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FROM THE EDITOR

» I attended the 2017 SPE Automotive Composites Conference 

and Exhibition (ACCE) in September, in Novi, MI, US. This event 

is, arguably, the composites industry’s authoritative go-to confer-

ence for the latest on materials, processes and emerging technolo-

gies for automotive manu-

facturing. It draws OEMs 

and suppliers alike.

 As you might expect, 

the presentations focused on 

materials, processes and tech-

niques that have helped simplify 

and streamline the integration of composite materials into high-

volume automotive manufacturing: Snap-cure thermoset resins, 

thermoplastic composites, high-pressure resin transfer molding 

(HP-RTM), compression molding, design optimization, sheet 

molding compound (SMC), recycling, automation for high-speed/

high-volume manufacturing, long fiber processes and more. 

Perhaps the most revelatory presentation at the 2017 edition 

of ACCE came from Patrick Blanchard, global technical leader – 

composites, at Ford Motor Co., who gave a keynote speech on the 

third day of the conference. He discussed, among other things, 

the biggest hurdles to integrating composites into high-volume 

manufacturing. As an example, he pointed to a carbon fiber 

B-pillar insert demonstrator developed by Ford, Dow and Conti-

nental Structural Plastics to evaluate design, manufacturing and 

assembly challenges. This work highlighted for Blanchard three 

major hurdles composite materials face. His comments on each:

1) Design optimization. The composites design process — 

compared to steel, aluminum and unreinforced plastics — is 

highly protracted due to the number of degrees of freedom 

offered by composites (resin/fiber combinations) and the 

absence of robust and reliable automated optimization tools. 

Simplified tools are needed to reduce the lead time for design 

iteration.

2) Forming simulation. Kinematic drape models are only suited 

to a first-order approximation and do not capture critical 

forming constraints. Finite element models incorporating 

contact demonstrate better correlation, but extensive validation 

is required.

3) Assembly. How does an OEM insert a part or structure into 

the assembly process? Adoption of composites in body-in-white 

(BIW) solutions will require joining and assembly methods that 

can tolerate mixed-material joints. The transition from welding 

processes to a combination of bonding and/or mechanical 

fasteners may be required.

I asked Blanchard which of the three is most onerous or of 

concern to him. Most problematic, he said, is #1 — design opti-

mization. At Ford, he explained, vehicle design and development 

includes specific and limited time windows for the design and opti-

mization of each part, leading to implementation. The performance 

data associated with steel, aluminum and plastics allow quick devel-

opment of parts made with these materials. Composites, conversely, 

lack those robust performance data, and, thus, are more difficult 

to move through the design cycle. In short, automotive OEMs can’t 

afford the time it takes to design a composite part well.

This is not a new problem, and probably solvable if the slate of 

resins, fibers and manufacturing processes used in automotive 

manufacturing were well established and understood. But they are 

not, mainly because material suppliers are still busy optimizing 

resins and fibers, and machinery suppliers are busy evolving 

manufacturing technologies. Which is great, because optimization 

is needed. But the result is, as usual, an innovation-driven, highly 

dynamic, rapidly evolving manufacturing landscape that is difficult 

to codify, model and simulate.

Still, the CAE software suppliers serving the composites industry 

are keenly aware of the challenge their customers face, and I expect 

we will see, in the next several years, substantial improvement in the 

speed and accuracy of design and simulation tools. Certainly, all of 

us are highly motivated to do what we can to make composites easy 

to use, apply and manufacture.

The biggest hurdle 
for automotive 

composites.

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

» Graphene, discovered at Manchester University (UK) in 2004, 

is a single, 2D layer of carbon atoms, tightly packed in a hexag-

onal lattice structure. In simple terms, it is the thinnest, stron-

gest material yet discovered and the most efficient conductor of 

both heat and electricity currently available. A single-wall carbon 

nanotube (SWCNT) is a tubular structure that can be thought of as 

a rolled sheet of graphene joined to form a seamless tube. Typically 

around 1 nm in diameter, a CNT can be millions of times longer.

Given their near perfect blend of material properties and the fact 

that they are inherently lightweight and almost completely trans-

parent, graphene and SWCNTs have been touted as breakthrough 

materials for more than a decade. Some observers are now asking 

the question, “When will they really deliver on the hype?”  

As a co-founder and managing director of Future Materials 

Group, I take the view that truly revolutionary materials take 

significant time to establish themselves commercially. To realize 

the long-term potential of graphene and SWCNTs most definitely 

will require patient, continued development in relevant sectors.

Successfully placing a new material into an established industry 

sector is a huge challenge. One only has to look at once new 

material solutions that we now consider mainstream to see how 

long this process can take. Carbon fiber composites, as we know 

them in primary aerostructure applications, were available in 

the 1960s, but more than 30 years passed before we saw the first 

primarily carbon fiber composite airframe in Boeing’s 787 Dream-

liner. The benefits of carbon fiber were abundantly clear and desir-

able, but considerable time was still required for testing, develop-

ment of production processes and a credible supply chain to allow 

the introduction of this innovative new technology versus the 

incumbent or alternative material solutions.

Graphene and CNT use today
Graphene and CNT applications within the advanced composites 

sector are still at a relatively early stage of the commercializa-

tion process, but as the availability of materials or dispersions of 

consistent quality has increased, a number of composite materials 

and components are starting to incorporate these nanomaterials.

In terms of commercially available finished products, the 

sporting goods sector has been traditionally extremely agile when 

new materials become available. It has seen the greatest uptake so 

far for graphene and carbon nanotubes. Tennis racquets, bicycle 

frames, wheels, helmets, baseball bats, archery arrows, golf clubs 

and fishing rods have all been launched using the nano-mate-

rials to provide users with lighter, stronger, faster, stiffer or more 

durable equipment.  Of course, the performance benefit of nano-

materials is sometimes difficult to independently verify, but that is 

not necessarily a barrier to sales in this market.   

Composite materials such as thermoset carbon fiber prepregs 

with resin systems modified with graphene or CNTs have been in 

the marketplace since around 2010. Manufacturers such as Zyvex 

and OCSiAl (both in Columbus OH, US), Gurit (Newport, Isle of 

Wight, UK), and Haydale Composite Solutions (Loughborough, UK) 

in collaboration with SHD Composites (Sleaford, UK), have targeted 

nano-enhanced materials to customers who require improvements 

in properties, such as fracture toughness, compressive strength and 

thermal conductivity in composite tooling. So far, the nano-manip-

ulation has been focused on resin technology. Nano-manipulation 

of fibers within a reinforcement fabric, or CNT stitching of laminate 

plies, are in development but still many years from translating their 

results into higher performance composite part production.

Demonstrating real-life benefits
The use of composites that contain graphene and/or CNTs in aero-

space might be seen as inevitable, given the strength, stiffness and 

compression-after-impact potential of the materials, but other func-

tional properties are driving the more promising applications.  

Using graphene to enhance the electrical conductivity of the epoxy 

resin in a carbon fiber prepreg aileron demonstrator part, a recent 

National Aerospace Technology Exploitation Programme (NATEP, 

Farnborough, UK)-supported GraCELS project, demonstrated 

much improved heat dissipation throughout the part and massively 

reduced the heat damage seen in a lightning strike event. Performed 

with input from Airbus UK (Broughton, UK), Haydale Composite 

Solutions, BAE Systems (Farnborough, UK), SHD Composites, and 

Cobham Technical Services (Kidlington, UK), the project, impor-

tantly, also identified improved mechanical properties and used 

existing manufacturing processes, making these materials suitable 

for other composite structures, such as wind turbine blades, that 

currently use coatings or metallic meshes to dissipate static charge.

Ultimate design flexibility for parts with complex geometries 

and very low production volumes make additive manufacturing 

(AM) a go-to production route for thermoplastic composite parts 

that benefit from a customized design. Previously considered more 

suitable for models and test components, the newest AM mate-

rials provide viable options for production tooling and commercial 

medical devices, automotive parts and aerospace components. 

Print filaments using graphene and CNTs are now available from 

Directa Plus SpA (Lomazzo, Italy), Haydale and Graphene 3D Lab 

(Calverton, NY, US), 3DXTech (Byron Center, MI, US) and powder 

and pellet format materials are available for other AM processes. 

Along with the increased mechanical performance, functionality 

such as magnetism, and heat and electrical conductivity can be 

added, with the long-term target to achieve performance on a par 

with metallic components.

What is holding back progress? Possibly the biggest challenge 

is the development of large-scale, consistent raw material and 

compound supply chains at an affordable price. Graphene, for 

example, can be produced in sheet, platelet or powder form by 

growing it on a silicon carbide wafer, by chemical vapor deposi-

tion (on Ni, Cu, etc.), by chemical reduction of graphite oxide, 

Graphene and CNTs: Commercialization after the hype
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by unzipping an SWCNT or by exfoliation (peeling away single 

graphene layers) in solid or liquid phase. These diverse routes 

offer various combinations of yield, purity and cost and a relatively 

small number of industrial-scale suppliers.

When the raw material supply matures, these new mate-

rials still face significant challenges that are not always apparent 

when research reveals potential outstanding properties. New 

materials can carry risk and whilst graphene and CNTs promise 

much, an industry such as commercial aerospace will need to be 

sure conductive CFRP doesn’t impact other properties, such as 

long-term fatigue performance. Whilst these materials do have 

some amazing properties, there are also issues. Research lauds 

graphene’s exceptional conductivity, but no way yet exists to easily 

switch off and swtich on the flow of current, the way it is done with 

semiconductors such as silicon in microprocessors. This is holding 

back a breakthrough speed advance in electronics applications. 
Existing, well-established technologies and supply chains also 

pose a challenge to graphene and carbon nanotubes as their 

manufacturers and end-users drive to demonstrate to OEMs 

collectively that their performance benefits justify both material 

costs and the cost of change.

 

Outlook for the future
Whilst other industry sectors, specifically, energy storage and elec-

tronics, are sometimes touted as the biggest prizes for graphene

and CNTs, the advanced composites sector appears to have commer-

cialized them more rapidly. This trend is expected to continue during 

the next decade as the global supply base matures and the continued 

early-stage development of current research projects identifies truly 

beneficial composite applications.

It is difficult to forecast exactly how rapidly the overall market for 

graphene and CNTs will grow, primarily because of the challenges 

discussed above. Taking graphene as an example, current mate-

rials markets are in the low- to mid-tens of millions of dollars, with 

researchers and investment analysts suggesting a figure in the range 

of US$200 million-US$500 million by 2025.      

Investment in research and in production development will need 

to be at an even higher level for some years, yet in any case, full 

commercialization isn’t likely to come until next decade. The most 

successful market entrants will be those best able to match specific 

performance gains to a targeted market sector whilst also best navi-

gating a smooth path through existing value chain resistance.  

Commercialization of Graphene/CNTs

David Schofield, co-founder and managing director of Future 
Materials Group (Cambridge, UK), a leading independent strategic 
advisory firm, has 25 years’ experience in the specialty chemicals/
advanced materials sector on a global level, with a focus on the 
areas of strategy and business development. Schofield previously 

held senior positions within Ciba-Geigy, Huntsman and Gurit AG.
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PERSPECTIVES & PROVOCATIONS

» It’s the afternoon of the 21st of August as I’m putting pen to 

paper for this column. I’ve driven south and west for four-and-

one-half hours to western Kentucky to be in the path of the total 

eclipse of the sun — the first visible anywhere in the US since 

1979. It’s also the first time a solar eclipse has been visible at 

points across the entire continental US in 100 years. 

I’ve found a secluded position on a ridge, surrounded by 

soybean fields, with no one else in sight, just to be one with this 

rare phenomenon. I’ve got the eclipse glasses, and I’ve got music 

on in the background — Dark Side of the Moon by Pink Floyd 

(what else?). And I’ve got a lot of inspiration! Later, when I return 

to the office, I plan to type these words I write, and submit this 

column. But for now, I am just relishing the moment. And writing.

Like many, 

as a child I 

watched the 

Apollo 11 moon 

landing and 

dreamed of being an 

astronaut. Growing 

up in Houston, TX, this 

dream was accentu-

ated by the occasional visit to the NASA Johnson Space Center in 

nearby Clear Lake City, also called “mission control.” We watched 

Star Trek, and later, Star Wars, and got lost in the idea of inter-

stellar travel. Although I grew up to study chemical engineering,  

I remain fascinated by space exploration.

During my Fiberite years, we supplied the phenolic ablative 

prepregs used to make the nozzles for the Space Shuttle booster 

rockets and, for that reason, on a very memorable occasion, I got 

the opportunity to “hang out” for an evening with the astronauts 

of the Discovery, the first shuttle to return to space after the Chal-

lenger disaster. Secluded in the concierge lounge of the Hunts-

ville, AL, Marriott, we noshed on appetizers, watched the baseball 

World Series and the astronauts talked about how they needed to 

get back home and mow their lawns, which were growing in their 

absence. Other than having the opportunity to soar in space, they 

were much like us Earthbound mortals. At least, it felt like it,  

that night.

Forty years ago, in August and September 1977, the Voyager 

1 and Voyager 2 space probes were launched, to explore our 

solar system’s outer planets. Successors to the Mariner craft 

that explored Mars, Venus and Mercury between 1962 and 1973, 

Voyager 1 is now in interstellar space, some 13 billion miles (20.8 

billion km) from Earth, and Voyager 2 is in the heliosphere, a 

mere 10.7 billion miles (17 billion km) away. Both probes are still 

operating. That makes them the longest-ever missions to space. 

On the way to their current positions beyond our solar system, the 

probes provided information on Jupiter’s great red spot, Saturn’s 

rings, the cold temperatures of Uranus and the “great dark spot” of 

Neptune. They also identified numerous previously undiscovered 

moons of these planets. A recent count put the number of Jupi-

ter’s moons at 69. Earth has only one. Today, it blocked the sun for 

a few minutes.

I don’t know if the Voyager spacecraft took advantage of the 

properties of high-modulus carbon fiber, but it’s highly likely 

it did, because the material’s prized properties of stiffness and 

low coefficient of thermal expansion were being introduced 

into a variety of aerospace applications around that same time. 

Today’s satellites and probes use carbon fiber in many structures, 

including the framework, antennas, reflectors and pressurized 

fuel tanks.

The final image taken by Voyager 1 before the cameras were 

turned off was a rear-facing photo in 1990 that included a view 

of Earth, and it was the inspiration for Carl Sagan’s famous book, 

Pale Blue Dot: A Vision of the Human Future in Space. Sagan’s 

book included the following: “The Earth is the only world known 

so far to harbor life. There is nowhere else, at least in the near 

future, to which our species could migrate. Visit? Yes. Settle? Not 

yet. Like it or not, for the moment, the Earth is where we make 

our stand. It has been said that astronomy is a humbling and 

character-building experience. To me, it underscores our respon-

sibility to deal more kindly with one another and to preserve, and 

cherish, the pale blue dot — the only home we’ve ever known.” 

Yet we continue to look up. Outward. Exploring space continues 

to be important, as evidenced by the numerous spacecraft 

launched since Voyager. And our fascination with solar eclipses. 

How was my eclipse experience? It was as ethereal and exciting 

and as unique as promised. I wanted it to last much longer. The 

next total solar eclipse visible in the US happens in 2024, and this 

time, it will pass directly over where I now live. I can’t wait. 

Space: Still the Final Frontier

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.

In western Kentucky, August 
21, in the path of a total 
eclipse of the sun, I put  
pen to paper ....
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DESIGN & TESTING

»  Because composite structures are subjected to flexural 

loading in typical applications, it is not surprising that flexure 

testing of composites is commonly performed. Flexure testing 

is among the simplest of the test types to perform, yet the state 

of stress and failure modes produced within a flexure test 

specimen are among the most complex. Under both three-

point and four-point flexural loading, the tensile, compressive 

and shear stresses that are produced vary along the length and 

through the thickness of the specimen.

Adding to the complexity, fiber-reinforced composites typi-

cally have different tensile and compressive strengths, as well 

as strength properties that vary greatly with fiber orientation. 

Depending 

on the span 

length as 

well as the 

material orienta-

tion of the specimen 

during a test, either a 

tensile, compressive or 

shear failure might be 

produced under flexural loading. In this column, we explore the 

conditions under which each of these failure types is produced, 

and the possibility of estimating certain strength properties of 

composite materials using flexure testing. 

For starters, we consider the most common type of flexure 

test performed, in which the specimen is designed to fail due to 

bending stresses. For composite specimens, ASTM D 72641 speci-

fies the span-to-thickness ratio, l/t, to be 32:1 for both three-point 

and four-point loading (Fig. 1). For four-point loading, the inner 

loading span is specified as being one-half of the outer span length 

(Fig. 1b). 

The most important difference between these two loading 

configurations is the length of the region of maximum bending 

stress. Three-point loading produces maximum bending stress 

only at the central cross section located below the central loading 

cylinder. Four-point loading produces the maximum bending 

stress within the entire inner loading span. In both loading config-

urations, the relatively long span length produces maximum 

bending stresses along the top and bottom specimen surfaces (Fig. 

1c), which are large relative to the maximum shear stress produced 

at the mid-thickness of the specimen. As a result, specimen failure 

typically is produced along either the top or bottom surface due to 

the maximum compressive or tensile stress, respectively. Note that 

these maximum stresses are equal in magnitude, and, thus, the 

failure mode and location depends on the relative magnitudes of 

Can flexure testing provide estimates of  
composite strength properties?

the tensile and compressive strengths of the material that is under-

going testing. 

For composite specimens in which the outer layers have rein-

forcing fibers oriented in the specimen’s length direction (0° orien-

tation), compression failure typically occurs because the compres-

sive strength is lower than the tensile strength. In ASTM D 7264, the 

measured strength property is referred to as the flexural strength, 

defined as the maximum stress at the outer surface of the specimen 

corresponding to the peak applied force. Although the topic is not 

discussed in the standard, this measured flexural strength is not 

considered a material property of the composite due both to the 

nonuniformity of the stress state and to the difference in volume 

in which the maximum stress is produced. In general, measured 

values of flexural strength can differ by 10-20% from the compres-

sion strength, measured using a standardized composite compres-

sion test method. However, as I noted in my July 2015 column (short.
compositesworld.com/CWDTJuly15), standardized compression tests are 

among the most difficult to perform properly for composite mate-

rials. As a result, the use of measured flexural strengths to provide an 

estimate of the 0° compression strength of a composite material, or 

 FIG. 1   Flexure test configurations, ASTM D 7264.  Source | Dan Adams

Fig. 1a:  Three-point configuration.

Fig. 1b:  Four-point configuration.

Fig. 1c:  Through-the-
thickness bending stress 
distribution.

Flexure tests are simple to 
perform, yet the state of 
stress and failure modes are 
among the most complex.
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Flexure Testing

to compare the compression performance of composite materials, 

is a somewhat common and, I and others believe, useful practice.

Consider next the case where the span-to-thickness ratio of the 

flexure specimen, l/t, is intentionally relatively small (Fig. 2a). For 

such short-beam flexure testing the bending stresses produced in 

the specimen are reduced, and thus the shear stresses in the flexure 

specimen are of greater significance. Under three-point loading, 

these shear stresses do not vary across the span length but do vary 

parabolically through the thickness as shown in Fig. 2b.

For composites,  the corresponding interlaminar shear strength 

is small relative to the 0° tensile and compressive strengths. As a 

result, these shear stresses in the central region of the specimen 

thickness will produce an interlaminar shear failure. ASTM D 

23442 specifies for short-beam flexure testing the use of three-point 

loading and a span-to-thickness ratio, l/t, of 4. The short-beam 

strength is calculated as the maximum shear stress produced at 

the mid-thickness of the specimen at failure. The absence of the 

word shear in the standard’s title and in any reference to the calcu-

lated strength value are evidence of the resistance to considering 

the measured strength value from this test method as a material 

ABOUT THE AUTHOR
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in mechanical engineering and an MS and Ph.D in engineering 
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 FIG. 2   Short-beam flexure test configuration, ASTM D 2344.  Source | Dan Adams

 FIG. 3   Transverse flexure configuration.  Source | Dan Adams

property. Nonetheless, the short-beam strength measured using 

ASTM D 2344 is considered by many to be a useful estimate of the 

interlaminar shear strength of composites. Further, the ease with 

which the test can be performed has led to its common use for 

comparative testing of candidate composite materials.

Finally, we consider the case of a unidirectional composite 

flexure specimen with the fiber direction oriented along the speci-

men’s width (90° orientation) as shown in Fig. 3. When properly 

designed, this flexural test configuration may be used to estimate 

the transverse tensile strength of composite materials. 

Because fiber-reinforced polymers have relatively low tensile 

and compressive strengths in the transverse (90°) direction, the 

bending stresses produced under flexural loading will cause 

failure prior to a shear failure, as they do in the short-beam test 

discussed above. Even with the relatively short span-to-thickness 

ratio, l/t, of 4 used in the short-beam test, the bending stresses 

produced will lead to transverse tensile failure, because the 

transverse tensile strength typically is lower than the transverse 

compression strength. Unlike the previous two flexural loading 

configurations, however, the transverse flexure test has neither 

been standardized nor received widespread attention. Previous 

studies3,4 have shown that measured strength values from this 

test configuration are higher than those obtained from the more 

traditional transverse tensile test of a 90° specimen, due to the 

relatively small material volume subjected to the maximum tensile 

stress. Thus, like the first two flexure test configurations, the trans-

verse flexure test is a useful method for obtaining an estimate of 

a composite’s strength property even though the measured value 

might not be accepted as a true material property.  
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Fig. 2a:  Short-beam 
flexure configuration.

Fig. 2b:  Through-the-
thickness shear stress 
distribution.
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GARDNER BUSINESS INDEX: COMPOSITES

The Composites Business Index sets a 2017 high for  
growth in the US composites industry.

» The Gardner Business Intelligence (GBI) Composites Business 

Index (CBI) rose to 56.4 in August, lifting the year-to-date average 

reading to 54.6. During the year-to-date, the Index has indicated 

sustained growth compared to the same period in 2016, when 

the Index reported industry contraction. Expanding Production, 

New Orders and Employment subindices raised the August Index 

reading; however, contracting Supplier Deliveries, Exports and 

Backlogs combined to prevent an even better showing.  

New Orders and Production
The data for Production and New Orders often move in a closely 

coordinated manner because changes in new order volumes are 

often closely followed by similar changes in production output. In 

the year-to-date period, both measures have reported strong rates 

of growth. Production, in particular, has been very strong during 

2017, besting the Index average for any other eight-month period in 

at least the past five years. Data on New Orders in 2017 have also been 

very strong, yet have lacked record-breaking readings for the year.

As would be expected when New Orders and Production move 

closely together, changes in the Backlogs subindex during 2017 have 

been relatively muted. Backlogs have averaged 50.6, indicating only 

very mild growth in Backlogs. The GBI team closely monitors the 

Backlog subindex, because it is considered a bellwether of both 

manufacturing capacity utilization and machine tool sales.  

Exports
In 2017 through August, the Exports component of the CBI has 

averaged 49.4, representing only very mild contraction. By compar-

ison, Exports from the US began a long period of contraction in 2014 

that did not end until the fourth quarter of 2016.

Employment
In recent months, Gardner Business Intelligence has closely moni-

tored the employment situation in the manufacturing industry. The 

Employment component of the GBI: Composites Business Index, 

through August, showed a marked change from mild contraction in 

2016 to strong growth in 2017. Over the previous 12-month period 

the Employment subindex has exceeded a reading of 50, indicating 

employment growth in the composites industry. In 2017, through 

the end of August, the Employment reading has averaged 55.8. In 

the context of the past five years of employment figures, the growth 

in employment in 2017 is unprecedented.

Prices
Since December 2016, a growing spread between the growth curves 

in Material Prices and Prices Received grew wider: In first quarter 

of 2017, growth in Materials Prices increased at its fastest rate in 

more than five years while Prices Received increased much more 

modestly. In the second and third quarters of 2017, Material Prices 

growth has moderated, yet as August closed out, still outpaced the 

growth in Prices Received. Gardner Business Intelligence tracks 

changes in Material Prices and Prices Received data to measure 

changes in the overall profitability of the US composites industry.  

August 2017 — 56.4

Michael Guckes is the chief economist for Gardner Business 
Intelligence, a division of Gardner Business Media (Cincinnati, 
OH US). He has performed economic analysis, modeling and 
forecasting work for nearly 20 years among a wide range 
of industries. Michael received his BA in political science 

and economics from Kenyon College and his MBA from Ohio State University. 
mguckes@gardnerweb.com
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An excerpt from the CW Talks interview with ELG Carbon Fibre’s Frazer Barnes heads a 
list that includes a recap of what was new in the air at Oshkosh 2017 and the growing 
R&D cluster at the Aachen Center for Integrative Lightweight Production.

OCTOBER 201714 CompositesWorld

TRENDS

Q&A: Frazer Barnes, managing director, ELG Carbon Fibre

quality management system . . .. So in terms of traceability 
and in terms of materials testing and . . . understanding the 
performance of our products, we say here is the specifica-
tion of our material and we guarantee we will meet that 
specification . . .. The other misconception that we have to 
work hard on overcoming — and it’s really quite strange 
given the comment about quality — is around cost, and in 
some cases there is a perception the material should be 
almost free. Because they come from waste, why is there 
a cost associated with them? That’s a really tough one. We 
want the same quality as our prime carbon fiber products, 
but we don’t want to pay anything for it. And it takes some 
explaining that there is quite a process to go from the waste 
material at a manufacturing facility to turn it into a product 
that can be reused again, and there are real costs along that 
process chain. 

CW: What do you think is required to accelerate the 
adoption of recycled materials?

FB: It’s really around demonstration of performance in the 
first production applications. I think once people see how 
the material is being used and what can be delivered by the 
materials, then I think it gives people more confidence and 
more companies will make the step of looking at how these 
products can be used. I think the other thing which is going 
to help . . . is having them used in conjunction with prime 
carbon fiber products. I think we need to think of ourselves 
as one carbon fiber industry. It’s not a prime carbon fiber 
industry and a recycled carbon fiber industry. I think we all 
have the same goals to see the industry grow.

CW: If you were CEO of the global composites industry for 
a year, what would you do?

FB: To me, it would be around standardization, and I 
think when you look at the carbon fiber industry, we’ve 
made a great strength of the diversity of materials that are 
available today. But when it comes to higher volumes in 
industrial markets like automotive and electronics, they’re 
not looking for that level of optimization, they’re looking 
for cost effectiveness . . . We have to have solutions that are 
competitive with metals . . . A big part of the cost comes 
from the fact that every material we treat is an individual 
material. We don’t have standard grades and don’t qualify a 
range of grades and a range of manufacturers . . . We should 
work on standardization to make the materials easier to use 
by people who may not be composites experts and people 
who may know to design things for high-volume mass-
production applications.

Editor’s note: CW launched in June 
2017 CW Talks: The Composites 
Podcast, featuring interviews with 
composites industry thinkers and doers. 
This Q&A is an excerpt from Episode 

7 of CW Talks in which Frazer Barnes discusses Coseley, 
UK-based ELG’s pyrolosis-based carbon fiber recycling 
technology and the market for recycled materials. You can 
catch the full interview at www.compositesworld.com/podcast, or on 
iTunes or Google Play.

CW: The big question has been, What is the market like 
for recycled material? How has the market responded to 
recycled materials?

FB: The last few years have been pretty tough. We have 
the recycling technology, we’ve all been industrializing 
the technologies, and the market acceptance outside of 
a few niche areas has really been quite slow. But that is 
changing, and it’s changing at two levels: Automotive and 
electronics . . .. However, there have been questions over 
what is the actual cost benefit, and is that benefit sufficient 
to outweigh the perceived risk of using recycled mate-
rial? . . .. The second question is over supply chain security 
to support a production program . . .. The third aspect of 
it, I think, is really understanding materials performance. 
If you look at the work that’s being done to characterize 
conventional carbon fiber composites, we’re really only 
scratching the surface with regards to recycled materials. . 
.. The market response has been interested, but the market 
is looking to the carbon fiber recycling industry itself to 
provide answers to some of these questions.

CW: When it comes to automotive, what sorts of applica-
tions do you see recycled materials fitting into best?

FB: Closures . . . body structures . . . and injection mold-
ing of thermoplastics. It’s worth looking at material forms 
as well. When we look at automotive, we are seeing a large 
trend towards preimpregnated products, either SMCs or 
more conventional prepregs that we are more familiar with. 
These are proving very attractive when it comes to high-
volume manufacturing. Our first production program uses 
our material [a nonwoven] in a prepreg form. 

CW: How much education do you have to provide to 
potential customers?

FB: The areas where we have to do a lot of education — 
one is around quality. The perception is that these materials 
are second class, but what we do is apply a very rigorous 
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As in past 
years, Innegra 
Technologies 
(Greenville, SC, 
US) again spear-
headed the 
four-day Advanced 
Composite Infusion 
demonstration 
during the 2017 
Experimental 
Aircraft Assn.’s 
(EAA) AirVenture 
airshow (Oshkosh, 
WI, US; July 
24-30). Overseen 
by Innegra’s Russ 
Emanis, it was 
conducted at the 
Replica Fighter 
Assn. tent. This 
year, Emanis and his 
team of volunteers 
from sponsoring 

materials suppliers laid up and infused the center section 
of an 82% scale F4U Corsair warbird replica as well as 
a new float for an experimental float plane. The float 
molds were provided by Skyranch Innovations (Sandpoint, 
ID, US). Resin was donated by Scott Bader-ATC (Stow, 
OH, US) for the F4U part, along with TeXtreme spread-
tow carbon woven reinforcements donated by Oxeon 
(Borås, Sweden). Texonic (St-Jean-sur-Richelieu, QC, 
Canada), Composites Envisions LLC (Wausau, WI, US) 
and FiberGlass Supply (Burlington, WA, US) provided 
reinforcements primarily for the float, wet out with 
epoxy resin donated by Composite Polymer Design/
Endurance Technologies (South St. Paul, MN, US). Innegra 
provided fiber for both parts. T.E.A.M. Inc. (Wonsocket, 
RI, US) committed to sponsoring/supplying reinforce-
ment products for the demo as well. German Advanced 
Composites (Miami, FL, US) donated its MTI infusion 
hoses. Hawkeye Industries Inc. (Bloomington, CA, US) 
supplied mold releases, fairing compounds, tooling 
materials and more. DIAB Americas LP (DeSoto, TX, 
US) provided core material. “This is all about educa-
tion,” says Emanis. “We demonstrated single-bag and 
double-bag infusion methods, and people saw the differ-
ences between epoxy and vinyl ester infusion.” Multiple 
videos from all four days are available on the company’s 
Facebook page | www.facebook.com/acioshkosh

AEROSPACE

Advanced Composite Infusion 
demo reprises in Oshkosh

Source | Innegra Technologies

Oshkosh 2017
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The 2017 Experimental Aircraft Assn.’s (EAA) AirVenture airshow, held in 
Oshkosh, WI, US, from July 24-30, was another blockbuster. Attendance 
was an all-time high — more than 590,000 plus 10,000 aircraft — 
prompting EAA’s CEO and chairman Jack Pelton to report, “I believe it’s 
the best AirVenture week that I’ve ever seen.”

Of interest to composites professionals, a composites-enhanced Airbus 
(Toulouse, France) A400M Atlas now in service with the British Royal 
Air Force, in the US as part of a joint training exercise, made the model’s 
first appearance at a US civilian air show. Airbus also showcased two new 
projects launched last year by its San Jose, CA, US-based A3 (pronounced 

“A-cubed”) incubator initiative. A3’s goal is to “disrupt Airbus Group and 
the rest of the aerospace industry before someone else does,” says the 
company. One project, Vahana, is a self-piloted aircraft designed to carry 
a single passenger or cargo. Airbus wants to make “the first certified 
passenger aircraft without a pilot.” A small-scale mock-up of Vahana was 
among the “urban air mobility” vehicles on display at the Airbus Pavilion. 
Vehicle design is complete, many critical subsystems have been devel-
oped or procured, and production partnerships are established, Airbus 
said. A full-size prototype is scheduled for completion by year’s end, and 
a demonstrator by 2020. A second project, the Voom on-demand-via-app 
helicopter air-taxi service, is currently being tested in Sao Paulo, Brazil. 

Towering over the massive airframes covering EAA’s Boeing Plaza was 
Blue Origin’s (Kent, WA, US) New Shepard (see photo). The reusable 

Oshkosh 2017 offers many sights, innovations
AEROSPACE

Source | EAA / Photo | Lauire Goossens



17CompositesWorld.com

NEWSOshkosh 2017

Walton Process Technologies, Inc.

Best Customer Service in The Industry
www.autoclaves.com

Mansfield TX 682-518-9002

Service/Repair

Retrofit/Relocate

Autoclaves

Bond Presses

Batch Process
Controls

Ovens

Parts

vertical takeoff and landing launch system for subor-
bital space tourism, envisioned by Blue Origin’s founder, 
Amazon’s Jeff Bezos, also made its first EAA appearance. 
After its milestone first vertical landing on Nov. 23, 2015, the 
same booster made four subsequent flights in 2016. Fly-in 
guests could take a simulated suborbital flight in a full-scale 
mockup of the capsule that will eventually launch tourists 
aboard the spacecraft.

New aircraft and prototypes included Stratos Aircraft’s 
(Redmond, OR, US) Stratos 714 very light jet (VLJ), a four/
six-seat, 400-knot, single-engine personal jet with a 1,500-
nm range and 41,000-ft service ceiling. It was launched 
amidst the VLJ craze more than a decade ago when 11 
airframers aimed to market them, but most folded. Stratos 
persevered but “kept quiet for a few years,” says Stratos 
president and CEO Michael Lemaire, and his composites-
intensive jet first flew last November and concluded its 
first flight-test phase prior to its arrival Wittman Regional 
Airport. Post-EAA, Stratos will expand the flight-test enve-
lope, and when ready for certification, the company will 
seek outside investors. Lemaire estimates the project could 
require “in the area of US$200 million” and take three to 
four years to complete. 

The next-generation SureFly personal helicopter, by 
Workhorse Group (Loveland, OH, US), made its US debut in 
Oshkosh, following its unveiling at the 2017 Paris Air Show. 
Still in development, SureFly aims to make helicopters easier, 
safer and less costly to fly. Constructed of carbon fiber 
composites, its airframe weighs less than 300 lb/136 kg. 
Four arms extend outward above the cabin. Each supports 
two motors that drive counter-rotating propellers — one 
above, one below — at the end of each arm. Projected top 
speed is 70 mph/112 kmh, with a flight ceiling of 4,000 
ft/1,220m AGL, although it’s capable of flying much higher. 

The large exhibits included a new composite five-bladed 
swept propeller for the Beechcraft – Textron Aviation King 
Air 350, produced by Raisbeck Engineering (Waco, TX, US) 
in partnership with Hartzell Propeller (Piqua, OH, US). The 
supplemental type certificate for the propeller is expected 
soon, with production following “very quickly,” says Tony 
Armstrong, CEO/CFO of Raisbeck. It’s the first composite 
swept-blade propeller developed by the two companies 
together. The large-diameter (2.7m) propeller reportedly 
maximizes thrust, increase performance, and reduce noise. 
Moreover, a pair weighs 47 lb/21 kg less than a pair of OEM 
propellers. 
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The aviation industry’s interest in the concept of cars that 
can fly (or rather, planes that can ride the roads) dates 
back at least to the early 1950s. The Experimental Aircraft 
Assn.’s (EAA) AirVenture airshow, known back then as the 
Oshkosh Fly-In, was often the stage for unveiling flying car 
prototypes. At the 2017 event (Oshkosh, WI, US; July 24-30), 
there were several such unveilings. 

An ambitious startup headed by Sanjay Dhall, Detroit 
Flying Cars (Detroit, MI, US), had on display a nearly 

Flying cars are among the stars in Oshkosh

AEROSPACE

road-ready prototype at the event. The carbon fiber 
composite design has main wings and a front canard that 
retract completely into the car body/fuselage when the vehi-
cle is driven as a car, according to an EAA press article by 
Randy Dufault. The challenge was how to collapse the wing, 
which has the same area as a Cessna 150’s wing, into a space 
only 6 ft/1.8m wide, behind the vehicle’s seats. Consequently, 
the prototype’s left canard is higher than the right, and the 
back wing follows the same high-low, asymmetric design. 
The company’s goal, says Dhall, is a product that people 
will believe is a car, and not an airplane that is too complex. 
A conventional reciprocating propulsion drives the craft’s 
pusher propeller in flight; electric motors that require no 
gears or transmission handle motion on the ground. Detroit 
Flying Cars is undecided on a kit or a manufacturing option. 

A flying sports car, the Switchblade (see photo, at left), 
was introduced by Samson Motors (Meadow Vista, CA, US) 
and is expected to fly this fall. Technically a three-wheeled 
motorcycle when on the road, it will be classed as an 
experimental aircraft in the skies and sold as a kit. Estimated 
assembly time is three weeks — Samson will have assem-
bly lines set up on which homebuilders can work on their 
kit with help from staff members. Samson estimates kit 

Source | Samson Motors
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cost at US$140,000 (includes avionics and engine). 
Switchblade’s aircraft parts of are built to FAR 23 
standards. The wings fold up into a protective clam-
shell while the vehicle is on the ground. Switchblade 
can reach more than 100 mph on the ground, and its 
top air speed is around 190 mph, with a cruise of 160 
mph, and range of about 450 miles. Samson says 58 
units have been pre-sold, and 200 people are on the 
reservation list. For more, visit samsonmotorworks.com.

The Flyer was demonstrated by Kitty Hawk 
(Mountain View, CA, US) at the EAA Seaplane Base. 
A single-person, battery electric-powered “multicop-
ter” designed to operate over fresh water, the Flyer 
requires no pilot certification, and the company says 
the amount of training required is minimal, according 
to an EAA press release. 

Kitty Hawk director of engineering Todd Reichart 
told EAA during the demos, “The motors can be 
made lighter than an equivalent gas-powered engine, 
but the batteries are certainly the biggest weight 
challenge.” 

See the Flyer in action | 
www.youtube.com/watch?v=mMWh4W1C2PM. 

BIZ BRIEF

Joseph Choma, the founder 
of Design Topology Lab 
(Atlanta, GA, US) and an 
architecture professor at 
Clemson University (Clem-
son, SC, US), has developed 
a technique that allows 
him to create architectural 
structures by hand-folding 
fiberglass — a technique 
that he describes as simple as folding paper. By selectively coating resin 
on fiberglass cloth, parts can fold easily along the fabric hinges, says 
Choma in the article. 

Notably, the process doesn’t require any molds or fasteners, which 
could mean lower production costs and less material waste. 

Choma believes the folding techniques he has developed could 
enable architects and engineers to design a variety of deployable 
structures, temporary shelters, flat-pack products, collapsible partitions, 
reusable packaging, and more. 

Choma was featured in Episode 9 of our CW Talks: The Composites 
Podcast series. Listen in at short.compositesworld.com/CWTalks-JC 

See a video of the folding process: www.youtube.com/
watch?v=FXCKsv99YeM or learn more at designtopology.com.
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Established in 2012, the Aachen Center for Integrative 
Lightweight Production (Achener Zentrum für 
integrativen Leichtbau or AZL) of RWTH Aachen 
University (Aachen, Germany) was created to develop 
breakthrough technologies for mass production of 
lightweight composite parts. AZL brings together 
eight other institutes that cover the entire composites 
value chain — from materials science to machining — 
with a network of more than 80 companies from 21 
countries involved in lightweight production. 

AZL comprises two separate entities. One, AZL of 
RWTH Aachen University, conducts R&D in light-
weight products, materials, production processes 
and systems using the latest full-scale machines and 
automation systems. The other, AZL Aachen GmbH, 
offers services in engineering, project management, 
networking and business development that enable close 
cooperation between industry and the research institutes 
AZL has assembled at RWTH Aachen Campus. Examples 
of AZL’s on campus initiatives include Mubea’s (Attendorn, 
Germany) establishment of the Mubea Centre for 
Lightweight Design in the Production Engineering Cluster, 
which will support its lightweight composites production at 
subsidiary Carbo Tech (Salzburg, Austria). Also installed on 
campus is Schuler’s (Göppingen, Germany) new 1,800-ton 
press, which is featured in the iComposite 4.0 project’s self-
regulating production system. This new system claims cost 

savings by producing near net shape parts. It uses additive 
fiber spraying to create preforms, automated resin injec-
tion (HP-RTM) and an IIoT-networked intelligent production 
system that includes control of subsequent processes by 
RFID chips integrated into the composite parts.

AZL member companies and institutes cooperate in 
cost-sharing for R&D and business development. In addition 
to more than 100 publicly funded research projects, AZL’s 
Open Innovation approach also includes joint partner proj-
ects and studies, such as the following:

•  New Potential for Composite Technologies in Building & 
Infrastructure

AZL propels industrialized composites

Source | AZL
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•  New Designs for Low-Cost and Energy-Efficient Double-
Belt Presses 

•  Ultra-Fast Manufacturing of Tailored Composite Blanks
•  Assessment of Existing Standards for FRP Pipes and 

Vessel towards Development and Qualification
•   Correlation of morphology and mechanical properties 

of TP-FRP laminates 
In September, AZL began a Joint Market and Technology 

Study on High-Performance SMC. The goal is to provide 
in-depth knowledge on applications, key challenges and 
technologies and establish HP-SMC as an efficient solution 
for highly cost-driven applications. This initiative is open to 
new participants until the end of this year.

AZL’s Business Platforms support targeted market devel-
opment within the current AZL Industrial Workgroups: 
Thermoplastic composites, High-speed RTM, Composite 
pipes and vessels and High-performance SMC. This 
includes four Web sites that provide industrial players — 
especially OEMs and Tiers — with details on each of these 
technology areas. A new collaborative model called Joint 
Business Development supports AZL member pursuits in 
new markets and regions, including co-working spaces 
on the RWTH Aachen Campus. One of the first targeted 
regions is Poland.

Read more online in the CW Blog | 
short.compositesworld.com/AZL-RWTH

Read more about Mubea online |  
short.compositesworld.com/MCTTour
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NATHAN KAUFMAN
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simplicity of ply-based design to the structured automation of zone-based 
design. This presentation will explore the benefits of the multi-ply design 
methodology and how to apply it to multiple part types.  

PARTICIPANTS WILL LEARN: 
• What multi-ply design with Fibersim is
• How to trade-off between the various design methodologies Fibersim has to offer
• The downstream benefits of leveraging automation enabled by multi-ply design
• How to use multi-ply design to manage complex splicing scenarios

Save Time by Automating Design  
and Manufacturing with Fibersim’s 
Multi-Ply Design Methodology 

October 18, 2017 • 2:00 PM ET

REGISTER TODAY FOR WEBINAR AT: http://short.compositesworld.com/Siemns1018 

1017_siemens_CW17_Webinar_Halfpg.indd   1 9/18/2017   1:59:10 PM

Thermoset Composites

pre-pregs | sheets | shapes

norplex-micarta.com
info@norplex-micarta.com    563-864-7328



TRENDS

OCTOBER 201722 CompositesWorld
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Tired of waiting for the benefits of carbon fiber to reach the trucking 
industry, Wingman Industries (Callaway, VA, US) founder AJ Cesternino 
developed his own approach to improving the steel beams that support 
truck trailer chassis. His patented Superbeam uses a double-web I-beam 

— formed by welding two steel I-beams together — with a carbon fiber-
reinforced plastic (CFRP) element inserted between the webs. An injected 
epoxy compound (0.125- to 0.25-inch/3.2- to 6.4-mm thick) bonds 
the CFRP insert to the steel, protecting the CFRP from damage and 
absorbing any differences between the two materials due to temperature 
and load. Bonding also avoids drilling bolt holes through fibers, risking 
delamination during assembly.

Testing completed in 2016 at Applied Technical Services Inc. 
(Chesapeake, VA, US) compared a double-web steel I-beam and a 
Superbeam reinforced with a pultruded CFRP beam from Strongwell 
(Bristol, VA, US). The simply supported beams were loaded mid-span 

using a 2.5-inch/63.5-mm aluminum roller at a rate of 0.125-inch/3.2-mm 
per minute. The CFRP-strengthened steel Superbeam showed a 76% 
increase in load capacity over the unreinforced steel I-beam — 11,506 
lb/5219 kg vs. 6,536 lb/2,965 kg. The benefits aren’t difficult to iden-
tify. “Instead of a standard 36-inch/915-mm steel beam, you could use a 
16- or 18-inch (406- or 460-mm) Superbeam to handle the same loads,” 
Cesternino contends. “That smaller beam requires less steel, is lighter 
weight, easier to transport and easier to install.” He notes that Superbeam 
could be welded or bolted onto current bridge girders as reinforce-
ments without interrupting traffic, and notes that the concept has been 
extended to rods, truss structures and railroad ties.

“I believe this could transform not only our current crisis in corroded 
infrastructure, but also provide revolutionary improvements in transpor-
tation and a wide variety of construction projects,” says Cesternino. He 
notes that previous all-composite beams have been rejected by state 
Dept. of Transportation (DOT) engineers because of the issues with 
fastening, microcracks and delamination. Superbeam, however, has been 
well received by the Virginia state DOT, with discussions in progress on 
possible demonstration projects. 

Cesternino’s steel beam manufacturing partner Valta Crane Systems 
(Brantford, ON, Canada), a manufacturer of overhead cranes, would like 
to see Superbeam commercialized because it offers crane beams that 
require less steel, are lighter and, thus, require less support. But most 
importantly, beam height could be reduced by 50%. 

Now focused on working with industry partners to industrialize 
Superbeam production, Cesternino looks forward to ideas from composite 
materials suppliers and fabricators about how to produce CFRP reinforc-
ing beams most cost-effectively.

CFRP-reinforced Superbeams best steel beams

Source | Wingman Industries
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The Boeing Co. (Chicago, IL, US) has 
issued a report projecting a demand 
in China for 7,240 new commercial 
airplanes in the country over the next 
20 years, valued at nearly US$1.1 trillion 
dollars. Boeing’s annual China Current 
Market Outlook (CMO) shows total 
Chinese demand in this market rising 
6.3% over last year’s forecast.

Single-aisle aircraft continue to 
be the foundation of domestic and 
regional fleets in China. Boeing sees 
the need for 5,420 new single-aisle 
planes through 2036, accounting for 
75% of total new deliveries. Full-service 
airlines and low-cost carriers have been 
adding new single-aisle airplanes and 
expanding new point-to-point services, 
catering to leisure and business travel 
demand in China and throughout Asia.

“China’s continuous economic growth, 
significant investment in infrastructure, 
growing middle class and evolving 
airline business models support this 
long-term outlook,” says Randy Tinseth, 
VP of marketing, Boeing Commercial 
Airplanes. “China’s fleet size is 
expected to grow at a pace well above 
the world average, and almost 20% of 
global new airplane demand will be 
from airlines based in China.”

Tinseth adds that the backlog from 
Chinese customers demonstrates that 
the new 737 MAX 8 remains at the 
heart of the single-aisle market.

Boeing forecasts the widebody fleet 
in China through 2036 will require 1,670 
new airplanes. The company points 
out that airlines continue to shift to 
small and medium widebody aircraft 
for long-haul expansion and flexibility. 
Primary demand for very large wide-
bodies, going forward, will be in the 
freighter market.

Says Tinseth, “China’s outbound 
travel market continues its rapid 
growth toward 200 million passengers 
annually.” Worldwide, Boeing projects 
the need for 41,030 new commercial 
planes by 2036, valued at US$6.1 trillion. 

The complete China Current Market 
Outlook is available at www.boeing.com/cmo.

Boeing: China 
market will demand 7,240 
commercial planes by 2036

AEROSPACE
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US windpower advocates and the composites supply chain 
that benefits from serving those who supply wind turbine 
manufacturers the massive rotor blades they require, are 
expressing confidence that conditions favor an extended 
upward economic swing for our industry. CW found evidence 
to support that theory.

Deepwater Wind, which now operates off Rhode Island 
the first US offshore wind farm (see short.compositesworld.com/
BlockIsle) announced a plan to construct the Revolution Wind 
farm 12 miles off Martha’s Vineyard. A Cape Cod Times article 
(Aug. 1), noted that the project would pair a 144-MW offshore 
farm with a 40-MW/hr battery storage system provided by 
electric-vehicle OEM Tesla (San Carlos, CA, US), described 
by Deepwater Wind CEO Jeffrey Grybowski as “the largest 
combined offshore wind and energy project in the world.” 
Motivating potential approval of the ambitious project is 
a 2016 Massachusetts state law that requires its utilities to 
procure 1,600 MW of offshore wind and other renewable 
sources by 2027. 

Of potential help to offshore wind developers is the late-
July introduction by US senators Susan Collins (R-ME), and 
Tom Carper (D-DE) of the bipartisan Offshore Wind Power 
Act, which would create an investment tax credit (ITC) 
redeemable for the first 3 GW of offshore wind facilities a 

provider places into service in the US. According to the 
lawmakers, the ITC — like the Production Tax Credit (PTC) 
did for land-based wind farms — would give the industry 
the certainty it needs to go forward with investments and 
maximize technology deployment. 

On land, Wyoming, Texas and Pennsylvania currently 
top the list of US states in terms of net (actual) wind 
energy power delivery. That’s likely to remain the case 
in the short run. An Aug. 3 report in Renews (UK) says 
Vestas Wind Systems A/S (Aarhus, Denmark) will provide 
Southern Power with 43 V126 3.45-MW machines for its 
Cactus Flats project in Texas, helping to sustain that state’s 
position as the top US wind energy provider. And the 
Daily Energy Insider, on Aug. 1, revealed Rocky Mountain 
Power’s (Portland, OR, US) proposed US$2 billion in new 
wind farm projects (a combined capacity of 860 MW) in 
windy Wyoming.

What could change the picture is a proposed US$4.5 
billion Wind Catcher wind farm/transmission line 
announced in July by Public Service Co. of Oklahoma 
(Tulsa, OK, US).. If it goes into service in 2020, it will field 
800 turbines (2,400 composite rotor blades) and total 2 
GW in capacity. The ambitious project in the Oklahoma 
Panhandle, could put the state into the number two spot 
nationally. A separate project, totaling a mere 100 MW, is 
on target for completion in 2018.

In Iowa, a farm-centric state that took to wind energy 
early, Renews (UK) reports on Aug. 4, Alliant Energy 
(Madison, WI, US) is seeking approval by early 2018 from 
the Iowa Utilities Board to add up to 500 MW of wind 
energy capacity there. In 2016, it received approval for a 
similar expansion and said the two projects would repre-
sent a US$1.8 billion investment and total 1GW of new 
wind generation.

Maryland, however, has taken steps to ensure it’s not left 
behind. An ambitious East Coast partnership between New 
York-based Con Edison and developers of wind farms yet 
to come in northern Maine, has organized as Maine Power 
Express LLC (MPX). MPX wants to build wind farms capa-
ble of 630 MW of electrical power, which Con Ed would 
deliver via an underground transmission line to Boston, MA, 
US, to satisfy state requirements for energy generation 
from sustainable resources. 

The repair market will grow as turbines placed in the 
past century continue to age. The Ohio-based Sioux City 
Journal reported on Aug. 2 that Duluth, MN, US-based 
energy firm Allete Clean Energy announced in July an 
US$80 million wind turbine refurbishment project at its 
two Storm Lake, IA, US, sites (totaling 187 MW), which 
would entail, among other maintenance items, the replace-
ment of select turbine blades on the two farms’ total 248 
turbines. And Rocky Mountain Power, noted above, has 
slated upgrades to eight wind projects in Wyoming, four 
in Washington and one in Oregon. Improvements would 
include turbine rotors with longer blades that would raise 
current combined capacity (999 MW) by 11-35%.

ENERGY

Wind energy trends, offshore and on, support composites growth
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Carbon Fibre Preforms enters composites market
The Solihull, UK-based company is focusing on the manufacture of preforms for 
tooling and high-temperature and fire applications.
09/11/17 | short.compositesworld.com/CFP-new 

Successful captive-carry test for Sierra Nevada’s Dream Chaser
The orbital vveicle passed a successful captive-carry test at NASA’s Armstrong Flight 
Research Center on Aug. 30 as part of its phase two flight-test efforts.
09/11/17 | short.gardnerweb.com/Chasertest

EconCore and Diehl join forces for thermoplastic interior modules
Located in Leuven, Belgium and Laupheim, Germany, respectively, they develop 
aircraft interior modules via thermoforming sandwich panels in a single step.
09/11/17 | short.compositesworld.com/EconDiehl

Vestas to make wind turbine blades in Russia
Vestas and Ulyanovsk Region Development Corp. (Ulyanovsk, Russia) will construct a 
plant for production of blades for wind turbines in the Ulyanovsk region.
09/11/17 | short.compositesworld.com/vestas

Global market and technology study on energy storage systems
The study will begin in November 2017. Companies seeking new business opportuni-
ties in the field of energy storage systems are invited to join. 
09/11/17 | short.compositesworld.com/AZLstudy

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

Bell V-280 Valor 100% complete
Spirit Aerosystems delivered the Valor’s composite fuselage to Bell in September 
2015. The V-280 is the newest aircraft in the tiltrotor family.
09/08/17 | short.compositesworld.com/Valor

Diab Americas triples processing capacity of advanced foam cores
The DeSoto, TX, US-based firm has invested in additional stabilization chambers to 
support the growing need for Divinycell HT and Divinycell HP foam cores.
09/08/17 | short.compositesworld.com/DIAB3

Gurit completes acquisition of PH Windsolutions
The deal is expected to further strengthens the Gurit Tooling technology position, 
addressable customer base, market presence and service capability worldwide.
09/05/17 | short.compositesworld.com/Gurit-PH

FACC announces new contract with Airbus for interiors
Airbus’ (Toulouse, France) new A320 Airspace cabin will include overhead stowage 
compartments and ceiling panels from FACC AG (Reid im Innkreis, Austria).
09/05/17 | short.gardnerweb.com/FACC-A320

PPG completes sale of fiberglass business to Nippon Electric Glass
The business, which had net sales of approximately US$350 million in 2016, 
supplies the transportation, energy, infrastructure and consumer markets.
09/05/17 | short.compositesworld.com/PPGsale
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Firestone Fibers & Textiles expands capacity, seeks composites industry sales

Although 80-year-old Firestone Fibers & Textiles Co. LLC 
(Kings Mountain, NC, US) is a small part of the global 
Bridgestone-Firestone conglomerate (Bridgestone Corp., 
Tokyo, Japan), it produces a respectable 41,000 MT of fiber 
products annually. Its focus has been on converting poly-
amide (PA) 6, PA 6/6, polyethylene terephthalate (PET), 
polypropylene (PP), glass and steel fibers/yarns in the 210- 
to 10,000-denier range into cords, braids, woven fabrics and 
weft-inserted fabrics via proprietary processes and unique 
procedures. Historically, most of that 
capacity was consumed in-house 
by Bridgestone sister companies to 
produce tires, roofing products, and 
commercial truck suspension systems. 
But three years ago, the division 
began actively working to increase 
outside sales, ramp manufacturing and 
develop new products and shift sales 
from internal to external. “We knew 
that our own sales growth was limited 
if we relied solely on the dynamics of a 
few core markets,” notes division sales 
manager David Flanary. 

Over the past three years, the 
division has managed to shift some 
sales from internal to external, and 
it made an official announcement 
that it was seeking new customers 
in multiple industries at The Future 
of Composites in Construction 
show, June 20-22, 2017, in Chicago, 
IL, US. By that time, the division had 
determined that its new products 
were commercially viable and that 
its manufacturing operations could 
handle the influx of business. “We 
didn’t go build a massive new facility,” 
notes product development manager 
Marty Luebbers. “However, the ability 
to scale is one of the things we’ve 
been doing for years .... We can scale 
pretty quickly and have a lot of weav-
ing capacity in the area.”

Luebbers says that, initially, the 
division is targeting customers in 
the defense, automotive, commercial 
truck, recreational vehicle, building 
and construction, and marine indus-
tries with a focus on North America 
but with the ability to go global. To 
support this quest, company research-
ers have added to their growing 
materials list aramids, high-modulus 
(ultra-high-molecular-weight) PP 
(HMPP/UHMWPP) and carbon fiber 
(currently 3-12K tow from multiple 
unnamed suppliers and with plans to 

move to heavier tows). Firestone is starting work with ultra-
high-molecular weight polyethylene (UHMWPE) and spun 
liquid crystal polymer (LCP), and also has looked at basalt.

“We still envision selling to ourselves, although we intend for 
the percentage [vs. outside sales] to change,” adds Flanary. 

“We hope external sales continues to grow at a rate like we’ve 
seen lately.” While he is keeping the division’s strategy under 
wraps for a while longer, he advises, ““Stay tuned,” he adds. 

“The industry will be hearing more from us over the next year.”
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WORK IN PROGRESS

» As interest in composites grows, so do opportunities for 

companies with innovative materials and/or process technologies 

that boost production efficiency, reduce part mass and cost while 

improving performance and broadening product design options. 

Such is the case with a new rotomolded core technology from 

Italian plastic machinery OEM Persico SpA (Nembro, Italy), now 

in trials with several European automakers. 

Persico’s process produces symmetrical and asymmetrical hollow 

cores in a variety of smooth or textured finishes from a range of 

thermoplastics for use in sandwich-panel constructions. The hollow 

cores, of course, are lighter and use less material and, therefore, 

could be priced more competitively than solid cores of the same 

material. Rotomolding involves injecting or placing a measured 

charge (shot) of thermoplastic powder in an enclosed, heated mold, 

which is then rotated simultaneously around two perpendicular 

axes. The heat and two-axis motion cause the material to melt, 

flow and coat interior mold walls at a uniform thickness, forming a 

hollow component. The mold surface is then cooled while rotation 

continues, causing material to shrink away from the tool (which 

aids demolding) while retaining the shape. Although rotomolding 

is slower than other plastics forming processes, cycling 15 minutes 

Permanent or removable, these hollow thermoplastic cores broaden industry offerings.

Rotomolded cores |  
NEW OPTIONS FOR SANDWICH COMPOSITES

to hours for very large parts, it offers precise thickness control and 

can produce multiple parts per molding cycle in family tools as well 

as truly large parts, such as multi-thousand-gallon underground 

tanks, at low tooling costs. For these reasons, the process presents 

the opportunity to create cores in materials, geometries and sizes 

that would be difficult or impractical using other processes. 

Designed specifically for automotive
Persico’s core concept resulted from the convergence of three 

factors. First, the company has developed competencies over the 

   Rotomolding tough cores

Persico SpA uses rotomolding to build both structural and soluble thermoplastic 
cores for sandwich-panel composites. The lightweight, hollow cores (above, left) 
are strong, having already survived 10-bar molding pressure in high-pressure 
resin-transfer molding (HP-RTM) presses and 5 bar autoclave processes. To date, the 
company has either applied carbon fiber/epoxy prepreg over the cores and autoclave 
cured them, or has laid braided carbon fabrics over the cores, then resin-infused the 
components via HP-RTM. A recently molded core is shown at bottom right, prior to 
sprue trimming. A molded component, at top right shows the carbon composite skins 
have been cured over the core.   Source (all images) | Persico SpA

 By Peggy Malnati / Contributing Writer



CompositesWorld.com 31

NEWS

Rotomolded cores |  
NEW OPTIONS FOR SANDWICH COMPOSITES

Rotomolded Cores

  

past three decades in several “pivotal” aspects of 

the rotomolding process, says Alberto Carrara, 

sales manager for the company’s Industrial 

business unit. “We know how to rotomold a 

broad selection of polymers — far more than 

our customers typically need or ask about,” he 

explains. “In fact, in our lab we keep searching 

for additional polymers that might be suitable for 

rotomolding but that aren’t used in the process 

today. We work with a local partner who helps us 

prepare powders by grinding granules [pellets].”

Background work on polymers that are 

atypical of rotomolding has helped guide devel-

opment of tooling, machinery and processing 

enhancements, he notes. “Second, based on 

our proprietary SMART rotomolding machinery 

controls and on vacuum-assisted rotomolding, 

we can maintain tight control of local thick-

nesses on plastic parts during the molding cycle,” 

Carrara adds. Third, an identified market need 

also helped. That, Persico found in the automo-

tive segment. 

The auto industry is an important customer 

base for Persico’s tooling, presses and automated 

lines used to mold lightweight reinforced ther-

moplastic (LWRT) and direct-long fiber ther-

moplastic (D-LFT) composites. Rotomolding is 

an older but smaller segment of the company’s 

customer base, which purchases Persico tools 

and equipment to produce parts for tractors, 

commercial trucks and other ground transport 

segments. Cores presented a means to expand 

rotomolding’s market impact. “We thought there might be a way to introduce our 

automotive customers to our rotomolding capabilities,” recalls Ottorino Ori, sales 

manager, Persico Industrial. “Automotive suppliers kept contacting us and asking 

for an affordable core to use in highly complex 3D parts. As we explored further, the 

market seemed to be waiting for solutions concerning two kinds of thermoplastic 

cores — soluble and structural.” That prompted the team to scout for automotive 

rotomolding opportunities a year ago, which in turn led to work on composite cores.  

The team ran experiments, tested a variety of raw materials and announced 

preliminary results at the SPE ACCE (Novi, MI, US) in September 2016. Based on 

   High-temperature thermoplastic

One of the most interesting cores that researchers have roto-
molded to date (see inset below) is of polyetheretherketone 
(PEEK). This stiff, high-temperature, aromatic thermoplastic’s 
melt temperature (343°C) is significantly higher than that 
of most conventional rotomolding resins. Success is said to 
be due to the efficiency of the electrical heating systems 
embedded in the company’s SMART tool system (photo on 
left), which quickly achieves the temperatures required. 

   Cores in common commodity thermoplastics

Persico researchers have already rotomolded cores in a variety of thermoplastics, as shown in the photo 
selection above.
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positive response from that conference, the company says it is 

devoting a significant portion of its 2017 R&D budget to mature the 

technology, with an emphasis on identifying projects and partners 

to test soluble and structural cores. 

To date, Persico’s structural composites research has focused 

on a variety of cores combined with autoclave-cured carbon fiber/

epoxy prepreg skins or braided carbon fabrics infused with epoxy 

via high-pressure resin transfer molding (HP-RTM). That work 

might soon pay off: automakers in Italy and the UK are said to be 

looking for applications for the technology on two platforms.

Versatile technology
To date, the company says it has successfully molded cores from 

conventional rotomolding resins: polypropylene (PP), polyamide 6 

(PA 6), polyvinyl chloride (PVC), liquid and powdered crosslinked 

polyethylene (XLPE), linear polyethylene (PE), polyethylene 

terephthalate (PET), polycarbonate (PC), polystyrene (PS), acry-

lonitrile butadiene styrene (ABS) and the weatherable polymer, 

acrylic styrene acrylonitrile (ASA). For a greener core, they have 

rotomolded post-industrial recycled PE, bio-based polyolefins and 

several water-soluble polymers. 

Persico’s most recent 

and surprising material 

is polyetheretherketone 

(PEEK). Although this 

very stiff, high-perfor-

mance aromatic ther-

moplastic’s melt temperature (343°C) is significantly higher than 

that of most conventional rotomolding resins, Carrara says Persi-

co’s ability to rotomold it is a function of the efficiency of the elec-

trical heating systems embedded in its SMART tool system, which 

helps them quickly reach PEEK’s higher temperature. He also 

credits unique vacuum circuits, which are said to greatly enhance 

rotomolding of PEEK in powder and micro-pellet forms. Work is 

underway to optimize processing conditions for PEEK in granular 

form, and future work might evaluate other high-temperature 

thermoplastics.

Depending on selection of skin and core materials, the cores 

can be designed to permanently bond to skins or detach after 

demolding. Not surprisingly, non-polar olefins offer poor adhesion 

without surface preparation. On the other hand, powdered PET 

provides very good adhesion to carbon composites. Similarly, high-

gloss cores offer poorer adhesion than cores with textured surfaces. 

Interestingly, researchers say they’ve seen no correlation between 

the selected process — at least in terms of autoclave cure vs. 

HP-RTM — and core adhesion. More study is underway in this area.

So versatile is the technology that there even is the option, when 

water-soluble polymers are used, to remove cores from skins by 

dissolving them in hot water. Early work with ethylene vinyl alcohol 

(EVOH) was found to take up to 48 hours to fully dissolve the cores. 

However, more recent work, focused on polyvinyl alcohol-polyvinyl 

acetate (PVOH-PVA), a food/pharmaceutical-grade packaging 

polymer (Gohsenol, from Nippon Gohsei, Osaka, Japan) has accel-

erated dissolution times. “More and more we are convinced that an 

effective combination of soluble plastics and an agile production 

technique represents a competitive advantage over other methods 

of producing removable cores in complex shapes,” explains Gaetano 

Donizetti, sales manager, Persico Industrial. He contends that 

rotomolded cores can surpass silicone bladders when part shape 

reaches a certain complexity.

To advance the technology to a pre-commercial phase in 2016, 

Persico produced a special test tool called a “cuboid” and fitted it 

to a SMART rotomolding machine. The tool produces rotomolded 

parts that are 290 mm long by 290 mm wide by 150 mm tall. “We 

use the cuboid to define the practical limits for our cores, such as 

maximum and minimum wall thickness, survivable forming pres-

sures and how fast we can dissolve them in water,” adds Donizetti. 

He notes that when 0.6-kg cuboid cores rotomolded in PVOH-PVA 

with 2-mm nominal walls were soaked in 40°C water, the cores 

completely dissolved in 50 minutes. When soaked in 80°C water, 

   Rotomolded 
soluable cores more 
easily removed

Persico has explored the use of 
water-soluble polymers, which 
can be dissolved away in hot 
water after the skins are cured. In 
the two images at right, carbon 
fiber/epoxy prepreg was wrapped 
around an EVOH core (near right), 
the sandwich was autoclave cured, 
and then the core was soaked 
away leaving behind a hollow ball 
(far right).

Read this article online | 
short.compositesworld.com/RotoCores
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they dissolved in 15 minutes. Although they 

haven’t tested solubility at higher tempera-

tures yet (that’s a future research project), 

stopping at 80°C makes sense, because any 

customer with an RTM heating system will 

have water available at that temperature.

Ori adds that certain thermoplastic core 

types can be removed via mechanical or 

thermal means — via side-access openings, 

with or without pre-softening and folding 

the core — although such actions carry 

the risk of damaging the part. That’s why 

the team is encouraged by how well PET 

cores adhere to carbon composite. He 

also says that thin and flexible PET cores 

produced via rotomolding or blowmolding 

are another alternative they will explore in 

the near term.

This past year, autoclave-cured carbon 

fiber/epoxy prepreg-wrapped cores 

survived 5-bar molding pressures. More 

recent testing of PVOH-PVA cuboid cores 

draped with dry carbon materials and 

resin injected in HP-RTM withstood 10-bar 

pressure without collapsing. The team is 

continuing to explore the forming pressure 

limitations of the hollow cores.

What’s ahead
Persico has ambitions to explore other 

options. For example, in-mold chemical 

foaming is often used with rotomolded 

olefin polymers. This creates a solid outer 

skin, while the center and inner skin of the 

hollow parts are foamed, offering opportu-

nities for modest weight and cost savings, 

albeit at cycle times two-times longer than 

normal. Researchers think foaming could 

be used to produce olefin or polyurethane 

structural cores with novel thermal and 

acoustical damping properties. Another 

area of interest is use of chopped glass 

fiber reinforcement for PA6 cores. 

“Rotomolding ... doesn’t suffer severe 

limitations in terms of size or geometric 

complexity,” adds Carrara. “However, 

for small components, there are some 

constraints in terms of using sharp edges/

corners where powdered materials can 

stick and prevent correct filling of the tool. 

Also, for large cores, our SMART machines 

currently have a physical limitation of 

2,800-mm diameter for the machine table.”

How will the company bring the 

technology to market? 

Ori says Persico is open 

to all options. The initial 

approach will be to 

co-design parts, build 

tools and test prototypes 

with a supplier or OEM 

partner, who eventually would purchase a SMART machine and produce parts. When 

the technology matures, Persico will make its know-how available and possibly retain 

responsibility to co-design and produce tools for the process. 

Rotomolded Cores

Contributing writer Peggy Malnati covers the automo-
tive and infrastructure beats for CW and provides 
communications services for plastics- and composites-
industry clients. peggy@compositesworld.com
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This wide-ranging research 
center works with both 
government and industry to  
develop the best of polymer  
composite processing, 
across a range of  
technologies.

»  Fraunhofer-Gesellschaft (Munich, Germany) is the largest applied 

research organization in Europe, staffed by 24,500 people, mostly scien-

tists and engineers. More than 70% of the group’s annual budget, which 

tops €2 billion (US$2.35 billion), comes from contract research with 

industry and publicly financed research projects, covering the gamut 

of scientific topics. Yet, despite its scale, this massive organization is 

unobtrusive. Its more than 65 institutes and research units dispersed 

throughout Germany, and the 34 additional research units located beyond 

those borders are, typically, located a bit off the beaten path.

Such is the case with Fraunhofer Institut für Chemische (Institute for 

Chemical Technology or ICT). Found in southwestern Germany, within 

the state of Baden-Württemberg and a short distance east of Karlsruhe, 

a city on the Rhine and the home of the Karlsruhe Institute of Tech-

nology (KIT, which maintains a close relationship with Fraunhofer), ICT 

comprises a sprawling collection of buildings, old and new, on a steep 

hillside above the small village of Pfinztal. Surrounded by forest and 

farmland, ICT was founded in 1959 as the Institute for Chemical Propel-

lants. It was originally located nearby in an abandoned stone quarry that 

helped contain its rocket combustion experiments. In 1964, operations 

were moved to the current site and assigned the current name. The 1970s 

brought contract research from civil and military customers, and polymer 

engineering was added to the research portfolio in 1994. Today, ICT 

employs more than 500 people and has a yearly turnover of €36.5 million 

(US$40 million).

ICT’s active polymer engineering department includes within its 

purview high-performance fiber composites, nanocomposites, thermo-

plastic processing, thermoset processing, microwave and plasma heating 

technology, foams and compounding/extrusion, all under the direction 

of department head and ICT deputy director Dr. Frank Henning. And 

Plant Tour: 
Fraunhofer ICT, 
Pfinztal, 
Germany 

By Sara Black / Senior Editor
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despite its bucolic location, the activities and research projects 

there, as CW has reported over the years, have had far-reaching 

impacts throughout the world of composites. CW’s recent stop in 

rural Pfinztal to see, first hand, where such impact had its genesis, 

uncovered a rich scientific heritage.

Bilateral connections
The tour starts at the gate house where directions are given to 

Building 90, located about a half-mile distant, and further uphill. 

Luckily, fair weather makes for an enjoyable hike to the large, 

multi-story building that houses much of ICT’s 

composites-related activities. There, Alex-

ander Roch, the head of ICT’s thermoplastic 

technology “corridor” within polymer 

engineering, clarifies that there are five 

main research centers on the campus: 

Two, involving energetic materials, 

work mainly (but not exclusively) 

for the German Ministry of Defense, 

leaving polymers engineering, envi-

ronmental engineering (which includes recycling studies and 

weathering, among other topics) and applied electrochemistry 

(focused on batteries and fuel cells). 

One-third of ICT’s budget, he says, comes from the German 

state, another third from industrial partners who contract research, 

and the final third from European Union and public German 

grants. Roch names, as an example of an applied electrochemistry 

project, the RedoxWind energy accumulation system, designed to 

test electrical storage of wind energy, and points out workers who   

   Premier research institute
Tucked away in Pfinztal, Germany, Fraunhofer 
Institute for Chemical Technology (ICT) is 
one of more than 65 Fraunhofer institutes 
and research units located throughout 
Germany. ICT is well known to CW readers 
for its work on high-performance fiber 
composites, nanocomposites, thermoplastic 
processing, thermoset processing, microwave 
and plasma heating technology, foams and 
compounding/extrusion. Building 90, the 
large, multi-story building shown here, 
houses much of ICT’s composites activities.  

Source | Sara Black 

are installing a large wind turbine tower and rotor on the ICT site 
to test the concept. 

“Within the polymer engineering department, we cultivate 

very strong collaborations with automotive OEMs and Tier 1 

suppliers,” states Roch. “Our location in Baden-Württemberg, 

with an established industrial base, puts us close to Porsche, 

Diamler and Mercedes-Benz as well as Audi.” He adds that the 

“bilateral connections” between Fraunhofer and its industrial 

partners are strictly confidential, and are structured such that 

OEMs pay for machine time, testing and consultations with Insti-

tute staff. Close relationships also have 

been established with machine and 

system suppliers, including Krauss-

Maffei (Munich, Germany) and Dief-

fenbacher (Eppingen, Germany), that 

enable financial arrangements to ensure 

the best equipment for research. “We are 

not allowed to make parts for profit, only 

for prototyping and validation,” he explains.

Glass-shelved display cases in Building 90’s 

atrium show the wide range of ICT’s activities. Roch points out 

examples of automotive engine parts made using ICT’s thermoset 

injection molding process, a project undertaken with SBHPP, the 

high-performance business unit of Sumitomo Bakelite Co. Ltd. 

(Tokyo, Japan). An engine cylinder liner was injection molded 

with SBHPP’s glass fiber-reinforced phenolic (55% fiber content) 

pourable molding granules, with a cycle time as low as 45 seconds 

(see Learn More, p. 40, and photo, p. 36). Also on display are 

long-fiber injection molded parts made with polyurethane resin, 

“Bilateral connections” 
between Fraunhofer and 
its industrial partners are 
strictly confidential. 
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composite parts made from bio-resins as well as bio-based fibers, 

and complex ribbed parts made using Dieffenbacher’s RELAY 

technology (developed originally by FiberForge, see Learn More) 

that have been subsequently overmolded via injection molding. 

Roch shows parts made in a process that he has helped pioneer, 

as reported by CW: A thermoplastic in-mold foaming tech-

nology, combined with a controlled mold-opening technique 

called “breathing mold,” produces a foamed core between solid 

faceskins — both reinforced with chopped glass fibers. The part 

is formed in a single shot (see Learn More). Roch then leads the 

way to ICT’s variety of laboratories and work areas 

to show how these innovative materials and 

processes are realized.

An array of polymer processes
The first stop, only steps away from the 

atrium, is the compounding and foam shop. 

Here, workers are experimenting with extru-

sion of foam profiles and shapes, derived from 

neat resin pellets. “We’re researching materials 

from commodity plastics through engineering 

resins to high-performance plastics, as well as 

the process itself, using a twin-screw extruder,” 

says Roch. “In particular, we’re looking at a range of particle 

foams, including bio-based foams, and experimenting with beads 

with tailored properties and sizes, and better ways of molding.” 

The polymer beads undergo pre-treatment, including pressure 

loading and prefoaming, then are processed in a laboratory-scale 

“steam chest” molding machine that welds the foamed beads 

together — the most common example of such a process is the 

Styrofoam cup. Roch says the lab-scale machine allows produc-

tion of samples with precise densities for testing, for example, 

mechanical and thermal properties or weldability, for industrial 

and consumer applications. A larger steam chest molding 

machine from Erlenbach Gmbh (Lautert, Germany) 

is used for part production. He shows two examples: 

A molded particle bio-based foam bicycle helmet 

prototype and a shape that could be used for an 

automotive visor application. Many market-oriented 

particle foam projects are ongoing, including creating 

tailored polymer combinations in a single part, dosing 

to create larger foam particles, as well as combinations 

of polymers with metal foams. Additionally, foamed 

profiles are being extruded as part of a study for a 

confidential client. They will be trialed as insula-

tion panels for the construction industry. 
The adjacent, spacious work area is dedi-

cated to research and optimization of 

injection molding processes, and partic-

ularly, long-fiber injection molding 

(long fiber-reinforced thermoplastics 

or LFRT), foam injection molding 

(FIM) as well as thermoset injection 

molding using thermoset granules. 

Roch shows ICT’s newest machine 

from KraussMaffei, a multifunctional 

GX Series machine capable of all three 

   Thermoplastic 
overmolding
A process called Tailored Continuous 
Fiber Reinforcement incorporates 
continuous fibers wound around 
metallic anchor points, in areas of 
highest load, which are subsequently 
overmolded or encapsulated by a 
(typically fiber-reinforced) thermo-
plastic resin, in the molding machine 
shown here. The metallic anchor 
points for the continuous fibers can be 
seen as bright silver, within the black 
thermoplastic part.

Source | Fraunhofer ICT

   Glass/phenolic engine  
cylinder housing
One remarkable result of ICT research is the 
cylinder housing for this small engine (the black 
portion of the assembly), which is injection 
molded using thermoset material made by SBHPP, 
the high-performance business unit of Sumitomo 
Bakelite Co. Ltd. (Tokyo, Japan). The glass fiber-reinforced 
phenolic (55 wt-% fiber content) pourable granules can be molded 
in a cycle time as short as 45 seconds.  Source | Fraunhofer ICT
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molding processes. Technicians test the control system as Roch 

demonstrates how injection unit barrels can be swapped out 

in modular fashion, to accommodate different polymers and 

chopped fiber lengths: “We have a special screw for molding the 

phenolic thermoset granules.” A robot eventually will be inte-

grated into the machine for material and preform handling and 

mold loading/unloading, he says, adding that ICT has a total of 

six twin-screw extruders on site, as well as six injection molding 

machines, in support of its polymer processing research. 

A nearby machine is used to make parts that incorporate local 

continuous reinforcement — that is, continuous carbon or glass 

fiber rovings or tape wound around load introduction points 

that are subsequently encapsulated by long fiber-reinforced 

thermoplastic resin, a concept that Fraunhofer calls Tailored 

LFT. Roch shows a demonstrator automotive part with visible 

fiber filaments wound around metallic inserts as anchor points. 

“Right now, the tapes or fibers are being wound by hand, but 

we will soon have a robot for winding.” He points out that the 

minimal use of continuous fibers, only in the areas of highest 

load, with the rest of the part made with commodity thermo-

plastic, provides homogeneous stress distribution in the part 

and significantly higher breaking strength compared to a plastic 

part without the continuous fiber reinforcement. 

Roch next shows a work area containing a prototype consoli-

dation station currently in use by a Ph.D candidate who is devel-

oping a new methodology for rapidly heat-welding thermo-

plastic tape blanks together. Termed radiation-induced vacuum 

consolidation (RVC), the method’s details are currently proprie-

tary, yet Roch points out that the method could meet a big need. 

“Thermoplastic tape laying is a great technology, especially 

with the RELAY machine approach, but the consolidation and 

debulking of the material has always been a roadblock. We’re 

hopeful that these experiments will be an enabler for cost-effi-

cient tape processing.” 

Passing through the hall, he points out a new injection molding 

machine for making small parts, including sample plaques for 

polymer testing and small plastic clips used for tagging live 

birds. A large Engel Austria (Schwertberg, Austria) duo 700 pico 

combi M injection molding machine is next, usable for standard 

injection molding, for direct long-fiber thermoplastic (D-LFT) 

molding or foam injection molding of LFT granules using the 

MuCell microcellular foam process from Trexel Inc. (Wilmington, 

MA, US). The 700-ton machine has two injection units, back to 

back, which enables co-molding, says Roch, and the inner mold 

part of a stackmold, mounted on a rotary table, can be turned 180° 

to allow injection from both sides.

He points out that the glass fiber rovings are fed into the 

machine from above, and the glass fiber package creel: “With 

this direct LFT technology,” he notes, “you become your own 

custom compounder, using longer fiber lengths than are avail-

able from compounders, and you can save to 20 to 30% of the 

cost of pre-made pellets.” One of the machine’s injection units 

is used to make the long fiber-reinforced, in-mold foamed 

sandwich parts explained by Roch at the beginning of the tour; 

he points out where the foaming agent enters the barrel, either 

   In-mold foaming for cored sandwich panels
A number of ICT’s injection molding machines are used to make long-fiber-rein-
forced, in-mold foamed sandwich parts like that shown here, using a thermo-
plastic in-mold foaming technology combined with a controlled mold-opening 
technique. The result is a part with a foamed core between solid faceskins, made 
in a single shot.  Source | Fraunhofer ICT

   Well equipped for testing and prototyping
ICT’s massive Dieffenbacher 3,600-ton compression press occupies a separate 
laboratory building on the ICT campus, and was formerly paired with a process 
machine that fed semi-finished SMC material. That SMC line has since been 
removed and replaced with a RELAY machine and injection molding barrel (see 
photo, p. 38). Source | Fraunhofer ICT
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a chemical foaming agent or nitrogen gas (the MuCell process). 

In addition, robotic handling of heated organosheet and 

preforms can be integrated with this machine for overmolding 

(see Learn More).  

Adjacent to the Engel machine is a display of semi-structural 

reinforced foam automotive parts that Roch’s group has produced 

for prototyping, including an underbody shield and instrument 

panel (IP) carrier for several automotive Tier 1s. Also on display 

are structural D-LFT parts (PA6 with 30% glass loading). Roch says 

that, in his opinion, the future of automotive composites will be 

shaping of organosheets (continuous fiber thermoplastics) that 

are subsequently overmolded via injection: “We’re at an early 

stage now, but we believe there’s a lot of potential.”

SMC, preforming and RTM
Roch leads the way out of Building 90 and walks past several office 

buildings towards the polymer engineering group’s new labora-

tory and shop building. Built to house the group’s massive Dief-

fenbacher 3600-ton compression press, it’s the center of ICT’s long 

fiber-reinforced thermoset activities — primarily work related to 

sheet molding compounds (SMC). Although a signboard blocks 

the doorway, with a chalked message prohibiting entry due to 

OEM partner molding trials, Roch enters, and gets the all-clear for 

the visit. Although those not involved in the market might be hard-

pressed to know what part for which car model they were seeing, 

Roch explains that sharp-eyed automotive industry visitors could 

tell at a glance from a mold shape what types of trials were being 

   Automotive-capable robotic preforming 
ICT’s high-pressure resin transfer molding (HP-RTM) process building is equipped with a Dieffenbacher 
preforming center within a safety cage, equipped with a robot to transfer material from an automated 
cutting table to a preform-shaping mold with multiple elements that operate sequentially for wrinkle-free 
preforms. A structural part for Mercedes Benz is shown at left, as preformed (top) and as the final molded 
part (below). Source | Fraunhofer ICT

   Keeping current to stay 
current
Shown here is ICT’s RELAY 2000 
machine, which has since been moved 
to another facility in Augsburg, 
Germany. A new RELAY tape laying 
machine from Dieffenbacher now 
operates in combination with a new 
injection unit for thermoplastic 
co-molding of organosheets, either 
fabric or unidirectional tapes, situated 
adjacent to its 3,600-ton press. 

Source | Fraunhofer ICT
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   Polyurethane HP-RTM?
Pictured here, yes, is a KraussMaffei polyurethane 
HP-RTM injection unit, with a production cell for 
long fiber injection molding with polyurethane resin. 
Notably, this entire workcell can be moved to either 
of the buildings that house compression presses, as 
needed, to trial parts. Within the cell, a Fanuc robot 
works to transfer the cut materials to the heated 
mold, into which PU is sprayed, eliminating manual 
intervention.  Source | Fraunhofer ICT

run, hence the precautions. 

Roch proceeds past the press to the 

back of the building, where he points out 

an SMC line that feeds into the press. 

An adjacent, second SMC line, set up for 

direct long-fiber-reinforced SMC (Direct 

SMC), was there during the visit, but has 

since been removed and replaced with 

a new RELAY tape-laying machine. The 

RELAY will be combined with a new injec-

tion unit installed in August 2017 for ther-

moplastic co-molding of organic sheets, 

either fabric or unidirectional tapes, 

produced by the RELAY machine. 

Further downhill, Roch opens the door 

into another lab, where high-pressure 

resin transfer molding (HP-RTM) activities 

are housed. Near the door is a preforming 

center within a safety cage, equipped 

with a robot to transfer material from 

an automated cutting table to a heated 

shaping mold. The preforming setup is 

similar to the Dieffenbacher Preform-

Center installed in Fraunhofer’s Ontario, 

Canada, facility in 2014. Roch explains that 

the preform shaping mold is capable of 

complex sequential movements during 

closing, that allow for a highly shaped 

part preform without wrinkles. A struc-

tural part for Mercedes Benz is displayed 

outside the cage, which shows how the 

relatively high-areal-weight woven carbon 

fiber twill fabric conforms without pulling 

or wrinkling (see photos on p. 38). 

Inside is a large KraussMaffei HP-RTM 

epoxy injection unit, with an impinge-

ment mixing head for fast-cure epoxy 

resins, paired with a 630-ton Dieffen-

bacher press. Fraunhofer is investigating 

two types of HP-RTM: the first is high-

pressure injection resin transfer molding, 

in which the resin is injected under high 

pressure into a completely closed mold, 

and the resin flows through the plane of 

the preform, in the x- and y-directions. 

COMPLETESOLUTIONS?
WEGET IT... COLLABORATION
COMPLETESTHEPUZZLE.

Being the leading core supplier to the composites
industry for decades is just not enough.
Our consistent collaborationwith preferred

industry suppliers and their knowledge of glass, resin,
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us from the rest. And spares you the burden.
So put us to task. Ask us for solutions.We’ll

assemble the team andmake sure all the
pieces fit for superior results. That’s howwe operate.
Contact us for details.

BALTEK®AND AIREX®STRUCTURAL CORES...
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The second is high-pressure compression resin transfer 

molding, in which the mold is left slightly open, and the resin 

is injected into the mold gap at low cavity pressure; the mold 

is then closed completely, and high pressure is applied to the 

preform, which helps fill the preform in x-, y- and z-directions, 

with a lower total cycle time. 

A large Wickert Maschinenbau GmbH (Landau in der Pfalz, 

Germany) heating unit provides contact heating for unidirec-

tional thermoplastic tape blanks prior to forming in another 

press. Says Roch, “We have given our older RELAY unit, previ-

ously in this building, to the IGCV group in Augsburg.”

 

Meeting challenges of compos-
ites applications
Last on the tour is Building 14, which 

houses several more work centers and 

machines, related to older polymer 

composites research that might not be 

cutting edge but still deserving inves-

tigation for production auto parts. For 

example, a KraussMaffei polyurethane 

RTM injection unit sits near a produc-

tion cell for long-fiber injection molding 

with polyurethane resin. Within the cell, 

a Fanuc (Oshino, Japan) robot works to 

transfer cut materials to a heated mold, 

into which PU is sprayed. Also still in use 

is what Roch calls an “old” process of ther-

moplastic RTM, which includes an injec-

tion unit for a reactive nylon system that 

creates PA6 in the mold while wetting out 

the reinforcements, to create reinforced 

TP parts. The process has been looked at 

by several automotive OEMs, including 

Volkswagen, for several years.  

As the tour concludes, back in the 

atrium of Building 90, Roch says, “We’re 

trying to develop automated processes to 

reduce the labor of producing compos-

ites, to create a robust infrastructure 

for production of automotive compo-

nents.” Indeed, the reach of Fraunhofer 

ICT’s research and process development 

spans several continents, and the drive to 

improve composites processing shows no 

sign of slowing.  

Read this article online | short.compositesworld.com/F-ICTTour

Read more online about the SBHPP cylinder linings in “Composite engine 
position cylinder housings” |short.compositesworld.com/SBHPP-cyl

Read online about RELAY technology history in “Fiberforge places RELAY 
station with Fraunhofer ICT” | short.compositesworld.com/RELAY2FICT

Read more online about how the “Breathing mold process yields sandwich 
composites from LFT” | short.compositesworld.com/BreathLFT

Read more online about the processing of organosheets (continuously 
reinforced thermoplastic sheet materials) in “The New Lightweights: 
Injection Molded ‘Hybrid’ Composites Spur Automotive Innovation” |  
short.compositesworld.com/OrganoMold 

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

Oct. 2-4, 2017 — New Orleans, LA, US
2017 Polyurethane Technical Conference
polyurethane.americanchemistry.com/2017-
Polyurethanes-Technical-Conference.html

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. 5-7, 2017 — Istanbul, Turkey    
TURK Kompozit 2017 Composites Summit Turkey
turk-kompozit.org/en/home

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

Oct. 11-12, 2017 — Munich, Germany
Munich Technology Conference on Additive 

Manufacturing 2017
oerlikon.com

Oct. 17-18, 2017 — Los Angeles, CA, US
Tooling Technologies for Composites: A Hands-on 

Workshop
nasampe.org/events

Oct. 17-19, 2017 — Wichita, KS, US
ASIDIC 2017: Aerospace Structural Impact Dynamics 

International Conference
asidiconference.org

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

Technical Conference
cdmhub.org/groups/asc2017

Nov. 1-2, 2017 — Birmingham, UK
Advanced Engineering UK 2017
advanced-engineering-2017

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

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

Nov. 14-16, 2017 — Stuttgart, Germany
SAMPE Conference 17 Stuttgart
sampe-europe.org/conferences/conference-2017-
stuttgart 

Nov. 14-16, 2017 — Porto, Portugal
Composite Pressure Vessel Symposium 2017
cpvsymposium.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. 21-22, 2017 — Toulouse, France
Aerospace Additive Manufacturing Summit
france.additive-aerospace-summit.com

Nov. 27- Dec. 1, 2017 — Tokyo, Japan
15th Japan International SAMPE Symposium & 

Exhibition (JISSE-15)
sampe.nuae.nagoya-u.ac.jp/jisse15

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

carbonfiberevent.com

Nov. 28-30, 2017 — Amsterdam, The Netherlands
WindEurope Conference and Exhibition 2017
windeurope.org/confex2017

Dec. 6-7, 2017 — Cologne, Germany
7th Biocomposite Conference Cologne
biocompositescc.com

Dec. 6-8, 2017 — Pasadena, CA, US
Additive Manufacturing Americas 2017
amshow-americas.com

Dec. 12-14, 2017 — Orlando, FL, US
CAMX (Composites & Advanced Materials Expo) 2017
thecamx.org

Jan. 23-24, 2018 — Long Beach, CA, US
1st Int’l Conference on Composites in Sports
jeccomposites.com/events/composites-for-
performance-in-sports-2018

Composites Events

PRESENTER

PRESENTED BY

btglabs.com

GILES DILLINGHAM 
CEO & Chief Scientist

EVENT DESCRIPTION: 
Successful adhesive bonding requires precise control of the physical and chemical 
properties of a vanishingly small volume of material: the first few molecular layers that 
surround the interface.  This in turn requires developing a sensitivity to the factors that 
affect this region as well as imposing effective process control protocols.  This seminar 
will review the requirements for high-performance surface treatment processes, 
strategies for developing these processes for new material systems, and protocols for 
control of these processes after implementation in manufacturing.

PARTICIPANTS WILL LEARN: 
•  Basic principles of adhesive bonding for joining composite structures 

•  Common composite surface preparation methods, their advantages and disadvantages

•  Development of surface treatment processes: how to evaluate and optimize performance

•  Deployment of adhesive bonding processes in manufacturing: how to ensure control to achieve  

 consistent bond performance

Development and control of  
surface treatments for  
adhesive bonding of composites

October 17, 2017 • 2:00 PM ET

REGISTER TODAY FOR WEBINAR AT: http://short.compositesworld.com/BTG1017 

1017_BTG Labs_CW17_Webinar_Halfpg.indd   1 9/18/2017   1:57:39 PM
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Lightweighting speed into  
CNC machining
Drawing on a long history in composites manufacturing and CNC machining, 
this innovator turns to carbon fiber composites to reduce gantry component 
weight and increase shaping efficiency.

» Dan Bolfing has taken a circuitous career route from world-

class windsurf board manufacturer to CNC machine manufac-

turer. But the path between those callings is clear in hindsight. 

His surfboard-making dates to the early 1990s. Over time, he saw 

the increasing application of advanced composites to surfboards, 

to make them lighter, stronger and more durable. 

In the late 1990s, says Bolfing, he was living in Maui, HI, US, 

building windsurf boards and kiteboards and looking for afford-

able CNC technology to help speed up the previously manual 

process of shaping tooling board into molds for those evolving 

composite surfboard designs. He ran across an article in Compos-

ites Technology magazine (a predecessor of CompositesWorld) 

about CNC machining of composites and, as a result, invested 

in a ShopBot (Durham, NC, US) router. The simplicity and effi-

ciency of that router, says Bolfing, “changed my life. It gave a 

small company access to Fortune 500 technology.” Yet, as capable 

as the ShopBot router was, Bolfing says he also started modifying 

it as soon as it was installed. That process taught him much about 

how CNC technology might be improved to make it more effi-

cient, flexible and affordable.

Re-routing of career choice
In 2004, Bolfing suffered a serious injury and spent the next 

five years in recovery. He used that time to teach himself basic 

programming, and how to use CAD/CAM software. He also made 

plans for the rest of his life, which included relocation to the 

US mainland to launch a car company that would manufacture 

electric vehicles. Because Bolfing needed a CNC machine for this 

effort but could not afford one, he built his own. As he used that 

machine to build structures for his car, he did contract machining 

on the side to earn money. 

He quickly saw the advantage of a bigger machine: “I built 

another, larger machine and sold my older one,” he says. “I soon 

   Low mass reduces inertia

Autoscale’s Monster cgr-series CNC machine, designed to process foam, tooling 
board and lightweight metals, features a gantry, z-axis carrier and z-axis arm 
fabricated of carbon fiber/epoxy. The design saves 90% in weight, compared to a 
steel version and, as a result, the machine cuts twice as fast.

Source (all photos) | Autoscale LLC Inc.

By Jeff Sloan / Editor-in-Chief
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CFRP Gantry Components

saw the advantages of a larger machine and replaced the second 

machine with a third machine. As I got bigger, the parts had to be 

stiffer, using more steel.”

By 2010, Bolfing was the owner and operator of Autoscale CNC 

LLC (Santa Clara, CA, US), busy providing contract CNC services 

and selling his own brand of all-steel CNC machines. Although 

he could market the versatility and flexibility of a larger CNC 

machine, the problem was speed — or a lack thereof — which 

was compounded by the conventional machine’s dependence 

on its steel construction. “We were like a dog chasing its tail,” he 

 Illustration / Karl Reque 

Autoscale Monster cgr-series CNC Machining Gantry

›  Carbon fiber composite gantry yields 
weight savings of 90% compared to steel 
alternative.

  

›  Linear composites manufacturing process 
speeds production by eliminating welding and 
powder coating associated with steel alternative.

›  Lighter weight components on the y and z axes 
reduce cutting time by 50% compared to steel 
alternative, with no accuracy penalty.

says. “As the [CNC] machines got bigger, they got heavier, and as 

they got heavier, they got slower.” Having seen how well compos-

ites had performed in windsurf board and kiteboard applications, 

Bolfing began to wonder if there was a place for carbon fiber 

composites in the fabrication of a CNC machine. 

Additionally, notes Bolfing, the all-steel CNC machines 

required extruded steel, which is expensive, as well as multiple 

high-skill processes — assembly, welding, powder coating. Each is 

costly and time-consuming, particularly in a skilled labor market 

as pricey as that in the San Francisco Bay Area, where Autoscale is 

Z-axis arm

Z-axis carrier Y-axis gantry

174 inches

100.5 inches

Z-axis rails

8- by 8-inch 
box beam

32- by 32-inch 
z-axis carrier

Y-axis gantry 
mass, 350 
lb/159 kg

Servomotor

Servomotors
8- by 8-inch 

box beam
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located. In terms of labor and processing steps, Bolfing contends, 

“It’s a lot easier to build a composite CNC machine than a steel 

CNC machine.” 

But applying composites to a CNC machine, which had not 

been done before, says Bolfing, would require substantial design, 

investment and time. So, the idea simmered in his head until 2015, 

when he began an earnest effort to apply carbon fiber compos-

ites in a CNC machine. The product that resulted — introduced 

in 2016 — is Autoscale’s carbon fiber-intensive Monster cgr-series 

machine (see photo, p. 44), designed to process composites, 

foams, clays and lightweight metals. 

The mettle to replace metal
As he designed the cgr-series, Bolfing decided early on to apply 

composites only where their greatest advantage, weight reduc-

tion, would increase speed — the y-axis gantry, the z-axis carrier 

and the z-axis arm. Other parts, namely the x-axis columns and 

beams, would be welded steel. “Everything that doesn’t move is 

steel,” he explains. “All the moving mass is carbon.”

Bolfing says he knew that speed would come naturally from 

the reduced weight of the composite y and z axes. The challenge 

would be the design and construction of a composite structure 

stiff enough to maintain the rigidity required in high-precision 

machining operations. “All three axes have to have equal support,” 

Bolfing says. “That was what I worked on first.”

Bolfing, who was the cgr-series’ sole designer, began in Solid-

Works (Dassault Systèmes, Waltham, MA, US) and Rhino (Robert 

McNeel & Assoc., Seattle, WA, US), but confesses his virtual work 

on the composite structures eventually had to move to a more 

difficult shake down in the physical world: “There is only so much 

you can do, drawing in CAD. You eventually have to start building 

things.”

He focused first on the gantry and fabricated several 8- to 

10-ft-long (2.4m to 3m) process panels, using multiple material 

combinations (UD and woven laminates) to test their weight-

bearing capability and stiffness. Bolfing hung from the center of 

these test panels a variety of weights, measuring deflection with 

each, and using the results to guide further material combination 

refinements.

Then, says Bolfing, “I over-engineered it by about 10% .” Why? As 

is often the case with composites, massive weight savings convey to 

designers a margin that allows for use of additional material, with 

minimal penalty. A steel gantry, Bolfing notes, would weigh about 

3,500 lb (1,588 kg). The carbon fiber gantry he designed to replace 

it weighs only 350 lb/159 kg, “so even if it’s 50% overbuilt, it’s still 

incredibly light.” 

The resulting design consists of two parallel 8-by-8-inch (203 by 

203 mm) box beams 14.5 ft/4.72m long, featuring aramid honey-

comb, aluminum honeycomb and Divinycell (Diab Americas, 

DeSoto, TX, US) foam core overwrapped on three sides with 

dry unidirectional (UD) carbon fiber, topped by an outer ply 

of woven carbon fiber twill. The fourth side of each beam is 

covered with a carbon fiber composite lattice structure, to provide 

access to wiring that must pass through the beam. All carbon 

   Replacing extruded 
steel with a sandwich 
composite

The cgr-series gantry features two 
infused box beams, comprising a 
honeycomb-and-foam core over-
wrapped with UD and woven carbon 
fiber. The machine’s z-axis carrier 
rides rails atop the beams as it moves 
back and forth along the gantry’s 
length.
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fiber is supplied by Hexcel (Stamford, CT, US). The two beams 

are connected at each end by a 16-inch/406-mm carbon fiber 

composite beam, similarly constructed. Total width of the gantry 

is 32 inches/812 mm. Mounted on each long beam is a steel rail, 

on which rides the z-axis carrier and the z-axis arm (see the 

photo on p. 46).

The z-axis arm traverses the gantry supported vertically within 

the z-axis carrier, a tapered carbon fiber box with a 32-by-32-inch 

(812 by 912-mm) flange at its base (photo above), which rides on 

the y-axis rails. The z-axis arm sits in and is actuated through the 

carrier by a servomoter mounted at the top of the z-axis arm (see 

drawing, p. 45).

Bolfing used the same sandwich architecture on the z-axis 

carrier and z-axis arm — core surrounded by UD and woven 

carbon fiber. And, like the gantry, all of the layups are infused 

with epoxy supplied by Pro-Set Inc. (Bay City, MI, US) and 

Gurit (USA) Inc. (Bristol, RI, US) through distributors Revchem 

Composites Inc. (Bloomington, CA, US) and Fiberglass Supply 

(Burlington, WA, US).

Bolfing also built the molds for the gantry parts from carbon 

fiber/epoxy composite, laid up on a Coastal Enterprises Co. 

(Orange, CA, US) 10-lb/4.5-kg urethane tooling board pattern. 

Cure is provided by Bolfing’s in-house-built, gas-fed oven, which 

features an adjustable enclosure, designed to enclose a space 4 

ft/1.2m wide and 8-24 ft (2.4-7.3m) long.

A distinguishing design feature of the z-axis arm, says Bolfing, 

is the fact that its actuating equipment — motor, wiring, etc. — is 

CFRP Gantry Components

encapsulated inside the arm, protecting it from dust generated 

during the machining process. And to further ameliorate dust, 

Bolfing applies an anti-static spray to the z-axis arm’s exterior.

Able performer, in demand
The z-axis arm on the cgr-series has a downward travel limit of 

6 ft/1.8m, the gantry is 12 ft/3.6m long and the x-axis metallic 

frame is available in lengths of 10-35 ft (3-7.62m). Bolfing says the 

machine’s accuracy, over 27 ft/8.2m, is ±0.0625 inch (±0.15875 

mm). Further, he claims, “No other machine has travel as large 

for such a small footprint. It makes excellent use of space.” The 

machine ranges in price from just US$80,000 for the smallest foot-

print, to US$160,000 for the largest.

In operation, the cgr-series machinery is more accurate, travels 

more smoothly and performs high-detail shaping better than 

Bolfing expected. Further, he anticipated that 14-lb/6.35 kg foam 

would be the densest the cgr-series could handle, but he reports 

that the machine “cuts through 20-lb [9-kg] foam like it’s nothing.”

Bolfing sold three machines before the first one was completed 

(“which is pretty scary”) 

and he delivered eight 

in the first year. Four 

more will be installed 

this month. Many, he 

says, are being used 

by customers 24/7 in 

lights-out operations and have performed without any problems. 

He is sufficiently confident now that his design and workmanship 

are sustainable that he is evaluating integration of other technolo-

gies to be offered with the machine, including a 4-axis rotisserie, 

a touch probe, a laser scanner, an additive manufacturing system 

and a fiber/tape placement head.

Most of all, however, Bolfing wants to keep his system affordable 

and, therefore, easily accessible to small and start-up businesses 

that desire versatile, accurate, durable CNC technology. “In our 

business, most of your money is made in meeting critical dead-

lines,” he contends. “And you need affordable, big machines to do 

multiple operations to meet those deadlines.”  

Jeff Sloan is editor-in-chief of CompositesWorld, and has been 
engaged in plastics- and composites-industry journalism for 23 
years.  jeff@compositesworld.com

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

   Facilitating fast z-axis positioning

The z-axis carrier features the same carbon fiber/epoxy 
construction as the gantry. The lightweight z-axis arm 
passes through the carrier and can be actuated up and 
down quickly by a servomotor attached to the top of the 
z-axis arm. 
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