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Our editorial coverage:
• �Is almost exclusively staff-written (except for 

guest-authored columns).

• �Focuses on the development of content 
featuring real-world applications, parts and 
structures. 

We do this help our audience — composites 
designers and fabricators — understand, track 
and apply current and emerging materials and 
process technologies, as well as connect the 
industry with reliable information resources, 
suppliers of products and technologies and 
potential customers and partners.

The opportunities presented here are free, 
except for CW-hosted webinars.

Companies that use CW most 
efficiently:
•	� Send us new press and new product releases 

often.

•	� Talk to us when they have new branding or 
messages to convey, new developments to 
share or new case histories to promote.

•	� Plan ways to receive coverage throughout the 
year.

Always feel free to reach out to us. 
We’re here to help!
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CompositesWorld is a technical trade publication 
that uses print, digital, audio, video and in-person 
tools to deliver well-researched, high-utility 
information on the design, tooling, fabrication  
and finishing of composite parts and structures.
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CW delivers editorial content through a 
variety of products:

Online/Social

•	� Online: CompositesWorld.com, the 
hub of CW’s digital presence

•	 E-newsletters:
	 	� CW Today, industry news delivered 

Monday, Wednesday, Friday each 
week

		�CW Spotlight, articles, features,  
digital-only content delivered  
twice each month

Digital Products

In Print

CompositesWorld 
monthly magazine, 
the flagship product
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Events

Carbon Fiber, the annual 
conference that focuses 
on the supply, demand 
and application of carbon 
fiber in the aerospace, 
automotive, wind energy 
and other market

Webinars: CW staff-
presented webinars are 
designed to address 
established and emerging 
markets and technologies

 
 

CW Tech Days: CW-
curated 1- or 2-day 
online workshops with 
industry leaders in new 
technologies and markets.

Survey
Top Shops Benchmarking
Annual survey providing benchmarking data based 
comparison with participating peers in the industry. 
Qualifying Top Shops will be recognized in CW.
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EDITORIAL OPPORTUNITIES DIGITAL

CW Talks:  
The Composites Podcast 
A monthly podcast that features  
one-on-one interviews with the  
people who have and continue  
to shape the composites industry

CW Trending
A monthly video-based 
interview program that 
explores the ideas, people and 
trends shaping the industry

How to share news, new products 
CW works very hard to keep its audience updated on any composites-related news — plant 
expansions, acquisitions, milestones — or new products. If you have news or a new product to share:

•	� Send an email to press@compositesworld.com

•	� Include a press release in the body of the email or in a document attached, describing  
the news or the product in as much detail as possible

•	� An applicable, high-resolution photo is required. We do not accept company logos. 

Products	
�Press releases, brochures or 
other information describing a 
product new to the composites 
marketplace can be sent at any 
time. New products will be posted 
first on the CompositesWorld.com 
website, and then considered for 
use in print. Due to space limits in 
the printed magazine, not all new 
products that are posted online 
will appear in print. A high-res 
photo is required. 
Edited length: 200-300 words.

Blogs	
Digital-only articles about 
new companies, products, 
technologies and trends. 
May be excerpted in
future print issue Trends 
section.

News
Press releases sharing company 
announcements (e.g., equipment 
installation, new collaborations/projects, 
investments, people news, etc.) in relation 
to the composites industry can be 
provided at any time. Press releases will 
be posted online, and then considered for 
use in the Trends section of print, subject 
to space limitations.
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IM 
Inside Manufacturing provides an 
in-depth, technical, step-by-step 
review of the materials, tooling 
and processes used to produce a 
composite part or structure. The 
depth of an IM requires extensive 
material and processing information. 
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INSIDE MANUFACTURING

»� e Multifunctional Fuselage Demonstrator (MFFD) program 

was conceived in 2014 as one of three large aircraft demonstrators 

within the EU-funded Clean Sky 2 (CS2) initiative (now Clean 

Aviation) aimed at advancing innovative technologies, aircraft 

sustainability and a competitive supply chain in Europe. When 

disseminated in 2017, the MFFD program goals were ambitious: 

Build an 8-meter-long, 4-meter-diameter fuselage section fully 

from carbon � ber-reinforced thermoplastic polymer (CFRTP) 

composites to enable production of 60-100 aircraft/month with a 

10% reduction in fuselage weight and 20% cut in recurring cost. By 

the project’s end in 2024, overall technology readiness level (TRL) 

for such a fuselage will be advanced to TRL 5.

From -, Airbus Research & Technology (Bremen, 

Germany), as the MFFD project leader, issued  CS calls 

for proposal CfP–CfP for work topics such as automated 

assembly plant for a thermoplastic fuselage, micromechanics 

of welded joints, novel tooling, multifunctional pick-and-

place/welding end e� ectors, new test methods and testing, 

longitudinal fuselage joints, digital twins, CFRTP fuselage repair 

and more. � e consortia that responded were awarded hundreds 

of work packages, completed by more than  companies and 

organizations (Fig. ). “� is multidisciplinary and international 

collaboration is the only way we will reach climate-neutral 

aviation by ,” says Salvador Romero Esteban, principal R&D 

engineer at GKN Fokker (Hoogeveen, Netherlands).

By Ginger Gardiner / Senior Technical Editor

Demonstrator’s upper, lower shells and assembly prove materials and new 
processes for lighter, cheaper and more sustainable high-rate future aircraft.

Manufacturing the 
MFFD thermoplastic 
composite fuselage

    AFP in-situ consolidation, welded assembly

Stringers, frames and clips are welded to the AFP in-situ consolidated skin of the 
MFFD upper shell (top left) which will be welded to the completed lower shell 
(bottom right) using two di� erent longitudinal fuselage joints (top right). 

Source | DLR CC-BY license, Fraunhofer IWS, GKN Fokker. (All images) Clean Sky 2/Clean Aviation 
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9  Finished MFFD lower fuselage with conduction welded fl oor beam 
subassemblies and integrated seat track, electrical and HVAC system 
components.  Source | STUNNING project, SAM XL

10    AFP in-situ consolidation of upper shell skin.  Source |  DLR CC-BY license 

12   Resistance welding bridge joined compression molded C-frames to skin, 
then cobot-on-robot (top right) resistance welded cleats as shear ties 
between stringers and frames.  Source | DLR CC-BY license 

11   Compression molded Z-stringers joined to skin using continuous ultrasonic 
welding.  Source |  DLR CC-BY license

  

14    RH overlap fuselage joint will be created by continuous ultrasonic 
welding. Resistance-welded frame couplings (top corners) will connect 
upper and lower frames and skins.  Source | BUSTI project, Fraunhofer IWS 

13    Advanced laser in-situ joining will be used to co-consolidate six butt-
strap laminates to fuselage shells, creating the LH longitudinal fuselage 
joint.  Source | BUSTI project, Fraunhofer IWS

Source |  STUNNING project, GKN Fokker

Assembly

Upper shell
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WIP 
�Work in Process provides a glimpse of 
an emerging composites technology, 
material or application. WIPs tend to be 
less in-depth and less technical, but provide 
an opportunity to explore lesser-known 
composites applications. 

Features
�Features provide 
extensive, in-depth 
exploration of a 
relatively broad 
composites-related 
end market, material, 
equipment, software, 
technology or process. 

FOD 
�Focus on Design provides an in-depth, 
technical review of the design of a 
composite part or structure. Emphasis is 
on materials use, application challenges, 
design considerations and design solutions. 
The hallmark of this story type is a detailed 
product drawing that illustrates concepts 
discussed. 
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Composite sidewall cover expands 
options for fire-safe rail components

» CG Rail (Dresden, Germany) is a research and development 

(R&D) company that specializes in engineering lightweight, inte-

grated, multi-material components for the rail industry. According 

to Franz Bilkenroth, project manager at CG Rail, the company 

works to bring university-scale materials research, often working 

with partners like nearby TU Dresden, to prototype parts that can 

then be commercialized by CG Rail’s industry customers.

Since its founding in , the company’s work has culminated 

in the development and production of a fully carbon � ber-rein-

forced polymer (CFRP) metro train front cabin, an award-winning 

platform for integrating a pantograph to the top of a high-speed 

train, a series of prototype all-CFRP rail bogies — the � rst of which 

was unveiled in  — and more. Much of the work CG Rail has 

done so far has involved thermoset-based CFRP parts, replacing 

traditionally metallic rail components with lighter, stronger, corro-

sion-resistant composite alternatives. However, Bilkenroth explains 

that one limitation to thermoset composites has historically been 

the stringent � re safety standards needed for rail components, 

such as Europe’s EN  standard. 

“Traditionally, when we use composites in rail applications, � re 

safety is a big challenge,” Bilkenroth says. With thermosets, there 

are generally two options: a � re-resistant coating, or a � re-resistant 

additive in the resin matrix. Neither of these is ideal, he explains. 

A coating adds weight and generally does not last as long as the 

composite part itself — over a part’s +-year lifespan, the coating 

R&D project by CG Rail explores use of carbon fiber-reinforced 
thermoplastics and recycled manufacturing scrap to meet fire 
safety, weight and volume targets.

 By Hannah Mason / Technical Editor

is likely to age and need to be reapplied. Fillers or additives in the 

resin, he adds, can also add weight if needed in high amounts or 

may have an adverse e� ect on overall material performance.

In , a high-speed train manufacturing OEM approached 

CG Rail looking for alternative, inherently � re-resistant composite 

material options for structural rail components. What followed was 

a two-year research project that resulted in an exterior sidewall 

cover prototype made from a � re-resistant thermoplastic-based 

carbon � ber composite.

  Designing a lighter, integrated, fire-safe 
sidewall cover 

R&D company CG Rail performed extensive materials testing and used a 
simulation-driven design approach to develop an optimized carbon fi ber-
reinforced thermoplastic (CFRTP) sidewall cover to a�  x to the exterior equipment 
bay of a high-speed train (such as the one shown in the example image, outlined 
in yellow). The compression-molded prototype comprised 76% recycled materials 
and reduced weight by 30% compared to the aluminum version.

Source (all images) | CG Rail 

FOCUS ON DESIGN
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Meeting fi re safety standards: Materials screening
Under normal operating conditions, metals are inherently resis-

tant to burning, but as rail OEMs increasingly turn to lighter 

weight, anti-corrosive alternatives like composites for structural 

rail components, a variety of composite material solutions have 

been introduced in recent years, from � llers and intumescent veils 

to new resins. � e � re performance of these materials is measured 

by various factors, including ignition, ability to self-extinguish, 

� ame spread, burn-through, heat release, smoke generation and 

smoke toxicity.

In this case, the customer was looking for a � re-resistant part 

that could be made at large scale in an automated process. Consid-

ering the processing, rate and mechanical performance goals, CG 

Rail narrowed its options to thermoplastic composite materials. 

� e overall goal of this project was to “investigate whether there 

are some thermoplastic matrix materials that bring � re resistance 

bene� ts without any of the downsides that come with the ther-

moset options,” Bilkenroth explains. 

An additional challenge was � nding a suitable material at the 

right price for rail. “� ere were some aerospace-level thermoplas-

tics we could have chosen that would have given the right perfor-

mance, but the price point is just not competitive for rail applica-

tions. We needed the right price-to-performance ratio with the 

right � re safety and also the right availability in the market from 

a major supplier who could dish out the amount of material we 

would need to go into serial production,” he says.

To demonstrate this materials research, CG Rail and the 

customer decided to target a sidewall cover — typically made from 

aluminum — as a prototype part. Located on the exterior of a high-

speed train, these covers protect the vehicle’s electrical equipment 

and serve as an entry point for repairs. Bilkenroth explains that the 

cover was chosen because it is not too complex in geometry, but 

there are several dozen of them on each train car, suiting the rela-

tively fast processing times of thermoplastics compared to a ther-

moset-based prepreg and autoclave process.

� e demonstrator part needed to meet the same basic geometry 

and mechanical requirements — sti� ness, strength, impact resis-

tance, � re safety standards — as the original aluminum part, with 

an added goal to reduce overall part weight by %. � e weight 

savings, Bilkenroth explains, would factor into the customer’s goal 

to reduce the train’s overall energy consumption during operation.

Materials screening: Finding the right carbon fi ber/
thermoplastic
From the beginning, the customer speci� ed that they wanted a 

carbon � ber-reinforced thermoplastic (CFRTP) material for the 

CFRTP rail sidewall cover

Susan Kraus / Illustration

›  Multi-piece aluminum design 
replaced by integrated carbon fi ber/
thermoplastic component.

›  Combines thermoplastics with a mix of 76% 
recycled/24% virgin carbon fi ber to meet fi re 
safety, strength, weight requirements.

›  Compression molded with a 2-minute 
cycle time.

Source (original image) | CG Rail 

Main structure made 
from continuous, UD 
CFRTP tapes  

Molded-in ribs made 
from chopped, recycled 
CFRTP tapes

Air fi lter grate 
(not composite)

CG Rail CFRTP sidewall cover
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WORK IN PROGRESS

»In the materials world, graphene has attracted a lot of attention 

in the last few years. A one atom-thick layer of carbon atoms that 

is today available commercially in a number of formats that can 

be integrated into a composite or other material, graphene, even 

at very low loadings, has been demonstrated to enhance a part’s 

mechanical properties such as thermal and electrical conductivity, 

strength, fracture toughness and vibration damping.

Interest in the use of graphene additives is growing in many 

composite applications and end markets, but barriers to wide-

spread adoption continue to exist, such as standardization and 

veri� cation of graphene materials available (though this is being 

worked on by entities such as the Graphene Council and its 

members), as well as the design and processing challenges that 

come with incorporating a new additive into any existing product 

and process.

Folsom Custom Skis (Denver, Colo., U.S.) is one company that 

has recently adopted a graphene additive product for its newest 

line of ultralight carbon � ber composite touring skis, having 

progressed through initial prototyping and testing to redesign of its 

skis to optimize the property enhancements of graphene.

Designing and building custom, 
high-performance skis
Alongside a small stock retail o� ering, Folsom’s main business is 

to design, engineer and build custom skis, each designed to � t the 

customer’s needs, style and physical characteristics. � e ski shape, 

tail shape, camber (thickness at the ski’s center) and rocker (thick-

ness at the ski’s tip and tail) pro� le, � ex and mix of materials are 

designed and built by Folsom’s team from tooling to � nish. “We’re 

one of the few in the country that actually do everything here. We 

machine all of our parts, we do all of the tooling, everything,” says 

Mike McCabe, owner and CEO.

Generally, each pair of skis is made from one of three composite 

material combinations to meet weight thresholds: a / � ber-

glass/carbon � ber blend, a / � berglass/carbon � ber blend 

(slightly lighter weight) and a % carbon � ber laminate (lightest 

weight). � e composite laminate sandwiches a structural core 

made from one of several wood blends designed to produce the 

desired sti� ness, damping and overall performance of the ski. 

Other materials in the mix include ultrahigh molecular weight 

polyethelyne (UHMWPE) sidewalls, vulcanized rubber, steel outer 

edges and a nylon blend topsheet with a decorative graphic.

 By Hannah Mason / Technical Editor

Ultra-lightweight 
skis demonstrate 
potential of 
graphene-
reinforced 
composites

With a graphene additive, 
Folsom Custom Skis evolved 
and optimized the material 
makeup of its carbon fiber 
composite touring skis for 
higher performance at a 
lighter weight.

   Enhancing high-performance skis 

Folsom Custom Skis specializes in customized, hand-built skis for its customers. 
After a careful prototyping and testing process, the company worked with hybrid 
materials supplier Mito Material Solutions to redesign its carbon fi ber composite 
touring skis with graphene enhancement to create a lighter weight, higher 
performance backcountry touring option.  Source | Folsom Custom Skis 
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WORK IN PROGRESS

»As global industries and markets demand increased sustain-

ability, novel automated systems such as Anybrid’s (Dresden, 

Germany) robotized injection molding (ROBIN) o� er a means to 

functionalize composite components, eliminating bonding and 

facilitating lightweight assemblies.

“We developed this robotized injection molding machine in 

 to produce hybrid components,” says Michael Stegelmann, 

managing partner at Anybrid (see Learn More). “Hybrid compo-

nents” refers to functionalizing a structure with an injection 

molded polymer to create local attachment points, sti� ening ribs, 

etc. � is overmolding process has gained traction in composites, 

but typically uses a traditional injection molding machine.

Anybrid has miniaturized the process to � t within a robot arm 

end e� ector, enabling, for example, pultrusions to be overmolded 

inline or molded structures to be functionalized within a robotic 

cell. Anybrid has recently completed a series of demonstrations to 

highlight new capabilities its technology can o� er including:

•  Overmolding joining/fastening inserts with compression-

molded polyamide (PA) composite pro� les and polyetherimide 

(PEI) composite stringers made using continuous compression 

molding (CCM);

•  Combining D printing and overmolding;

•  Hybridization with new processes and materials such 

as reactive thermoplastic pultrusion and wood polymer 

composites.

Anybrid’s ROBIN demonstrates inline/offline functionaliza-
tion of profiles, 3D-printed panels and bio-based materials for 
more efficient, sustainable composite parts.

Robotized system makes 
overmolding mobile, flexible

By Ginger Gardiner / Senior Technical Editor

   Functionalized PEI profiles made using CCM

Anybrid worked with REHAU Innovation Group to demonstrate use of its ROBIN 
robotized injection molding system to overmold Böllho�  Hitsert metal inserts into 
Xelis glass fi ber/PEI omega profi les made using its CCM process, aimed toward 
possible aerospace applications.  Source (all images) | Anybrid 
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»All of the easy automotive applications were converted from 

glass and metal to plastics and composites long ago. What are left 

are primarily structural applications on the chassis with consid-

erably higher performance requirements than interior trim and 

exterior body panels and various trim components.

On the other hand, kept in incumbent metallic materials, 

chassis components contribute signi� cantly to conventional and 

electric vehicle (EV) mass and carbon footprint, and as a result, 

have become key targets for the conversion to composites and 

hybrid systems that combine multiple materials — often metal 

and composites or several types of composites — as the � ve appli-

cations that follow will demonstrate.

In each case, the shift from metals to composites or hybrid 

composite components met or exceeded benchmark mechan-

ical performance while reducing mass and tooling costs, elimi-

nating corrosion concerns and quite often improving noise/vibra-

tion/harshness (NVH). And all of these applications are used on 

high-volume vehicle platforms where a� ordability is a signi� cant 

contributor to success.

O� -road stability
An interesting and visible composite application for o� -road 

enthusiasts can be found on the 2022 Ford Bronco Raptor sport 

utility vehicle (SUV) from Ford Motor Co. (Dearborn, Mich., U.S.). 

� e component, called a C-brace, is a fully functional structural 

brace that joins left and right D-pillars in the rear cargo area with 

the rear roof cross-member to increase sti� ness and torsional 

rigidity throughout the vehicle. While “o� -roading,” the brace 

also helps reduce vibration transfer, which, in turn, can improve 

handling and lower NVH.

To address the needs of o� -road customers, particularly those 

driving in the desert, Ford engineering set a goal of increasing 

vehicle torsional sti� ness by % to improve vehicle handling 

and NVH characteristics. When customers had top and side/door 

panels o� , the brace would be highly visible in the open cockpit, so 

maintaining Class A aesthetics — especially under long-term heat 

and UV exposure — were important.

Additional speci� cations were that the brace needed to meet 

all rear visibility requirements and not block the driver’s view, it 

had to allow the front passenger doors to be stowed securely and 

Composite and hybrid components reduce mass, increase 
functionality on electric and conventional passenger vehicles.

 By Peggy Malnati / Contributing Writer

    Conversion to composite components
As automakers seek to reduce the curb weight of conventional and electric 
vehicles (EVs), metal chassis components have become a signifi cant target for 
conversion to composites or hybrid systems.  Source | Stellantis 

Automotive chassis components 
lighten up with composites
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»Natural � bers — derived from plant-based 

sources such as � ax, hemp, jute or bamboo 

— have been used for thousands of years, but 

adoption of natural � ber-reinforced composites 

(NFC) as we currently de� ne them has been 

much more recent, with commercial applica-

tions slowly emerging over the past decade.

Despite the sustainability appeal of a renew-

able plant-based alternative to carbon or glass 

� bers, commercial adoption of natural � bers 

in composites has been relatively slow, due 

to industry challenges such as limited supply, 

variable � ber quality, limited mechanical 

performance in � nished parts, di� erences in manufacturability and, depending on the 

material, higher material costs compared to � berglass.

Still, progress is being made and the landscape has changed much over the past 

decade, especially in the area of � ax � ber composites. According to Laurent Cazenave, 

Led by global and 
industry-wide sustainability 
goals, commercial interest 
in fl ax and hemp fi ber-
reinforced composites 
grows into higher-
performance, higher-
volume applications.

  Natural fibers, new markets
In recent years, the landscape for natural 
fi ber composites — materials, processes and 
end markets — has expanded beyond niche 
applications and R&D labs into increasingly 
larger-scale commercial projects. A few 
examples pictured include Formula 1 and 
other motorsports applications (top left 
image), skis and other sporting goods (top 
right), furniture and other interior applica-
tions (bottom left) and automotive interiors 
(bottom right). 

Source, left clockwise | Super Formula, via Bcomp Ltd.; ZAG 
Skis/Juan Cruz, via Bcomp Ltd.; Autonational; Lingrove

 By Hannah Mason / Technical Editor

Natural fiber composites: 
Growing to meet sustainability needs
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Plant Tour
CW editors share highlights 
of their visits including site 
history, capacity, equipment, 
manufacturing operations,  
parts in process, etc.
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passengers, plus a pilot, o� ering over-tra�  c service in major 

urban areas, transporting people from city to suburb, city to city 

and airport to city. Aircraft will � y to and from existing airports and 

heliports as well as new “vertiports,” which will be built at green-

� eld locations, located atop buildings, or based at small air� elds in 

rural or suburban areas.

As with ridesharing services widely used today, it is antici-

pated that passengers will book an air taxi using a phone-based 

app, which will direct the passenger to the nearest vertiport that 

provides service to the desired destination. � e passenger will 

then walk or drive to the vertiport and board the air taxi at the time 

speci� ed by the app.

AAM aircraft will take o�  and land vertically, but � y horizon-

tally, with a range of - miles. A typical AAM aircraft features 

multiple, redundant propellers, and their use of electric propul-

sion makes lightweighting paramount — thus the dependence 

on composites. Further, because these eVTOLs will be � ying over 

urban areas, their dependability and safety will be critical, necessi-

tating redundant power and propulsion.

Most AAM OEMs anticipate entry into service in the -

 window, with limited service in select cities, including Los 

Angeles, New York, Mexico City, Dubai, Paris, Rome and others. 

� e primary challenge this � edgling industry faces is regula-

tory. � e U.S. Federal Aviation Administration (FAA) and the EU 

Aviation Safety Agency (EASA) are tasked with developing the 

rules and regulations that will certify eVTOLs and govern their 

operation. � ese regulations are not yet � nalized.

All AAM OEMs are using composites in their primary structures, 

with materials and processes (M&P) deployed according to manu-

facturing volume. � e � rst eVTOLs to enter service — we’ll call 

them � rst-generation aircraft — are expected to be manufactured 

FIG. 1 Joby eVTOL operations
Much of Joby’s eVTOL manufacturing, and all of its composites fabrication, is located 
in Marina, Calif., U.S., at the Marina Municipal Airport, in this former military facility 
(top). Behind the main manufacturing facility is Joby’s Mega Tent, where eVTOL 
assembly is performed (bottom).

in volumes of less than , units/year. At this rate, most OEMs 

(except Joby — more on that later) are using already-quali� ed, auto-

clave-cured thermoset prepregs. Hand layup and automated � ber 

placement (AFP) are the dominant processes (see Learn More).

As eVTOL volumes exceed ,/year and second-generation 

aircraft are introduced, it is anticipated that OEMs will be forced 

to shift to a strategy that favors faster, automated, out-of-autoclave 

M&P, either thermoset or thermoplastic, with the latter most likely. 

So, as OEMs like Joby � nalize the design and manufacture of their 

� rst-generation eVTOLs, and bring them to market, they will be 

simultaneously working on their second-generation eVTOLs, which 

could require a whole new round of quali� cation and certi� cation.

What is Joby?
Joby Aviation was founded in 2009 by JoeBen Bevirt, at his now-

famous ranch in the Santa Cruz Mountains. Bevirt envisioned a fast, 

e�  cient, quiet mode of air transport that would enable commuters 

to � y over ground tra�  c, particularly in densely populated urban 

areas. By 2014, the company was � ying subscale prototypes of its 

� rst aircraft, and in 2017 began � ying a full-scale prototype, followed 

by a second-generation full-scale prototype in 2019.

Joby’s primary mission is to develop an e�  cient, sustainable 

manufacturing process to produce, certify and put into service its 

� rst-generation eVTOL, a one-pilot, four-passenger, six-tiltrotor, all-

electric aircraft that o� ers a range of up to  miles and maximum 

speed of  miles per hour. It sports a V-tail design and stands on a 

three-wheeled landing gear.

In , Joby received airworthiness approval from the U.S. 

Air Force and in early , announced that it had completed the 

second of � ve stages required by the FAA to certify its eVTOL for 

commercial passenger use. Also in early , Joby reported that it 

©MapTiler ©OpenStreetMap contributors

Joby Aviation
Marina, Calif., U.S.
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Plant tour: Joby Aviation, 
Marina, Calif., U.S.

As the advanced air mobility market begins to take shape, market 
leader Joby Aviation works to industrialize composites manufactur-
ing for its fi rst-generation, composites-intensive, all-electric air taxi.

»Many years from now, when historians write about the history of 

the commercial aerospace industry in the 2020s and 2030s, there 

will be chapters, if not whole volumes, on advanced air mobility 

(AAM). � e story that history tells remains to be seen. It might 

describe the birth and maturation of a wholly new form of mobility 

that blossoms and grows with unprecedented speed around the 

world. Alternatively, it might describe a novel mode of transport 

that is only slowly adopted by a traveling public not yet ready to pay 

for the opportunity to forego ground-based urban transport.

Whatever the outcome, in , AAM is in its infancy, full of 

promise and potential. And in this environment, there is arguably 

no company better positioned to lead the way than Joby Aviation 

(Marina, Calif., U.S.). By almost every measure — funding, manu-

facturing, � ight testing, certi� cation — Joby leads the global race 

to enter the AAM market � rst. According to the AAM Reality Index, 

Joby leads all AAM OEMs in funding with $. billion — in theory, 

enough to see the company through product development, � ight 

testing, certi� cation and entry into service, which is expected in 

.

AAM will not exist, however, without composite materials and 

composites manufacturing, deployed on a scale and with an e�  -

ciency unlike any the composites industry has experienced before. 

In this way, companies like Joby are blazing many trails, creating 

not just a new mode of transport, but demanding and developing 

new ways to e�  ciently and quickly fabricate aerospace-quali� ed 

composite structures.

Joby invited CW to visit its composites manufacturing opera-

tions in Marina, California, to see the materials and processes 

the company is putting in place as it heads to market with its � rst 

aircraft.

What is AAM?
To understand Joby and its mission, it is important to understand 

the industry it’s creating. AAM, also sometimes called urban air 

mobility (UAM), consists primarily of a � eet of all-electric vertical 

takeo�  and landing (eVTOL) aircraft that provide a variety of 

services, ranging from air taxi transport to cargo transport.

Most of the aircraft being developed for the air taxi service, also 

called aerial ridesharing, are designed to provide seating for - 

   Future flight opportunities
Joby Aviation’s eVTOL, shown here in a test fl ight over the central California coast, 
is an all-electric, composites-intensive air taxi designed to shuttle ridesharing 
passengers in and around densely populated urban areas, bypassing ground tra�  c. 
It features six tiltrotors and seats up to four passengers plus a pilot. Joby is on track 
to put its fi rst eVTOL into service in 2025 in select cities.  Source (all images) | Joby Aviation 

By Je�  Sloan / Editor-in-Chief
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DESIGN & TESTING

»In my January  column, I discussed a new ASTM test 

method for use in assessing the notch sensitivity of sandwich 

composites: the sandwich open-hole compression (OHC) 

test, ASTM D. A second notch sensitivity test method 

for sandwich composites was also recently standardized: the 

sandwich open-hole � exure (OHF) test, ASTM D. In this 

column, I’ll provide an overview of this second sandwich notch 

sensitivity test method and draw some comparisons with other 

existing notch sensitivity test methods for composites.

Perhaps the � rst question to address is why it’s necessary 

to have two notch sensitivity tests for sandwich composites. 

For starters, it’s worth noting that there are two open-hole test 

methods for composite laminates: one for tension loading, ASTM 

D, and a second for compression loading, ASTM D.

A primary reason for having two notch sensitivity test methods 

for composite laminates is the di� erence in failure modes 

and resulting notch sensitivities under tension and compres-

sion loading. Sandwich composites are commonly subjected 

to � exural loading, resulting in a tension-loaded facesheet and 

a compression-loaded facesheet. When using � ber-reinforced 

composite facesheets, the compression-loaded facesheet typi-

cally fails � rst.

Additionally, sandwich composites are 

used in compression-loading applica-

tions, and their notched strengths under 

compression and � exural loading are 

typically not the same. � erefore, even 

though failure primarily occurs in 

compression-loaded facesheets, two 

separate test methods are desired.

� e new sandwich OHF test standard is designated as an ASTM 

standard practice, as it provides only supplemental instructions 

for modifying the sandwich long beam � exure test method, ASTM 

D, for use with open-hole sandwich specimens. As in all 

other ASTM notch sensitivity tests for composite laminates and 

sandwich composites, a specimen width-to-hole diameter ratio 

of : is used. � is ratio has been widely accepted in the aero-

space composites community for producing acceptable notched 

strength reductions while minimizing the interaction between the 

centrally located open through-hole and the specimen edges.

As in the case of the sandwich OHC test specimen, a -milli-

meter-diameter through-hole is used, resulting in a -milli-

meter specimen width. Interestingly, this specimen width di� ers 

slightly from the -millimeter width speci� ed in the sandwich 

long beam � exure test method, on which it is based. � e reason? 

Using a -millimeter specimen width and maintaining a width-

to-diameter ratio of : would require a .-millimeter-diam-

eter through-hole, for which cutting tools are not readily avail-

able. Note, however, that when performing the test according to 

U.S. customary units, a .-inch-

diameter hole is machined into a 

.-inch-wide specimen, the same 

width as speci� ed in the sandwich 

long beam � exure test method. Both 

the sandwich OHC and OHF test speci-

mens have the same -millimeter hole 

diameter and -millimeter specimen 

width, as the two test methods were developed in a coordinated 

e� ort.

� e four-point � exural loading con� guration used for the 

sandwich OHF test produces a uniform bending moment and 

zero shear force across the notched inner span while minimizing 

the shear forces in the outer spans. � e same -millimeter outer 

support span and -millimeter inner loading span that are 

designated as the standard con� guration for unnotched sandwich 

� exure testing in ASTM D are also used for sandwich OHF 

testing. A total specimen length of  millimeters allows for a 

-millimeter specimen extension beyond the outer supports.

Prior to standardization, both testing and � nite element 

analyses were performed to investigate the e� ect of the inner load 

The choice of notch sensitivity 
test should be based on the 

primary type of loading in the primary type of loading in the primary
intended application.

Notched testing of sandwich 
composites: The sandwich
open-hole fl exure test

 FIG. 1 Fixture and specimen testing

ASTM D8453 sandwich open-hole fl exure test fi xture and specimen.

Source (all images) | Dan Adams 
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»When manufacturing a composite part, lami-

nated raw materials such as carbon � ber-rein-

forced polymer (CFRP) prepreg change their 

external shape during heating and forming. As 

temperature increases, resin viscosity decreases 

and voids between prepreg plies collapse 

under vacuum and external autoclave pressure. 

During this consolidation process, internal � ber 

orientation and alignment can be disrupted in 

corners and where there are gaps or overlaps in 

the prepreg sheets as the � ber-resin suspension 

� ows from high-pressure areas to low-pressure 

areas. � is consolidation continues until the 

prepreg laminate is cured and is an important 

process that determines composite quality. 

Until now, technology to measure the deformation occurring in 

each ply during this process has been unsatisfactory.

Simulation models for predicting consolidation deforma-

tion have been developed and veri� ed by physical experiments, 

but such evaluations have mostly measured samples after cure 

and have not shown shape change progression in situ. Recent 

advances in X-ray computed tomography (CT) have made it 

possible to measure microscopic structural changes in composite 

materials nondestructively. However, CT experiments have typi-

cally been impractical because the equipment is expensive and 

proprietary, the test sample is limited to a small size (e.g., <  × 

 centimeters) and it is challenging to perform such measure-

ments in a high-pressure environment like an autoclave. 

Optical � bers with � ber Bragg grating sensors have shown the 

most promise, successfully used to evaluate the cure-induced 

deformation of composite materials []. However, the optical � ber 

must be adhered to the composite material by the gelled resin, 

and the optical � ber and the composite material must deform 

as one without the sensor slipping or rotating. � erefore, it has 

been di�  cult to measure consolidation deformation before resin 

solidi� cation.

New sensor for in-situ consolidation monitoring
A composites research group at the University of Tokyo (Japan) 

recently developed a method for real-time measurement of 

ply-wise deformation during consolidation [2] which uses a 

strip-type � ber optic sensor (Fig. 1). � is sensor comprises two 

100-micrometer-diameter optical � bers — one embedded in the 

upper surface and one in the lower surface of a thin � exible sheet.

In this research, a single -micrometer-thick ply of cured 

Toray (Tokyo, Japan) TS/ prepreg (Tg  °C) was used 

both for the thin, � exible sheet and the CFRP to be monitored. By 

removing the prepreg in the sensor area, the sensor was inserted 

without changing the laminate thickness, and being the same 

material as the laminate, the sensor was not a foreign object. 

[Editor’s note: Fiber optic sensors were laid up in a test laminate 

and demonstrator part as the # tow in a Coriolis Composites 

AFP machine and used to monitor prepreg cure in the SuCoHS 

project.]

When this � exible sensor is embedded in a composite part 

during layup, it deforms with the surrounding plies — i.e., the 

sensor shape along the sensor axis and the deformation of the 

surrounding plies are identical. When the shape sensor is bent 

following the deformation of the prepreg, a strain di� erence 

is generated in the two optical � bers. � is strain di� erence is 

measured by a distributed strain measurement device — in this 

case, the ODiSI A- by Luna Innovations (Roanoke, Va., U.S.) — 

and the shape is calculated from the strain di� erence obtained. 

� e ODiSI uses swept-wavelength interferometry to measure the 

Rayleigh backscatter as a function of position in the optical � ber 

and then calculates strain from the amount of shift in the scattered 

light spectrum.

Because the core of conventional optical � ber strain sensors — 

where strain is measured — is on the neutral axis, the measured 

strain does not change when the embedded sensor undergoes 

bending deformation of the surrounding plies. However, the 

strip-type sensor described here can indeed measure the bending 

deformation and is � xed at the top and bottom surfaces within the 

prepreg ply. � us, its stripe shape is not subject to twisting around 

the sensor axis and ply-wise deformation in the out-of-plane 

direction can be measured accurately and stably prior to resin 

solidi� cation.

Measuring ply-wise deformation during 
consolidation using embedded sensors

 FIG. 1  Strip-type deformation sensors 

One ply of cured carbon fi ber/epoxy prepreg to be monitored is used as a thin, fl exible sheet with optical 
fi bers — one embedded in the upper surface and one in the lower surface. The sensor can be embedded 
without changing laminate thickness by removing one ply locally and replacing it with the sensor.  

Source (all images) | MDPI 
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APPLICATIONS

A recent ESA project led by 
Adamant Composites aimed to 
mature nanomaterial-enhanced 
CFRP for lighter weight, more 
thermally and electrically 
conductive materials for 
manufacturing satellite 
structures.

Nanomaterials 
optimize 
performance of 
space-ready 
carbon fi ber 
composite panels

›Adamant Composites Ltd. (Patras, Greece) was founded in 2012 with the goal of trans-
lating academic research on nanomaterial-enabled composites into real-world applica-
tions. In addition to other projects, the company recently undertook a 3.5-year research 
project with the European Space Agency (ESA, Paris, France). Project HITEC (High 
Thermal and Electrical Conductive Bonding Materials for Space), which began in 2019 
and concluded in fall 2022, aimed at maturing nanomaterial and graphene-enhanced 
composite technologies for qualifi cation in satellite structures.

As metallic satellite materials are replaced with stronger, lighter weight, less conduc-
tive carbon fi ber-reinforced polymer (CFRP) materials, the likelihood of thermal or 
electrical buildup becomes greater, which can lead to damage such as surface buckling, 
warping and more. Therefore, to protect the satellite surface and interior equipment, 
measures need to be taken to minimize buildups by dissipating heat and electricity more 
evenly across the surface and through the part. 

Under HITEC, Adamant Composites and ESA sought to tune a composite structure for 
optimized thermal and electrical conductivity without the use of additional conductive 
tools. Supported through ESA’s General Support Technology Program, the project was 
designed to evaluate the use of nanomaterials within a carbon fi ber/epoxy prepreg 
material and an adhesive — for joining structural parts and attaching onboard electronics 
— used to manufacture small-scale prototype satellite panels. Graphene was used within 
the adhesive, and a proprietary, conductive nanomaterial was added to the prepreg.

“The original idea was to demonstrate a full lifecycle design of a space panel, from 
design to processing to testing, including new materials such as graphene,” explains 
Athanasios Baltopoulos, commercial director at Adamant Composites. “The goal was to 
bring the technology for the CFRP and graphene adhesive up to a technology readiness 
level [TRL] of 6, meaning it’s qualifi ed to be engaged in an application for launch.”

Adamant Composites designed and manufactured the panels, the Applied Mechanical 
Laboratory of the University of Patras (Greece) performed materials-level testing and 
Beyond Gravity (Dresden, Germany) performed part-level testing.

The panels were designed via fi nite element analysis (FEA) modeling, to help under-
stand the needed material makeup based on the load, thermal and electrical conductivity 
requirements. Two 0.5 × 1-meter, 22-millimeter thick CFRP and aluminum honeycomb 
sandwich panels were then manufactured for testing using hand layup and autoclave 
cure under vacuum — one panel with nanomaterial enhancement, and one without for 
comparison. Holes were drilled into each panel and metallic inserts were installed using 
specially designed graphene-enhanced adhesive.

For quality control, Adamant Composites evaluated the panels using laser tracking 
to assess fl atness, and a hammer testing technique to evaluate resonant frequencies, 
and compared the results to the simulations. At IMA Materials Research and Application 
Technology GmbH and Beyond Gravity, the panels were subjected to further testing.

The results? Compared to the standard CFRP panel, nanomaterial enhancement was 
shown to increase electrical conductivity substantially, and also boosted heat propagation 
with a decrease of the thermal gradient by up to 64% through the panel thickness. Heat 
was dissipated evenly through the top and bottom skins rather than building up in one 
area. In addition, the panels were shown to maintain needed structural performance 
through vibration and thermal cycling tests.

If used in an actual commercial project for space use, the parts could be redesigned 
further to remove extra conductive elements, enabling a lighter weight, more compact 
component. 

Future studies will continue to evaluate how these materials can be used, on their 
own and alongside other conductive materials, on their way to ultimately enable lighter, 
stronger, space-ready components. And ultimately, “the goal is to make them fl y for 
in-orbit demonstration and validation, to test these materials’ capabilities in a real space 
environment,” says Baltopoulos.  

Source (all) | Adamant Composites, via ESA
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Psyonic’s touch-sensing prosthetic 
hand leverages bionic technology, 
3D printing and a carbon fi ber 
composite exterior for light weight, 
high strength and high-tech 
functionality.

Lighter, stronger, faster 
bionic hand aided by 
composites design

›As a Ph.D. student at the University of Illinois Urbana-Champaign, 
Aadeel Akhtar began working on a bionic prosthetic hand concept that 
would be more responsive, more functional and more a� ordable than 
alternatives on the market. Stemming from his initial Ph.D. research, 
Akhtar founded Psyonic (San Diego, Calif., U.S.) in 2015 to commercialize 
what is now called the Ability Hand.

Psyonic’s prosthetic hand has two main components: a socket that 
fi ts onto the rest of the limb, and the hand itself that attaches into the 
socket. The sockets, which feature an exterior layer of carbon fi ber 
composite, are custom-built by prosthetic clinicians to fi t individual 
patients. The hand components are made in-house by the Psyonic team 
and include electronics, silicone molding, tooling manufacture, compos-
ites fabrication, polymer 3D printing and assembly.

Starting with the fi rst prototype, which was designed from an 
open-sourced humanoid robot blueprint found online, Akhtar used fused 
deposition modeling (FDM) to additively manufacture lightweight palm 
and fi nger components. From this initial design, four more prototypes 
were iterated.

These prototype hands worked to prove out the mechanics, but when 
it came to putting them into actual practice, Akhtar and his team realized 
that the materials wouldn’t cut it. “We started talking to patients and 
clinicians about other hands on the market, made from steel and injection 
molded plastic, and the number one complaint was that they break easily, 
just from everyday small impacts,” Akhtar says. “Hands in real life are 
compliant and fl exible, but also rigid in places, so we started looking at 
ways to do this with our hands.”

For the fi ngers, instead of 3D-printed polymer, the Psyonic team uses 
more pliant, injection molded silicone reinforced with a 3D-printed, 
fl exible, bone-like interior structure.

For the palms and back of the hand, they needed a material that was 
strong and rigid — but also lightweight. “We could have just used really 
thick plastic to get the strength and rigidity we needed,” explains James 
Austin, lead mechanical engineer at Psyonic, “but that adds a lot of 
weight.” Akhtar explains that prosthetic hands need to be lighter than 
a typical human hand; a prosthetic hand needs to be light enough to be 
easily supported, raised and lowered by the rest of the residual limb.

Exploring lightweight, durable materials ultimately led Psyonic to 
composites. The next several prototypes leading up to today’s commercial 
version incorporate a much thinner, 3D-printed plastic palm with a 
~2-millimeter-thick carbon fi ber composite shell on the exterior.

Each hand’s carbon fi ber shell is made in two halves. For each half, a 
sheet of frozen epoxy resin is laid up between two plies of dry carbon 
fi ber fabric or colored hybrid glass/carbon fi ber on an aluminum tool that 
is designed and CNC machined by Psyonic. The assembly is then vacuum 
bagged and cured in an oven. Once cured, the carbon fi ber shells are 
trimmed and fi nished with a clear coat, then bonded with epoxy to the 
3D-printed palm components before assembly with the rest of the hand.

The end result is an Ability Hand that can move each fi nger indepen-
dently, controlled by electrode sensors attached to the residual limb’s 
muscles inside the socket or via a Bluetooth app. The hand is water-
resistant, strong enough to bear weight and features pressure sensors in 
the fi ngers to replicate a sense of touch for the user. The hand is covered 
by Medicare in the U.S. and priced for accessibility. 

Water-resistant 

Bluetooth 
connectivity

USB-C charging 
port can recharge 

batteries in 
one hour

Vibration unit 
inside for touch 

feedback 

Multicolor 
power switch

Carbon fi ber palms 
make the hand light 
and stong 

The fi rst commer-
cially available 
hand with touch 
feedback

Patented brush-
less motor control 
enables fastest 
fi nger movements 
on the market

Patented compliant 
fi ngers are 
impact-resistant

Source (all images) | Psyonic
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COMPOSITES: PAST, PRESENT & FUTURE

»Electric vertical takeo�  and landing (eVTOL) 

aircraft do not represent the � rst opportunity 

for composites to be applied in the mobility 

industry. � e success of composites in the aero-

space, automotive and marine end markets is no 

secret. But what makes the eVTOL industry as 

good as gold for the composites industry is the 

degree of penetration.

For instance, the Boeing , which acted as a 

torchbearer for the use of composites in aircraft, 

has ~% of its structure made from composite 

materials. For the automotive industry, the 

numbers are signi� cantly lower, with composite materials 

accounting for -% of the vehicle’s weight in light vehicles. 

However, for eVTOLs, that same � gure shoots up to an average of 

~% of the material mix, regardless of the maker.

Since most eVTOLs will be battery-powered, lightweighting is 

necessary in more than one way — i.e., making lighter compo-

nents and also choosing designs that require fewer components. 

On top of that, eVTOLs impose strict structural requirements. 

Because of this, composites are an obvious solution for eVTOL 

manufacturers.

From primary exterior structures like wings and fuselages to 

small secondary components like clips and brackets, compos-

ites will � nd applications in every cubic meter of an eVTOL. � e 

image below highlights some major applications of composites in 

this aircraft type.

According to Stratview Research, around -% of the 

composite materials used in any eVTOL program will � nd use in 

structural components and the propulsion system, with interior 

applications like beams, seating structures, etc., accounting for 

another -%. Battery systems, avionics and other small applica-

tions will, combined, account for the remaining -%.

More than % of the composites used in eVTOLs will be carbon 

� ber. About % of composites will use � berglass reinforcement in 

the form of protective � lms.

Aerospace quality at semi-automotive volumes
� e choice of material and the fabrication process for any 

composite part usually depends on factors like performance 

requirements, part size, complexity and production volume. In 

the case of eVTOLs however, there’s one additional parameter for 

choosing the material: ease of certi� cation.

� e top priority for OEMs is to get their aircraft certi� ed as 

quickly as possible, and they are doing this by picking tried-and-

tested materials instead of focusing on innovation. Since ther-

mosets have, until now, been the most used resin type in the 

aerospace industry, and because regulatory authorities are most 

Composites 
opportunities 
in eVTOLs

Source | Getty Images 

 Major applications of composites in 
eVTOLs.  Source (all images) | Stratview Research 
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New Products

Source | Gazelle Wind Power

» STRUCTURAL CORE

Custom-shaped core solutions
At the end of 2022, 3A Composites Core Materials (Sins, 
Switzerland) launched the Engicore core materials product line for 
the North and South American markets. The portfolio expands the 
company’s offerings, and provides customers with custom-tailored 
core solutions that adapt and optimally function to their manufac-
turing process and standard needs. According to 3A Composites Core 
Materials, Engicore serves customers seeking innovation with an 
awareness of sustainable procurement.

The dedicated Engicore team at 3A Composites Core Materials 
says it strives for best-in-class quality management based on leading 
standards such as APQP and ISO certification with automated 
dimensional analysis processes. The goal is to provide solutions from 
the source and simplify the supply chain with cores that can be used 
directly in composite applications while maintaining material quality, 
properties and optimal use with the best customer service from start 
to finish.

Next-generation composites and design innovations meet 

customer needs with the right-shaped panels, an optimized focus on 
total cost of ownership and reduced cycle times. Green energy sources 
like wind and markets such as automotive, rail, aerospace, building and 
construction, marine and hobby, are reported to be equally served with 
Engicore-shaped core solutions made from Airex rigid foams and Baltek 
balsa wood.

Expansion of the new business line will be intensified in the Americas 
region in 2023, and it will be introduced to other global regions in the 
future.  3accorematerials.com

Source | 3A Composites Core Materials 

» SURFACE PREPARATION

Surface intelligence platform to prevent 
bonding, adhesion issues
Brighton Science (Cincinnati, Ohio, U.S.) is now delivering its 
BConnect next-generation solution to help manufacturers better 
use data and analytics to prevent bonding and adhesion issues at 
all stages of the product life cycle. BConnect runs on Brighton’s 
proprietary SaaS platform and collects data from networked devices 
that assess surface readiness for bonding, coating or sealing by 
measuring the water contact angle. Because 90% of surface failures 
are due to a lack of surface readiness, getting this datapoint is 
critical throughout the development and production process.

Unlike tools that are centered on scientists and limited to the lab, 
BConnect gathers and distributes vital data to teams throughout the 
enterprise and around the world. This enables engineers, product 
designers, vendors, line operators, executive leadership and others 
to communicate with greater ease, speed and efficiency — bridging 
expertise gaps and language differences.

“Nearly every product that’s made today has some kind of surface 
bonding requirements, whether that’s paint, glue, coatings or adhe-
sives,” explains Brighton CEO Andy Reeher. “For decades, companies 
have struggled to understand why certain materials fail, because 
what’s happening on these surfaces is invisible. Getting real-time 
surface readiness data and sharing it is a frontier where none have 
ventured before, and the implications are game-changing. If we 
can help our customers see what’s happening molecularly on those 
surface interfaces, they can get more predictability and assurance 
with their bonds, which will unleash innovation with new materials 

and make their existing products more durable and sustainable.”
BConnect is a subscription-based offering that includes highly 

sensitive mobile and inline sensors that collect surface readiness data 
and wirelessly upload it to the BConnect cloud-based SaaS platform. 
Completely customized for each company and its users, these surface 
intelligence networks give teams a common language and data set 
to innovate, troubleshoot and optimize processes while reducing 
costly waste and recalls. All data collected via BConnect is private and 
proprietary to each company.

Companies that subscribe to BConnect can also opt in to the SIQ 
Community, an emerging industry collective committed to advancing 
knowledge and driving innovation in the surface science space —
collaborating on topics like increasing sustainability, speed and safety in 
global manufacturing.  brighton-science.com

Source | Brighton Science  
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» 3D PRINTING ECO-FILAMENT

Compostable, recyclable, wood-based 3D 
printing filament
GEHR (Mannheim, Germany) a producer of thermoplastic semi-
finished products globally, introduces Eco-Fil-A-Gehr, a novel 
wood-based filament designed for professional 3D printing with 
high dimensional stability and optimal elastic properties, as well as 
compostable and recyclable capabilities.

Eco-Fil-A-Gehr Wood, made of Sulapac (Helsinki, Finland), 
consists of recycled wood fibers mixed with biodegradable biopoly-
mers. The premium eco-filament reportedly gives the printed objects 
a natural look and feel and a haptic touch. It can be used to print 
very robust and stable parts as well as light, highly detailed objects.

GEHR has a broad portfolio of 3D filaments in a range of different 
materials developed for various customer needs. Sulapac’s solution 
for 3D printing, a material from its Sulapac Flow family, is the most 
recent addition to GEHR’s eco-line because of its scientifically 
verified sustainability features. The material used in the Eco-Fil-A-
Gehr filament is industrially compostable according to BPI (ASTM 
D6400), contains 72% USDA certified bio-based content and leaves 
no permanent microplastic or toxic load behind. Furthermore, the 
material complies with the EU and U.S. FDA requirements for food 
contact materials.

The mechanical recyclability has been demonstrated by an inde-
pendent third party, GEHR told CW — the material can be recycled up 
to six times. It has also been shown that the material can be recycled 
through hydrolysis back to monomers, suitable as feedstock for 
recycled biopolymers.

Field tests have also verified that Sulapac materials can be 
collected and sorted out of a mixed waste stream. When collected 
together, Sulapac materials do not interfere with the current 
mechanical recycling of conventional fossil-based or bio-based 

non-biodegradable plastics. GEHR notes that the technology for chemical 
recycling of bio-based and biodegradable materials exists, but the 
infrastructure is still under development.

Eco-Fil-A-Gehr is said to have an aesthetic, natural appearance and 
a pleasant subtle odor coming from the natural wood it contains. The 
material has high dimensional stability and high elastic properties for 
3D printing and filament extrusion. “The stability of the material is 
exceptional, and it works as well as, or even better than, other wood 
filaments or PLA,” says Joona Kontinen, Sulapac’s innovation manager, 
who develops the Sulapac Flow material family.

When producing the filament, a deviation of 0.05 mm in width is 
typically allowed. With Sulapac, the deviation is less than a tenth of that, 
ensuring smooth production and stable quality. “The Sulapac material 
used in the Eco-Fil-A-Gehr Wood has the perfect combination of proper-
ties for 3D printing with no compromises in sustainability,” adds Kontinen.

First customers will likely be the cosmetic brands already familiar with 
Sulapac materials that are interested in the material for prototyping. 
Other typical applications GEHR anticipates include decorative compo-
nents and point-of-sale displays. Eco-Fil-A-Gehr Wood is available to 
businesses and private customers through GEHR’s online store.
gehr.de, sulapac.com

Source | GEHR 

allows for a slower pull on thick profiles.
“FLEXmat continues to offer benefits featured throughout 

the company’s product line, including low cost, 
chemical resistance and no stitching,” Colin 
Leatham-Locke, business development manager 

at Ilium Composites, says. In addition, FLEXmat 
is thermobonded without stitching, requires no 
chemical binder, is multi-resin compatible and can 

incorporate other fiber reinforcements.
Produced in-house, FLEXmat is resistant to osmosis and 

hazardous chemicals, without the need for additional barriers. 
During processing, the reinforcement displays optimized wet and dry 
tensile strength that reduces the potential for material stretching. 
Moreover, cost is reduced through the elimination of secondary veils while 
maintaining the company’s signature surface finish.  iliumcomposites.com

» PULTRUDED FIBERGLASS MAT

Glass fiber pultrusion reinforcement
Ilium Composites (Hidd, Bahrain) a global manufacturer of 
fi berglass structural composite reinforcements, 
is releasing its latest high-performing 
material technology for composite construc-
tion, industrial and marine utility applications. 
FLEXmat is a glass fi ber pultrusion reinforcement 
supplied in 1,270-mm-wide rolls. It joins the company’s 
current o¢ ering of chopped strand mats and integrated veils 
for what is reported to be unprecedented composite safety and 
surface aesthetics.

FLEXmat is made from long chopped glass fiber and thermo-
bonded between two lightweight polyester veils. The integrated veil 
reaches a high melting point of 180°C, making FLEXmat ideal for high 
temperature exposure during pultrusion processes. Its design also 

Source | Il
ium Composites
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Spur o� ers the industry extruded PP foam core for easily recyclable 
monomaterial panels; Archer Aviation prepares its eVTOL aircraft for 
fl ight testing; the Lotus Emira sports car features panels made with 
Teijin Automotive Technologies TCA Ultra Lite; and more.

Multiple companies worldwide have developed 
new grades of polypropylene (PP) foam aiming 
for higher properties and lower weight, mostly for 
injection molding interior parts for the automotive 
industry. Toray Industries (Tokyo, Japan) has also 
developed a new cross-linked PP foam core for 
helmet and cushioning applications. But what Spur 
(Zlín, Czech Republic) is o� ering is much di� erent, 
targeting sandwich structures using fi ber-reinforced 
composite skins — a market considered by most large 
plastics companies as ancillary or niche.

“We, too, are a plastics manufacturer,” says David Pospisil, 
business manager for Spur, “but we saw a need developing 
5-6 years ago for lightweight, high-performance panels that 
can be easily recycled. So, we started developing what is 
now our Hardex XPP (Extruded PP) closed-cell foam core.”

Is it indeed easily recycled? “We have been producing 
XPP foam for lamination with PP skins in full PP lightweight 
panels used by Better Shelter for refugee housing,” says 
Pospisil. “And the waste from this production we are upcy-
cling into other products in our factory, such as kitchen 
profi les and edge bands for furniture. But we can defi -
nitely recycle the whole panel, even with skins using fi ber 

A new generation of 
PP foam core for lightweight 
truck trailers, RVs

reinforcement, back into an extrusion-grade material, which 
we are doing in-house.” 

Large market in trucks and automotive
Pospisil says there is a lot of demand for lightweight mate-
rials in trucks and trailers. “We have done a lot of testing 
with our materials in fl oors and sidewalls of truck trailers,” he 
explains, “and we have a number of products in development. 
With our material, you can produce a PP sandwich panel 
with PP skins and Hardex XPP foam core, fused together 
with thermal bonding. When you’re done, you can shred that 
panel and regranulate it into a material for extrusion. This is 
what we are doing now, so it’s proven technology.”

Source | (top left) Spur (top right, bottom images) Getty Images 
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Cryosphere pioneer Infi nite Composites is scaling for growth in 
commercial space and sustainable transportation; Beyond Gravity wins a 
contract for carbon fi ber payload fairings; CW gives a run-down of some 
of the highlights at this year’s Paris Air Show; and more.

A new generation of PP foam core for light-
weight truck trailers, RVs

Infi nite Composites (Tulsa, Okla., U.S.) was founded in 2010 
and delivered its fi rst Type V composite pressure vessels 
in 2013. Compared to Type I, II and III tanks using metal, 
and Type IV tanks using a plastic liner, Type V pressure 
vessels o� er the lightest weight, featuring a fully composite 
construction reinforced primarily with carbon fi ber but 
without a liner. However, because the liner serves as a barrier 
to prevent gases and cryogenic liquids from permeating 
into the composite laminate at high pressures — e.g., up 
to 14,000 psi/993 bar — building linerless tanks that can 
perform reliably for potentially thousands of pressurization 
cycles is no easy feat.

Infi nite Composites has succeeded, supplying Type V 
tanks sized 5 to 325 liters for use in spacecraft, aviation, 
ground transportation and industrial gas applications. The 
company has tanks certifi ed to AIAA S-081B-2018 for space 
systems and is working with multiple customers to develop 
Type V tanks for hydrogen storage, including for cryogenic 
liquid hydrogen (LH2). 

NGV to space
Infi nite Composites got its start when the founders built a 
Formula One-style race car powered by compressed natural 
gas (CNG) and experienced fi rst-hand how the weight of 
the all-metal CNG fuel tank reduced the car’s e�  ciency, 
demanding multiple refuelings during the competition. 

Infi nite Composites: Type V tanks 
for space, hydrogen, automotive 
and more

As they researched lighter weight alternatives, explains 
Matt Villarreal, CEO of Infi nite Composites, “we became 
convinced that Type V tanks could revolutionize space 
exploration and sustainable transportation.”

Most of the company’s early tanks were in CNG applica-
tions, says Villarreal, “but in 2016, we decided that space 
was the best fi t for us because the natural gas vehicle 
[NGV] market was very commoditized and demanded scale. 
Around that same time, SpaceX reached out to us, and the 
NASA Marshall Space Flight Center also wanted some tanks. 
So, we changed the company name to Infi nite Composites 
to refl ect a broader scope of applications. Our mission is to 
make Type V composite pressure vessels as ubiquitous as 
metal tanks.”

Why Type V tanks?
Linerless composite pressure vessels eliminate the weight 
of a metal or plastic liner as well as the logistics and 
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THE TROUBLESHOOTER

»When curing thermoset composite materials in a press, oven 

or autoclave, we commonly use a simple cure cycle recipe that 

designates temperature over time, as well as other process 

requirements such as vacuum and/or pressure.

� ese recipes are often depicted in a graph that shows the 

thermal ramp rate(s) and one or more isothermal holds, as well 

as temperature and time boundaries and vacuum and pressure 

conditions. A generic example is shown in Figure .

What happens if there is a thermal excursion from the cure 

cycle recipe? How do you prove that part is cured? Or what if 

there are no excursions, but the post-process thermal analysis 

of specimens taken from the part laminate show a lower-than-

required thermal glass transition temperature (Tg) or residual 

chemical reaction (heat � ow out of the specimen) after cure?

If thermal properties are not met, the laminate is not fully 

cured and would likely be dispositioned by a material review 

board (MRB) or quality assurance (QA) group to determine if a 

post-cure is viable or if the part is to be scrapped — an obviously 

expensive and undesirable outcome. � is then brings up another 

question: How can we ensure that we obtain a proper cure?

A while back, I had an experience with (at the time) a new-

to-market, low-temperature curing, nanosilica (NS)-forti� ed 

tooling prepreg (Fig. ). After being subjected to the manufac-

turer’s recommended initial cure temperature of °C (°F) for 

 hours, the resulting glass fabric-reinforced tool laminate later 

deformed during a manufactur-

er’s prescribed free-standing, 

post-cure cycle. After verifying 

that all thermocouples had 

measured temperature at the 

tool laminate-to-pattern inter-

face, and that the -hour time 

had been met, we decided 

that additional testing was 

necessary to � nd out why the 

resin was still immature after 

processing, and how much time at the initial isothermal temper-

ature is really required to enable a stable post-cure.

A test plan was developed and implemented to conduct 

dynamic mechanical analysis (DMA) using a high-torque, 

encapsulated sample rheometer (ESR) driven by process simu-

lation software embedded in a computer process control suite

Real-time assessment of 
thermoset composites curing

FIG. 1  Cure cycle recipe

The cure recipe graph is used to communicate the heat rate, soak temperature and 
duration, the cooling rate, vacuum and pressure requirements and all permissible 
process boundaries as written in the process specifi cation for each material. 

Source | Abaris Training Resources 

FIG. 2  Nanosilica-fortified laminate

This microphoto shows just how much area the NS occupies between the fi laments 
and how much the resin volume is reduced as a result. This may be one reason that 
the reaction time is delayed when heated.  Source |  3M 

Read about automating and 
optimizing autoclave cure |
short.compositesworld.com/
AutoclaveCureOptimization

More about viscoelastic 
feedback |
short.compositesworld.com/
ViscoelasticFeedback

thermoset composites curing
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»“You can make a bad composite part o�  a good tool. � e reverse 

is not true.” (LaminateLife “Composite Truisms,” 2020).

In my almost  years in the composites industry, I have 

learned (sometimes after much blood, sweat and tears) the 

profound truth in that statement. While many things can

go wrong with a 

composite part from 

layup to bagging to 

cure, the fact stubbornly 

remains that if you start 

with bad cure tooling, 

things will go wrong.

� is column focuses on 

cure tooling (i.e., bond jigs or 

layup molds) for the main reason that other types of tooling, such 

as trim or assembly jigs, generally do not see elevated tempera-

tures or high pressure and are therefore greatly simpli� ed in 

design.

At its most fundamental level, cure tooling is merely a way to 

provide a pressure reaction surface under temperature to give 

composites their � nal shape after cure or consolidation. Getting 

to that surface is the fun part; there are many ways that tooling 

design can go pear-shaped. Let’s walk through some of the 

common pitfalls.

 Good composites tooling (as distinguished from composite 

tooling or tooling made from composite materials) involves many 

factors that need to be integrated in a holistic design. Design, 

by its very nature, is an activity of compromise, and for compos-

ites cure tooling, the following factors need to be considered and 

balanced.

Design drivers
Part geometry, material system, build rate and process drive 

the overall tooling design. Cure temperatures and pressures 

push di� erent choices in tooling materials and backup structure 

layout. In general terms, the lower the cure temperature, the 

more inexpensive the cure tool can become. � e more complex 

Nine factors to 
consider when 
designing 
composites cure 
tooling    Composite tool layup, curing

Large composite tool for layup and cure of a fairing. Carbon fi ber-reinforced 
facesheet is paired with carbon “eggcrate” backup structure for optimal coe�  cient of 
thermal expansion (CTE) and thermal performance. Source | Janicki Industries 

   Material, process compatability

An Invar facesheet is paired with an Invar substructure to reduce CTE e­ ects but 
maintain durability. Note the edge of ply (EOP) and trim lines etched into the 
facesheet as well as tooling ball holes around the edges to precisely locate the tool for 
automated ply layup processes or laser ply projection systems. 

Source | Visioneering Composite Technologies 

   Maintaining thermal uniformity

Invar “eggcrate” structure to enable good gas fl ow. Facesheet sti­ eners also have 
half-circle holes to help with thermal uniformity.  Source | Visioneering Composite Technologies 

Good composites 
tooling involves many 

factors integrated in a 
holistic design. 
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The Re-Wind Network is a multinational research 
e� ort between the University College Cork, Queens 
University Belfast (QUB), Georgia Tech and Munster 
Technological University (MTU) exploring sustain-
able repurposing strategies for wind turbine blades 
at their end of life (EOL). So far, the Network has 
designed and constructed two full-size pedestrian/
cycle bridges, one of which is shown here. 

The BladeBridge prototype, built with LM Wind 
Power 13.4-meter wind blades donated by Belfast-
based Everun Ltd., was designed and constructed 
by the QUB team, led by Prof. Jennifer McKinley. Six 
meters long and two meters wide, the BladeBridge 

Repurposing decommissioned FRP wind blades

Show us what you have! 
The CompositesWorld team wants to feature your composite part, 

manufacturing process or facility in next month’s issue.

Send an image and caption to CW Technical Editor Hannah Mason at 
hmason@compositesworld.com, or connect with us on social media.

@CompositesWrld @CompositesWorld CompositesWorld@CompositesWorld CompositesWorld

was constructed on site in Draperstown, Northern 
Ireland, and is purely for experimental purposes, to 
be tested to failure. Testing, performed in May 2023, 
found that the prototype reached up to 33 tonnes 
(72,600 pounds) without failure, with only 9 millime-
ters (0.35 inch) of defl ection; the service design load 
was 6 tonnes (13,200 pounds). 

In January, the Re-Wind Network established a new 
company in Ireland, called BladeBridge, to further 
its work in this fi eld. Next steps include incorpo-
rating a U.S. branch later in 2023, or into 2024, that 
will deliver all types of blade infrastructure products 
described in the Network’s design catalog.

Source (all images) | Re-Wind Network
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Composite bipolar plates advance hydrogen systems
Biopolar plates (BPP), a key component of fuel cells, perform a 
variety of important functions, including conducting electrical 
current between cells, removing heat, providing physical strength 
to the stack and distributing gas reactants (H2, air, coolant) in the 
stack. Hycco (Toulouse, France), established in 2019, has developed 
ultralight, fl exible, durable and compact bipolar plates using carbon 
fi ber thermoplastic composites, shown here. The chemically resis-
tant and electrically conductive material has a 0.38-millimeter web 
thickness for a 1-millimeter-thick assembled plate, cutting stack 
weight by 30-50%; Hycco is targeting a 0.12-millimeter web thick-
ness by 2024. Grooves depict the active area of the bipolar plate. 
Hycco already has a prototype production line capacity of 
10,000 BPP/year and will deploy a 250,000 BPP/year pilot line 
early in 2024.

Source | Hycco
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Global Carbon Fiber & Composites 
Insights
Composite experts from around the world provide 
an outlook on the state of the carbon fiber industry.
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Predicting and  
Preventing Failure	
A series of columns that explore the design 
flaws that lead to structural failure in composite 
parts and structures and identify solutions 
(through CAD, simulation or other software 
tools) to optimize them.

Finishing & Fastening
This guest-authored column discusses 
new developments and solutions in the 
machining, surface preparation, painting/
coating and fastening/assembly  
of composite parts.
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What CW looks for in a story
When possible, CW’s stories focus on real-world or nearly real-world 
applications. The depth and breadth of any story depends on how 
much information can be shared about the project or application. 

We look for:

•	� Design tools and software used, including type and supplier

•	� Design rationale, drivers, parameters, considerations, requirements

•	� Materials considered and chosen, including resin matrix, fiber type, 
fiber format

•	� Manufacturing processes considered and chosen, with details of 
process parameters, process steps, cure temperature, cycle time and 
finishing steps

•	� Post-process testing, including NDT and physical testing, trialing

•	� Final use or application of the part/structure, how it’s deployed, how it 
performed, customer feedback

•	� High-quality, high-resolution images and/or video

How to work with CW  
to develop a story
Whether you are a material, software or equipment supplier, or even 
a designer, moldmaker, fabricator or end-use customer, if you have 
worked on a project or a part that was interesting to you, it’s likely 
interesting to the CW audience as well. If you have an idea for a CW 
story, you have a three great options:

•	� Call us: All of CW’s editors are available by phone and we love to 
discuss ideas and how they might be turned into great content

•	� Email us: If you prefer to put your idea in writing, send it to any CW 
editor directly, or to press@compositesworld.com; messages sent to 
this address are received by the entire CW editorial staff and will not be 
overlooked

•	� Talk to us: If you see one of us at a conference or trade show, don’t 
hesitate to stop us, say hello, and share your idea with us.

What about intellectual property?
The biggest challenge CW editors face with every story they develop 
is overcoming concerns about protecting intellectual property or the 
identity of customers — or both. To address this:

•	� CW always respects the information limits given  
by our sources, regardless of reason

•	� CW can anonymize information to protect the identity of customers. 
For example, we might refer to an “aerospace and defense OEM” 
instead of Lockheed Martin

•	� CW will cease story development if objections from any sources 
regarding IP protection cannot be overcome or satisfied

•	� CW always gives all sources of a story an opportunity to review the 
story before it’s published, to verify accuracy and to make sure that IP 
is protected

All articles are posted on compositesworld.com, social  
media and sent out via the CW Spotlight e-newsletter.  

News and products are also posted on compositesworld.com  
and sent out via the CW Today e-newsletter. 


