eaa.org/en/airventure

Aug. 20-25, 2017 — Xi’an, China
ICCM21 – 21st International Conference on Composite 

Materials
iccm21.org

Sept. 6-8, 2017 — Novi, MI, US
SPE Automotive Composites Conference and 

Exhibition (ACCE)
speautomotive.com/acce-conference

Sept. 11-14, 2017 — Orlando, FL, US
CAMX (Composites and Advanced Materials Expo) 2017
thecamx.org

Sept. 12-15, 2017 — Husum, Germany
HUSUM Wind 2017
husumwind.com/husumwind/en

Sept. 13-15, 2017 — Nagoya, Aichi, Japan
ICOLSE – 2017 International Conference on Lightning 

and Static Electricity
icolse2017.org

Sept. 18-20, 2017 — Toulouse, France
SpeedNews 18th Annual Aviation Industry Suppliers 

Conference in Toulouse
speednews.com/aviation-industry-suppliers-
conference-in-toulouse

Sept. 19-21, 2017 — Tampa, FL, US
IBEX 2017 
ibexshow.com/show-info

Sept. 19-21, 2017 — Stuttgart, Germany
Composites Europe 2017
composites-europe.com

Oct. 4-5, 2017 — Los Angeles, CA, US
SpeedNews 22nd Annual Business & General Aviation 

Industry Suppliers Conference
speednews.com/business-and-general-aviation-
industry-suppliers-conference

Oct. 10-12, 2017 — Knoxville, TN, US  
Additive Manufacturing Conference 2017
additiveconference.com

Oct. 23-25, 2017 — West Lafayette, IN, US      
32nd Annual American Society for Composites 

Technical Conference
cdmhub.org/groups/asc2017

Nov. 1-3, 2017 — Seoul, Republic of Korea     
JEC Asia 2017
jeccomposites.com/events/jec-asia-2017

Nov. 8-10, 2017 — Boston, MA, US
Greenbuild International Conference and Expo
greenbuildexpo.com

Nov. 15-16, 2017 — Madrid, Spain
Composite Spain
compositespain.com/en/default.html

Nov. 15-16, 2017 — Knoxville, TN, US
JEC Forums 2017: International Conference on 

Automotive Technology
jeccomposites.com/events/jec-automotive-
forums-2017

Nov. 28-30, 2017 — Charleston, SC, US   
CompositesWorld’s Carbon Fiber 2017 
carbonfiberevent.com

PRESENTER

PRESENTED BY

siemens.com/plm

IAN GODDARD
Head of Technical Partnerships  

Renault Sport Formula One Team

EVENT DESCRIPTION: 
The Renault Sport Formula One Team faces increased pressure every year 
to design the “perfect” race car – one that is stiffer, lighter and faster than 
the last.  This webinar will discuss the use of composites in race car design 
and the how the team’s designers use Siemens PLM Software’s Fibersim to 
address the challenges of designing a race car and optimize its design-to-
manufacturing processes to design the perfect car.

PARTICIPANTS WILL LEARN: 
• the challenges of designing a race car (reducing weight to increase speed for example)
• the evolution of lightweighting and why it has become so important 
• the benefits of using Fibersim to design a race car
• why Fibersim is the solution of choice for Renault Sport Formula One Team
• how this information translates to other markets such as production automotive

Renault Sport Formula One Team: 
Pushing the Engineering Limits  
with Composites

June 21, 2017 • 2:00 PM EST

REGISTER TODAY FOR WEBINAR AT: short.compositesworld.com/Siemens621

0617_Siemens_CW17_Webinar_Halfpg.indd   1 5/10/2017   2:14:24 PM
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APPLICATIONS

Partially pre-assembled pultruded 
parts helicoptered in for quick, 
nature-sensitive assembly.

›  The well-loved Mountains-to-Sea Trail, the longest footpath in the US state of 
North Carolina, passes through 37 counties as it winds down from the Appalachian 
Mountains’ tallest peak to the sand dunes of the Outer Banks islands. Near the 
town of Blowing Rock, however, it used to be that hikers had to wade across 
Boone Fork Creek, which was not only annoying but also dangerous during high 
water flows. The nonprofit organization Friends of the North Carolina Mountains-
to-Sea Trail secured funds, as part of an initiative to encourage more outdoor 
activity, to build a pedestrian bridge that would guarantee safe passage across 
the creek to hikers for decades to come. 

Because the crossing point is in a remote US National Forest location with no 
vehicular access, conventional bridge-building methods, which require cranes 
and trucks to move metal trusses or concrete, weren’t feasible. Charged with 

responsibility for the bridge’s design and its 
construction supervision, Arete Engineers LLC 
(Boone, NC, US) knew that a lightweight, easily 
transported and assembled solution was needed. 
Arete’s primary engineer, T. Shawn Ausel, P.E., 
was familiar with Strongwell Corp. (Bristol, VA, 
US) and specified composite structural elements 
that could be ferried by helicopter to a drop site 
close to the build site. 

The Arete design called for an overall 1.2m-
wide by 25m-long bridge structure, constructed 
from EXTREN 525 pultruded fiberglass structural 
profiles wet out with UV-resistant polyester 
modified with fire-retardant additives. EXTREN 
components include a surface veil to prevent 
glass fibers from penetrating the resin surface 
and to enhance bridge corrosion and UV 
resistance. The profiles — 20-cm wide channels 
and 50-mm by 50-mm pultruded tubes — were 
pigmented olive green to better blend with the 
forest setting. Strongwell’s pultruded fiberglass 
SAFDECK 60-cm wide panels, also produced with 
fire-retardant polyester but then coated with an 
epoxy grit, were specified for the pedestrian  
deck surface. 

Ausel and other Arete engineers worked closely 
with Strongwell from design through installation, 
and received training and guidance on element 
assembly. Many of the bridge elements were pre-
fabricated by Strongwell, using epoxy adhesive 
to ensure a good fit and to cut assembly time 
at the job site. Holes were predrilled, enabling 
easier onsite assembly of the structure, using 316 
stainless steel bolts, washers and nuts. 

Materials were shipped on Aug. 22, 2016. 
Assembly was carried out on site by NHM 
Constructors LLC (Asheville, NC, US), took about 
four weeks, and was complete in time for an early 
October opening.

For more information about the Mountains-
to-Sea Trail, visit www.ncmst.org.  

COMPOSITES 
BRIDGE THE GAP  
IN AN HISTORIC 
NATURE TRAIL 

Source | Strongwell



JUNE 201740 CompositesWorld

New Products

» THERMOSET RESIN & ADHESIVE SYSTEMS

Low-temperature epoxy prepreg systems
PRF Composite Materials (Poole, Dorset, UK) has launched three new 
epoxy prepreg systems. Curing at temperatures of 65-120°C, RP442 is 
a new low-temperature system that offers an outlife of up to 30 days 
at 20°C. PRF has also developed a winter version of its popular mid-
temperature component prepreg. RP542-3 retains similar properties to 
RP542-1, but has increased tack levels, making it ideal for use in colder 
workshops. Finally, PRF offers its latest tooling system, RP803. Providing 
a mid-range solution between RP801 Standard cure and RP802 
Overnight cure, this new system has a cure cycle of 12 hours at 60°C, or 6 
hours at 70°C, with a tack life of seven days at 20°C.   
www.prfcomposites.com

» VIRTUAL TESTING & SIMULATION SOFTWARE

Injection molding simulation,  
draping analysis combined
Moldex3D (Chupei City, Taiwan) has linked its 3D injection molding 
simulation software to Livermore Software Technology Corp.’s 
(LSTC, Livermore, CA, US) LS-DYNA draping analysis software 
to enable multi-component molding simulation. This linking is 
designed specifically to assist molders who are performing two-step 
overmolding, which usually includes draping of a fiber prepreg, 
followed by overmolding via back injection in an injection molding 
machine. A major challenge here is to effectively predict the product 
properties that combine these two parts. Moldex3D R14 version has 
integrated with LS-DYNA’s draping analysis to simulate the deforma-
tion behavior. The fiber mat orientation of the fiber prepreg after 
the draping process can be considered in Moldex3D’s analysis for 
the subsequent molding process to obtain a more comprehensive 
warpage analysis of the composite product. LS-DYNA focuses on 
analyzing the deformation behavior of a continuous fiber in compres-
sion molding. Moldex3D will incorporate LS- DYNA’s calculation 
of prepreg deformation and consider the product geometry and 
continuous fiber mat orientation analysis as the parameters of a 
part insert. In Moldex3D’s filling analysis, it will consider the prepreg 
geometry and its material characteristics as the boundary condition. 
In the subsequent warpage analysis, it will consider the insert as 
a continuous fiber composite material and perform a deformation 
analysis of a multi-component part. Through Moldex3D’s Multiple 
Component Molding feature, the fiber mat orientation predictions of a 
uniaxial prepreg in three directions can be analyzed and the product’s 
strength variation in different directions can be attained. Moldex3D’s 
filling analysis also considers the effect of chopped fiber orientation 
in the subsequent plastic molding process and reportedly is able to 
observe the influences of the plastic material and the chopped fiber 
orientation.  www.moldexcomposites.com | www.lstc.com

» THERMOSET RESIN & ADHESIVE SYSTEMS

Phenolic with ultralow free  
formaldehyde content
Hexion Inc. (Columbus, OH, US) is introducing a new phenolic resin for 
composites with an ultra-low free formaldehyde (ULEF) content of less 
than 0.1%. The new, lower volatile organic compound (VOC) Cellobond 
J2027-X01 resin maintains the Cellobond product line’s capability in 
fire, smoke and toxicity (FST) performance while providing improved 
safe use and handling. The ULEF resin contains one-tenth the free 
formaldehyde of previous systems. This results in reduced emissions 
during composites manufacturing, particularly during open-molding 
processes, such as hand lay-up. The materials, says Hexion, meet 
European Fire Safety Standard EN 45545-2.   
www.hexion.com

» FIBER-REINFORCED THERMOPLASTIC COMPOUNDS 

Two new long-fiber glass/polyamides
Solvay (Brussels, Belgium) has launched Omnix LF-4050 and Omnix 
LF-4060, high-performance polyamides (HPPAs) with long fiberglass 
content of 50% and 60%, respectively. These materials are designed 
for applications in which parts are subjected to permanent load or 
operating conditions where metal is prevalent, particularly where the 
high temperature or hydrolytic stability performance limits of PA6.6 
are reached. The ductility of Omnix LF grades, says Solvay, shows up 
to 350% greater notched and multiaxial impact strength, yet preserves 
material stiffness. The company also reports that Omnix LF grades 
exhibit high property retention under heat and moisture. When 
compared to standard glass-filled HPPA, the LFT technology is said to 
offer stiffness improvement of 10-15% at 23°C and 85% at 120°C. Both 
grades exhibit low warpage and are hot-water moldable.
www.solvay.com

NEW PRODUCTS
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LMT Onsrud’s CVD Diamond-Coated solid carbide 

cutting tools optimize performance when machining 

composite materials.  

- Multi-Flute Composite Routers

- Low Helix Rougher Finishers

- Low Helix Cutters

- Composite Drills

- 4 & 6 Flute Compression Spirals  

LMT Onsrud LP
1081 S. Northpoint Blvd
Waukegan, IL 60085
Phone 800 234 1560

NEED TO  
INCREASE 
TOOL LIFE 
AND PART 
QUALITY?

Visit www.onsrud.com 
for more information

» COLOR MIXING & COLOR MATCHING SERVICES

Gel coat tinting service expanded to 
mainland Europe
Scott Bader Co. Ltd. (Wollaston, UK) is expanding its new GelTint 
volumetric gel coat RAL color-tinting service to the wider European 
composites market, having fully trialed and market-tested the service 
with customers in the UK. Five new GelTint service centers in mainland 
Europe are near completion. Each center houses a fully automated 
mini-production unit that can rapidly measure, mix and supply single 
or multiple 20-kg keg orders for a pigmented gel coat in any of the 
210 RAL classic colors in the RAL K7-color fan deck. A custom color 
matching service also is available. 

The GelTint production process has been developed by Scott Bader 
in cooperation with Italian pigment dispensing and mixing machine 
producer COROB SpA (San Felice Sul Panaro, Italy). Typical delivery 
lead time for colored material is two working days. To cover a broad 
range of interior and exterior end-use applications and processing 
needs, standard white and clear Lloyd’s Register marine quality gel 
coat bases in brush (GT600) or spray (GT900) options are used for 
all GelTint-colored gel coat orders. The raw materials used by the 
GelTint system have undergone extensive testing and customer trials 
to validate all aspects of performance including freeze/thaw cycles 
on pigments; 12-week stability testing of pigments in base resins; 
long-term pigment exposure; 1,000-hour UV and QUV testing; and 
blister testing for marine and exterior application validation.  
www.scottbader.com

» MOLDMAKING MATERIALS & EQUIPMENT

High-temperature,  
low-CTE tooling board
DUNA-USA Inc. (Baytown, TX, US) has introduced Black Corintho, a 
high-temperature, high-density, low-coefficient of thermal expansion 
(CTE) tooling board for prototyping, composite layup tooling and master 
model making. Black Corintho offers service temperature of 204°C, 801 
kg/m3 density, 11.54 CTE at 38-121°C, 12.17 CTE at 38-204°C, and thermal 
conductivity of 280 mW/m3K. It is offered in board format, 1,500 mm long 
by 500 mm wide, and up to 100 mm thick. It also is offered with DUNAPOX 
Black Sea 125 high-temperature epoxy sealer, and DUNAPOX Black AD 125 
high-temperature epoxy adhesive. www.dunagroup.com/usa/home

» PLY PLACEMENT GUIDES & EQUIPMENT

Advanced, laser-guided assembly system
Virtek Vision International Inc. (Waterloo, ON, Canada) has introduced 
IRIS 3D, an advanced laser-guided assembly system with new Integrated 
Vision technology, FlashAlign functionality and upgraded laser-line 
visibility. Virtek says initial alignment of the system with on-mold targets 
is 20 times faster than the predecessor system, and re-alignments neces-
sitated by drift of the projector or the mold have been reduced from 
minutes to seconds. Other features include projected crosshairs for drill 
and punch locations, field-replaceable components, easy installation and 
portability, projected menus, Windows 10 compatibility and an improved 
user interface.  www.virtek.ca

NEW PRODUCTS
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MARKETPLACE / ADVERTISING INDEX

MANUFACTURING SUPPLIERS

TESTING

Blended Continuous 
Filament Thermoplastic and 

Reinforcement Fibers for 
Composites

Contact Randy Spencer at    
401-828-1100 ext 111 or

rspencer@concordiafibers.com
www.concordiafibers.com

Available in various temperature ranges

800-762-1144 • 626-961-0211 • Fax 626-968-5140
Website: http//:www.generalsealants.com
E-mail: sticktoquality@generalsealants.com

Used world wide by composite manufacturers

Distributed by:
AIRTECH INTERNATIONAL INC.

Tel: (714) 899-8100 • Fax: (714) 899-8179
Website: http//:www.airtechintl.com

Manufactured by:
®

PO Box 3855, City of Industry, CA 91744

ADVERTISING INDEX

Complete ultrasonic systems integration
•Ultrasonic inspection systems for your high

•C-scan and full waveform compatible

•New construction and system upgrades

•Multi-axis gantries and immersion tanks

56 Hudson St., Northborough, MA 01532 •508-351-3423
24305 Prielipp Rd., Suite 102, Wildomar CA 92595

www.matec.com
Sales@matec.com

performance materials

RECRUITMENT/HELP WANTED

www.forcomposites.com
Composites Industry Recruiting and Placement
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Phone (225) 273-4001 • Fax (225) 275-5807

P.O. Box 40086, Baton Rouge, LA 70835
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VacuumTables.com • 773.725.4900
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Epoxy Features an Ultra Low
Coefficient of Thermal Expansion

• Low shrinkage upon cure
• High dimensional stability
• Convenient handling
• Service temperature range      

Two Component EP42HT-2LTE

www.masterbond.com   •   +1.201.343.8983

from -60°F to +300°F
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Automated Tape Laying (ATL) 

Automated Fiber Placement (AFP) 

KNOWLEDGE CENTER

AFP/ATL Process Capabilities | Machine Programming  
and Simulation | Evaluating Component Producability
Comprehensive collection of technical content!

On-Demand Videos
The latest technology in action and explained by industry experts!

Ask an Expert
Connect with an AFP/ATL 
expert for quick answers 
to your questions!

CompositesWorld.com

PRESENTED BY:  

Get the information  
you need on ATL / 
AFP today! 



JUNE 201744 CompositesWorld

FOCUS ON DESIGN

Collaboration produces  
winning paddleboard
Design, and design for manufacturability, come together in  
this racing SUP for one-off and serial production.

» In the world of water sport boards, board design is part science 

and part art. Designers here are called shapers, and are known 

throughout the industry by name for their unique board styles, 

produced by hand. Since the early 1960s, when foam-cored 

fiberglass first replaced wooden boards, composite boards have 

increasingly been customized by changing length, thickness, nose, 

tail, rockers, fins and more, for all levels of wave-riding water 

sports. But beyond the art is the science of new forms of composite 

materials, and how they can be selected and customized to match 

a board to a rider’s ability, and even his or her favorite beach. 

The world’s largest board manufacturer, Cobra International 

(Chonburi, Thailand), has seen this interplay of art and science 

power its company to the forefront of the water sport market, 
says Danu Chotikapanich, Cobra’s CEO: “We started in 1978 

making windsurfing boards, and we’ve grown to 3,000 employees, 

producing composite board products of all designs in high-

volume, serial production for OEM water sports customers.” An 

ISO-certified company that also makes automotive, architectural, 

luxury goods and robotic machine parts, Cobra works closely with 

customers on design, material selection and prototyping, through 

its Design and Development Center, to create products that, Choti-

kapanich contends, “excite millions of people around the world.” 

When Cobra was recently tasked by global board seller NSP 

(Singapore) with manufacturing a new lightweight, stiff and strong 

racing stand-up paddleboard (SUP) for talented team rider Travis 

Grant for the 2015 Molokai 2 Oahu Ocean Race — 52 km between 

the two islands — Grant rode the resulting NSP Molokai Pro 

Carbon board to victory. The board was initially created at Cobra’s 

facility in Thailand by NSP’s CAD designer Alain Teurquetil, who 

developed the board’s CAD shape files, together with NSP shaper 

Dale Chapman, who hand-finished the physical Master Board 

from CNC-cut foam. Cobra executed the design and built Grant’s 

winning race board, but then transformed the design for serial 

production and sale to NSP customers worldwide. 

   A winning one-
off for boarding 
enthusiasts 

The winner of the 
grueling 52-km open-
ocean Molokai 2 Oahu 
race in 2015 was Travis 
Grant, shown here near 
the finish line on the 
NSP Molokai Pro Carbon 
stand-up paddleboard, 
produced by Cobra 
International. That 
custom racing board 
was transformed into a 
production version avail-
able to the water sports 
public through NSP 
Surfboards (Singapore).  
 Source | NSP

By Sara Black / Senior Editor
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Stand-up Paddleboard

A bit of board background
“Board shapes vary among the disciplines of surf, windsurf and 

stand-up paddleboard,” explains Chotikapanich, “but basic 

shape details affect performance the same way across those 

sports.” For example, boards for slow speeds, such as recre-

ational SUPs, tend to be wider and thicker, delivering greater 

lift, stability and buoyancy; board edges or “rails” are sharp, also 

enhancing lift, but “release” the water, reducing drag. Competi-

tive surfboards are narrower and thinner, with softer rails, 

yielding higher speed and more control to carve into the water. 

Boards with square tails offer more lift and thus more stability; 

“pin” tails have less surface area, and dig into the water for active 

tracking and control. 

Historically, the board OEMs for whom Cobra manufactures 

have conceived of a board for a customer segment, created a 

shaped master board model and sent the model to Cobra. “We 

scan the master to digitize the shape, and then use the master to 

 Illustration / Karl Reque 

NSP Surfboards’ Molokai Stand-up Paddleboard

›  Carbon fiber reinforcements surround foam core 
and wrap around board rails for added stiffness. 

  

› Expanded polystyrene (EPS) replaces polyure-
thane core for significant weight reduction. 
 

›  Bio-based epoxy system ensures sustainable 
production without sacrificing performance.

create a mold, to produce the boards in serial production,” says 

Chotikapanich.

Although NSP was an exception, OEMs increasingly supply 

Cobra only with the CAD files for boards, from which Cobra 

builds the masters in-house. Board design software programs 

typically used include Delcam’s (part of Autodesk, San Rafael, 

CA, US) PowerSHAPE CAD solution, and CATIA from Dassault 

Systèmes (Vélizy-Villacoublay, France). Cobra and some of its 

OEM customers also employ two surfboard-specific CAD software 

programs — Shape3D (Paris, France) and AKUShaper (Kailua, 

HI, US) — which produce designs based on specific inputs about 

riders (height, weight and ability). 

In the case of NSP’s Molokai SUP, Chapman and Teurquetil 

developed an elongated, narrow board, 5.44m long and 62 cm 

wide, with a board volume of about 345 liters (one liter of board 

volume will float 1 kg of rider weight). Because the board was 

intended for long-distance ocean racing, a greater volume was 

“Unfinished blue” 
matte surface 
finish saves weight

62 cm wide

Foot-operated 
steering system

5.44m long

Front 
“rocker”Fin

Rear “rocker”

Sunken deck area

PVC/carbon deck 
reinforcement
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specified to ensure ample stability and to keep the nose from diving into ocean 

waves. To further help with rider stability, the standing area or deck was sunken 

and thinner than the rest of the board, to help lower the board’s center of gravity — 

yet overall board stiffness was maintained by placing raised rail profiles around the 

deck area.

The “rockers,” referring to the degree of upturn at the front and back, were rela-

tively “relaxed,” with slightly more upturn up front than in back, enabling the board 

to glide easily on flat water, maintaining momentum between waves and reducing 

rider effort. The board’s front was crowned slightly, to better shed water, and its tail 

was tapered to provide extra control in high winds and large swells. The designers 

also wanted a carbon fiber-reinforced, foot-operated steering system, to enable the 

rider to change fin position during the race. The 

CAD-designed fin itself was produced by wet layup, 

supported by a stainless steel shaft that could fit 

into a reinforced steering box molded directly into 

the foam core. 

Material selection 
Cobra’s task was to produce the race SUP — first as 

a one-off custom board for Grant, and later, as one 

of NSP’s ProCarbon Technology production race 

boards — with tolerances, shape characteristics, 

stiffness and the price point appropriate to each. 

“Board weight links to market segment and price 

level.” Chotikapanich points out. “Recreational 

boards are heavier, but less fragile and less expen-

sive, while race boards are lighter, more expensive and require careful handling to 

prevent dings.” He says that Cobra’s designers play with foam core density, replace 

glass fiber with carbon or aramid, use higher modulus carbon in some cases for 

high stiffness, create alternative sandwich structure and, he adds, change fiber 

   Performance and 
sustainability goals 

The Molokai Pro Carbon board 
weighs only 14.5 kg, at a length 
of 5.44m. Its matrix, a bio-based 
epoxy resin supplied by Sicomin 
(Chateauneuf les Martigues, 
France), is now used in at least 
half of Cobra’s board products to 
meet the company’s sustain-
ability goals. Note the carbon 
fiber-reinforced foot-operated 
steering system, near the front of 
the standing area.  Source | NSP

   Proprietary foam core methodology 

Cobra makes its surfboard and paddleboard foam cores in-house at its facility in Thailand. Here 
a milling machine shapes an EPS foam “blank” for the core of a production board.  Source | Cobra International   
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orientation from typical ±45° weaves to low angles like ±30°, to 

meet performance requirements. If a core’s density is very low, for 

example, more structure is required in the skins, which can add 

weight. Chotikapanich says that skin laminates can be fashioned 

as sandwich structures of fiberglass or carbon combined with 

foam, balsa wood, or other core type. The company also offers a 

range of natural fibers for boards, including banana fiber, coconut 

husk fiber and flax. 

Cobra drew on long experience and its in-house database of 

flexure and breaking-load test results during the Molokai racing 

board’s material selection process. Ultimately, Cobra chose 

15.5-kg/m3 epoxy-compatible, closed-cell expanded polystyrene 

(EPS) foam, which it manufactures in-house, for the board core.

For the board laminate, carbon fiber was the only choice 

to achieve the lightest weight, while maintaining high stiff-

ness without flex, for maximum speed through the water. Cobra 

selected Sigmatex (Runcorn, UK) sigmaMX ±45° woven biaxial 

flat, noncrimp carbon fabric, for the board bottom. A Sigmatex 

3K carbon plain-weave fabric was used for the deck, because it 

offered greater impact resistance than the biaxial, notes Chotika-

panich. The board rails were “double wrapped,” that is, the biaxial 

on the bottom was brought up over the rail, and the plain weave 

on top was wrapped over it. Then unidirectional carbon fiber tape 

was applied along the rails. This tripled the carbon thickness to 

maintain good stiffness over the board’s length. 

A polyvinyl chloride (PVC) sandwich laminate was added to the 

deck to increase durability and strength in the standing area. A 

3-mm-thick sheet of PVC was cut to measure and placed between 

a layer of fiberglass and the carbon plain weave, after the deck 

area was cut down by 3 

mm to make room for 

the PVC. And, a smaller 

20-cm wide fiberglass-

wrapped PVC stringer 

was placed lengthwise 

in the nose area, to 

reduce vibration and 

flex while the board is 

under load, explains 

Chotikapanich: “PVC 

is much stronger than 

EPS, but it is heavier, 

about 80 kg/m3, and it 

adds some cost.” Because the sharper tail shape is more suscep-

tible to damage, a ply of Innegra high-modulus polypropylene 

(HMPP) fiber, from Innegra Technologies (Greenville, SC, US), in 

the tail area helps resist impact damage. The fin box, to which the 

carbon fiber fin is attached, was reinforced with fiberglass fabric, 

carbon fiber fabric, PU foam, aluminum and HMMP, to maintain 

structural integrity in all conditions. 

Cobra specified Sicomin Epoxy Systems’ (Chateauneuf les 

Martigues, France) trademarked GreenPoxy bio-based resin, 

currently used in at least half of its board products. Chotikapanich 

says Cobra’s transition to bio-based resin began in 2016, moti-

vated by the nature of the recreational board market and Cobra’s 

desire to employ sustainable practices. But, he says, “the resin 

performance had to be the same as legacy epoxy, and Sicomin has 

proved that it is — our customers see no difference. We’re hoping 

to use GreenPoxy in 80-90% of our products, going forward.” 

Producing a winning board
Cobra produced Grant’s race board in a wet layup, vacuum-

bagged process, in one shot. (A two-part composite mold was 

produced following the race for production of boards on demand 

for NSP, in a vacuum molding process.) Chotikapanich points 

out the finish on the board, which he calls “unfinished blue,” was 

minimized to save weight: “Rather than painting the entire part, 

we applied a very light coat, then sanded off some of it, so that the 

carbon shows through faintly. It would have taken 2 kg of paint to 

cover the entire board!”  

Ultimately, the racing SUP, nearly 3 times as long as Grant is 

tall, weighs only 14.5 kg. Grant points out on social media that he’s 

happy to be winning on factory boards that anyone can buy: “I feel 

I’m on the best board out there, every time I race.”  

Stand-up Paddleboard

Read this article online |  
short.compositesworld.com/NSP-SUP

See the full story of NSP’s  
development of the racing SUP |  
youtu.be/haQr6HURCoA 

Visit the NSP Facebook page for 
more on Travis Grant and other board 
team athletes | www.facebook.com/
NspSurfAndStandUpPaddleBoards/

Connect with Cobra International at its 
Web site | www.cobrainter.com

Sara Black is a CW senior editor and has served 
on the CW staff for 19 years.
sara@compositesworld.com

   A winning combination 

As Grant paddles to the finish line, his winning board’s front “rocker” — the 
slightly higher upturn at the front, which enabled fast gliding — is readily visible. 
Unseen, but just as important, is its volume — 345 liters — which ensured ample 
stability during the lengthy ocean race.  Source | NSP   



The Automotive Division of the Society of Plastics Engineers 
(SPE®) is announcing a “Call for Nominations” for its 47th-annual 
Automotive Innovation Awards Gala, the oldest and largest 
recognition event in the automotive and plastics industries. This 
year’s Awards Gala will be held Wednesday, November 8, 2017 at 
the Burton Manor in Livonia, Mich.  Winning part nominations (due by 
September, 13, 2017) in 9 different categories, and the teams that 
developed them, will be honored with a Most Innovative Use of Plastics 
award. A Grand Award will be presented to the winning team from all 
category award winners. An application that has been in continuous use 
for 15 years or more, and has made a significant and lasting contribution 
to the application of plastics in automotive vehicles will be honored with a 
Hall of Fame award.  

Innovative Part Competition Categories: 

Go to www.speautomotive.com to submit 
nominations and get more information.

For more information on the Society of Plastics 
Engineers, visit www.4spe.org.

2016 Sponsors

Call for Nominations
•  Most Innovative Use 

of Plastics Awards

• Aftermarket
• Body Exterior
• Body Interior
• Chassis/Hardware
• Electrical Systems
• Environmental

• Hall of Fame
• Materials
• Process, Assembly & 
 Enabling Technologies
• Powertrain
• Safety

Sponsorship 
Opportunities
This annual event typically draws over 700 OEM 
engineers, automotive and plastics industry 
executives, and media. A variety of sponsorship 
packages - including tables at the banquet, networking 
receptions, advertising in the program book, 
signage at the event and more are available.  
Contact Teri Chouinard of Intuit Group at
 teri@intuitgroup.com.

Main Reception Sponsor

Gold Sponsors

VIP Reception & Afterglow Sponsor

™

Advertising Sponsors

Student Program SponsorWine & Flowers Sponsor

Silver Sponsor

Bronze Sponsors
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Proven performance 
in the most demanding applications

From high-performance structural adhesives to stronger, faster composite resin systems, Huntsman understands 
the demands for faster processing and reduced production cycles. With over 60 years’ experience developing 
adhesive and composite resin technologies, Huntsman scientists work with designers and engineers every day to 
help solve increasingly complex design issues.

Give us your challenge and see what we can do.

For more information, visit: 
www.huntsman.com/auto 
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