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FROM THE EDITOR

» If you are reading this, there is a good chance that you design or 

fabricate composite parts and structures and use polymer-based 

resin systems and � ber-based reinforcements. If this is the case, 

then I don’t need to tell you that the supply of many of the resin 

and � ber materials used by the composites industry have been, 

over the last few months, in very short supply. � ere are multiple 

reasons for these shortages, with multiple material types a� ected, 

but it appears most of the pain is being felt in the foam core, epoxy 

resin and glass � ber supply 

chains. CW has already 

reported on the latter in a 

story you can � nd on p.  of 

this issue. I also discussed the 

glass � ber supply situation in 

my March  editorial.

� e resin shortage, however, 

has a di� erent genesis. It was triggered primarily by Winter Storm 

Uri that a�  icted Texas and other southern U.S. states in mid-

February . � is fast-moving front brought sudden and unusual 

freezing temperatures as far south as Houston, Texas, which 

is home to a variety of petroleum-based processing facilities, 

including oil re� neries and polymer manufacturing plants. � e 

cold temperatures disrupted the supply of water, natural gas and 

electricity, thus forcing the facility owners to declare force majeure 

and shut down.

Hexion (Columbus, Ohio, U.S.), which produces bisphenol-A 

(BPA, a key ingredient of epoxy) at two facilities in Texas, was forced 

to cease operations. Similarly, epoxy specialist Olin (Clayton, Miss., 

U.S.) was forced to shut down operations at its facilities in Texas, 

Louisiana, Mississippi and Alabama. � ese and other shutdowns 

were consequential not just for epoxy supply, but for vinyl ester as 

well, which requires epoxy. To assess the impact of these disrup-

tions, CW, working with Gardner Intelligence (CW and Gardner 

Intelligence are owned by Gardner Business Media), sent a supply 

chain survey to the CW audience in early April . We received 

 responses, and from those, learned much about the state of 

the resin and � ber supply. Some highlights:

• When asked which resin systems have been more di�  cult than 

usual to acquire in the last three months, respondents listed 

vinyl ester (%), polyester (%) and epoxy (%). 

• When asked which � ber types have been more di�  cult than usual 

to acquire in the last three months, % of those who responded 

listed glass � ber; % listed carbon � ber.

• � e � ber formats in shortest supply, according to respondents, 

were roving (%), chopped � ber (%), woven fabrics (%) and 

UD tape (%).

• � e core material in shortest supply was foam (%). 

• � e reasons cited for the disruptions was balanced: Shipping 

delays, not weather-related (%), high demand (%), inclement 

weather (%). Interestingly, we allowed respondents to list other 

reasons for disruptions, and “COVID-” topped that list.

Signi� cantly, we asked how supply chain disruptions have 

a� ected the ability to meet customer or contract obligations for 

delivery of � nished parts. Responses here were on a - sliding 

scale — the bigger the number the greater the impact. Sixty-two 

percent of respondents fell in the - range, which indicates 

moderate to substantial impact on manufacturing operations.

We also asked respondents to look ahead and estimate when 

the supply situation would return to normal. � e leader here was 

“unknown,” with %, followed by “more than  weeks from now,” 

at %. And when asked how concerned respondents were about 

how the supply disruptions would a� ect their operations, % were 

either moderately or extremely concerned. 

Of course, when supplies tighten, there are options. � e vast 

majority of respondents (%) said they have communicated the 

problem to their customers. A large fraction (%) also sought mate-

rials from other suppliers or used an alternative material (%). 

Signals from suppliers and anecdotal feedback we’ve received 

indicate that this tightening in the supply chain will continue into the 

summer and possibly the early fall as raw materials and sta�  ng levels 

return to normal. If you have a story to share about your supply chain 

challenges, feel free to contact me at je� @compositesworld.com. And 

keep an eye on your inbox for this survey — we will send it again soon 

to � nd if and how the supply situation is improving.

JEFF SLOAN — Editor-In-Chief

Evaluating the state 
of the resin and fi ber 

supply shortage.



FIELD-PROVEN ADHESIVES FOR 
DEMANDING VACUUM MOLDING 
INFUSION APPLICATIONS.

STICK WITH THE BEST
Specifically formulated for a stronger, 
more flexible matrix.

N E WSTA R A D H E S I V E S U S A .COM  |  8 6 6 - 7 3 5 - 9 876

NewStar 900 Line Adhesives are formulated to cross-link with resins 
to create an integrated matrix and not interfere with polymer matrix 
integrity.

Comprehensive 3rd party testing confirms the N900 line delivers 
superior performance in vacuum infusion applications when compared 
to the other competitive infusion adhesives.

• Low shrinkage during cure

• CA & OTC Compliant

• Fast-tack, strong bonds

• Low VOCs, No HAPS

• Long open time

• Available in Canisters and Aerosols



MAY 20216 CompositesWorld

COMPOSITES: PAST, PRESENT & FUTURE

» Almost every composite part, regardless of its constituent 

materials and regardless of how it’s made, must go through a 

� nishing process in a machining operation. Trimming, drilling 

and routing are just some of the operations that might be 

performed. However, composite materials in a machining envi-

ronment behave di� erently than metals do and thus must be 

treated di� erently. Further, like any other manufacturing process, 

there is a need for continuous optimization of machining. � e 

eight following tips will help you machine composite materials 

and remove ine�  ciencies in the process.

1. Know your constituents
Before getting into the manufacturing process, let’s understand 

the constituents of composite materials. � ese constituents are 

divided into two groups:

• Resin matrices

• Reinforcements.

FRP (� ber-reinforced plastic) composites are produced from 

strands of aramid, carbon, glass or other � brous synthetics. � ese 

reinforcements are bound together using resin, typically a ther-

moset or thermoplastic system.

You can also use added ceramic or metal powders as rein-

forcements. Other additives like silica or silicon dioxide can also 

enhance the properties of composite materials.

2. Dust removal 
� e removal of dust is vital to ensure the 

streamlined machining of composite 

materials and safeguard workers’ health. 

Fiberglass, for example, produces a stag-

gering amount of harmful dust during the 

composite machining process. Besides, dust 

particles are severely damaging to machine 

controllers as well as equipment. Most aircraft manufacturers 

cannot let debris be trapped inside structures and require e�  cient 

dust removal methods.

Alternatively, carbon � ber dust is perilous to electronic 

devices because it is electrically conductive. If this dust level goes 

unchecked, it can short out machine circuits and cause digital 

devices to go haywire. Carbon � ber dust can also lead to lung 

damage.

To keep these particulates from barraging the workstation, 

install a suitable cartridge-style dust collector. You must also be 

sure to seal the machine tool enclosure if possible.

3. Proper cutting tool selection 
Considering the abrasive nature of composites, high-speed 

steel and even cemented carbide cutting tools are quick to fail. 

Indexable milling cutters and turning tools with polycrystal-

line diamond (PCD) tips are twice as expensive as carbide tools. 

Nonetheless, they take the lead in tool life and machine uptime 

and render a high-quality surface � nish during machining. � is 

is especially true for carbon � ber-reinforced polymers (CFRP), 

which require the use of competent cutting tools often for compli-

cated tool geometries.

4. Keep the tools sharp
Sharp tools are paramount when machining composite materials. 

Intricately designed compressive helix cutters reduce delamina-

tion and hanging (uncut � bers) during trimming. Endmills are 

e�  cient for orthogonal cutting, including slotting, trimming and 

pocketing. For holemaking, diamond drills with speci� c edge 

chamfers, radii and a modi� ed brad point help limit delamination 

or splintering during the process of breaking through.

5. Massive rpms and necessary parameters
Cutting speed and feed a� ect the � nal surface � nish of a compo-

nent, as well as the power requirements, and the material removal 

rate of a CNC machine. Because of this, it is imperative to consider 

the type of composite material to be machined, the rigidity of the 

workpiece, the size and condition of the lathe and the depth of cut.

Cutting speeds of  to  meters 

per minute or greater are ideal for 

such materials, with starting feed 

rates of . millimeters per tooth 

for a .-millimeter two-� ute cutter, a 

whopping , rpm and a .-milli-

meter-per-minute feed.

It is also imperative to adjust speeds and 

feeds to avoid melting the resin. Because of 

this, you must lock feeds at . inch per tooth (ipt) or greater for 

larger diameters. Speeds must be maintained at - surface 

feet per minute (sfm), as this works for most material types. 

If you are machining solid composites, bring the spindle speed 

down to one-third of those values; you can also go through the 

cutting tool provider to learn about proper parameters.

6. Pick the right tool holder
High-quality diamond and diamond-coated cutting tools lead to 

successful CFRP machining operations. But they might not yield 

decent results without the right tool holder for a � rm grip.

Hydraulic chucks help mitigate run-out and the possibility 

of tool pullout, either of which can be hazardous when plowing 

through an expensive aerospace structure.

Best practices in the CNC machining 
of composites

Composites are the most 
challenging materials a 

machinist will encounter.
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When operating at higher spindle speeds — more than , 

rpm — it is advisable to have the tool holders balanced as a 

complete assembly, ensuring that the cutting tool and retention 

knob are installed.

7. Pick the right angle of attack and geometry
Because composites feature a � ber reinforcement, they can pose 

unprecedented challenges to machinists. � e abrasive nature of 

composites leads to shorter tool life. Dull tools, in turn, lead to 

delamination and hanging � bers.

With the right cutter, some of these challenges can be avoided. 

Still, machinists should learn to read the wear patterns on cutting 

tools and tweak tool paths. Milling climb cutting might not always 

yield better results than conventional cutting. Switching to a brad 

point can help prevent delamination on the backside of a hole.

8. Ensure proper cooling
Applying coolant can help lubricate tools and discharge heat 

and dust from the work environment. Lubricants can be used 

with composites. However, the lubricant can mix with the � ber/

resin dust to create an abrasive paste that is di�  cult to tackle. 

Also, composites can absorb water and swell. To counter this, opt 

for a cold air gun. A cold air gun is very e�  cient at cooling the 

workplace and helps remove debris. However, you must capture the 

tornado of composite dust with an appropriately sized dust collec-

tion system.

Installing high-tech solutions such as cryogenic cooling systems 

might be out of reach for most companies. Still, if you can a� ord 

them, they provide the best cooling system for machining.

The optimum methodology to machining composites
Composites are the most challenging materials a machinist will 

encounter. � ey are dusty, laborious and abrasive and rough 

on tools.

You should pick the right combination of cutting-edge geometry 

and tool material. Be sure to get the right cutting tools and tool 

holders, prevent dust from entering the workplace and think outside 

the box to devise innovative solutions.  

Machining composites

ABOUT THE AUTHOR

Peter Jacobs is the senior director of marketing at CNC 
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DESIGN & TESTING

» Compared to traditional structural materials, 

polymer matrix composites (PMC) o� er greatly 

enhanced performance and � exibility. However, 

these bene� ts come at the cost of increased 

material complexity, and it is easy to overlook the 

challenges of producing high-quality test data 

to support the needs of materials develop-

ment, design and quality control.

Basic characterization of material proper-

ties requires a range of tests to be performed 

under di� erent loading conditions — tension, 

compression, shear and � exure. Many 

composite materials are anisotropic (meaning 

the mechanical properties depend on direc-

tion) and inhomogeneousness (meaning 

the material composition is not uniform; for 

example, a matrix with embedded � bers). For 

critical composite applications, additional, 

more complex tests are often needed to deter-

mine the material’s durability under service 

conditions and in representative environ-

ments. For example, it is important to evaluate 

damage tolerance with compression after impact (CAI) testing for 

composites in the aerospace industry, fatigue loading in the wind 

energy sector and high-rate tension testing for automotive crash 

protection.

� ere are a wide range of international and national test stan-

dards (ASTM, EN, ISO, JIS) developed to test composite materials, 

along with several historic standards that are still in use, such as 

those published by SACMA (Suppliers of Advanced Composite 

Materials Association, now defunct) and CRAG (Composites 

Research Advisory Group). In addition, auditing bodies such as 

Nadcap further de� ne equipment performance criteria such as 

specimen alignment. A few of the more common mechanical tests 

for composites are discussed below.

Test types
Tensile testing. In-plane tensile testing of composite laminates is 

the most common test performed on composite materials. Tensile 

tests are also performed on resin-impregnated bundles (tows) of 

� bers to determine � ber properties and through-thickness speci-

mens (cut from thick sections of laminates) to determine through-

thickness properties.

Examples of standards for the in-plane tensile testing of lami-

nates are ASTM D, EN  and ISO -/. Specimens 

are generally parallel-sided with bonded tabs to 

prevent the grip jaws from damaging the material 

and causing premature failures. Reducing the 

width of the gauge section is not recom-

mended due to the likelihood of prema-

ture shear failures; however, some small 

and gradual reductions in the width of 

composite specimens, along with the use 

of � at grip jaws with high-friction coatings, 

can eliminate the need for tabs.

Compression testing. Composite laminate 

compression specimens are either parallel-sided 

with a short, unsupported gauge length to prevent 

buckling, or have a long gauge length with lateral 

supports to control buckling. Test forces may be 

introduced by either shear loading, end loading or 

a combination of shear and end loading (combined 

loading). A variety of compression test standards and � xtures are in 

common use, like ASTM D, ASTM D, ASTM D and ISO 

. It is also possible to perform compression testing between 

hydraulic grips, provided they are well aligned and have high lateral 

sti� ness.

Shear testing. � e interlaminar shear strength (ILSS) test, or 

short beam shear (SBS) test, is a simple test performed using a small 

specimen loaded in a three-point bend con� guration. � e ratio of 

the specimen thickness to the support span generates a shear failure 

along the centerline of the specimen. ILSS standards in common use 

include ASTM D, EN  and ISO . � e ILSS test provides 

an apparent strength value rather than a true material property; 

nevertheless, it is an e� ective and widely used comparative QC test. 

In-plane shear properties can be measured by performing a 

tensile test on a specimen with a ±-degree � ber orientation. Shear 

strain is determined from axial and transverse strain measure-

ments. As in the ILSS test, this test does not provide a true value for 

the shear properties because the stress in the specimen is a combi-

nation of shear and axial stress. Common standards for this test 

include ASTM D and ISO .

Shear properties for design are usually determined using 

V-notched specimens, which can produce a pure shear state in the 

region of the notch (e.g., ASTM D and ASTM D).

Composite testing challenges, 
Part 1: Introduction to mechanical testing 
of composites

 FIG. 1 
The Composites testing system confi gured for compression 
after impact (CAI) testing at temperature. Source | Instron
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Compression after impact (CAI) testing. Damage tolerance 

is a major concern with composite laminates as invisible, internal 

delamination can lead to a signi� cant reduction in strength. CAI 

testing provides a measure of damage tolerance. � e CAI test is 

usually conducted on a rectangular laminate panel and consists 

of two parts. In the � rst part, the panel is subjected to a controlled 

impact using a drop tower. � e panel is then supported in a jig and 

subjected to an edgewise compressive load until it fails. � e failure 

load gives an indication of the residual strength of the panel after 

the impact damage. CAI standards include ASTM D, ASTM 

D and ISO .

Fatigue testing. Compared to the large number of well-de� ned 

“static” tests on composite materials, the situation regarding 

fatigue testing of laminates is more open. Accurate alignment and 

correct gripping to avoid failures near the grip jaws are important, 

as is high lateral sti� ness to prevent buckling in tests that include 

compressive loading. It should be noted that some of the anti-buck-

ling guides used in “static” compression testing can be problematic 

if used in cyclic testing due to friction e� ects. When conducting 

fatigue tests on polymer composites, the maximum test frequency 

is usually restricted by the need to limit the temperature rise in the 

test piece. For example, the maximum temperature rise recom-

mended by the ISO  fatigue standard is °C.

High-rate testing. � e various test types described in this 

article are conducted at slow strain rates as dictated by the various 

standards. In some instances, such as when obtaining materials 

data for modeling crash behavior, tests need to be conducted at 

higher strain rates. Typically, the aim is to produce stress-strain 

plots for a material over a range of strain rates. High-rate tension 

or compression testing can be performed using either a drop 

tower with a high-speed force sensor or with a high-rate, servo-

hydraulic testing machine. In performing this type of work, the 

servo-hydraulic testing machine provides a more � exible platform, 

can test over a wider range of speeds and can maintain a constant 

strain rate during the test. 

Other mechanical tests. A variety of other standardized 

mechanical tests for composite materials are available. � ese 

include � exure testing, tension and compression tests on speci-

mens with open and closed holes, bearing strength tests and inter-

laminar fracture toughness tests.

Next month, part two of this three-part series will discuss the 

various options for measuring strain when testing composites.  

Mechanical testing of composites
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OF COVID-19 VACCINES

The secure shipment of COVID-19 vaccines and all other medicines 
requires high-quality temperature-controlled packaging solutions. 
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Envirotainer, the global market leader in temperature-controlled 
air freight solutions for pharmaceuticals, has together with Diab 
developed one of the most advanced temperature-controlled air 
cargo containers, the RAP e2, that will contribute to the safe 
transportation of Covid-19 vaccines. 
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We are always at the core of your solution.
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PERSPECTIVES & PROVOCATIONS

»As the momentum for moving to a zero-carbon energy land-

scape by 2050 continues to grow, the future looks increasingly 

promising for renewable electricity produced by ever-larger wind 

turbines and more e�  cient solar panels. � is is complemented by 

announced internal combustion engine (ICE) vehicle phaseouts 

in favor of battery electric powertrains — a transition supported 

by automaker investments globally. Much of that added electrical 

capacity will have an outlet in vehicles, it seems.

In the last nine to  months, another technology has been 

pushing hard to earn the same front-runner status: propelling 

future energy needs 

with clean-burning, 

emissions-free green 

hydrogen. � e term 

green refers to hydrogen 

produced via electrol-

ysis (separating water into 

hydrogen and oxygen using 

electricity from renewable resources) in large electrolyzers.

Today, the production of green hydrogen is nascent — most 

hydrogen currently produced is either gray, produced via steam 

reformation of methane (natural gas), or brown, via gasi� cation 

of coal and practiced mainly in China. Neither gray nor brown 

hydrogen is carbon-free. An emerging, and highly touted interme-

diate technology is blue hydrogen, which pairs steam reformation 

of methane with carbon capture, utilization and storage (CCUS), 

greatly reducing — but not eliminating — the carbon footprint. 

Today’s demand for hydrogen is primarily in petroleum re� ning, 

plus ammonia and methanol production, with emerging use in 

steel production and industrial heating.

� ose jumping on the hydrogen bandwagon are hoping for a 

massive increase in production via blue, and more importantly, 

green technologies — � rst, to replace gray and brown hydrogen, 

then to serve as a major fuel for transportation and for commer-

cial and residential heating, replacing natural gas. In July , 

the U.S. Department of Energy (DOE) announced approximately 

$ million in funding for  projects under the H@Scale vision, 

including work in less costly electrolyzers, fuel cells for heavy-duty 

applications and low-cost, high-strength carbon � ber for pressur-

ized hydrogen storage and delivery. Also, in , the European 

Union (EU) announced plans to expand electrolyzer capacity from 

 megawatts (MW) to more than  gigawatts (GW) by , all 

powered by electricity from renewable resources, which will have 

to be expanded at great cost as well, boosting demand for compos-

ites in the wind market in the process.

Headway is also being made in aerospace and automotive. 

Airbus announced in September  three emissions-free aircraft 

designs under the ZEROe banner, powered by liquid hydrogen 

combustion and slated for entry into service by . Further, 

a number of heavy truck makers are � elding prototype fuel cell-

based rigs that will run on high pressure gaseous hydrogen. If these 

programs are commercialized, they will require many tons of carbon 

� ber for hydrogen tanks and develop opportunities for composites 

use in proton exchange membrane fuel cell technologies as well.

So, is this all just wishful thinking (hope) or bravado (hype) now 

that decarbonization is front and center in the global discussion? 

In June , my column titled “Where are they now?” looked at the 

fuel cell craze of the late s and early s, when high fuel prices 

were important drivers. Troubled by high costs and other technical 

issues, fuel cells fell to niche status when petroleum prices abated. 

Even today, there are fewer than , fuel cell vehicles (FCEVs) on 

the road in the U.S., and most of those are in California.

� e ultimate decider of hydrogen’s fate will be economics. What 

is the lowest-cost technology for delivering carbon-free energy? 

� e cost of green hydrogen depends heavily on scaling electrolyzer 

capacity and the delivered cost of renewable electricity to run that 

capacity. Forecasts show wind and solar energy costs falling to - 

cents per kilowatt-hour by , which helps green hydrogen costs, 

but with electricity that cheap, why not use it directly for heating and 

powering transportation? Battery costs and densities are forecast to 

improve signi� cantly by , and major OEMs are investing heavily 

in battery electric vehicle (BEV) portfolios, so it seems unlikely that 

hydrogen will play a major role in powering light vehicles. � ere will 

be opportunities to convert excess renewable electricity to hydrogen 

when the wind blows strong and the sun is shining. � is hydrogen 

can be stored, perhaps in salt caverns, or perhaps in carbon � ber 

pressure vessels, and converted back to electricity when needed.

� e best opportunity for hydrogen use appears to be in long-

distance transportation. Heavy-truck � eets will likely use a combi-

nation of battery and fuel cell powertrains (using compressed 

hydrogen in carbon � ber tanks), whereas passenger aircraft � ying 

more than , nautical miles will � nd liquid hydrogen a much 

lighter solution than batteries. Economics also favor hydrogen for 

marine transport, up to and including cargo ships.

Hope or hype? Perhaps a bit of both, and composites stand to fare 

well, however the hydrogen economy evolves. 

The hydrogen economy: Hope or hype?

Dale Brosius is the chief commercialization o�  cer for the 
Institute for Advanced Composites Manufacturing Innovation 
(IACMI), a DOE-sponsored public-private partnership targeting 
high-volume applications of composites in energy-related 
industries including vehicles and wind. He is also head of his 

own consulting company, which serves clients in the global composites industry. 
His career has included positions at U.S.-based fi rms 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 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.

The best opportunity for 
the use of hydrogen 

appears to be in long-
distance transportation.
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GARDNER BUSINESS INDEX: COMPOSITES FABRICATING

March—63.7

» � e GBI: Composites Fabricating Index rose more than � ve points in March to close at a new 

all-time high of 63.7. � e month’s gains were broad-based. Supplier delivery, new orders, produc-

tion and backlog activity all reported quickening expansion. Slowing the Index’s ascent were 

employment activity, which registered decelerating growth, and a contraction in export activity.

New orders and production readings maintained a nearly � ve-point spread, which was � rst 

observed in February. During the fourth quarter of  through January, fabricators reported 

modestly contracting backlog activity. Since that time through March, however, backlog readings 

have quickly expanded, resulting in this month’s all-time high backlog reading. Much of this vola-

tility is attributed to crippled supply chains and strong demand. � e current supplier delivery 

reading in excess of  is roughly  points higher than the pre-COVID- peak reading of nearly 

. However, this -point spread represents as much as a % increase in the number of survey 

respondents who reported worsening supply chain conditions as compared to the prior peak.  

Composites Index jumps fi ve 
points to an all-time high
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Composites Fabricating 
Business Index 

The Composites Fabricating Index set a 
new all-time high due to elevated supplier 
delivery, new orders and production 
readings.

Index activity divergence 

Supply chain di�  culties are restricting 
production which, in the face of strong 
demand, has caused a meteoric rise in 
backlog activity.

GBI: Composites Fabricating — Supplier Deliveries and Backlog
(3-month moving average)

Supplier Deliveries
Backlog
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TRENDS
A new GE blade manufacturing facility and fi nalization of the Vineyard Wind I project 
poise o� shore wind farms for growth; a high-performance, composite material, TuFF, 
o� ers a wide range of application opportunities; new composite structural battery 
developments might be the answer for electric vehicles and more.

Airship travel has maintained a niche 
position in commercial aviation since 
its development in the late 19th century. 
More recently new, more serious expan-
sions into defense surveillance, luxury 
tourism and freight delivery have been 
made, indicating airship travel’s potential 
in the growing urban air mobility (UAM) 
market on a larger scale. Hybrid Air 
Vehicles’ (HAV, Bedford, U.K.) Airlander 10
is one example.

The bi-hulled aircraft, which makes 
extensive use of composites, comprises 
a nonrigid envelope/hull, four kero-
sene-burning engines and the payload 
module attached at the bottom. The 
short take-o� /landing (STOL) vehicle 
uses a combination of buoyant lift from 
helium, aerodynamic lift (from air fl ow) 
and vectored thrust to stay aloft; ballonets inside the hull, 
which are fi lled with air, expand and contract according 
to changes in temperature and altitude. According to HAV, 
the Airlander 10 has a range of 4,000 nautical miles, a top 
speed of 130 kilometers per hour and can remain airborne 
for up to fi ve days.

CW has reported previously on composites use in the 
Airlander 10, and checked in with the company again to fi nd 
out how materials and technology use is evolving on the 

Airlander 10: The future of zero-carbon aviation

aircraft. Mike Durham, CTO of HAV, says composites use is 
extensive. “The envelope [hull] is composite as much as it’s 
made from layers of material with a urethane elastomer,” 
says Durham. “But it has no compressive strength, making 
it fl exible.” The hull’s layers include a combination of 
Vectran high-performance multifi lament yarn woven from 
liquid crystal polymer (LCP), Mylar polyester fi lm and Tedlar 
polyvinyl fl uoride fi lm, for a multi-layer laminate designed 
for strength, helium retention and durability.

AEROSPACE

Source |  Hybrid Air Vehicles
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HAV composite airship

Composites also come into play with all of Airlander’s 
rigid structures, including tail fi n components, which are 
made out of woven fi berglass prepreg supplied by an 
undisclosed international company and vacuum cured out 
of autoclave (OOA) at low temperatures. Payload module, 
rear propulsor ducts and front pylons incorporate carbon 
fi ber prepreg, also processed under a low-temperature 
OOA cure.

HAV has three to four main global suppliers manufac-
turing composite structures for the 
Airlander 10, with HAV performing 
assembly and integration. While 
unable to disclose names, Durham 
says that many of its fabricator 
suppliers are based in the U.K.

HAV is also working on integra-
tion of fuel cell technology. The 
vehicle currently delivers up to 75% 
less CO2 emissions compared to 
conventional fi xed- or rotary-wing 
aircraft. Committed to zero-carbon 
aviation, HAV has been working 
toward progressively adopting engine 
electrifi cation, with a hybrid-electric 
confi guration goal set for 2025, and 
an all-electric version for 2030.

To achieve these goals, a 2019 
grant-funded project, E-HAV1, in part-
nership with Collins Aerospace (U.K.) 
and the University of Nottingham 
(Nottingham, U.K.), has led to the 
development of electric propulsion 
technologies, including a full-sized 
prototype 500-kilowatt (kW) electric 
propulsor system for ground testing. 
Durham adds that this has been the 
catalyst for another partnership HAV 
is working toward associated with 
hydrogen fuel cell technology. 

HAV is focusing on use of pressur-
ized hydrogen because of its lower 
risk profi le, but Durham notes that 
the company is fl exible and could 
potentially integrate cryogenic/liquid 
hydrogen technologies without too 
much modifi cation, possibly by 2030. 
Regardless, he says, Airlander will 
initially require hydrogen storage 
tanks that can hold H2 gas at around 
600 bar and are perfectly optimized 
for light weight, since “we can’t a� ord 
to carry an extra kilogram anywhere.” 
Durham says use of composite pres-
sure vessels for hydrogen storage is 
a possibility, particularly if cryogenic/
liquid hydrogen is adopted.

With a successful fl ight test 

program and a technology readiness level (TRL) of 7 
under its belt, HAV is now aiming toward earning Type 
Certifi cation (TC) for global operation before moving to 
the production phase. 

“There are a lot of opportunities for this technology in 
multiple markets. It’s an exciting time to be working on 
an ultra-e�  cient aircraft and we’re looking forward to 
launching the program later this year,” Durham concludes.
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As the coronavirus pandemic enters its second year, and as 
the global economy slowly re-opens, the worldwide glass 
fi ber supply chain is facing a shortage of some products, 
caused by shipping delays and a fast-evolving demand 
environment. As a result, some glass fi ber formats such as 
multi-end rovings, chopped strand mat and woven rovings 
are in short supply, a� ecting the fabrication of composite 
parts and structures for the marine, recreational vehicles and 
some consumer markets.

Rising demand
In North America, thanks to the pandemic restricting travel 
and group recreational activities, consumer demand has 
seen a sharp increase for products such as boats and recre-
ational vehicles, as well as home products like pools and 
spas. Many of these products are manufactured with gun 
rovings. Suppliers also report surges in glass fi ber demand 
from the wind industry, as well as the automotive industry 
once it started coming back online after initial spring 2020 
pandemic lockdowns.

“All the markets are recovering, some more so than others. 
In general, our industrial customers have recovered faster 
and to a greater degree than commercial aerospace, but 
everything is better,” adds Scott Northrup, VP of sales and 
marketing at AGY (Aiken, S.C., U.S.).

Glass fiber supply chain struggles amid 
pandemic, economic recovery

This growth in glass fi ber demand is also strong in China 
but, reportedly, no substantial capacity has been added to 
fi berglass production over the past year, meaning that plants 
are at capacity with no short-term ability to increase produc-
tion, though demand continues to increase.

“All this increased demand took place at a time when indus-
try inventory was already reduced — given intended actions 
or supply chain issues,” notes Marcio Sandri, president, 
composites at Owens Corning (Toledo, Ohio, U.S.). 

 FIG. 1  Composite industry activity related to supplier deliveries and production 
for the glass fi ber market. According to Gardner Intelligence Chief Economist, 
Michael Guckes, the height of the supplier deliveries line for early 2021 (shown in 
green) illustrates the growing proportion of fabricators who are experiencing slow 
order-to-fulfi llment times from upstream suppliers. 

Glass Fiber Business Activity Components
(3-MMA)

Production 
Supplier Delivery
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Supply chain issues
Figure 1 shows Gardner Intelligence’s supplier delivery 
and fabricator production data for the glass fi ber market. 

“Never before have we seen the kind of activity spread 
which currently exists between production and supplier 
delivery activity readings,” says Gardner Intelligence Chief 
Economist Michael Guckes. “After recovering to some 
degree from COVID-19’s initial shock in early 2020, condi-
tions worsened in the fourth quarter. The implication from 
this is that serious problems still need to be answered; 
deliveries shouldn’t be this delayed given the modest 
rebound in production and new orders activity over the last 
six months.”

One factor, reported by suppliers, 
is their ability to come back online 
quickly. According to Gerry Marino, 
general manager of sales and market-
ing at Electric Glass Fiber America 
(part of NEG Group, Shelby, N.C., U.S.), 

“Last summer began a restart period 
when automotive plants, followed 
by other markets, began to start up 
again. It’s been a slow, deliberate 
process to bring capacity back up.”

In addition, for more than two 
years, Chinese manufacturers of 
fi berglass products have reportedly 
been paying and absorbing most, if 
not all, of the 25% tari�  to export 
product to the U.S. However, as the 
Chinese economy recovers, domestic 
demand within China for fi berglass 
products has increased signifi cantly. 
This has made the domestic market 
more valuable to Chinese producers 
than exporting product to the U.S. In 
addition, the Chinese yuan has signifi -
cantly strengthened against the U.S. 
dollar since May 2020, while at the 
same time fi berglass manufacturers 
are experiencing infl ation in prices of 
raw materials, energy, precious metals 
and transportation. The result, report-
edly, is a 20% increase in the U.S. in 
the price of some glass fi ber products 
from Chinese suppliers.

On top of this, there is a severe 
imbalance of shipping containers 
globally, caused by pandemic-induced 
labor shortages at major sea ports. As 
a result, containers are not emptied 
in a timely manner, which means 
empty containers are not available to 
the shipping supply chain. In some 
cases, the cost of container freight is 
reported to have more than doubled 
since June 2020. Within the U.S., 
domestic truck shipping has also 
reportedly risen in price due to lack of 
capacity and pandemic issues.

Moving forward
To return to a more normal supply chain involves many 
factors, including global vaccination distribution. No one is 
sure when more normal operations might resume, but esti-
mates CW has heard from suppliers range from the second 
half of 2021, to the end of Q3, to early 2022.

Stefan Mohr, business director of global fi bers for Johns 
Manville (Denver, Colo., U.S.), adds, “We strongly believe 
that this is only a temporary situation. This is a stress-test 
for the whole organization as well as for the whole market, 
but we continue to go every extra mile to keep our custom-
ers running.”
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On March 16, Sicomin (Châteauneuf les 
Martigues, France) confi rmed the use of its 
GreenPoxy resins in the build of the sustain-
able Mini 6.5 class yacht, the FLOKI 6.5. 
Designed by Antoine Mainfray of 
Atelier Interface (France), a 
leading naval architect and bio-
composite specialist who has built structures for what 
are said to be the world’s fastest racing yachts in the 
IMOCA, VOR and ULTIM classes, the 6.5-meter FLOKI showcases the latest 
in biocomposite materials and a cost-e� ective fl at panel build process.

Mini 6.5 class yachts were fi rst proposed by U.K. sailor Bob Salmon in 
the late 1970s as a new class of small, simple and cheap-to-build, single-
handed racing yachts that would counter the rising costs involved in the 
sport at the time. Sicomin notes that even today, the biennial Mini-Transat 
6.5 race, from France to the Caribbean, remains one of the most competi-
tive ocean races and a hot bed for new design innovations and experimen-
tal composite constructions.

Antoine’s initial design concept for the FLOKI 6.5 was to focus on simpli-
fying both the design and the build process itself, using premade infused 
panels shaped over frames or in a jig rather than a more expensive female 
mold. It was also determined that the FLOKI 6.5 should be built entirely 
from bio-based or recyclable raw materials.

After successful processing trials and DNV GL-type approval (Oslo, 
Norway), and with the support of the Sicomin technical team, the boat’s 
resin systems were determined. InfuGreen 810 resin was selected for 
the fl at table infusion of the hull, deck, roof and structural panels, with 
Sicomin’s GreenPoxy 33 resin — which is fully compatible with a range 
of traditional fi bers, fabrics and bio-based reinforcements — selected for 
secondary lamination of the assembled parts; both resins can be used with 
di� erent hardener speeds depending on the component size and curing 
time required.

Bamboo textile specialist Cobratex (Carbonne, France) was selected 
to supply its 350-gsm 2 x 2 twill weave bamboo fabric for the hull, deck 
and roof panels, o� ering a negative carbon footprint. The bamboo strips 
act as tiny sandwich structures that absorb very little resin, enabling high 
reinforcement ratios in the fi nished laminate. With a density only half that 
of carbon fi ber and optimized sound and vibration damping qualities, the 
bamboo reinforcements are said to produce a highly functional and ecolog-
ical biocomposite structure. With the bamboo twill forming the primary 
laminates for the FLOKI 6.5, a 300-gsm stitched ±45° fl ax fi ber fabric was 
also used for the secondary bonding and taping in the structure.

Maximizing the inclusion of sustainable materials onboard, the FLOKI 
6.5 sandwich panel sections use Airex AG’s (Sins, Switzerland) latest T92 
PET foam formulation, said to be the fi rst to be manufactured from post-
consumer recycled PET drinks bottles. The T92 core for the project, which 
also features Airex’s SealX surface treatment that halves the resin uptake of 
the core material, was also delivered by Sicomin as part of the company’s 
range of complimentary products.

Sicomin says that because the FLOKI 6.5 was being built with a hull jig 
rather than a traditional plug or mold, its development could begin imme-
diately. After the fi rst bamboo fi ber and Infugreen 

FLOKI 6.5 mini racing yacht 
integrates bio-based 
Sicomin GreenPoxy resins

(continued to p. 20)

Source | Sicomin
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810 panels were infused, hull panels were cut using CNC 
cut templates; dry fi tting and setting up of the panel 
structure on the jig were implemented; the hull planks 
were formed on the jig and bonded in place; a second-
ary lamination between the hull panels was applied; the 
hull was lifted and fl ighted for a secondary lamination on 
the inner hull skin (planks and bulkheads, local reinforce-
ments); the deck and cockpit panels were fi tted directly 
to the composite structure; and the roof was bonded 
(the roof is made on its own jig using the same process 
as the hull).

Smaller components such as the yacht’s rudders were 
built in their own molds using a mix of bamboo and 
carbon fi bers, along with GreenPoxy 33 resin.

Sicomin reports that the FLOKI 6.5 build is well under-
way at Antoine’s workshop near La Rochelle, France, 
with launch and sea trials planned for April-May 2021, 
ready for the start of the Mini 6.5 racing season.

“We have built quite some expertise with naturals fi bers 
and Sicomin’s bio-resins during our previous projects,” 
adds Antoine. “For the FLOKI 6.5 it was really important 
to us to have materials that didn’t compromise in terms 
of performance and processability, as well as being 
green. The GreenPoxy range delivers that performance 
and is so easy to work with.” 

(continued from p. 18)
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One of the issues faced by engineers developing electric 
vehicles (EVs) is the mass of the batteries necessary to 
provide power to the motors. The batteries are heavy. This 
means that in order to get range — one of most required 
features for an EV — there needs to be su�  cient battery 
capacity, but this becomes something of a vicious cycle 
as more battery means more mass, and more mass means 
reduced range.

Researchers at Chalmers University of Technology in 
Sweden have developed a battery that stores energy (24 
watt-hours per kilogram), and, with a sti� ness of 25 GPa, 
provides structural support, as a potential solution.

Leif Asp, professor at Chalmers and leader of the 
research project, which is being run in collaboration with 
the KTH Royal Institute of Technology (Stockholm, Sweden), 
says, “Previous attempts to make structural batteries have 
resulted in cells with either good mechanical properties or 
good electrical properties. But here, using carbon fi ber, we 
have succeeded in designing a structural battery with both 
competitive energy storage capacity and rigidity.”

In a paper in Advanced Energy and Sustainability 
Research (vol. 2, issue 3), Asp and his coauthors describe 
the battery: “The structural battery composite consists of 
a CF [carbon fi ber] negative electrode and an aluminum 
fi lm-supported positive electrode separated by a GF [glass 

Composites for structural batteries

fi ber] separator in an SBE [structural battery electrolyte] 
matrix material. Consequently, the CFs act as host for Li (i.e., 
active electrode material), conduct electrons and reinforce 
the material. Similarly, the positive electrode foil provides 
combined mechanical and electrical functionality. The SBE 
facilitates Liion transport and transfers mechanical loads 
between fi bers, particles and plies. Two types of GF fabric 
separators, a Whatman GF/A and a GF plain weave, are used 
as model materials to investigate the e� ects of separator 
thickness and architecture, as well as material anisotropy, on 
the multifunctional performance.”

At present they are working on a new structural battery 
with the aluminum fi lm being replaced by carbon fi ber and 
the use of a thinner fi berglass separator.

Asp says he expects further research will result in a battery 
that has an energy density of 75 watt-hours per kilogram and 
a sti� ness of 75 GPa.

Source | Chalmers Institute of Technology
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According to research developers at the University of 
Delaware’s (UD) Center for Composite Materials (CCM), 
target applications for its high-performance, short-fi ber 
composite material, TuFF (Tailored Universal Feedstock 
for Forming), may be far-reaching. High strength, ultra-
lightweight and highly durable, UD says highly potential 
markets include defense, oil and gas and even electrical 
vertical take-o�  and landing (eVTOL) aircraft. 

Developed as part of a Defense Advanced Projects 
Agency (DARPA, Arlington, Va., U.S.) Defense Sciences 
O�  ce program, TuFF is said to have properties equal to 
composites used in space and aerospace applications. 
And, according to CCM Director Jack Gillespie, uses for 
TuFF are starting to take o� .

CCM researchers are currently working on ways to 
apply this core technology, which has the potential to 
help enable high-speed composites manufacturing, play 
a role in eVTOL development, repair infrastructure and 
improve manufacturing capabilities to produce ultra-
lightweight material with aerospace properties at costs 
and production rates like those found in the automotive 
industry. Additional ongoing work is supported by more 

University of Delaware TuFF composite material 
shows high potential for UAM

than $15 million in funding from DARPA.
Potential applications may be found in the oil and gas 

sector. CCM researchers are currently devising a way to use 
TuFF as an internal wrap for rapidly repairing existing gas 
pipelines in place, aided by $5.9 million in ARPA-E funding. 

CARBON FIBER

Source | University of Delaware Center 
for Composite Materials
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The proposed method involves building a composite pipe-within-a-pipe 
without shutting the gas service o� ; the idea is to use robots to lay down 
the material inside the pipeline, and UV lights tethered to the rear of 
the robot to cure it. It will avoid costly shutdowns in service necessary 
with other repair techniques and mitigate the cost of bringing a downed 
system back online.

TuFF also has potential for the UAM market as well. “What they [UAM 
manufacturers] need are materials that have aerospace performance but 
can be formed at automotive rates. There’s no process in the world that 
allows you to achieve this production rate. NASA identifi ed this as a prob-
lem — and CCM knew they had the perfect solution — TuFF,” Gillespie says.

TuFF materials o� er equivalent properties to their currently available 
composite counterparts. TuFF materials also retain control over the direc-
tion and properties of the fi bers for design and optimization but can be 
stamped like metal within minutes into complex geometry parts.

CCM researchers are currently focused on developing modeling and 
simulation tools to design the material, the manufacturing process and 
the parts using TuFF materials, through $5.9 million in project funding 
from NASA’s University leadership Initiative. The project, led at UD by 
Gillespie, includes collaboration with industry partners Joby Aviation 
(Santa Cruz, Calif., U.S.) and Spirit AeroSystems (Wichita, Kan., U.S.), 
Advanced Thermoplastics Composites Manufacturing (Post Falls, Ida., 
U.S.) as well as with colleagues at Southern University in Baton Rouge, 
La., U.S.

In a separate project with $5.4 million in O�  ce of Naval Research 
(ONR) funding, CCM researchers are teaming up with Arkema (Cologne, 
Germany, and King of Prussia, Pa., U.S.) to integrate TuFF technology with 
high-performance thermoplastics to create small aircraft parts in a way 
that is safe, a� ordable, repeatable and scalable. The project expands on 
CCM’s ongoing DARPA work to advance lightweight material technologies 
for military platforms, such as fi ghter aircraft.

Finally, CCM researchers are exploring ways to reuse recycled compos-
ite material fi bers. In one project, researchers are taking outdated airplane 
parts that have been chopped into short fi bers and recombining them to 
make the same material — or a better one — again.

With TuFF, Gillespie says, it’s possible to take a product that is at 
the end of its material lifespan, break the material back down into its 
components, realign the carbon fi bers and create the same material, with 
the same properties and the same — or better — value. “It could mean 
premium materials at a fraction of the cost,” Gillespie says.

In another project, CCM researchers will apply this same technique to 
tackle challenges in plastic waste with $2.49 million recently awarded 
as part of the U.S. Department of Energy (DOE) BOTTLE Consortium 
(Bio-Optimized Technologies to keep Thermoplastics out of Landfi lls and 
the Environment). Here, the research team plans to upcycle short recycled 
structural fi bers with polymers from recycled plastic bottles or other bio-
based polymers to create TuFF composites, increasing the value of both 
materials.

“If you put it all together, we can create materials for all of these applica-
tions that are 10 times more a� ordable than current materials — all with-
out sacrifi cing performance,” he says. “So, when I talk about changing the 
paradigm of composites in the world and taking over the world market, 
I’m serious.”

Fiber optic sensing 
solutions that 
scale from test 
and verification 
to condition 
monitoring

High-Definition   
Distributed Fiber Optic 
Sensing

High-Speed Fiber 
Optic Sensing

Terahertz Imaging

Download our e-book
5 Ways Fiber Optic 
Sensing Is Better 
for Acquiring 
Critical Data
lunainc.com/5ways



TRENDS

ENERGY

MAY 202124 CompositesWorld

O� shore wind continues to grow globally, according to 
recent announcements from U.K.’s GE Renewable Energy 
and the Bureau of Ocean Energy Management in the U.S.

GE Renewable Energy (Paris, France) announced on 
March 10 that it plans to open a new blade manufactur-
ing facility in Teesside, a conurbation, or extended urban 
area, in northeastern England that has recently been 
designated as one of the U.K.’s newest freeports. LM Wind 
Power (Kolding, Denmark) plans to set up and operate 
this plant which will be dedicated to the production of 
107-meter-long o� shore wind turbine blades, a key compo-
nent of GE’s Haliade-X. Terms of the construction and 
fi nancing of the new plant are in advanced stages of nego-
tiation between interested parties.

GE Renewable Energy estimates that this new plant, set 
to open and start production of o� shore wind turbine 
blades in 2023, could create up to 750 direct renewable 
energy jobs and up to 1,500 indirect jobs in the area to 
support the entire value chain needed to operate this 
facility. This announcement and commitment support the 
UK Government’s plan to develop jobs, infrastructure and 
supply chains to reach its goal to commission 40 gigawatts 
(GW) of o� shore wind power by 2030.

The Dogger Bank O� shore Wind Farm, which is located 
between 125 and 290 kilometers o�  the east coast of 
Yorkshire, U.K., will reportedly benefi t directly from the 
blades produced at this new plant. The three phases of 
the Dogger Bank Wind Farm, powered by GE’s Haliade-X 
o� shore wind turbine, will have a combined installed genera-
tion capacity of 3.6 GW. When complete in 2026, GE says, it 
will be the world’s largest o� shore wind farm.

For the U.S., the Vineyard Wind I o� shore wind proj-
ect is close to plan fi nalization. The Department of the 
Interior (Washington, D.C., U.S.) announced on March 8 
that the Bureau of Ocean Energy Management (BOEM) has 
completed the environmental analysis of the proposed proj-
ect, which has already received all relevant permits required 
by the Commonwealth of Massachusetts as well as regional 
and local bodies. 

Located 15 miles o�  the coast of 
Martha’s Vineyard, an island near Dukes 
County, Mass., U.S., Vineyard Wind I 
slated to become the fi rst commercial-
scale o� shore wind farm in the U.S. if 
the project is approved. With a gener-
ating capacity of 800 megawatts (MW), 
the project will reportedly provide 
signifi cant benefi ts by providing clean 
electricity to power more than 400,000 
homes, creating thousands of jobs and 
reducing electricity rates by $1.4 billion 
over the fi rst 20 years of operation. The 
project is also expected to reduce CO2 
emissions by 1.68 million metric tons 
annually. Vineyard Wind is expected 
to reach fi nancial close in the second 
half of 2021 and begin delivering clean 
energy to Massachusetts in 2023.

“O� shore energy development 
provides an opportunity for us to work 
with Tribal nations, communities and 
other ocean users to ensure all deci-
sions are transparent and utilize the 
best available science,” says BOEM 
Director Amanda Lefton. “We appre-
ciate everyone’s participation in the 
process and look forward to continuing 
to work with stakeholders on the future 
analysis of o� shore wind projects.”

Offshore wind energy poised 
for growth

Source | Teesworks
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»Although composites have made some inroads in automotive 

body-in-white (BIW) structures, materials use in this area of the 

vehicle have long been dominated by steel and, more recently, 

aluminum. Because of this, automakers rely heavily on welding 

and mechanical fasteners like bolts and screws to join metallic 

structures. Although generally robust, welded joints and fasteners 

can fail. � ey also do little to improve sti� ness (without unduly 

increasing mass) or to mitigate noise/vibration/harshness (NVH) 

or crash energy passing through a vehicle. One way to meet these 

challenges is to reinforce BIW joints and cavities with composites 

coupled with structural adhesives.

An example of such a solution is a class of materials/technolo-

gies called composite body solutions (CBS). � ese include D 

structural inserts for reinforcing primary vehicle structures that 

combine elements of the BIW or other vehicle substructures, ther-

moplastic carriers (with continuous or discontinuous � ber rein-

forcement) and heat-activated, foaming structural adhesives. CBS 

elements are installed in the body shop portion early in vehicle 

build, before application of electrophoretic rust-prevention 

coating (E-coat).

 Lightweight structures

Combining metallic body elements, 
thermoplastic composite carriers and 
expandable adhesives, CBS reinforce-
ment technology can selectively sti� en 
hollow spaces and nodes/joints of the 
BIW, improving passenger comfort and 
safety at lower mass and neutral or 
lower cost versus all-metal solutions. It 
also improves NVH and durability, yet 
requires no changes to the vehicle-
build sequence. 

Source (all images) | L&L Products Inc.

CBS components are typically produced in a K/injection over-

molding process where the carrier — incorporating welding tabs or 

snap-� ts to temporarily join the CBS to metallic BIW components — 

is selectively overmolded with expandable adhesive and possibly an 

additional sealant (in a K process) for added functionality. � e dry-

to-the-touch uncured adhesive (based on custom epoxy chemistry) 

can be molded into complex shapes, yet permits E-coat coverage 

of metallic elements by maintaining a gap between composite and 

metal surfaces prior to heat-induced expansion during post-E-coat 

oven cure. As the foam expands, gaps are sealed between carrier 

and surrounding components, locking them together in a box-like 

“macro-structure” that improves mechanical properties, particularly 

under high and dynamic loads.

When incorporated early in vehicle design, CBS modules are 

mass- and cost-e�  cient options for increasing local and global BIW 

sti� ness and improving passenger safety and comfort at lower mass. 

� ey also enable neutral or lower cost versus heavier, all-metallic 

solutions. Initially just used in automotive, a growing portfolio of 

carrier and adhesive materials has broadened CBS uses, highlights 

of which follow.

Composites as auto-body reinforcements

Hybrid structural-reinforcement technology expands options, 
gains applications, markets.

 By Peggy Malnati / Contributing Writer
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Engineered for performance challenges
CBS technology was developed and commercialized by L&L 

Products Inc. (Romeo, Mich., U.S.). With a long history as an auto-

motive supplier of sealants, acoustical countermeasures and rein-

forcements to improve BIW performance, L&L developed the tech-

nology to help customers enhance passenger safety and meet more 

stringent automotive crash requirements at lower cost and weight 

while improving processing and assembly during vehicle build.

Between  and , CORE Products, a joint venture 

between L&L and Gurit Essex (Wattwil, Switzerland), was respon-

sible for early application development and CBS manufacturing. 

L&L eventually acquired all assets of CORE, which now operates as 

L&L Products Europe.

L&L worked closely with its material suppliers during initial 

development and subsequent expansion of CBS technology. 

One such company, Lanxess AG (Cologne, Germany), has long 

provided composite carrier materials and materials characteriza-

tion and simulation support to L&L in Europe.

CBS in application
In addition to the bene� ts already mentioned, CBS technology 

provides better load-path transition, multiaxial load manage-

ment and energy absorption; greater section stability (resistance 

to collapse or intrusion); lower NVH; and enhanced driving 

dynamics and crash performance at higher loads. Additionally, 

it o� ers faster implementation timing during vehicle design/

redesign and requires no assembly sequence changes in the body 

shop. Because CBS technology makes it easier to control energy 

transfer through body structures while minimizing deformation 

and/or intrusion, it’s ideally suited for applications designed to 

resist frontal, side or rear crash or roof crush to better protect 

occupants, passenger compartments and batteries. It’s also useful 

for structures that must pass challenging protocols like the Insur-

ance Institute for Highway Safety (IIHS, Arlington, Va., U.S.) small 

overlap crash tests.

What made CBS noteworthy was that it was among the � rst 

modular, mixed-material approaches, was easy to install, o� ered 

thermal and chemical stability for E-coat and didn’t change 

vehicle assembly sequencing, but improved performance at lower 

mass and neutral/lower cost — the auto industry’s holy grail.

“� e design versatility of CBS technology helps simplify 

assembly in areas with complex or di�  cult-to-access conditions,” 

explains Núria Ignés, structural products engineering manager, 

L&L Products Reinforce at L&L Products EMEA (Altorf, France). 

“For example, using CBS technology on doors and other closures 

not only reduces weight and increases sti� ness, but can simplify 

door manufacture if integrated early in the design process. � anks 

to CAE tools and decades of experience, plus the combination of 

carrier and foam, which provides a robust attachment to the BIW 

once cured, we can use the right amount of the right material in 

the right place to balance sti� ness with mass and cost or energy 

absorption with acoustics and cost.”

“A really interesting aspect of CBS technology is its 

Composite body solutions

 Early applications

An early automotive application of CBS technology on the then PSA Group’s 2006 
Citroën C4 Picasso sedans involved nine units to reinforce A- and B-pillars and the 
rear cross-member. The reinforcing elements cut 12 kilograms o�  vehicle weight 
while improving occupant safety. The black material is the Lanxess composite, 
the red material is L&L’s epoxy foam and the silver material is a portion of the 
metallic body structure to which the CBS element is attached.
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 Improving stiffness

Other examples of CBS units on passenger cars 
include the upper D-ring in the vehicle rear end 
(top), used to improve the global sti� ness as 
well as local sti� ness of the gas-spring plate, 
and the B-pillar reinforcement (bottom) 
used to prevent buckling and metal 
failure while reducing mass and 
protecting occupants during side 
impact and roof crush events.
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Early applications
L&L’s � rst commercial automotive application of CBS was in 

1998; by 2002 the technology was gaining market acceptance. A 

good early example was implemented on 2006 Citroën C4 Picasso

sedans (top image, p. 27) from PSA Group (Paris, France – now 

Stellantis N.V., Amsterdam, Netherlands). Nine CBS components 

— on lower sections of A-pillars, lower and upper sections of 

B-pillars, and on the cross-member above the rear axle — reduced 

vehicle mass by 12 kilograms versus metallic options. Some CBS 

inserts selectively increased load-bearing capacity and mini-

mized intrusion into the passenger compartment during impact, 

improving occupant safety. Others improved NVH performance of 

the BIW. All carriers were injection molded from 35 wt-% short-

glass/polyamide 6 (PA6). Similar CBS units were used on 2012 

Ford Transit vans from Ford Motor Co. (Dearborn, Mich., U.S.).

New carrier, foam options
Over the years, L&L and its suppliers have expanded CBS tech-

nology with new foam formulations, a broader range of carrier 

resins and reinforcements and by applying the concept to 

di� erent structures.

For example, most CBS carriers for crash applications are 

engineered using heat-stabilized,  wt-% glass-reinforced 

PA because a balance between sti� ness and ductility within a 

complex D shape is needed. Two such carriers were used on 

front longitudinal members for a major electric vehicle (EV) 

platform where, reportedly, they not only simpli� ed assembly 

(reducing part count) but also reduced crash intrusion into the 

� rewall by %.

For higher impact requirements, hybrid carriers are now avail-

able, such as those reinforcing A-pillars on the largely aluminum-

bodied  Porsche  Carrera Cabriolet sports car from Porsche 

AG (Stuttgart, Germany). Being a convertible, sti� ening the 

roo� ess frame was critical to protect passengers in case of rollover. 

To keep vehicles light and nimble, Porsche replaced heavy 

tubular-steel rollbars with CBS inserts in the A-pillars. Pillar shells 

were produced in high-strength steel, which were stabilized and 

sti� ened by CBS inserts inside each pillar. � e main carrier body 

was compression-molded organosheet ( vol-% twill-weave glass 

fabric/PA), which was preheated, preformed, then injection over-

molded with ribs ( wt-% short-glass/PA/). � e organosheet 

side carries L&L’s L- expanding adhesive. Not only did this 

hybrid technology meet all performance and weight targets 

(which the tubular-steel option reportedly did not), but it reduced 

vehicle mass by . kilograms, easing assembly and reducing the 

vehicle’s center of gravity, which improved driving dynamics.

For applications where an oven process isn’t available to 

activate the expanding adhesive, or where additional support is 

needed in the paint shop, L&L says it’s working on other ambient-

cure solutions.

Several related technologies based on CBS also have been 

developed. Soon to have its � rst commercial application, L&L’s 

continuous composite system (CCS) combines glass- or carbon 

� ber-reinforced pultruded carriers — e.g., polyurethane (PUR)

‘bio-mimetic’ nature,” adds Peter Cate, L&L global strategic 

marketing manager. “Just as the cellular-reinforcing struts in 

the center of bones are nature’s most mass-e�  cient method for 

adding sti� ness and managing loads in hollow structures, once the 

adhesive expands, CBS units reinforce vehicle body cavities in the 

same manner, helping engineers optimize structural sti� ness at 

the lowest mass.”

“By increasing local and overall sti� ness and distributing 

loads more e� ectively across a structure, CBS reinforcements 

are tailor-made solutions to address localized sti� ness and 

metal-fatigue issues without adding mass,” continues Pal Swami-

nathan, business development manager, Tepex Automotive, 

Lanxess Corp. (Pittsburgh, Pa., U.S.). “NVH improvements are 

also common when CBS technology is integrated into body struc-

tures Again careful engineering analysis allows development 

a p andling 

c a acte st cs.

tures. Again, careful engineering analysis allows development 

and location-optimization solutions to balance ride and handling 

characteristics.”

 Meeting 
high-impact 

requirements

A new type of CBS for 
higher impact require-

ments launched in 2019 
on pillar reinforcements 

for Porsche 911 Carrera 
Cabriolet sports cars. This 
system combines a hybrid 

carrier (left, black) of both 
twill-weave fi berglass 

organosheet (in PA6) and injec-
tion overmolded rib structures 
(in short-glass PA6/6) as well 
as L&L’s expanding structural 

adhesive (middle, red) that 
reinforce a high-strength steel 
pillar shell (right, silver). This 

CBS reinforcement cut mass 2.7 
kilograms/pillar while improving 

passenger safety.
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with or without fabrics as well as rovings — with custom-formu-

lated sealants or structural adhesives. CCS elements, which also 

can incorporate CBS parts and metallic components, improve sti� -

ness and strength of constant cross-section structures at lower mass 

(typically % less than steel and % less than aluminum). � ey 

are corrosion resistant, non-conductive/electrically insulating, o� er 

low coe�  cient of linear thermal expansion (CLTE) and provide 

highly predictable energy management, making them ideal to rein-

force structural members on unibody vehicles or frame sections for 

body-on-frame vehicles, plus battery frames for EVs.

Composite panel reinforcements 

comprise self-adhering, expanding struc-

tural adhesives co-extruded with � berglass 

reinforcement that are applied to formed 

metal panel surfaces in the body shop. 

� e system not only improves sti� ness 

(reducing waviness and buckling) of large, 

relatively unsupported panels, but also 

improves NVH due to increased moment of 

inertia. Furthermore, it o� ers opportunities 

to down-gauge panels for lower mass and 

cost. Commercial applications include auto-

motive door, roof and � oor panels, hoods, 

fenders, liftgates and tailgates; potential 

applications include battery casings.

Honeycomb panel reinforcements 

feature lightweight epoxy — in paste form 

for manual application or low-viscosity 

liquid for automated pumping — that, 

once cured, can be machined or sanded. 

� ese are designed to stabilize honeycomb 

cores, predominantly in strategic locations 

in aircraft interiors, for example, without 

adding excess mass. Other uses include 

border enhancement (sealing/reinforcing 

composite panel edges), insert bonding and 

local reinforcement where metal hinges/

inserts are installed in composite panels.

What the future holds
Since its � rst patent in 1999, L&L has � led 

numerous inventions for CBS technology. 

Given the broad range of carrier and 

adhesive options now available within this 

product family, it’s not surprising that appli-

cations have expanded beyond automotive 

into truck and aerospace. What’s next?

“Over the years, CBS products have 

evolved to serve new application require-

ments that combine functions,” adds Ignés. 

“For example, what started out as just a 

structural reinforcement has evolved to 

not just sti� en but also to improve acoustic 

functions or to increase energy absorption. 

Contributing writer Peggy Malnati covers the automotive and 
infrastructure beats for CW and provides communications 
services for plastics- and composites-industry clients.
peggy@compositesworld.com

Given the suite of highly desirable properties CBS technology 

o� ers, we expect not only to see automotive usage grow, but 

growth in other industries too.”  
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»For years, composites fabricator Advanced Composites Products & Technology Inc. (ACPT, 

Huntington Beach, Calif., U.S.) has worked diligently to develop and perfect its design for carbon � ber 

composite driveshafts — carbon � ber composite or metal tubes connecting the front and rear parts 

of the drivetrain underneath most vehicles. � ough � rst used in the automotive sector, these versatile 

components are also widely used for marine, commercial, wind, defense, aerospace and industrial 

applications, and ACPT has seen the demand for carbon � ber composite driveshafts grow steadily over 

the years. As demand has continued to increase, ACPT recognized a need to manufacture larger quan-

tities of driveshafts — hundreds of the same shaft per week — with greater manufacturing e�  ciency, 

which has led to new innovations in automation, and ultimately a new facility.

� e reason for increased driveshaft demand, ACPT says, is due to carbon � ber driveshafts’ unique 

blend of capabilities compared to their metallic counterparts. � ese include higher torque capacity, 

higher RPM capability, better reliability, lighter weight, increased safety due to an inclination to break 

down into relatively harmless carbon � bers upon high impact, and reduced noise, vibration and harsh-

ness (NVH).

In addition, compared to conventional steel driveshafts, carbon � ber driveshafts in cars and trucks 

are reported to increase a vehicle’s rear-wheel horsepower by more than %, due primarily to the 

composite having a lighter rotational mass. A lightweight carbon � ber driveshaft also absorbs more 

shock and has a higher torque capacity than steel, allowing more engine power to be transferred to the 

wheels without the tires spinning out or separating from the pavement.

For years, ACPT has produced its carbon � ber composite drive shafts via � lament winding at its Cali-

fornia facility. To scale up to the required levels would necessitate increasing facility size, improving 

production equipment and streamlining process control and quality inspection by shifting responsi-

bility as much as possible from human technicians to an automated process. To achieve these goals, 

ACPT decided to build a second production facility, and to equip it with higher levels of automation.

 f f
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Increasing demand for composite driveshafts 
leads to automated production

Ca o e c o C c o e c e 
supp p  
lin g

 Carbon fiber driveshaft

ACPT’s carbon fi ber composite driveshafts are used in 
a range of industries. 

Source (all images) | Roth Composite Machinery

California-based fabricator ACPT Inc. worked with machine 
suppliers to build an innovative, semi-automated production 
line featuring an automated filament winder.

 By Hannah Mason / Associate Editor
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ACPT located this new production facility in Scho� eld, Wis., 

U.S., to minimize disruption in driveshaft production during the 

.-year process of designing, building, procuring and installing 

the new plant and production equipment, with  months dedi-

cated to construction, delivery and installation of an automated 

� lament winding system.

Each step of the process for producing a composite driveshaft 

was evaluated for automation: � lament winding, resin content 

and wetout control, oven cure (including time and tempera-

ture controls), part extraction from the mandrel and handling of 

mandrels to and from each step of the process. An overhead or 

� oor-mounted gantry automation system, however, was rejected 

as an option, both for budgetary reasons and ACPT’s need for a 

less permanent, moveable system to allow for limited-quantity 

R&D trials when necessary.

Two-part, semi-automated production system
After consulting with several suppliers, the resulting solution 

is a two-part production system: a Type 1, two-spindle auto-

mated � lament winding system with multiple winding carriages 

from Roth Composite Machinery (Ste� enburg, Germany); and, 

rather than an immobile mounted automation system, a semi-

automated mandrel handling system designed by Globe Machine 

Manufacturing Co. (Tacoma, Wash., U.S.).

ACPT says one of the main advantages and requirements of 

the Roth � lament winding system, which is designed to allow two 

spindles to simultaneously produce parts, was its proven automa-

tion capabilities. � is was especially important given that ACPT’s 

proprietary driveshafts require multiple material changes. To 

automate manual cutting, stringing and reattaching of di� erent 

� bers for each material change, Roth’s roving cut and attach (RCA) 

feature enables the winding machine to automatically change 

 Automated filament winding

Roth’s fi lament winding system automatically switches between composite 
materials.

 Two-spindle system

Roth two-spindle precision resin bath assembly. The system is designed for two 
spindles of composite materials and delivery to dedicated material winding 
carriages. 

l dl  
m d l

 Fabrication process

An illustration of the automated fi lament 
winding process that Roth developed for ACPT. 

Dual spindle 
mandrels

Automated fi lament 
winding machine

Resin mix & dispense unit

Carbon fi ber & fi berglass 
spools - tensioners

Resin bath

ACPT carbon fiber driveshaft
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for machining of tube ends, followed by cleaning and application 

of adhesive with pressed � tting attachments. Torque tests, quality 

assurance and product tracking are completed prior to packing 

and shipping for the end-use customer.

One important aspect of the process, according to ACPT, is 

that it is able to track and log data such as facility temperatures, 

humidity levels, � ber tensions, � ber speeds and resin temperatures 

for each winding set. � e information is stored for use in product 

quality inspection systems or production tracking and can enable 

the operator to make adjustments to the production conditions if 

necessary.

� e overall process developed by Globe is described as “semi-

automated” because human operators are still needed to press 

buttons to initiate process sequences, and to manually move the 

carts into and out of the ovens. According to ACPT, Globe envisions 

an even higher degree of automation for this system in the future.

After the � rst year of production at the new facility, ACPT reports 

that the equipment has successfully demonstrated the ability to 

meet its volume goals while providing labor and material savings 

and a consistently high-quality product. � e company hopes to 

work with Globe and Roth again for future automation projects.

For further information, please reach out to Ryan Clampitt, 

president of ACPT (rclamptt@acpt.com) or Joseph Jansen, national 

sales manager at Roth Composite Machinery (joej@roth-usa.com) 

or Jim Martin, director of advanced composite equipment at Globe 

Machine Manufacturing Co. (JimM@globemachine.com).  

 Under tension

The Roth system includes two spindles and three separate winding carriages. Each 
winding carriage is designed for the delivery of di� erent composite materials 
automatically. Composite materials are applied simultaneously to both spindles. 

Hannah Mason joined the CompositesWorld team in 2018 
after working as an editorial intern for sister magazine 
Modern Machine Shop and earning a Masters of Arts in 
professional writing from the University of Cincinnati. 
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 Custom design

ACPT works with customers 
in the automotive, defense, 
marine and industrial 
industries to engineer 
driveshaft designs specifi c to 
their needs.

 Custom design

ACPT works with customers 
in the automotive, defense, 
marine and industrial 
industries to engineer 
driveshaft designs specifi c to 
their needs.

in the automotive, defense, 

driveshaft designs specifi c to 

materials with its multiple manufacturing carriages. � e Roth resin 

bath and � ber tensioning techniques also provided the ability to 

ensure precise � ber-to-resin wetout ratios without oversaturation, 

enabling the winding machine to operate faster than conventional 

winders without excess resin waste. Once winding is complete, the 

winder automatically disconnects the mandrel and part from the 

winding machine.

� e winding system itself is automated, but that still leaves a 

large portion of handling and movement of mandrels between 

each manufacturing step, each of which was previously done 

manually. � is includes preparing bare mandrels and attaching 

them to the winder, moving mandrels with wound parts to the 

oven for cure, moving mandrels with cured parts and extracting 

parts from the mandrel. As a solution, Globe Machine Manufac-

turing Co. developed a 

process involving a family 

of carts designed to accom-

modate mandrels that sit on 

the cart. A rotation system 

within the cart serves to 

position the mandrels for transfer in and out of the winder and 

extractor and to rotate continuously while parts are wet with resin 

and during oven cure.

� ese mandrel carts move from station to station, aided by 

two sets of � oor-mounted transfer arms — one set at the winder 

and one set at an integrated extractor system — that coordinate 

motion with the mandrel carts, and pick-and-place mandrels for 

each process. Custom chucks on the carts automatically clamp 

and release the mandrels, which coordinate with the automated 

chucks on the Roth machine. 

Along with this mandrel transfer system, Globe also provided 

two curing ovens. After cure and mandrel extraction, parts are 

transferred to a precision-length cutter and then a CNC system 

Read this article online | 
short.compositesworld.com/driveshaft
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»Airbus' Wing of Tomorrow (WOT) program, launched in 2015, has spent the past six years 

exploring more cost-competitive, higher-throughput material, manufacturing and assembly 

technologies for single-aisle commercial aircraft wings (see Learn More).

According to Arnt O� ringa, director of the GKN Aerospace Global Technology Center 

Netherlands (Hoogeveen), GKN Aerospace (Bristol, U.K.) has been very active in the WOT 

program, including the development of a wing spar demonstrator made via resin transfer 

molding (RTM) and four aluminum wing ribs. Another technology demonstrator recently 

delivered by GKN Aerospace involved the development of a cost-competitive thermoplastic 

composite rib, and an innovative, modular press system for one-shot, out-of-autoclave (OOA) 

manufacturing to produce it.

Making the leap to thermoplastics
In 2018, GKN Aerospace began internal discussions about materials and manufacturing 

technologies that could be used to produce � ve demonstrator ribs for the WOT program. 

GKN Aerospace compared several material options, including thermoset and thermoplastic 

composites. Aluminum, the traditional material for commercial aircraft ribs, was chosen to 

produce four larger, inboard ribs, but for the smaller, outboard rib, the company decided to 

explore a composite option. O� ringa notes that because the WOT demonstrator will be a 

composite wing, developing a composite rib that can compete with aluminum is a logical step.

“A composite rib on a composite wing is bene� cial for several reasons,” he says. “First, using 

composites with composites means there is no di� erence in thermal expansion between the 

 By Hannah Mason / Associate Editor

Cost-competitive 
thermoplastic rib 

As part of the Wing of 
Tomorrow program, GKN 
Aerospace’s U.K. and 
Netherlands locations 
teamed up to design a 
thermoplastic composite rib 
using out-of-autoclave (OOA) 
manufacturing processes 
that are cost-competitive and 
mechanically equivalent to a 
traditional aluminum rib. 

Source (all images) | GKN Aerospace

Wing of Tomorrow ribs: One-shot, 
thermoplastic, OOA consolidation
GKN Aerospace’s carbon fiber thermoplastic aircraft rib 
design accomplishes 45-minute cycle times, reduced weight 
and competitive costs via a customized press system.
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materials, as you’d have with a metal rib on a composite wing or 

vice versa. Second, you won’t have issues or concerns with respect 

to corrosion. Composites also mean reduced weight. Last but not 

least, using composites makes inspection easier.”

O� ringa explains that typical metal ribs require visual human 

inspection once the � nal wing is assembled. However, because 

of the ribs’ location on the interior of the wing, that means large 

elliptical hatches need to be cut into the bottom wings  

that humans can enter the wing to inspect them. “If yo g  

composite rib, you have less fatigue in the ribs and few

fatigue cracks that you have to inspect. Inspection bec  

much simpler and less intensive, and you no longer 

need to build hatches into the wingskin. It will be a 

continuous wingskin,” he says.

Weight reduction, corrosion resistance and less 

invasive inspection bene� ts could be gained from 

either thermoset or thermoplastic composites. 

“We did an internal study and looked at weight, 

cost and industrialization, and after comparing 

the di� erent technologies, the choice was made 

to go with thermoplastics, because it had the 

most potential and the best business case with respect to cost,” 

O� ringa says.

Given its closer proximity to Airbus’s Filton, U.K. wing tech-

nology center where the WOT demonstrator will be tested, GKN 

Aerospace’s Bristol, U.K. branch is the main hub of the company’s 

WOT work. However, given GKN Aerospace Netherlands’ expertise 

in thermoplastics from its days as Fokker Technologies, the two 

GKN Aerospace teams joined forces to develop the demonstrator. 

“� e design was done in the U.K., but the manufacturing develop-

ment was done in the Netherlands, so it was a really nice coopera-

tion between the di� erent teams in GKN Aerospace,” O� ringa says.

Sue Partridge, head of WOT at Airbus, notes, “Collaboration 

with partners is an important aspect of the Wing of Tomorrow 

Program. � rough combining our resources, we can progress 

solutions which harness the capabilities of both our organizations 

for a better outcome.”

For the WOT ribs delivered to Airbus, GKN Aerospace used 

Solvay's (Brussels, Belgium) APC carbon � ber/polyetherke-

toneketone (PEKK-FC) tapes. O� ringa notes that Toray Advanced 

Composites’ (Morgan Hill, Calif., U.S.) low-melt carbon � ber/

polyaryletherketone (PAEK) material is also being evaluated as an 

option for future rib structures.

Designing a next-generation wing rib
� ere are more than 20 ribs on a typical single-aisle aircraft wing. 

� e thermoplastic composite demonstrator rib is the 14th on the 

demonstrator wing; the others will demonstrate alternate mate-

rials and processes.

� ermoplastic composite ribs are often manufactured via 

stamp forming for small aircraft, O� ringa says. However, GKN 

Aerospace ruled out traditional stamp forming as an option 

for the WOT rib because commercial aircraft wings, even for 

of the ribs’ location on the interior of the wing, that means large 

elliptical hatches need to be cut into the bottom wingskin so 

that humans can enter the wing to inspect them. “If you go to a 

composite rib, you have less fatigue in the ribs and fewer potential 

fatigue cracks that you have to inspect. Inspection becomes 
Designing the rib

To enable a thin, lightweight part, the rib 
design (top and left) incorporates GKN’s 
butt-joint technology (bottom), with 
injection-molded sti� ener fi llers (left, 
shown in green).

One-shot, OOA processing

GKN Aerospace’s pilot process and specially designed press and tooling 
technology enable one-shot, OOA processing for complex ribs, spars and 
other parts. 
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component would need to be fabricated and bolted to the rest 

of the rib. GKN Aerospace needed a manufacturing process that 

allowed more � exibility for the design the team had in mind.

GKN Aerospace’s -centimeter-long, -centimeter-tall ther-

moplastic rib features a vertical web and a bidirectional -milli-

meter-thick � ange extended from the bottom of the rib. To meet 

weight requirements, the web is only  millimeters thick. To 

prevent buckling and increase sti� ness, the web is reinforced by 

-millimeter-thick sti� ening elements using GKN Aerospace’s 

butt-joint technology, which uses � at 

sti� ener preforms and injection molded 

“� ller” materials to create a strong, 

continuous joint (Learn More).

“We knew that if we could make this 

shape in composites and make it robust, 

then we’d have a very lightweight design 

with the weight reduction we were 

looking for. But the problem was, how 

do you make such a complicated shape 

cost-e� ectively and at high rates? � at’s 

where we put our e� ort to create this new 

product,” O� ringa says.

One-step, OOA manufacturing
� e process builds on technology that 

GKN Aerospace has used previously for 

the TAPAS (� ermoplastic A� ordable 

Primary Aircraft Structure) project, and 

for a fuselage panel development for 

Gulfstream that uses the company’s butt-

joint technology. For the WOT rib, GKN 

Aerospace developed an OOA, one-step 

consolidation process. “We’ve taken our 

previous work to the next level by going 

out of the autoclave for the � rst time,” 

O� ringa notes.

First, unidirectional (UD) thermo-

plastic tapes are slit to the correct widths, 

narrow-bodies like the WOT demonstrator, are placed under very 

high compression and tension loads.

“If you were going to stamp form a thermoplastic rib in the 

traditional sense, then you would have to make a very thick rib, 

with a thick web to make it stronger so that it can withstand the 

forces acting on it,” O� ringa says, and that is not preferable given 

weight reduction requirements. In addition, stamp forming would 

not be able to create a double-sided bottom � ange component on 

the rib where the part connects to the lower wing skin; an extra 

Rib manufacturing of the future 

This illustration depicts GKN Aerospace’s plans for a future high-volume production line based on the 
WOT pilot process. These plans include automated tape laying (ATL) for use in other projects. 

Hot-press preforming Consolidation 
mold storage

to NC 
machining 
and NDI 
stations

Demolding and 
tooling prep

Tape laying (ATL) 
and stack cutting

Handling robot

Preform trimming Cobot assisted 
mold loading

Co-consolidation 
presses

Cut by an

Customers like Maverick Boat Group depend on our machines to cut 
composite material for its various boat models. We take that trust 
seriously and continue to push our products to the edge of greatness.

Visit EASTMANCUTS.COM or call +1-716-856-2200 to learn more about 
Eastman’s automated cutting solutions. 

|  VISIT US AT - B O OT H  3 - 7 3 1
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and a laminator is used to preform the � at elements into two 

L-shaped web preforms. � e web preforms, a � at preform for the 

� ange, and smaller preform and injection-molded � ller elements 

that make up the stringers are all loaded into a tool, which is 

placed inside a modular co-consolidation press that is similar 

to a resin transfer molding (RTM) press. � e press closes, and a 

bladder system is used to create pressure from both horizontal 

and vertical directions, simulating the pressure in an autoclave. 

An integrated resistance heating system brings the composite to 

melt temperature brie� y before cooling down for consolidation.

“We put most of the 

development e� ort into 

tuning and optimizing the 

tooling,” O� ringa says. � e 

system is designed to be 

modular; the tooling can 

be swapped out to accom-

modate ribs with di� erent 

dimensions or other types of parts while keeping the same 

heating and cooling system. � ough not necessary for these ribs, 

the press GKN Aerospace developed at its Technology Center 

can accommodate parts up to  meters long, which could also 

include other panels or beams.

� e process control system is key when processing thermo-

plastics. � ermoplastics melt at higher temperatures than ther-

mosets, and must be cooled in a controlled, consistent process to 

minimize warpage and maximize cystallinity. “It’s very important 

to control the exact process from start to � nish,” O� ringa says. 

“� e thermal management of the heating cycle is very important.”

Special tooling features are used to enable the thin, integrated 

sti� eners to release easily from the tool. � e demolded part is 

near net shape, and then trimmed to form the � nished part. From 

Wing of Tomorrow composite ribs

Hannah Mason joined the CompositesWorld team in 2018 
after working as an editorial intern for sister magazine 
Modern Machine Shop and earning a Masters of Arts in 
professional writing from the University of Cincinnati. 

Read more on CW’s WOT coverage | 
compositesworld.com/hashtag/
wingoftomorrow

More on the Gulfstream fuselage panel | 
short.compositesworld.com/Gulfstream

The final part

GKN Aerospace’s fi nal rib design will take position 14 on the WOT demonstrator. 

Subcomponent testing

Subcomponents were tested to meet tension and compression strength require-
ments at GKN’s Isle of Wight and Hoogeveen facilities. 

tool in to tool out, the entire process takes about  minutes. � is 

means that with one press, about  wing ribs can be manufac-

tured in an eight-hour shift.

“It ends up being a simple manufacturing process,” O� ringa 

notes. “We’re doing many things at once: co-consolidating 

preforms with di� erent shapes, creating the bottom of the rib to 

have a bidirectional � ange, and at the same time we’re sti� ening 

the web with the butt-jointed technology. Ultimately, though, we 

take all the elements of the material, place them in a tool, and we 

create one, homogenous part in one processing step.”

Testing, delivery and beyond
In late 2019, rib subcomponents were tested at GKN Aerospace’s 

Isle of Wight and Hoogeveen facilities, and O� ringa says they 

passed tension and compression load requirements “by a wide 

margin.” He adds, “It’s strong, it’s tough, it’s easy to manufacture. 

� is is a concept which turned out exactly as we hoped it would.” 

Compared to an aluminum version, O� ringa says the thermo-

plastic composite version o� ers signi� cant weight savings and is 

cost-competitive.

� e company has delivered three ribs to Airbus, one of which 

will be assembled and tested on the WOT demonstrator. GKN 

Aerospace continues to work on optimizing its process and mate-

rials for commercial aerospace ribs, both for Wing of Tomorrow 

and beyond.  
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»� e study of magnetic microwires as sensors began in the s 

and has advanced steadily, with applications increasing in the last 

decade. In composites, � ermopulse sensors developed by AvPro 

(Norman, Okla., U.S.) have used microwires to remotely sense 

temperature in adhesive bondlines and through a -millimeter-

thick carbon � ber-reinforced polymer (CFRP) laminate.

Opening new opportunities in wireless process and service 

monitoring, RVmagnetics (Košice, Slovakia), founded in , has 

developed magnetic microwires that have application in compos-

ites manufacturing and � nished parts, and in other industries as 

well. � e microwires the company manufactures are notable for 

a few reasons. First, they are small enough — about the thickness 

of a human hair — that they can be embedded within composite 

parts and structures with minimal risk of compromising the struc-

tural integrity of the part. Second, they are sensitive to mechanical 

stress and temperature changes and thus have utility as a sensor 

in process monitoring and structural health monitoring (SHM). 

� ird, they can be interrogated wirelessly and do not depend on a 

hardwire connection to convey data. 

RVmagnetics is led by Dr. Rastislav Varga, cofounder of the 

company and professor at Pavol Jozef Šafárik University (UPJS, 

Košice, Slovakia). He has been working on magnetic microwire 

technology since  and positioned his company to serve a 

variety of end markets, but composites seem particularly well 

suited. “� e advantage of microwire is that its diameter is similar 

to a human hair, so it does not decrease the performance of the 

composite,” Varga says. “We have placed microwires inside of glass 

and carbon � ber composites and interrogated the sensors. We have 

always achieved successful results.”

Magnetic microwires, in general, comprise a ferromagnetic 

metallic core (iron or cobalt) .- micrometers in diameter and 

surrounded by an insulating Pyrex glass coating .- micrometers 

thick. � e microwires developed by RVmagnetics measure .- 

micrometers in diameter and - millimeters long.

� e ferromagnetic core enables microwires to exhibit magne-

tostriction, meaning they change their shape when subjected to 

a magnetic � eld. Magnetostriction results from the interaction 

between magnetization and strain of a magnetic material (magne-

toelastic coupling). In the case of a microwire, its magnetostriction 

results from the speci� c alloy in its metal core and the � nal � la-

ment’s aspect ratio, plus internal stress imparted during produc-

tion. � e magnetostriction and anisotropy (long length and small 

diameter) of magnetic microwires make them sensitive to small 

changes in mechanical stress, either in the form of physical stress 

imposed on the composite part, in the form of temperature change 

or from magnetic � eld change.

Magnetic bistability, switching fi eld and sensitivity
Microwires operate on the principle of magnetic bistability, 

which is determined by a material’s magnetic domain structure. A 

magnetic domain is a region within a magnetic material in which 

the magnetization is in a uniform direction. Microwire metallic 

cores have a central axial magnetic domain surrounded by a 

Noncontact 
measurement 
of temperature, 
pressure in 
composites
Magnetic microwires enable 
noncontact measurement of 
temperature and pressure 
during cure and in service.

 Glass-coated microwires
Glass-coated microwires are typically made using the Taylor-Ulitovsky method, 
where several grams of a metal alloy with a specifi c chemical composition are 
placed into a glass tube. Using high-frequency induction heating, the metal is 
melted, which in turn melts the glass tube around it, trapping the metal inside. 
Both are drawn into a composite fi lament and rapidly quenched as they are 
wrapped onto a rotating spool. A kilogram of alloy can produce 40,000 kilome-
ters of microwire.  Source, both images | RVmagnetics

By Ginger Gardiner / Senior Editor
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radial domain. � ere are also closure domains at the ends of the 

microwire. � is structure causes a bistable behavior — in other 

words, magnetization has only two states: +MS and -MS, where MS 

is the saturation (ultimate) magnetization.

Switching between the two states, +MS and -MS, occur through 

a single Barkhausen jump (sudden change in magnetic � ux 

density or output as the applied magnetizing force is changed) 

at the value of the magnetic � eld called the switching � eld (HSW). 

� e switching � eld of bistable magnetic microwires is sensitive 

to external parameters including temperature, mechanical stress 

and magnetic � eld.

RVmagnetics uses a specially designed system that trans-

forms the measured value (e.g., temperature or mechanical 

stress) into the switching time. � is allows RVmagnetics to distin-

guish between the contribution of the magnetic � eld and that of 

the value being measured, namely temperature or mechanical 

stress — an advantage versus measuring amplitude of the sensor 

signal. Moreover, the measurement of switching time instead of 

the switching � eld, HSW, increases the sensitivity of the microwire 

sensors.

Contactless sensing in composites
As noted, magnetic microwires, like traditional electrical sensors, 

can be used to monitor the composite cure monitoring process, 

or to monitor the health of the � nished part in service. However, 

notes Varga, “If you use electrical sensors in composites, you must 

make a hole in the laminate to connect the wire to interrogate 

the sensor. Microwires � t in between the � bers in a laminate and 

you do not need to contact them to retrieve their data. We have 

compared samples of coupons with and without microwire, and 

there is no di� erence in mechanical properties. In fact, you cannot 

� nd our sensors without a magnetic interrogator working under 

special conditions.”

“� e problem with magnetic wires,” Varga continues, “is that 

they are sensitive to temperature and stress. At RVmagnetics, we 

have developed how to di� erentiate and distinguish between 

temperature, stress and magnetic e� ects. � is is dependent on the 

microwire’s chemistry and also how you detect its signal.”

RVmagnetics uses a wireless interrogator that typically must 

be within  centimeters of the microwire in the laminate. “If 

Noncontact magnetic microwire sensors

you need to be further away from the microwire,” says Varga, “then 

you may need more power, but we try to keep the interrogation 

frequency below  kilohertz for safety reasons. We try to solve 

these issues through clever design of the microwire and keep the 

sensing system simple and cheap: just two coils, a couple of wires 

and a small amount of simple electronics.”

� e resolution that microwire sensors can provide depends on 

their quantity and location. “� e problem is how to process so many 

measurements,” says Varga. “We can place millions of sensors on 

a panel, sensing at  kilohertz, but this generates billions of data 

points per second. You don’t need all of this. In composites, our 

normal measurement rate is once every minute. For example, at  

centimeters deep, we were measuring stress. Inside, we could see 

the � bers were sliding and that the resin was not cured properly. If 

you need to monitor stress throughout cure, you may need a few 

measurements per second.” Varga notes that RVmagnetics has devel-

oped microwire that can be cured with a composite up to °C.

 Embedding magnetic microwire sensors
RVmagnetics’ magnetic microwire ranges from 3-70 micrometers in diameter 
and can be integrated into composite laminates in lengths of 10-40 millimeters. 
Magnetic microwires are sensitive to changes in stress, temperature and magnetic 
fi eld. The RVmagnetics system uses noncontact technology to interrogate the 
magnetic state of wires and thereby measure properties of the material, either 
during manufacture or while in service.

(978) 356-9844 | www.daltonelectric.com
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Di� erent processes, parameters and cost
Beyond traditional composite laminates, RVmagnetics has 

assessed microwire performance in 3D printing. “We already have 

experience with placing microwire sensors inside of 3D-printed 

parts,” Varga says, “either continuously or you stop and place the 

microwire precisely where you need a measurement. You can also 

measure temperature gradients inside each composite layer.”

Is it possible to continuously place a microwire sensor? “In 

GFRP rebar, we were able to place microwires without changing 

how it is made,” says Varga. “� e wires are discontinuous but 

are placed automatically on a continuous basis as the rebar is 

produced. You have a coil with  kilometer of microwire and feed 

it into the rebar production equipment. It does not change the cost 

of the composite because it is a small amount of material and the 

cost is very low anyway. For example,  kilometer of microwire 

uses only  gram of iron. Even if you use platinum, by the time you 

divide  gram into hundreds of sensors, the price is very small.”

What about welding  hundred of thousands of thermoplastic 

composites? “It is clear that using thermocouples to measure 

temperature in welding is a problem,” says Varga. “Induction 

welding depends on eddy currents, and these are reduced with 

something very thin in diameter such as a microwire. So, the 

e� ect of the induction welding equipment on the microwire is not 

the issue, but instead how to design the microwire and sensing 

to di� erentiate between temperature, stress and magnetic � eld. 

We have performed tests in our lab proving the low in� uence of 

induction welding on our microwire sensors, and are currently 

running tests with a manufacturer of induction-welded and -heated 

composites to further assess our technology on an industrial scale.”

What about measuring vibration? “� is is simply measuring 

stress at a higher frequency,” says Varga.

Resin � ow? “We measure the change of pressure and strain,” he 

explains. “For example, envision the hairs on your arm. As air passes 

over, you can feel the change. Now think of these hairs as microwires 

— when placed on a surface, they will bend during � ow.”

Electric current? “When you have a conductor, it produces an 

electromagnetic � eld,” he says. “So, we just measure that. Our 

microwire usually measures two parameters simultaneously: either 

temperature/electromagnetic � eld or stress/electromagnetic � eld. 

We are able to measure all three by placing two microwires together, 

and we use the same interrogation process to monitor the output.”

RVmagnetics has also developed PC-based software to process 

the digital data output generated by its microwires. “We work with 

the customers to make sure the system includes what is needed per 

each application,” Varga says. 

CW senior editor Ginger Gardiner has an engineering/
materials background and more than 20 years of experience 
in the composites industry. 
ginger@compositesworld.com
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New Products

» AM SLICING SOFTWARE

Slicing software for continuous fiber 3D 
printing offers greater control over fiber 
reinforcement
Anisoprint (Esch-sur-Alzette, Luxembourg) has launched an update for 
its proprietary slicing software. The new and improved Aura 2.1 Premium 
is the driving force behind the company’s fl agship Composer 3D printer, 
and enables users to customize and integrate fi ber reinforcements into 
polymer-based composite components.

The software features several verifi ed printing profi les for a variety 
of polymer fi laments and is designed to eliminate what is said to be a 
costly and arduous trial-and-error approach to composite 3D printing.

The latest update introduces what Anisoprint calls “masks,” special 
models that can be added to a part’s 3D fi le in the slicer’s virtual 
workspace. The aim is to provide users with greater control over the 
application of fi ber reinforcements in an easy-to-visualize manner. By 
intersecting with the original STL fi le of a component, masks can dictate 
when and where fi ber reinforcements are co-extruded, enabling users 
to modify the mechanical properties and strength characteristics of 
printed parts.

As well as highlighting reinforcement locations, masks can also be used 
to adjust the support positions of a part. After placing a mask, the user can 
either mark the masked area as a zone of reinforced support or as a support 
blocker. The former ensures the generation of supports in the specifi ed 
location, whereas the latter is used to eliminate the generation of supports 
in the mask, opening up new avenues for designers to save on unnecessary 
material use while optimizing the structural integrity of their parts.

According to Anisoprint CEO Fedor Antonov, masks are a powerful tool 
that enable users to create complex fi ber layup schemes that match the 
actual loading conditions of the part. By using masks, customers can select 

Source | Anisoprint

PRESENTER

PRESENTED BY

EVENT DESCRIPTION: 
Unless someone is involved in manufacturing, when a person hears the word robot, 
they most likely picture a machine out of a sci-�  � lm that resembles a human. � e 
term robot probably also draws up the fear in most of us that robots will someday 
make our jobs obsolete. In fact, robots already exist in many manufacturing facets 
to improve quality, e�  ciency, and pro� tability. � is webinar seeks to explain the 
di� erent processes that currently take advantage of the unique skillset robots o� er, 
the pros and cons of selecting robotics, the future projections of robots, and why we 
should welcome them with open arms instead of dreading their arrival.

PARTICIPANTS WILL LEARN: 

• How robots are currently used in manufacturing
• The pros and cons of robots vs. other platforms
• The projected use of robots in the future

The Rise of Robots in Manufacturing

May 20, 2021 • 2:00 PM ET

REGISTER TODAY FOR WEBINAR AT: SHORT.COMPOSITESWORLD.COM/CGTECH0520

www.cgtech.com

OLIVIER MUNAUX 
Composite Product Specialist

NEW PRODUCTS



CompositesWorld.com 43

certain areas for enhanced reinforcement or leave them unreinforced to
decrease print time and material use. They also allow selective use of
di� erent infi lls, fi ber/plastic patterns, supports and other slicing settings
within one geometrical layer with ease, for a more fl exible solution.

Further, masks can be used to improve functionality by increasing the
sti� ness of the component in the horizontal plane. The workfl ow has been
designed to be highly intuitive and streamlined, as users are only required to
place the two masks in the workspace before moving them into the compo-
nent to form the intersections. At this point, the structures of the masked
areas can be fi ne-tuned, and the Composer 3D printer will do the rest.

The new mask functionality in Aura 2.1 can be used to further optimize
printed parts with the end-use application in mind. By adjusting a part’s
reinforcement schemes on a layer-by-layer basis, users can customize
their builds according to in-service loads.

For a more precise application of the mask, Anisoprint recommends
leveraging a third-party topology optimization program. By fi rst
determining the exact areas that will be subjected to the most load,
users can export the highlighted “load zone” and use it as a custom
mask geometry. In this way, human error is eliminated altogether, and
the reinforcements are co-extruded in only the relevant sections, as
determined by fi nite element analysis algorithms.

According to Anisoprint, the use of topology optimization can lead
to weight and cost savings of up to 15% and 25% respectively, while
increasing the strength and deformation sti� ness of the 3D-printed parts.

For users that aren’t looking to 3D print composite parts, Aura is also
compatible with other conventional FFF systems. anisoprint.com

PRESENTERS

PRESENTED BY

EVENT DESCRIPTION:
Are you still using traditional thermocouples and strain gauges to measure temperature
and strain in your material joining processes? It’s time to upgrade to � ber optics to
capture data at the speed of light. Join Luna Innovations for this session to see how � ber
optic sensors can be placed in or near the bond line for improved accuracy and control
during curing cycles and discover examples of how a � ber sensor can be left on structures
to monitor the health of the joint. �is session will also cover the bene� ts of � ber optic
sensing to reduce installation and product build time, produce a better product, provide
ease of integration with other systems and increase the quantity and accuracy of data while
reducing cost and time schedule.

PARTICIPANTS WILL:

• Learn how to use fiber optics for temperature and strain near the bond line while joining material
• Understand limits of traditional thermocouples and strain gauges
• See benefits of fiber sensing to reduce build span, get better info and produce better product
• Watch fiber install in-action  — ease of use and integration with analog control systems

Ditch Your Dad’s Gauges: Time to
Revolutionize Your Measurements

May 25, 2021 • 11:00 AM ET

REGISTER TODAY FOR WEBINAR AT: SHORT.COMPOSITESWORLD.COM/LUNA0525

www.lunainc.com
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» ORGANOSHEET LAMINATE

FEATURE organosheet laminate targets EMS
applications
Manna Laminates (Misgav, Israel) introduces its new organosheet
FEATURE (Flame retardant, Electro-magnetic shielding, Appearance
and acoustics, Thermal conductivity, Underweight, Robustness and
Economical) FML (fi ber-metal laminate) semi-raw material, a laminate
with integrated metal-sheet layers that can be located on the outer side of
the laminate or between the reinforcement fabrics layers (usually glass or
carbon fi ber).

FEATURE FML is part of Manna’s Formtex continuous fi ber thermo-
plastics (CFT) family of products, which are made using advanced woven
fabric-based organosheet or layered unidirectional (UD) tape. According
to the company, the laminates can be customized per part or industry
requirement, making them ideal for quasi-isotropic-loaded hybrid parts.
The result is said to be an innovative, a� ordable material that boasts
outstanding quality and performance capabilities.

The FEATURE organosheet semi-raw material is also said to be a good
candidate for use in electric vehicle (EV) battery casings — including upper
and lower parts — as well as electrical boxes, and applications that require
EMI shielding, fl ame-retardant properties (meeting UL-94 standard),
thermal conductivity, high-energy absorption, robustness and low weight.
FEATURE materials can be also used for automotive structures such as cross
members, longitudinal beams, wheel brackets and other components.

Moreover, says Manna Laminates, the metal foil can be integrated into
the laminate during the organosheet manufacturing process.

Manna’s FEATURE laminate can be thermoformed in an injection or
compression mold, a feature that ensures only one part and forming
process is needed, compared to forming the organosheet and the metal
foil separately and attaching together before fi nal assembly. This is also
applicable for complex geometries.

Manna’s innovative impregnation and consolidation process also
enables the manufacture of thick laminates of up to 10 mm in a single
step with shorter thermal history and improved mechanical and delami-
nation resistance properties.

FEATURE organosheet material is available from Manna in a range of
fi ber/resin combinations and product formats. Fiber materials include
E-glass and carbon fi ber; matrix resins include PP, PA6, HDPE, LDPE,
PC and more. It can be supplied as a rectangular-cut laminate or cut to
shape. manna-g.com

Source | Manna Laminates
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L&L Products (Romeo, Mich., U.S.) has launched a new technology 
line, called T-Link, an advanced engineering thermoplastic resin with 
reportedly excellent adhesive properties. L  
the vision driving T-Link was to enable 
customers to benefi t from the adhesion 
properties of the resin along with the 
recyclability, repairability and formability 
of an engineering thermoplastic. The 
reported result is reduction of process cycl  
times for high-performing, lighter-weight 
applications.

Due to its thermoplastic nature, T-Link i  
said to conform to deep-drawn parts allow  
for production of irregularly shaped compo .
Depending on application needs, L&L o� ers T Link in 
pellet, fi lm, yarn, powder, fi ber veil and unidirectional 
tape formats. The fi lm format of T-Link has been on the 
market since 2014 and has been applied as a matrix resin solution for 
several composite applications in the aerospace, armor, and sporting 
goods industries.

Armor, in particular, is a prime target for T-Link, L&L says. It can be 
co-processed with ballistic materials such as glass, para-aramids and 
UHMW-PE to increase performance and rigidity.

According to Scott Stover, vice president of business development 
at D H Sutherland (Beaverton, Ore., U.S.), L&L’s distribution partner, 

i f uring has been more art and less science 
r l tive to development of repeatable, close-
t lerance parts with precise performance. He 
s ys that T-Link allows for these improvements 
b cause of the material’s range of product 
solutions such as fi lm, coated yarn, multifi la-
ment and monofi lament formats. L&L says 
this novel technology will allow for easier 
material integration, process automation, 
reduced production cost, and expanded 
design capabilities.

L&L points out that T-Link does not 
require refrigeration and can help reduce 
layup and processing time. Further, the 
resin is transparent, pigmentable and 

recyclable. It also can be co-molded with dissimilar materials. L&L says 
composites developed with T-Link deliver a precise coat weight with 
consistent quality control over resin content.

dhsutherland.com
llproducts.com

composite armor manufacturing has been more art and less science 
relative to development of repeatable, close-
tolerance parts with precise performance. He 
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» THERMOPLASTIC COMPOSITES

L&L Products launches thermoplastic resin product line

Source | L&L Products
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» LARGE-SCALE ADDITIVE MANUFACTURING

LSAM technology automatically monitors print 
temperature for optimal layer-to-layer fusion
Thermwood Corp. (Dale, Ind., U.S.) has unveiled a new large-scale additive manufacturing 
(LSAM) technical capability, the Thermal Sensor Layer Automation system, designed to 
automatically monitor print temperature, and ensure complete and precise fusion between 
large-scale thermoplastic printed layers no matter the application.

The integrated system continuously measures the temperature of a printed layer just 
before a new bead is added, which enables the printer to automatically regulate the feed 

speed, using the “Layer Time Control” option. With this adjustment, says the company, 
the printing process will be very close to the ideal temperature needed to achieve the best 
possible layer-to-layer fusion for a high-quality printed part. 

The new process uses a noncontact temperature sensor that rotates about the print 
nozzle under servo control and continuously measures the temperature of the existing 
layer less than a half inch in front of the moving print nozzle. This is said to provide precise 
feedback of the temperature at the moment of layer fusion, ensuring integrity of the bond 
being generated at every point on every layer.

Data from the probe is processed through an advanced algorithm that adjusts the speed 
at which each layer is printed. The algorithm takes into account the temperature at the point 
of printing compared to the target temperature, as well as the changing geometry of the 
part as it grows. Print speed is no longer defi ned in the print CNC program but is continu-
ously adjusted by the LSAM control system itself during printing, in response to changes in 
the print environment. 

According to Thermwood, with this system, optimum print temperature is now part of 
the parameters stored in the control for each polymer and is determined when the polymer 
is fi rst qualifi ed. To run a specifi c material using a properly equipped LSAM, it is only neces-
sary to load a part program, specify the material and turn it on. The entire build process, 
including all temperature control, is automated. Further, the system is said to achieve much 
tighter control of the basic print process. 

Temperature data from the print process is made available in several forms, including 
digital readout displays, real time, the current temperature reading as well as the average 
temperature for the layer being printed. When the print is complete, a report is made avail-
able that details the print temperature profi le of each printed layer.

Thermwood adds that for the fi rst time in extruder-based LSAM, the temperature at the 
moment of layer fusion can be measured and controlled, opening the possibility for more 
advanced research focused on the core of an extruder-based print process. 

Existing LSAM customers can upgrade their current systems to the Thermal Sensor Layer 
Automation System in the fi eld by contacting Thermwood’s Retrofi t department. 

thermwood.com

Source | Thermwood Corp.
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Exact Metrology (Brookfi eld, Wis., U.S.) has introduced Raytech 
Measuring Systems, shop fl oor dimensional measuring machines for 
industrial manufacturers. O� ered as a single- or three-axis table, Exact 
Metrology meets standard machine needs for 
cutting, bending, punching, waterjet cutting, 
laser cutting, drilling or tapping. Custom 
machines are also available.

Reportedly ideal for checking fl at sheets 
with straight edges and square corners, the 
single-axis table features reduced setup time 
for production machines, reduced scrap rates 
and reduced backlog of parts for inspection. 
Integrated SPC software ensures quality 
tracking and reporting, reduces operator-
to-operator variation and o� ers long-term 
durability and simple operation. A squareness 
gage enables users to check sheets for perpen-
dicularity of the edges or edge camber, while 
diagonal blocks can be used to check corner-to-corner squareness on 
sheets. All single-axis tables come standard with interchangeable probe 
tips. Heidenhain readouts and scales used on the single-axis tables are 
designed for use on machine tools and are said to be well suited for use 

on shop fl oor gages; for example, an edge lift gage allows users to edge 
waves in sheets.

Exact Metrology recommends the three-axis table when parts are 
more intricate, or for use with bulkier sheets. It 
is suitable for checking laser and waterjet cut 
parts, sheet metal parts with many features and 
parts that are bent and formed. Features include 
fl exible metrology software, sealed Heidenhain 
encoders, low-maintenance linear bearings and 
a Renishaw touch probe. An ability to integrate 
with SPC software for quality tracking and 
reporting helps reduce operator error.

As with the single-axis table, Exact Metrology 
says the system o� ers long-term durability 
and simple operation. Other features include a 
Renishaw indexing probe for fl exible probing 
and reduced operator-to-operator inconsistency. 
It also includes a standard readout system with 

a durable color touch screen, serial output for SPC, multiple points of error 
correction and multiple point feature measurements. The PC-based system 
allows for full capability, plus additional reporting capabilities and greater 
program storage capacity.  exactmetrology.com

» DIMENSIONAL MEASURING MACHINES

Metrology measuring table meets a variety of application requirements
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EVENT DESCRIPTION: 
Optimal performance of composite materials requires elimination of air bubbles and 
voids as well as complete � ber wet-out during manufacture. In this webinar, BYK 
will present a range of additives that achieve this for various thermoset resins and 
discuss the underlying mechanism and selection of these additives. Furthermore, 
BYK will present a new class of additives called coupling agents that create a strong 
mechanical bond between resin and reinforcement, providing higher mechanical 
strength and more freedom in the design of composite parts.

PARTICIPANTS WILL LEARN: 

• The mechanisms behind air release, fi ber wetting and coupling

• How to select additives based on resin chemistry and other criteria

• How to use coupling agents to enhance mechanical performance of composites

Optimize Manufacturing and Mechanical 
Performance with Air Release, Fiber 
Wetting and Coupling Additives

May 18, 2021 • 2:00 PM ET

REGISTER TODAY FOR WEBINAR AT: SHORT.COMPOSITESWORLD.COM/BYK0518

www.byk.com

BRIAN KLEINHEINZ 
Technical Service Manager 

for Thermosets
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» HIGH-SPEED PYROMETER

Pyrometer CT 4M ideal for 
high-speed temperature 
measurement
Optris GmbH (Berlin, Germany) has introduced  
the new high-speed pyrometer CT 4M for tasks 
that require fast temperature measurement. 
This technology is typically used with plastics 
processing machinery that work on short 
cycle times. A detection time of 90 µs makes 
it the fastest pyrometer within Optris’ o� ered 
product range.

The CT 4M measures within the spectral 
range of 2.2-6.0 µm, making it ideal for low-
temperature measurements (from 0-500°C) on 
metals, metal oxides, ceramics or for materials 
with an unknown or changing emissivity. The 
pyrometer’s 28-mm-long compact sensor head 
measures 14 mm in diameter and can easily be 
installed even where space is at a premium. 
The remote electronics unit is connected to the 
sensor head via a cable up to 15 m long; impor-
tant parameters can be entered here directly 
via three keys and an illuminated display.

Further, the integrated interface allows 
the CT 4M to be connected directly to a PC, 
where all settings can be fi ne-tuned in the 
CompactPlus Connect software. Date capture 
and recording are also possible using the 
software. Other serial interfaces or an Ethernet 
interface are also available options.

In addition to a PC, Optris notes that 
the pyrometer can also be connected to an 
Android mobile device through installation 
of the IRmobile app, enabling convenient 
adjustment of the pyrometer settings during 
commissioning or maintenance work directly 
on site. To connect the CT 4M to the process, 
two scalable analog outputs and three I/O pins 
(programmable inputs/outputs) are available.

optris.com

» CONTROLLED-ENVIRONMENT ENCLOSURES

Hemco laminar fl ow clean enclosures meet critical 
clean requirements
Hemco Corp. (Independence, Miss., U.S.) launches its EnviroMax laminar fl ow clean enclo-
sures, engineered and built to meet critical clean requirements in the laboratory. Typical 
applications include liquid handling stations, compounding, high-throughput screening, 

sample weighing, powder handling, high-
performance liquid chromatography (HPLC) 
equipment and other related systems. 
According to Hemco, the enclosure isolates 
the process while the HEPA fi lter system 
maintains a positive pressure and ISO 5 class 
100 conditions by protecting the process from 
surrounding contamination.

Standard workstation sizes range from 4-8 
ft wide x 2-4 ft deep x 3-5 ft high. Custom-
sized enclosures to contain and protect larger 
integrated instrument systems can also be 
constructed to meet specifi c size and design 
specifi cations.

EnviroMax enclosures feature a powder-coated steel framework with 99.99% e�  cient 
HEPA fi lter, fan and speed control, clear acrylic rear and side walls, hinged safety viewing 
shield or horizontal slide glass door panels, fl uorescent lighting and switches. Optional work 
surfaces and support tables or cabinets are available.  hemcocorp.info

Source | Hemco Corp.

Source | Optris
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» GELCOATS

Graphene nanotube-enhanced gelcoats 
enable powder coating

A collaboration between OCSiAl (Columbus, Ohio, U.S.), BÜFA 
Composite Systems (Oldenburg, Germany) and TIGER Coatings (St. 
Charles, Ill., U.S.) recently developed gelcoats enhanced with graphene 

nanotubes that impart conductivity to the gelcoat 
and make it receptive to powder coating. Use of 

powder coating instead of 
liquid painting, says TIGER 
Coatings, o� ers processing 
ease, color fl exibility, 
chemical resistance 
and zero emissions for 
automotive, marine, 
aerospace and sanitary 
applications. The novel 
conductive gelcoat, 
which o� ers permanent 

and stable resistivity of 106 Ω /sq, is a byproduct of BÜFA’s Conductive-
Tooling gelcoat series. It has been modifi ed for powder coating 
compatibility. OCSiAl is supplying the graphene nanotubes and BÜFA is 
manufacturing the gelcoat.  ocsial.com

Source | OSCiAl, BÜFA Composite Systems, TIGER Coatings
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EVENT DESCRIPTION: 
CMS North America and Diversi� ed Machine Systems invite you to sit 
down with their industry experts alongside Chief Operating O�  cer of CMS 
Mike Crosby and Founder of DMS Patrick Bollar to discuss what anticipated 
technologies will shape the future of the advanced materials industry.

PARTICIPANTS WILL LEARN: 

• What technological innovations have most shaped today’s market and what 
 anticipated technologies will shape tomorrow’s industry?
• What technological advancements are anticipated to be the key in setting the 
 new standard of excellence for CNC machines?

The Future of Advanced 
Materials Technology
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• Certified Green - Made in the USA

Manufacturers of 
Precision Board

Available in high-temp (<300º F) and low-temp (<200º F)

NEW PRODUCTS
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» VACUUM PUMP INLET TRAP

Mass-Vac vacuum pump inlet trap protects 
extruder vent lines and pumps

The MV Multi-Trap Vacuum Inlet Trap from Mass-Vac Inc. (North 
Billerica, Mass., U.S.) combines a full knockdown fi rst-stage ba�  e with 
multiple stainless steel gauze fi lters to protect extruder vent lines and 

vacuum pumps from the 
volatile extrusion process 
byproducts. Said to be 
superior to knockout pots, 
this trap is suitable for all 
plastic extruders.

Fabricated from 304 
stainless steel, MV Multi-
Trap Vacuum Inlet Traps 
are available for pump 
capacities to 2000 CFM. 
O� ered with 1.5-6.0-in 

port sizes, options include drains and fl oat switches for the automatic 
disposal of volatile compounds where necessary, and other fi lter types 
for vapors.

Mass-Vac’s product is priced at $2,175 to $4,985 (list), depending 
upon size and confi guration. Diameters of 10, 12 and 16 in are o� ered. 
Literature and pricing are available upon request.

massvac.com
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Gain Actionable

TO STAY AHEAD
INSIGHTS
TO STAY AHEAD
INSIGHTSINSIGHTSINSIGHTS
Whether you are a manufacturer, equipment supplier 
or fi nance professional, Gardner Intelligence provides 
actionable insights about durable goods manufacturing.

• Gardner Business Index
• Capital Spending Survey
• Top Shops Custom Reports
• World Machine Tool Survey
• Media Usage in Manufacturing Survey

Learn more at gardnerintelligence.com
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Wabash MPI
produces a wide
range of hydraulic
presses for com-
pression molding
in composites
applications. We
offer standard and
custom designs
from 15-1000 tons
with various heated
platen sizes and
control options.
Visit our website
to learn more.

Wabash, The Leader
in Composites Molding

400 Tons
Down-acting,

120" x 60" Platens

wabashmpi.com
Tel: 260-563-1184

wabashmpi@acscorporate.com

ISO 9001:2015

» RESIN INFUSION PUBLICATION

New book covers practical
issues associated with
resin infusion processes
Jorge Nasseh, CEO of Barracuda Group
(Bellaire, Texas), has published the
fi rst edition of “Resin Infusion Processing
in Composites” (Processo de Infusão a Vácuo em Composites). As
the recipient of numerous international scientifi c awards and the author
of several books in the fi eld of composite engineering, the author draws
on an extensive technical background, combined with insight into the
practical issues associated with state-of-the-art resin infusion processes.

Jorge Nasseh specifi es, in more than 400 pages, the details of material
selection for vacuum-assisted composite construction, the physics and
history of the process, computer simulation and infusion strategies,
permeability testing and calculation. The fi rst edition of this volume is
preceded by two prefaces: the fi rst is written by SAMPE global technical
director, Dr. Scott Beckwith, and the second is written by Owens Corning
global composite president Marcio Sandri.

Jorge Nasseh is also the author of “Boat Construction Manual in
Composites,” “Advanced Methods in Composite Construction” and
“Theory and Practice of Composite Construction.” All books were written
in Brazilian Portuguese.

Paper back copies are available at www.e-composites.com.br.

The e-book can be downloaded via Kindle Store and previewed at
Google Books. An English version will be available soon.

Source |
Barracuda Group
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EVENT DESCRIPTION:
�ermoplastic composites have traditionally been discussed in the context of R&D
projects, but over the last three decades their use within commercial applications has
grown signi� cantly. �is webinar will look at use cases across a variety of industries.

PARTICIPANTS WILL LEARN:

• Thermoplastic composite manufacturing, including in-situ consolidation via automated fiber

placement (AFP)

• Importance of thermoplastic composite use in e-mobility

• Commercial uses of advanced composite bearings

• Serial manufacturing of thermoplastic composite tubes

• Commercial success of thermoplastic composites for downhole O&G applications

Thermoplastic Composites: Commercial
Use Cases in Automotive, Oil and Gas,
and Industrial Markets

June 10, 2021 • 11:00 AM ET

REGISTER TODAY FOR WEBINAR AT: SHORT.COMPOSITESWORLD.COM/TSS0610

www.trelleborg.com

MIKE URBANSKI
Product Sales Engineer

GRAHAM OSTRANDER
Program Manager
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The CAMX Awards recognize the latest R&D and products impacting the 
future of composites and advanced materials. Get your groundbreaking 
work recognized on this year’s biggest industry stage, CAMX ‒ the 
Composites and Advanced Materials Expo. 

Powered by Official 
Media Partners

CAMX
AWARDS

ENTER BY 7.16.21
AWARDSAWARDS



MAY 202156 CompositesWorld

APPLICATIONS

Moldmaker and automation 
specialist Commercial Tool 
Group provided RockWell with 
custom compression molds and 
robotics to enable high-volume, 
low-cost production.

Innovative tooling, 
automation enable 
new line of composite 
window wells

›Conventional metal window wells installed around basement windows will rust over time, 
which may compromise the strength of the well and could even collapse under pressure from 
backfi ll — soil fi lled in to replace that which was excavated to put in the window. For years, 
RockWell Window Wells (Springville, Utah, U.S.) has o� ered a product lineup of fi ber-reinforced 
plastic (FRP) window wells and related products with lighter weight and higher quality, wear 
life, temperature resistance and impact resistance than typical metal o� erings. For its newest 
Denali product line, RockWell set out to provide a lower-cost and more aesthetically pleasing 
composite option than was previously available on the market, according to Vaughn Cook, 
president of RockWell. “We wanted to build a high-quality part that competes with a steel 
window well but that has better properties, such as impact resistance and light weight,” he says.

The company’s original RockWell FRP window well line is made via vacuum-assisted resin 
transfer molding (VARTM), and is, Cook says, “a very impressive, high-end product, with a 
detailed, molded stone texture that looks and feels like real stone.” About two years ago, Cook 
and his team decided to develop a new line of glass mat thermoplastic (GMT) window wells 
to meet a lower price point in the market. “We couldn’t use such a hands-on manufacturing 
process [for the Denali wells] — the process needed to be much faster, and much lower in cost 
to produce it. That’s when we reached out to Commercial Tool,” Cook says.

RockWell and Commercial Tool Group (CTG, Grand Rapids, Mich., U.S.) connected at an 
Amerimold trade show in Novi, Mich. Cook was looking for a moldmaker with large CNC mills 
for massive compression molds and that was familiar with composite technology — and, Cook 
notes, one that could bring an added level of automation to the process.

As a company with multiple divisions, CTG ended up being a perfect match. Its Commercial 
Tool & Die (CTD) division specializes in large-scale CNC machining for moldmaking, and the CG 
Automation & Fixture (CGAF) division designs and manufactures a variety of down-line equip-
ment and fi xtures, as well as advanced materials handling systems and robotic articulation.

After a series of CAD reviews and working prototypes, Commercial Tool Group made 
two large, 50,000-pound production molds from aluminum. RockWell uses Solidworks for 
engineering design work, while Commercial Tool Group uses the easily interfaced Siemens NX 
suite of CAD/CAM/CAE.

The mold sections begin as large aluminum billets and the machining is done on a 
Zimmermann portal milling machine at CTG’s plant. According to Scott Chase, engineering and 
sales manager for Commercial Tool & Die, the typical fi nished mold measures 66 inches wide 
× 109 inches long × 60 inches tall. The molds use an in-process thermal imaging camera to 
monitor temperature variation. In addition to meeting structural and size requirements, Cook 
adds, “Scott and his team were also able to help us come up with a design that makes a more 
aesthetically pleasing window but still has the structural members in it to give the wells the 
strength that we need. CTG put a textured grain in the mold surface to help decorate the part.” 
A robotic articulation system for loading and unloading was also designed and provided by 
CTG to work in tandem with the molds during production. 

CTG also produced three prove-out molds during the development process on this project. 
The molds were designed using Siemens NX CAD/CAM/CAE software and they are among the 
largest production molds ever made by CTG, according to Chase. The entire project took just 
over a year, from the initial contacts to the production of the fi rst mold for use at RockWell.

The CTG system benefi ts RockWell in various ways, Cook notes. The more automated 
system permits the company to produce greater volumes of product with higher consistency 
and traceability, and it is easier for RockWell to access all the information it needs from one 
company as opposed to coordinating with three or four. This fl ow minimizes errors, which 
reduces production lead time and keeps costs down. Without the collaboration between 
RockWell and Commercial, Cook believes that there would be delays in scheduling, higher 
costs and reduced quality of workmanship on the fi nished products being produced 

“Although this was RockWell’s fi rst project with Commercial, it certainly won’t be our last,” 
Cook concludes. “It was a perfect match for our success with this new Denali line, which is 
already gaining popularity in the market.” 

Source (all images) | Commercial Tool Group
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Hydrogen Economy
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The hydrogen economy is just emerging 
and has obvious potential for growth. 
The opportunities for composites 
here are important and substantial.

In each CW Tech Day session, experts will examine 
the demand for hydrogen as an energy source 
and the role composites can play in the transport 
and storage of hydrogen, as well as opportunities 
for hydrogen in certain geographic regions.
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ISO 9001:2000 and AS9100:2001 Certified
Bally Ribbon Mills

23 N. 7th Street
Bally, PA 19503

USA

A leading manufacturer of 3D woven materials. 3D woven 
and resin film infused joints, 3D woven thermal protection 
systems (TPS), 3D woven and resin infused via RTM 
near-net-shape structures/systems such as aircraft elevator, 
3D woven aircraft engine parts such as fan-blades, outlet 
guide vanes (OGV) and 3D woven/braided aircraft engine 
casings. Carbon, ceramic, quartz, phenolic and SiC fibers are 
used in 3D woven structures.

Contact: Leon Bryn
Phone: 610-845-2211 ext. 3053
West Coast: 310-234-2827
Email: leonbryn@ballyribbon.com
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 Ultra-High Temperature Vacuum Bag Sealant 
GS# Fast Tack HT

• Specifically designed to build strong adhesion to polyimide 
   vacuum bag film during room temperature layups.
• Maintains flexibility and excellent seal  
   throughout entire cure cycle. 
• Ideally suited for thermoplastic processing. 
• Rated for cures cycles up to 800°F (426°C).

To receive information on GS# Fast Tack HT Sealant or any of the other 35+ Vacuum Bag 
Sealants in General Sealants industry leading Vacuum Bag Sealant portfolio please contact 
our Sales Department at Sales@GeneralSealants.com or 800-762-1144.

www.GeneralSealants.com

Stick To Quality®          Stick To Quality®
®
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Design innovations improve efficiency 
of composite medical table

WIT-Composites’ efforts to design a more effective all-
compo g   l d to development of complex 
compo    

» Carbon � ber composites are often used to fabricate the surfaces 

of surgical tables. Unlike metal or other materials, carbon � ber 

composites are X-ray transparent, a property that is helpful when 

taking radiographic images of patients. However, as WIT-Compos-

ites (Lublin, Poland) found, the traditional surgical table design 

isn’t always the most e� ective for medical workers’ needs.

WIT-Composites specializes in highly engineered, autoclave-

cured carbon � ber composite components for customers in 

various markets, including healthcare. In , Michael Wit-

Rusiecki, R&D director at WIT-Composites, and his team began 

hearing from medical industry customers about problems that 

medical sta�  encounter while performing cardiosurgery, vascular 

surgery, neurosurgery and orthopedic surgeries using composite 

tables. � ese types of operations, he explains, often require X-ray 

imaging during the procedure.

“What we learned is that one of the major challenges when it 

comes to performing various tests and medical services, even on 

medical tables with composite, X-ray-transparent surfaces, is that 

all of the connectors where instruments are attached to the table 

are made of metal,” he says. � is means that for certain procedures 

or tests that require X-ray transparency, medical sta�  may need to 

move or reposition patients several times during the procedure in 

order to avoid areas of the table that are not transparent to X-rays.

“We carried out interviews and market research with doctors 

in Poland to ensure there really is a true need for a new solution 

in this area, and we learned a lot,” adds Weronika Soszyska, 

managing director of WIT-Composites. For example, she says 

anesthesiologists told them about how many of the IVs, electrodes 

and other equipment connected to patients can become dislodged 

 By Hanna   / oc e or

WIT-Composites’ efforts to design a more effective all-
composite surgical table led to development of complex 
components and an elastic carbon fiber material.

 By Hannah Mason / Associate Editor By Hannah Mason / Associate Editor By Hannah Mason /

 FIG. 1  Simulating loads

When designing the surface of the table, WIT-Composites modeled material defl ec-
tion under load (top image) and weight distribution (bottom image) to ensure the 
surface had the required sti� ness and resistance to wear in alignment with patient 
weight distribution.  Source (all images) | WIT-Composites 
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Short Title

when patients have to be moved or repositioned. “� ere are a lot 

of issues you don’t think about, and the doctors we talked to said 

they’d be very happy if a solution could be developed,” she says.

With � nancial support from the European Regional Develop-

ment Fund under the Operational Program Smart Growth -

 initiative, WIT-Composites’ R&D department spent the next 

two years working on a surgical table design that is completely 

composite, including rails and connection systems. According to 

Wit-Rusiecki, it wasn’t as simple a process as expected.

Complex components lead to material innovations
“We set out to design an entire system: the surface of the oper-

ating table, the side railing and a hinge element, all made from 

composites,” Wit-Rusiecki explains. An optional orthopedic arm 

to be used during operations, also made from composites, was 

also developed. Each of these components came with its own 

design challenges and mechanical requirements, and resulted in a 

two-year trial-and-error process.

“We carried out various R&D projects, looking at di� erent 

material compositions, trying di� erent � bers from di� erent 

suppliers, and layering elastomers and carbon � ber/epoxy prepreg 

in di� erent ways,” Wit-Rusiecki says. However, he admits that the 

team initially ran into several issues with the materials, including 

cracks in the composite laminates, weight and material property 

di� erences between materials from di� erent suppliers, and — 

most challenging of all, according to Wit-Rusiecki — di�  culty 

Carbon fi ber surgical table

Carbon fi ber/epoxy prepreg medical table system

Susan Kraus / Illustration

›  All-composite tabletop, side rails and 
optional surgical arm enlarge area of 
X-ray transparency.

›  Elastic composite sections within rail and hinge 
connection systems enable air pumping system for 
securely attaching medical equipment to the table.

›  Technology serves as a springboard for 
future composite-on-composite joint 
technologies.

Carbon fi ber/epoxy table surface

Mounted 
medical 
accessory

Elastic carbon 
fi ber composite 
rail section

Carbon fi ber/epoxy rail

Air pumping channel
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balancing elastic properties against load requirements in di� erent 

sections of the table.

Designs were � rst analyzed via programs such as SolidWorks 

(Dassault Systèmes, Waltham, Mass., U.S.), CATIA (Dassault) and 

NX (Siemens, Plano, Texas, U.S.) and tested for speci� c param-

eters such as strain and elasticity. Iterative physical samples were 

strength tested at a certi� ed external laboratory, and tribological 

surface tests for hardness and wear resistance were performed 

in-house on the company’s internally designed test stand.

Material choices for individual components were made based 

on test results, including carbon � ber/epoxy prepreg and, for 

additional elasticity, local application of rubber elastomer layers. 

According to Soszyska, the elastomer layer creates a composite 

that is both � exible (with a variable Young’s modulus) and resis-

tant to sudden load changes.

For each of the components on the full-scale prototype, sheets 

of layered carbon � ber prepreg and elastomer materials were cut 

to shape, placed into molds designed and built by WIT-Compos-

ites, vacuum-bagged and cured via autoclave.

Designing the table surface, rails and hinges
For the surface of the table, main considerations included 

adequate X-ray transparency, the strength to withstand patient 

loads at key points according to the IEC’s EN 60601-2-46 stan-

dards, and ASTM standards for wear resistance and surface 

hardness. Maximum de� ection under load according to the 

weight distribution strategy is limited to less than 42.56 millime-

ters; load capacity of the tabletop is 225 kilograms (496 pounds). 

Maximum de� ection on the tabletop occurs in the central part of 

the table, where the torso of a patient would be. � is was caused 

by a designed void in the interior components of the table, to 

ensure required X-ray translucency (Fig. 1, p. 60).

According to Wit-Rusiecki, the table itself was simple enough 

to design as long as the mechanical requirements were achieved, 

as several existing composite surgical tables are already on the 

market to serve as a baseline. To build an all-composite system, 

however, required the team to design and engineer a set of

customized composite rails for either side of the table surface, to 

replace typical metal rails, and some type of connection system 

for medical equipment to hang from during procedures.

Before building a prototype, the R&D team drew up several 

dozen ideas for di� erent connection systems, based on every-

thing from shapes found in nature to door hinges, and ran � nite 

element (FEM) simulations to narrow the list down to the three 

 FIG. 2  A turning point

A mechanical arm attaches to the table rails via specially designed 
hinged connectors, shaped like the video game character Pac-Man. The 
hinges are able to slide easily around attached components due to layers 
of elastomers between the prepreg layers, which expand to lock in place 
and contract to allow movement as air is pumped into or removed from 
a hollow cavity. Development of this hinge was considered the turning 
point in the design of the surgical table. 

 FIG. 3   Composite 
connections

This cross-section of the Pac-Man-
inspired hinge (1) shows how it fi ts 
together with medical instruments 
and composite orthopedic arms (2).
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Carbon fi ber surgical table

most promising choices. � e team built molds and 

physical prototypes of the three options for testing to 

verify load capacity.

Two connection designs made it onto the � nal system 

prototype. � e most e� ective design was considered the 

turning point of the entire project. Internally referred to 

as the “Pac-Man” design due to its shape, a hollow, cylin-

drical component � ts between two parallel composite 

struts that protrude from the end of the table. � is cylindrical 

component forms a hinge to connect a movable orthopedic a  

o�  the end of the table (Fig. ).

� e biggest challenge of this hinge component is its dual-

function capability: It needs to not only be movable to enable 

rotation of the arm, but it must also lock the arm in place after 

it’s been moved to the desired position. To achieve this, WIT-

Composites developed a strategy that uses a compressed air 

pump of the kind already installed on many surgical tables. 

� e majority of the component’s outer skin is made from rigid 

prepreg; the Pac-Man-like indent within the cylinder is made 

with a thin prepreg layer made elastic with a layer of elastomer. 

A tube attached to a compressed air pump forces air within the 

part’s interior cavity, which expands the elastic section of the 

skin, pushing it against the interlocking arm and preventing 

movement. When the air is released from the cavity, the � exible 

wall contracts, enabling movement of the hinge. “� e � nal 

shape meets the assumed strength parameters and within a 

second, using compressed air, which is available in every oper-

ating room, the operating attachment can be mounted to the 

side rail of the tabletop,” Soszyska says.

Using this same � exible composite and air pump design, WIT-

Composites also developed a lockable rail clamp mechanism 

to enable stability of medical instruments along the sides of the 

table (Fig.  and drawing).

“� e versatility of this solution is characterized by the fact that 

it can be used as a connector for tubular elements and for hinge 

pins often used in orthopedic attachments during leg, pelvis or 

spine surgery,” Soszyska says.

“What we have achieved is that there’s now no need to move 

the patients during the operation,” Wit-Rusiecki adds. “For this 

project, we had to use all of our capabilities, in part and material 

design, and also manufacturing technology.”

Commercialization, new markets
With a successful design in place, WIT-Composites now aims 

to partner with a medical equipment manufacturer to supply 

the composite components for a surgical table product line. 

Soszyska says that the company has begun demonstrating the 

technology to several companies in Europe and the United States 

through WIT-Composites’ Las Vegas, Nev., o�  ce. Unfortunately, 

however, the coronavirus pandemic has delayed negotiations and 

the team’s ability to travel and demonstrate the technology.

In the meantime, the company has used the design innova-

tions it created for this project as a springboard for other projects, 

especially the “Pac-Man” hinge design. For example, WIT-

Composites is developing a -MPa (, psi) hydrogen storage 

vessel for the Hydrogen Storage program at the National Centre 

for Research and Development (Warsaw, Poland), as a subcon-

tractor of the Institute of High-Pressure Physics at the Polish 

Academy of Sciences (Warsaw). � e � exible composite material 

and hinge connector 

design developed for 

the surgical table project 

led to the development 

of a new solution for 

� lament-wound carbon 

� ber composite pipes 

to be used on hydrogen refueling stations. “� is is a completely 

new construction, something unique to the market. And this 

project was born from our medical table work,” Wit-Rusiecki says. 

Another long-term goal is to transfer the hinge technology from 

this project to spacecraft and satellite components.  

struts that protrude from the end of the table. � is cylindrical 

component forms a hinge to connect a movable orthopedic arm 

 FIG. 4  Riding the rails

Ridged side rails molded into the table’s edges enable the attachment 
of various surgical tools and instruments. Like the “Pac-Man” hinges, 
these rails feature a rubberized side component to enable air to pump 
into and out of the part (see drawing, p. 61). 

Hannah Mason joined the CompositesWorld team in 2018 
after working as an editorial intern for sister magazine 
Modern Machine Shop and earning a Masters of Arts in 
professional writing from the University of Cincinnati. 

Carbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical tableCarbon fi ber surgical table

Read this article online | 
short.compositesworld.com/WIT-Ctable



MAY 202164 CompositesWorld

POST CURE

Highlighting the behind-
the-scenes of composites 
manufacturing

Post Cure

Composite specimen testing
Loughborough University (U.K.) uses DaVis 
software by LaVision (Göttingen, Germany) to 
perform strain analysis via digital image corre-
lation on the side of the 75 x 15-millimeter 3D 
orthogonally woven carbon fi ber composite 
specimen depicted here. The software was used 
to visualize the strain concentrations and view 
the failure of the specimen when subjected to 
out-of-plane loading. The material, woven by 
M. Wright & Sons (Quorn, U.K.), is resin transfer 
molded (RTM) and cured with a Gurit (Zurich, 
Switzerland) Prime 20 resin system.

Show us what you have! 
The CompositesWorld team wants to feature your 
composite part, manufacturing process or facility in 
next month’s issue.

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

@CompositesWrld @CompositesWorld CompositesWorld@CompositesWorld CompositesWorld

Source | Loughborough University
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EVENT DESCRIPTION: 
Proper mold maintenance is critical to ensuring long tool life and consistent part 
quality performance in composite parts manufacturing. A signi� cant part of any 
mold maintenance plan includes consistent and well-managed use of mold release 
systems to ensure good part release and to protect the tooling surface. � is 
webinar will review the manufacturer’s internal mold release systems, as well as 
semi-permanent external mold release systems, speci� cally for advanced 
composite molding.

PARTICIPANTS WILL LEARN: 

• Optimal mold maintenance procedures

• Importance of mold primers for composite tooling and low-density prototype substrates

• Product recommendations for various molding processes

• Value of internal mold release for high volume molding applications

• New products for advanced composite applications

Optimizing Mold Release Performance 
for Advanced Composites

June 1, 2021 • 2:00 PM ET
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