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FROM THE EDITOR

» It’s Friday, March 17, as I write this, and JEC World 2017 is 

not yet 24 hours behind us. I have had only one (spectacular) 

Italian dinner at a Parisian restaurant and one (delicious) break-

fast of omelet and croissant to contemplate all that was seen and 

heard. With the help of 

senior editors Sara Black 

and Ginger Gardiner, who 

covered the show with me, 

I have begun to put the event 

into perspective. Here’s my (our) 

first take.

First, let’s deal with the superficial. JEC is the industry’s largest 

event, attracts the biggest crowds and the most exhibitors with 

the most elaborate exhibits. The 2017 show continued this trend. 

There was the usual collection of high-end vehicles (i.e., the Aston 

Martin DB11), Formula 1 cars, elaborate and large parts and 

manufacturing demonstrations. The aisles were crowded with 

people from all regions of the world, and the show had a good, 

positive vibe that exuded optimism and confidence.

The value of JEC, however, is not found in its sheer busy-ness, 

but rather in the fact that many of the people and companies that 

drive the industry forward are gathered in one building for three 

days and — by virtue of the material and technologies they present 

to the world — offer some insight into how composites might be 

evolving. It then falls to myself, Sara and Ginger to get beneath the 

superficial and discover what’s motivating that evolution.

From an end-market perspective, the dominant motivator 

appeared to be automotive, and this is significant given the histor-

ical pre-eminence of aerospace (more on that below). Indeed, the 

most intriguing announcements in Paris were usually targeted 

toward automotive applications. New snap-cure thermoset resin 

systems, new machinery, thermoplastics, collaborative auto 

parts development projects, and composite wheels were comple-

mented, not surprisingly, by lots of auto-related developments 

involving three dominant fast-cycle-time processes: compression 

molding, injection overmolding and HP-RTM. What remains to 

be seen, however, is just how energetically automotive OEMs will 

embrace the composites largesse being laid at their feet.

Next is multimaterialism, which, if JEC is an indicator, is here 

to stay. We found abundant evidence of parts manufacturers 

combining a range of composite materials with not only aluminum 

and steel but with each other, in a variety of applications, to put the 

right material in the right place to meet a specific need.

Under the banner of productivity, we found a host of products and 

technologies designed to push composites manufacturing further 

out of the touch-labor world and into automation: Robotic work-

cells, automated layup, real-time/inline inspection and Big Data 

management and manipulation. Data management seems particu-

larly promising — and daunting — but it is clear that customers are 

asking composites fabricators to become more adept at gathering, 

assessing and then acting on manufacturing data to prove capability, 

substantiate audits and become more efficient and productive.

As important as aerospace is to our industry, it might have been 

difficult at JEC, with the naked eye, to accurately gauge its signifi-

cance. A little digging, however, revealed that there is much jock-

eying and positioning  ahead of what likely will be the next big 

programs: Boeing’s New Midsize Airplane (NMA, or 797) and the 

expected redesigns of the Boeing 737 and Airbus A320. Indeed, 

in this interregnum between the 787 and A350 XWB program 

ramp-ups and these follow-on program launches, there is a great 

deal of work in progress on aerospace thermoplastics, out-of-auto-

clave processing, fiber and tape placement layup speeds, inline 

inspection (noted above) and nondestructive evaluation. The over-

riding question here is, How will composites be used on next-gener-

ation commercial aircraft? Composites in wing structures seems a 

foregone conclusion. On the fuselage the jury is still out and leaning 

toward aluminum, but the door isn’t yet closed to composites.

Of course, there is much detail that can’t accompany my short 

narrative here. Sara, Ginger and I will file detailed reports of all 

that we saw and heard at JEC. You’ll find a full accounting on the 

CompositesWorld site in the CW Blog, and we will publish highlights 

in the CW May issue.

A quick read of the 
composites tea leaves 
after JEC World 2017.

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

»  As we turn the page from 2016 to 2017, there 

is much to reflect on — the US presidential 

election (in case anyone has been living in a hole 

for the past 18 months), international conflict, 

Brexit, Russia … just to name the big ones. In the 

capital markets and in the world of mergers and 

acquisitions (M&A), there is similarly much to 

reflect on. After a record year in 2015 in terms 

of M&A activity, 2016 actually saw a notable 

slowdown (see Fig. 1, at right). In fact, after a 

somewhat frenetic buildup to a US presidential 

election that dramatically belied most expecta-

tions, North American M&A activity dwindled by 

December 2016 to its lowest level in five years.

There were a handful of megadeals that 

buoyed total M&A-related spending — AT&T’s 

announced US$105 billion takeover of Time 

Warner and Bayer’s US$63 billion bid to 

acquire Monsanto are two notable examples. 

And although time, obviously, will tell, current 

market conditions suggest that 2017 should see 

sustained M&A activity, despite the reduction 

in 2016.  It will be driven by historically cheap 

acquisition financing, record levels of cash on 

corporate balance sheets and the abundance 

of private equity capital that still needs to be 

deployed via buyouts before it expires and, 

disappointingly, must be returned to investors.

Further, M&A will be key to boosting the 

growth of strategic acquirers, who are currently 

projecting high single-digit growth, at best, for 

2017, as well as attracting new investment dollars 

for private equity buyers looking to raise new 

funds. Regardless of how you personally view 

Donald Trump’s platform of policies (or, in some 

cases, the seeming lack thereof), it is widely 

believed that the new president’s administration 

will be good for M&A, based on the anticipated loosening of regulatory oversight 

and a more pro-business merger review policy.

Having said all that, we believe that the M&A market has identifiably peaked after 

a nearly seven-year bull run that has seen some of the highest transaction valuations 

in history. Given the number of deals and assets we are seeing come to market here 

in the first part of 2017, our forecast is that we will see a bit of a crescendo in deal-

making this year before the market levels off and likely starts to trade downward. 

We have already seen a tightening of credit conditions among the major banks over 

the past year (Fig. 2, above). Interestingly, this has not been driven by concerns 

over the inevitability of rising interest rates, as those concerns have largely already 

Current state of the M&A and  
capital markets – sell, sell, SELL!!
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Current market conditions 
suggest that 2017 should 

see sustained M&A activity, 
despite the 2016 reduction.
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COMPOSITES: PAST, PRESENT & FUTURE

been priced into the market. Instead, major banks are clearly 

preparing themselves for a cyclical correction, which should 

be a leading indicator to anyone keeping an eye on the macro-

economic picture.  

In the wake of a survey of selected clients (owners of privately 

held businesses and institutional private equity investors), it 

is clear to us that those who are contemplating potential sales 

of their businesses in the coming 3-5 years are leaning toward 

testing the market sooner rather than later … and they can 

hardly be blamed for their proactivity. Although I’ve covered 

both the composites industry and the broader industrial sector 

for the better part of 15 years, I can’t say whether the market 

will turn tomorrow or two years from now. What I can say with 

certainty is that we are now entering year eight of an upcycle, 

and anyone who has studied economic cycles can tell you that 

the average cycle lasts 6-8 years, so trying to perfectly time the 

market at this point is, at best, a gamble.

Business owners are reminded of 2007, right before the 

market had its most recent major correction, and many simply 

don’t have the stomach or energy to try and weather another 

one. On the other end of the spectrum, private equity owners of 

cyclical businesses (arguably, the “smart money”) are actively 

in the process of trying to sell anything they can. At the very 

least, they are looking to refinance current loans and obligations 

in their portfolio companies now while conditions are still favor-

able, rather than waiting a couple of years until those obliga-

tions mature in the event that we do, in fact, find ourselves in the 

NUMBER OF DEALS

ANNIVERSAR
Y

02HPC

Charter
Advertiser

0 20 40 60 80

69

63

49

44

2013

2014

2015

2016

 FIG 3   Historical Transaction Volume – Composites & Advanced Materials. 

Source | CapitalIQ, Propńetary FolcalPoint Data



9CompositesWorld.com
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FocalPoint Partners is an independent investment bank that 
has completed more than US$5 billion in transactions across a 

variety of industries and end-markets. Del Pero has advised nearly 100 companies 
in transactions involving M&A, capital raising, joint ventures, and strategic 
planning. A regular contributor to CompositesWorld magazine, he can be reached 
at mdelpero@focalpointllc.com.

ABOUT THE AUTHOR

middle of a down cycle, which would make refinancing quite a 

bit more difficult — even if it means incurring some prepayment 

penalties.  

In the composites and advanced materials sector, we see 

similar trends and market signals. Deal activity in this space was 

marked by some very high-profile transactions in 2016 — Teijin 

acquiring Continental Structural Plastics, Lanxess AG buying 

Chemtura, and PolyOne making several notable acquisitions to 

expand its advanced materials capabilities and diversify away 

from more commodity offerings were all well-publicized M&A 

transactions. 

That said, deal activity in the space generally has steadily 

declined during the past couple of years (see Fig. 3, p. 8). As we 

talk to companies throughout the industry, it has become clear 

that, right now, there are more interested buyers than sellers. This, 

combined with some of the previously discussed macroeconomic 

trends, suggests that 2017 is an ideal time to start thinking about 

exploring exit or liquidity options.

This doesn’t mean, however, that the sole option is enter-

taining an outright sale of one’s business (although there is sure 

to be a long line of suitors for high-quality companies with truly 

differentiated products or material technologies). There are in 

fact a variety of other alternatives to consider. These can include 

anything from dividend recapitalizations to create shareholder 

liquidity, raising capital to fund future growth initiatives or make 

acquisitions, and strategic joint ventures or partnerships with 

an industry-focused institutional investor to help the current 

management team take a business to the next level. 

Whatever the desired outcome may be, we firmly believe that 

maintaining the status quo will become increasingly difficult, 

given mounting competition and consolidation throughout the 

industry. And because deals don’t happen overnight, the impor-

tant thing is to start exploring those options soon, before the 

market turns again.   
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PERSPECTIVES & PROVOCATIONS

» If you are reading this column, you are likely in the minority 

that knows what composites are and what they can do, so this 

month’s words should hit home. If you are new to the industry 

or just learning about composites, then welcome to Composites-

World, where there is a treasure trove of information to get you 

up to speed. I hope you’ll find this month’s episode worthwhile 

as well.

“So, what field of work are you in?” That’s a question I’m asked 

in a variety of social situations, and no doubt many of you are as 

well. In answer, one option is to lay out the proverbial 30-second 

“elevator pitch,” which goes something like this: “I work in 

the area of 

advanced 

composite 

materials, which 

enable lighter 

vehicles and 

airplanes, provide 

exceptional corrosion 

resistance so roads and 

bridges last longer, and enable athletes to perform better due to 

lighter and more efficient sports equipment.” Then, the blank 

stare comes … after which I have to go back to the basic glue-and-

string explanation, etc. Then: “You’ve heard of carbon fiber, right? 

The stuff used for golf shafts, tennis racquets and high-end sports 

cars, like Lamborghini? Also used on the new planes from Airbus 

and Boeing? Those are made from composite materials.”

When the light starts to come on, I might get a response like 

this: “Oh, yeah, you mean like fiberglass?” Or “My friend put a 

fancy carbon fiber hood on his Honda tuner car. Cool weave 

pattern.” Me: “Yes, but much stronger, stiffer and higher tech than 

that.” And the conversation goes on from there, assuming they 

like talking about engineering things. Otherwise, we change the 

subject to sports or the weather, where we can both be experts.

It can be tough to explain what we do. I give my wife a lot of 

credit. Back when we first met and there was that spark that 

piqued her interest, she did what any rational woman would do 

to check me out — she looked me up on Google. Luckily, I have 

a name that isn’t that common, so my results don’t get mixed up 

with those from others. “Okay, you’re legit,” she says. “You have 

a lot of pages on Google, so that’s pretty cool.” She was especially 

impressed that an article I wrote for Composites Technology got 

quoted in The Hemp Report. Of course, I was writing about indus-

trial hemp, as well as jute, flax and other natural fibers used in 

composites. Since then, she’s learned a lot more about compos-

ites and has been in a few composites-related facilities. So, when 

we pull up beside a new Corvette Stingray, I can say, “That car 

has a carbon fiber hood,” to which she replies, “How can you 

tell? Carbon fiber is black, and that car is painted red.”

And therein lies a big part of our public-relations problem 

with composites. Other than a few woven, clearcoated parts 

on sports cars, we jump through hoops to make composites 

look like something else, or put them where no one can see 

them. SMC and carbon fiber automotive panels must have the 

same smoothness as stamped steel or aluminum, so we can 

paint them to match the metal parts. Most carbon fiber auto-

mobile structure is hidden beneath cosmetic panels. Extruded 

composite decking must look like wood. We make special grades 

of SMC and BMC that, when molded, look like granite or natural 

stone, for use in building panels or grill shelves. Pultruded 

composite profiles mimic the metal parts they replace, and 

are often buried under concrete in roads and bridges or inside 

walls. Most composite bicycle frames, tennis racquets, fishing 

poles and golf shafts are painted to hide the composite laminate 

within. And, to most people, the Boeing 787 Dreamliner and the 

Airbus A350 XWB look no different than aircraft with aluminum 

wings and fuselages. No wonder people aren’t familiar with 

composites! Wouldn’t these airplanes really make a statement 

if they were clearcoated with a twill fabric exposed? That would 

make people take notice!

The public is very familiar with BMW, Ford, Airbus, Boeing, 

DuPont and Dow, but it is usually for reasons other than 

composites. US Steel and Alcoa are well known, and they are 

for the materials they make. Unless they’re composites insiders, 

however, how much do people know about Hexcel or TenCate, 

two of our industry’s significant materials suppliers? 

Somehow, as an industry, we need to develop a collective 

public relations campaign to create more awareness of compos-

ites and the benefits they bring to our roads, our homes, our 

recreation and our skies. It would sure make explaining what we 

do a lot easier.  

Composites: Hiding in plain sight

We need a collective public 
relations campaign to 
create more awareness of 
composites’ benefits.

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

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

»  In my October 2015 column, I wrote an overview of the widely 

used V-notched shear test methods for composite materials:

•  The V-notched beam “Iosipescu” shear test,  
ASTM D 5379.1

• The V-notched rail shear test, ASTM D 7078.2

• The V-notched combined loading shear test.
There are important differences among these three test 

methods. These include the specimen size and the loading method 

(edge loading, face loading or both). However, all three methods 

feature the same V-notched test section with opposing 90° notches 

machined to a depth that is 20-23% of the full specimen width (Fig. 

1, at right). This reduced cross-sectional area between the notches 

produces the highest shear stresses and, therefore, specimen 

failure in the central test section. 

Although the increase in shear stress due to the notched 

test section is easy to understand, the use of 

V-notches to produce a uniform shear stress 

state is less obvious. The presence of notches is 

generally associated with stress concentrations, 

and, in fact, the V-notches shown in Fig. 1 would 

produce significant stress concentrations if the 

notched specimen were axially loaded in tension 

or compression. Under shear loading, however, 

the 90° V-notches do not produce significant 

stress concentrations. They, in fact, significantly 

increase the uniformity of the shear stress distri-

bution compared to unnotched specimens. 

Without notches, the shear stress has a parabolic 

distribution across the specimen width, ranging 

in magnitude from zero at the outer edges to a 

maximum at the horizontal midplane. The high 

uniformity achieved with V notches, coupled 

with a higher magnitude of shear stress in the 

central test section between the V-notches is highly desirable 

for accurate shear modulus and shear strength measurements 

of composites. In this column, we focus on some additional best 

practices when performing V-notched shear testing of fiber-rein-

forced composites. 

Perhaps the most important consideration for V-notched 

shear testing is the choice of composite laminate used to 

measure the in-plane shear modulus, G12, and shear strength, S12. 

Because these quantities are known to be lamina or unidirec-

tional laminate properties, it’s not surprising that unidirectional 

composite laminates are commonly used for testing. Additionally, 

because shear stresses act on the horizontal and vertical planes 

(Fig. 1), either a 0° (horizontal) or 90° (vertical) fiber orientation 

Best practices for V-notched 
shear testing of composites

may be used. Therefore, in theory, the two fiber orientations 

should produce the same results. However, the 90° fiber orienta-

tion is rarely used because even a small stress concentration at 

the notch tips, or a crack produced during specimen prepara-

tion or handling, can lead to a sudden, premature failure (Fig. 2a, 

above). The use of a 0° fiber orientation is a better choice because 

the horizontal fiber orientation eliminates the weak vertical plane 

between the notches. However, the 0° fiber orientation produces a 

small stress concentration at the notch tips due to the significant 

material orthotropy — the large difference in stiffness between 

the horizontal (E1) and vertical (E2) directions.

These notch-tip stress concentrations, coupled with the weak 

horizontal planes in the specimen, can result in the formation of 

 FIG. 1   Central test section of V-notched shear specimen and possible laminate 
orientations. Source (all images) | Dan Adams

 FIG. 2   A modular compression-after-impact test fixture for testing larger specimens.

Fig 2a: 90° unidirectional laminate Fig 2b: 0° unidirectional laminate
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short horizontal cracks that form at the notch tips and produce a 

small load drop (Fig. 2b, p. 12). Although these notch-tip cracks 

and the associated load drop were of concern during the develop-

ment of the original V-notched beam test, they were found to not 

significantly affect the measured values of G12 or S12.3 Rather, the 

notch-tip cracks relieved the stress concentration produced in the 

0° unidirectional specimens and permitted further loading until 

shear failure occurred in the specimen test section.

A less obvious candidate laminate for measuring the in-plane 

shear properties G12 and S12 is a cross-ply laminate, consisting 

of 0° and 90° plies. As shown in Fig. 1, the 0° and 90° plies are 

subjected to the same state of shear stress, as if they were part of 

a unidirectional laminate. Thus, in theory, a cross-ply laminate 

should produce the same result as either of the unidirectional 

laminates under pure shear loading.

However, there are significant advantages to using a [0/90]ns 

cross-ply laminate for in-plane shear testing. For starters, cross-

ply specimens do not have a weak plane that exists in the unidi-

rectional laminates. Thus, they are significantly less fragile and do 

not experience the premature cracking that occurs when using 

either the 0° or  90° unidirectional laminates. Additionally, cross-

ply laminates do not have the high orthotropy ratio of the unidi-

rectional laminates and consequently produce a more uniform 

distribution of shear stress and shear strain in the notched test 

section of the specimen, and minimal stress concentration at the 

notch tips. While desirable features for the accurate measurement 

of S12, they are even more important for measuring G12 during the 

initial stage of loading. The shear modulus is calculated using the 

formula

G12 = τ12
 .

Note that the average shear stress, τ12, is used in this equation, 

calculated as the applied shear force divided by the specimen 
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cross-sectional area between the notches. Thus, to produce 

the correct value of G12, the average value of shear strain, γ12, 

also must be used. For strain gages to measure this average 

shear strain value, they must be located within regions of the 

specimen test section in which this average shear strain exists. 

In Fig. 3, left, this region corresponds to the white-colored 

regions, in which the shear strain is close to the average notch-

to-notch value. For the cross-ply laminate (Fig. 3b), a suitable 

region of average shear strain is present in a relatively large 

region centered between the V-notches. For a 0° carbon/epoxy 

specimen (Fig. 3a), however, the shear strain in the central 

region of the specimen is approximately 10% lower than the 

average value, with this central value dependent upon the 

orthotropy ratio (E1/E2) of the material being tested.

Using this lower value of shear strain in the above equation 

will result in a calculated G12 value about 10% greater than 

the correct value, even when all other aspects of the test are 

performed properly. This error, produced by using conven-

tional strain gages in the central region of the 0° unidirectional 

specimen, may be eliminated by using specialized shear strain 

gages that are of narrow rectangular shape and extend from 

notch tip to notch tip, allowing for the average shear strain to be 

obtained over the nonuniform area. However, such shear strain 

gages are currently available only for the smaller V-notched 

beam (ASTM D 5379) specimen.4 Thus for measuring the 

in-plane shear modulus G12 and shear strength S12 of composite 

materials, the use of cross-ply laminates consisting of 0° and 90° 

plies is recommended.  

 FIG. 3   Normalized shear stress and shear strain distributions5.
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GARDNER BUSINESS INDEX: COMPOSITES

Business expectations soar as the US composites  
industry posts growth in every geographical area.

» With a reading of 55.3, the Gardner 

Business Index (GBI) in February 2017 

showed that the composites industry in the 

US had grown at an accelerating rate for a 

third straight month. In fact, the industry 

grew in February at its fastest rate since 

May 2014. And in the second half of 2016, 

the Index showed that the  industry had 

performed its best since the first half of 2015. 

Given other economic trends, this should be 

a positive sign for the US composites industry 

for the remainder of 2017.

New orders grew at an accelerating rate 

in February for a third month in a row as 

this subindex reached its highest level since 

May 2014. The production subindex also 

continued to grow but at a slightly slower 

rate. The backlog subindex increased for the 

first time in a year and only the third time 

since May 2014. But this subindex has trended up since July 2015, 

which indicated increasing capacity utilization in 2017. Employ-

ment increased for the seventh consecutive month. Exports 

decreased after two months of growth. Supplier deliveries length-

ened significantly in both January and February.

Since April 2016, material prices have increased at a consis-

tently strong rate — this subindex remained just below 60 in most 

months all the way through the end of 2016. But, in January and 

February of this year, material prices increased at an even faster 

rate. The rate of increase in February, in fact, was at its fastest 

since the GBI survey was first recorded in December 2011. Prices 

received increased at an accelerating rate for the fourth month 

in a row. The subindex has trended up since January 2016. Future 

business expectations remained strong, with the subindex riding 

above 80 for a third straight month.

In terms of markets served, two of the US composites indus-

try’s most watched sectors posted notable growth in February. 

The aerospace subindex grew for the sixth time in eight months. 

By month’s end, the aerospace index had been above 60 in two of 

the previous three months. The automotive index also grew, and 

did so for a third month in a row, although the growth rate was 

minimal in January and February.

Regionally, the US composites industry posted growth across 

all geographical divisions. The North Central-East was the fastest 

growing region for the fourth time in five months. Although, in 

February the North Central-West expanded almost as fast. The 

Southeast, West, South Central and Northeast all recorded solid 

growth in February.

As February closed out, US composites manufacturing facili-

ties with more than 250 employees were showing growth for a 

fourth month in a row, and plants with 100-249 employees had 

demonstrated strong growth for seven months without a break. 

Companies with 50-99 employees, however, showed contraction 

for the second time in four months. But those with fewer than 

20-49 employees posted accelerating growth in February for a 

third straight month. Manufacturers with fewer than 20 employees 

showed growth for the first time since August 2016 and recorded 

their fastest rate of growth since February 2015.  

February 2017 — 55.3

Steve Kline, Jr. is the director of market intelligence for Gardner 
Business Media Inc. (Cincinnati, OH, US), the publisher of 
CompositesWorld magazine. He began his career as a writing 
editor for another of the company’s magazines before moving 
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Vanderbilt University and an MBA from the University of Cincinnati.  
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SMCs move into aerospace and other new ground, snap-together pultruded tower 
takes US SBA’s Tibbets award, and lab-scale wet-spinning process yields low-cost 
PAN precursor for carbon fiber.
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Molding compounds: New markets and materials
Compression molding has been used for decades to process 
thermosets (SMC) and thermoplastics (GMT and thermo-
plastic prepregs). A spate of new developments is extending 
its reach, enabling production of composite parts that meet 
growing industry demand for reductions in waste and cycle 
times, increased multifunctionality, and sustainability.

One market that is opening up is aerospace. The 
Composites Technology Center (CTC, Stade, Germany) has 
worked with Airbus Operations and LaFT/Helmut-Schmidt-
University, both in Hamburg, Germany, and with Polynt 
Composites Germany GmbH (Miehlen) to develop a new 
flame-retardant SMC for aircraft applications. Now quali-
fied by Airbus, this material is the basis for CTC’s Hybrid 
SMC technology, which includes two products: HUP 63/25 
GF, reinforced with chopped glass fiber, and HUP 27/25 CF, 
which uses carbon fibers. Both are made with an unsatu-
rated polyester resin that meets flame, smoke and toxicity 
(FST) requirements for aircraft interiors. In Hybrid SMC parts, 
the short fiber properties are augmented by placing preim-
pregnated continuous woven or unidirectional fabrics along 
high-load paths. Alternatively, tailored fiber placement (TFP) 
patches can be used (see endnote). These absorb the major 
forces while the SMC enables complex geometry, including 
integrated ribs, interfaces and attachment points (e.g., cable 
holders) as well as metallic fasteners and other inserts.

Hybrid SMC parts can be cured in 120-180 seconds at 
145-155°C in a compression molding press. For aircraft appli-
cations, this material/process combination offers a high level 
of design freedom and automation, a 90% material usage 
rate and relatively low material costs. Recycled carbon fiber 
veils may be used in the SMC, as has been demonstrated 
by BMW for automotive production and by CTC for aircraft 
interior and cargo applications. Polynt Composites Germany 
and CTC also have developed recycled carbon fiber SMC for 
aircraft applications, marketed by Polynt as RECarbon.

Another method of using recycled carbon fiber in compres-
sion molding is to use scrap prepreg cut into chips. This not 
only offers a “new carbon look” in molding compounds — now 
featured in everything from golf clubs to motorcycles to 
high-end sports cars — but it also “upcycles” production UD 
tape waste from automated tape laying and tailored blank 
preforming processes. The latter was unveiled at the 2016 
CFK-Valley Stade Conference (June 15-16, Stade, Germany) by 
Rien van den Aker of Van Wees UD and Crossply Technology 
BV (Tilburg, The Netherlands). He converted irregular UD 
chips less than 50 mm by 50 mm into a moldable material 
with good formability.

The mechanics of this process have been investigated and 
published by Dr. Steven Nutt, MC Gill Professor of Chemical 
Engineering and Materials Science at the University of 
Southern California (USC, Los Angeles, CA, US). “We began 
experimenting with cutting prepreg scraps into chips and 
then compression molding those into a prepreg-like inter-
mediate sheet,” says Nutt. He and Gaurav Nilakantan gave a 
presentation on their work at CAMX 2014 and published the 
2015 paper titled, “Reuse and upcycling of aerospace prepreg 
scrap and waste.” The technology also has been used by USC 
spin-off company 121c (Los Angeles, CA, US), which makes 
carbon fiber composite skateboards.

“The ‘skeletons’ generated from automated cutting tables 
are easy to use in this process,” says Nutt. “The issue is how 
to convert the scrap at a price point that is attractive to the 
market vs. virgin material compounds. One of the big needs 
we see is how to automate the chip-cutting process. Another 
area is dosing, or how to distribute the chips to avoid lumps 
and maintain consistent flatness.” Nutt sees possible answers 
in the lumber industry’s oriented strand board (OSB). “This is 
very much like what we’re trying to do.”

Read more online about “Tailored Fiber Placement: Besting 
metal in volume production” | short.compositesworld.com/7QEhsvZ0

Source | CWSource | Composite 
Technology Center
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Wind energy surpassed hydroelectric dams in 2016 to 
become the largest renewable electric power source in 
the US, and the fourth largest overall, behind gas, coal and 
nuclear.  The US wind industry installed 6.478 GW of electric 
power-generating capacity during the fourth quarter of 2016, 
the second strongest quarter on record, says the American 
Wind Energy Assn. (Washington, DC, US) in its latest market 
report, titled, “AWEA U.S. Wind Industry Fourth Quarter 2016 
Market Report” (see endnote). This brings the annual total 
for 2016 to 8.2 GW of wind energy capacity commissioned in 
2016, bringing the total of US installed capacity to 82.183 GW. 

And with the addition of North Carolina’s first utility-scale 
wind farm, announced earlier this year, there are now more 
than 52,000 individual wind turbines in 41 states, plus Guam 
and Puerto Rico.

More than 100,000 American workers now manufacture, 
construct and maintain the US wind turbine fleet, accord-
ing to the US Department of Energy. In total, the wind fleet 
supports more American jobs than nuclear, natural gas, coal 
or hydroelectric power plants.

Texas is the US leader in wind energy, with approximately 
three times more wind generating capacity than any other 

US wind capacity surpasses 82 GW

US state and nearly a quarter of American wind energy-
related jobs. The state continues to expand wind power — 
this past year, it became the first to pass 20 GW of capacity, 
which is roughly one-fourth of national capacity. More wind 
is on the way in Texas. Although 1,790 MW of capacity was 
installed in fourth-quarter 2016, there are 5,401 MW now 
under construction and 1,288 MW in advanced development. 

And as 2016 closed out, the much beleaguered and long-
delayed US offshore wind industry also achieved its first 
launch in fourth quarter 2016, with the commissioning of 
the 30-MW Block Island Wind Farm off the coast of Rhode 
Island. That fact, alone, could adjust the US gigawatt calculus 
up several notches in 2017. Offshore wind farm projects, now 
that legal barriers have finally, for the most part, given way, 
could give wind energy advocates their first real opportu-
nity to tap into what most experts now agree are more than 
4,200 GW worth of good, relatively easily harvestable wind 
energy off the coasts of nine US states. 

Read more online from AWEA about the 2016 US wind 
energy market | www.awea.org/2016-market-reports

Read more online about the Block Island launch | 
short.compositesworld.com/BlockIsle
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Diamond Aircraft Industries Inc. (Diamond Canada, London, ON, 
Canada) announced on Dec. 20, 2016 that Wanfeng Aviation Inc., a 
division of Chinese conglomerate Wanfeng Auto Holding (Xinchang, 
China), has acquired a 60% interest in Diamond Canada. Diamond 
Aircraft Industries GmbH in Austria is not part of the deal and remains 
completely independent. According to Diamond Canada, the invest-
ment will support expanded production, sales and service globally, with 
a strengthened focus on the US market. The Austrian group will assist 
production and development activities in the Canadian company. As 
part of the investment, Diamond Canada acquires all rights to the DA62 
(7-seat, twin-engine, all-carbon composite airframe) and DA40 (4-seat, 
single-engine diesel, fiberglass airframe) aircraft from Diamond Austria. 
The future of the Diamond D-JET and possible derivative aircraft is 
subject to ongoing review, says a company press release. 

Source | Diamond Aircraft UK
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NEWSCW Month in Review

Magna develops prototype carbon fiber composite subframe
Concept design yields 34% mass reduction, 87% reduction in part count.
03/14/17 | short.compositesworld.com/CFSubframe 

Composite Recycling Technology Center, ELG Carbon Fibre sign MoU
The two will collaborate on innovative ways to use carbon fiber reclaimed by ELG’s 
pyrolysis process and turn it into value-added products.
03/14/17 | short.compositesworld.com/C

GKN Aerospace’s Fokker business, Royal Netherlands Air Force sign agreement
The multi-million Euro agreement covers total support solution for RNLAF aircraft for 
a five-year period.
03/08/17 | short.compositesworld.com/RNLAF

TeXtreme used to help lightweight aircraft seats
Oxeon AB’s (Borås, Sweden) spread-tow fabrics, now reportedly certified for aircraft 
interiors, reduce HAECO Americas’ (Greensboro, NC, US) aircraft seat weight by 20%.
03/08/17 | short.compositesworld.com/HAECOseat

Embraer rolls out the E195-E2
The first flight is scheduled for the coming months, and the jet is expected to enter 
into service in the first half of 2019. 
03/08/17 | short.compositesworld.com/E195-E2

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

MONTH IN REVIEW

Zoltek to expand carbon fiber production in Mexico
This expansion project, together with existing carbon fiber capacity at the Hungary 
facility, will grow Zoltek’s total global capacity to more than 20,000 tons per year.
03/07/17 | short.compositesworld.com/ZoltMexico

Quickstep completes capital expansion of aerospace facilities
The planned US$8 million expansion of its Australian facilities includes room for  
Joint Strike Fighter production and a robotic drilling cell for C-130J production.
03/06/17 | short.compositesworld.com/QuickExp

Tecnatom, Airbus develop new ultrasonic laser inspection system
The robotic system, tecnaLUS, inspects aerospace parts during production.
03/03/17 | short.compositesworld.com/tecnaLUS

Researchers successfully 3D print carbon fiber
Lawrence Livermore National Laboratory (LLNL) researchers claim to be the first to 
3D print aerospace-grade carbon fiber.
03/02/17 | short.compositesworld.com/3DPrintCF

New refrigerated semi trailer incorporates hybrid composite-metal technology
Wabash National Corp. (Lafayette, IN, US) unveiled its road-ready, customer-owned, 
refrigerated, all-composite van trailer with a composite-metal hybrid floor yesterday.
02/28/17 | short.compositesworld.com/HybridFlr
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Composite Support & Solutions 
(CSSI, San Pedro, CA, US) 
recently took home a presti-
gious Tibbett’s Award from the 
US Small Business Admin. for its 
work on a 36m tall communica-
tions tower (at right) recently 
installed by the US Air Force at 
Hanscom AFB in Massachusetts. 
The tower was fabricated by 
CSSI from composites, using 
Ashland Performance Materials’ 
(Columbus, OH, US) Derakane 
vinyl ester resin, formulated for 
the pultrusion process. 

Dr. Clement Hiel, CSSI’s 
founder and president, received the award at a ceremony 
at the White House (Washington, DC, US) on Jan. 10. The 
Tibbetts Award honors SBIR/STTR program participants — 
considered the “best of the best” from among the thou-
sands of firms that currently participate in the program.

The project came about because officials at Hanscom 
AFB’s Collaboration and Innovation Center, charged with 

advancing cyber technology and enhancing critical public 
safety partnerships among federal, state and local agen-
cies, required an elevated and unobstructed line-of-site path 
between communication systems. Further, they wanted a 
tower constructed of materials that would remain corrosion-
free during their service lives, to eliminate costly mainte-
nance. Corrosion is currently the major cost driver in the 
maintenance of communication towers throughout the US 
Air Force inventory, and the fuel for its efforts to address 
corrosion-related issues and employ innovative corrosion-
resistant materials. 

CSSI designed the 36m tall prototype tower using 
its “fastenerless” composite joining technology, whereby 
individual components, such as lattice cross members, are 
pultruded. Pieces “snap” together during the assembly 
process, a concept that relates back to early work by Brandt 
Goldsworthy & Assoc. 

CSSI selected Derakane resin because of its mechani-
cal properties and its outstanding corrosion resistance, 
says Ashland’s Joe Fox: “CSSI’s snap-join approach is an 
enabling technology for the fabrication of modular compos-
ites. There is great interest these days in lightweight, easy-
to-assemble, easy-to-disassemble materials, and as such, 

Snap-together composite tower wins prestigious award 

Source | CSSI
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NEWSIACMI CGS Project

The Institute for Advanced Composites Manufacturing Innovation (IACMI, 
Knoxville, TN, US) has launched the first technical collaboration project 
on the use of composites to manufacture compressed gas storage (CGS) 
tanks, as part of its CGS Technology Area focus. The project will combine 
partnership efforts from DuPont Performance Materials (Wilmington, 
DE, US), the University of Dayton Research Institute (UDRI, Dayton, OH, 
US), Composite Prototyping Center (CPC, Plainview, NY, US) and Steelhead 
Composites (Golden, CO, US). 

The project objective is to provide unique approaches to the storage of 
compressed natural gas through the use of thermoplastic composite technol-
ogies, thereby achieving greater tank durability while securing both weight 
reduction and end-of-life recyclability.

The project plan will take advantage of several unique technologies 
combined with the expertise of each partner. DuPont will provide material 
science and a novel polyamide resin plus pultrusion expertise. Composite 
Prototyping Center will leverage its automated fiber placement (AFP) capa-
bilities. As IACMI’s CGS Technology Area leader, UDRI will contribute material 
evaluation and mechanical testing. Steelhead will do CGS design and testing.

The project proposal begins with the design of a prototype CGS tank 
based on measured mechanical properties of polyamide composite panels 
produced by AFP. Pending successful results from two initial phases, the 
project will conclude with the production of full-size tanks.  

INDUSTRIAL

IACMI launches compressed  
gas storage collaboration project

this award-winning technology should 
spur widespread interest in the auto-
motive, aerospace and building and 
construction industries.”

Because the snap-fit system enabled 
quick assembly, the tower was erected 
adjacent to the Hanscom Collaboration 
and Innovation Center in about one-
eighth the time that would have been 
required with metal, tallying significant 
cost savings. The tower now provides 
significantly improved line-of-sight 
capability for the center, extending its 
communication range and enhancing 
its overall mission effectiveness while 
eliminating the need for roof-mounted 
antennae and the problems associ-
ated with that type of solution. “Cost 
and time resource reductions help 
our procurement activities to deliver 
fully vetted tactical systems to the 
warfighter faster,” says Steve Brown, 
lead associate for the Tactical Data 
Networks Lab at Hanscom.

In the coming years, the tower is 
expected to support a growing number 
of uses for first responders and law 
enforcement, thanks to an investment 
by the State of Massachusetts. The Air 
Force and other federal agencies should 
see a significant benefit from the 
new technology. But snap-together 
towers also are expected to gener-
ate widespread commercial appeal 
among mobile service providers and 
make it easier to erect towers quickly 
in areas where catastrophic events 
have occurred.

CSSI continues to innovate as well. 
The company has introduced a prod-
uct trademarked as The Intelli-Firewall, 
a solution for containing fires in major 
substations caused by transformer 
malfunctions. Consisting of modu-
lar panels of a ceramic composite 
supported by steel columns, the 
easily-assembled walls, typically 
10.8m by 10.8m in size, can isolate and 
protect large electrical equipment 
reportedly for more than 4 hours of 
continuous hydrocarbon fire exposure, 
says the company. Panels also can be 
custom-manufactured to meet unique 
requirements. 

Get more information about the 
project and view a video online |  
www.intellifirewall.com/

Dr. Hiel describes work on the 
Hanscom communications tower here |  
www.youtube.com/watch?v=1b2mEeTVlcM
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Commonwealth Scientific and Industrial Research 
Organisation (CSIRO), an Australian research and develop-
ment center, reports that it, in collaboration with Deakin 
University (Waurn Ponds, Australia), has begun lab-scale 
manufacture of carbon fiber using a wet-spinning process 
(see photo, above).

“This facility means Australia can carry out research 
across the whole carbon fiber value chain, from molecules, 
to polymers, to fiber, to finished composite parts,” says 

director of CSIRO Future Industries Dr. Anita Hill. “Together 
with Deakin, we’ve created something that could disrupt 
the entire carbon fiber manufacturing industry.”

Derek Buckmaster, director, Carbon Nexus at Deakin 
University, worked closely with CSIRO to help develop 
the wet-spinning technology. He recently answered these 
questions from CW about the process and what CSIRO has 
planned for further development.

CW: How is wet-spinning used in the CSIRO process? 
DB: The CSIRO/Deakin wet-spinning facility includes 
a small-scale reactor, polymer drying system, dope 
preparation system and the wet-spinning line. This means 
we can take a monomer, polymerize this into a polymer, 
then dissolve the polymer to form “dope,” and finally 
spin the dope into precursor fibers. When acrylonitrile 
monomer is used, this series of process steps are the 
typical steps which are carried out by the industry to 
produce PAN [polyacrylonitrile] precursor.

CW: Can you say more about what materials are used in 
the precursor? 
DB: The “dope” or dissolved polymer solution, is formed 
prior to spinning the solution into filaments using the 
wet-spinning line. The facility is designed to allow the use 
of various polymers, including PAN, cellulose, lignin and 
blends of these materials. Various solvent systems can also 
be used, including DMSO, DMAC, DMF and ionic liquids. 

One aspect of ongoing research is 
to investigate the effect of adding 
nano-fillers such as carbon nano-
tubes and graphene into the dope 
prior to spinning.

CW: CSIRO press materials say 
the resulting carbon fiber is “stron-
ger and of a higher quality.” Can 
you quantify this? How does the 
CSIRO fiber compare to those on the 
market? 
DB: One of the collaborative research 
projects being carried out at the 
CSIRO/Deakin wet-spinning facility 
is an investigation into the use of 
RAFT (reversible addition-fragmen-
tation chain transfer polymerization) 
technology for precursor produc-
tion. RAFT is a new polymerization 
method developed by CSIRO which 
gives better control over PAN molec-
ular weight and polydispersity. (RAFT 
can be applied to a wide range of 
polymers, but we are interested in 
PAN for this project.) Early results 
have shown that precursors prepared 
with RAFT polymerized PAN have 
higher tensile strength than precur-
sors prepared with regular PAN. 
These results have also passed 
through to carbon fiber results, and 

Source | CSIRO

Australian center begins wet-spinning carbon fiber precursor
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researchers are currently optimizing the carbonization 
process prior to releasing detailed results.

CW: What is the tow count of carbon fiber made via the 
wet-spinning process? 
DB: Initial running of the wet spinning line has been 
conducted producing 0.5K tow, and we expect to 
eventually be capable of running up to 3K tow. The spin-
ning line is equipped with two spinnerets and spin-pumps 
and can perform standard wet-spinning into the coagula-
tion bath as well as air-gap wet spinning. Bi-component 
spinning will also be possible. The 0.5K tows have been 
carbonized using the carbon fiber research line at Carbon 
Nexus, next door to the CSIRO building.

CW: What applications do you expect will be most suit-
able for this carbon fiber? 
DB: Industry partners who have expressed interest in 
working on collaborative research programs at the wet-
spinning facility include companies from the automotive 
and aerospace industries. The research is at the fundamen-
tal level of improving the precursor spinning process, and 
is not necessarily focused on any specific applications at 
this stage.

CW: At least one report says this process should reduce 
the price of carbon fiber. How do the costs of wet-
spinning compare to those for conventional carbon fiber 
manufacturing? 
DB: This may have been an optimistic 
report of another of our collaborative 
research projects between Deakin 
University and the University of 
Queensland into the use of nano-
fibrillated cellulose sourced from 
spinifex grass (a native grass grow-
ing across 30% of Australia). With 
such an abundant feedstock source 
for potential use in PAN precursor 
production, there is an expectation of 
reducing the cost of precursor if the 
project is successful. However, the 
techno-economic feasibility is yet to 
be fully investigated. This project will 
utilize the wet-spinning facility for 
pilot-scale trials.

CW: How much testing and evalu-
ation of this carbon fiber has been 
done? 
DB: We are in the early days of the 
facility’s operation, so the first PAN 
precursor samples from the line have 
been carbonized within the last few 
weeks.

CW: Is the CSIRO facility pilot-scale 
only? If so, what are the plans for 
commercialization?  
DB: Yes, the line is a pilot-scale line, 
installed with the goal of developing 
and demonstrating technology for 

licensing. CSIRO and Deakin University do not intend to 
scale-up the technology themselves, but with industry 
partners.

CW: Will CSIRO make carbon fiber samples available for 
customer evaluation? 
DB: Yes, CSIRO and Deakin University will make samples 
available for evaluation by research partners, to enable the 
scoping of projects. Since the goal of the facility is to carry 
out research into novel precursor chemistries for wet spin-
ning, we want to work closely with industry partners and 
other research institutes.

CW: In what fiber forms has CSIRO made this carbon 
fiber?  
DB: Currently, we have not created any fabrics from 
carbon fiber produced from precursor off the wet-spinning 
line. CSIRO has the ability to carry out weaving, braiding, 
knittng and prepregging on the same site.

CW: Has CSIRO evaluated any sizing with this carbon 
fiber? 
DB: The precursor fibers which have been carbonized at 
the Carbon Nexus facility have used standard sizing — off 
the shelf — from Michelman, our sizing partner. No specific 
work has commenced into sizing yet, but this is an area 
where Deakin University carries out a number of research 
programs.
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Machine vision | RAPID ERROR DETECTION

» An aerospace technology that combines a camera, a laser-

projection system, and special software provides inline inspec-

tion and error detection in the layup of laminate composite parts. 

Offered by Aligned Vision (formerly Assembly Guidance Systems 

Inc., Chelmsford, MA, US), it is already in use at several aerospace 

customers. The company hopes that, as the automotive industry 

ramps up composites production capacity, it also will implement 

automatic composites inspection at a point where error detection 

and defect correction are least expensive.

Hide n’ seek
The current technology evolved out of Aligned Vision’s work 

developing laser-templating systems, which are used for laminate 

composite kit cutting, layup and inspection. In the 1990s, the 

company was working for the US Air Force at Wright Patterson 

Aerospace-aimed ply placement technology evolves into process 
management and near-real-time inspection system for production 
laminated composite parts.

Air Force Base’s Materials Directorate, when someone asked the 

team if its system’s laser and optical-aiming system (mirrors that 

aim a dot of laser light) could do more than project a pattern onto 

a part. Aligned Vision subsequently placed a camera in the optical 

aiming path of its LASERGUIDE projector to verify and document 

that design features, such as the edges of plies, were present. In 

so doing, the company turned a standard laser projector into an 

output/input device, which it called the LASERGUIDE Process 

Control System. Fortunately, the optical-aiming system was 

already tied to and driven by computer-aided design (CAD) data.

As the Aligned Vision team continued working with customers 

and images, they realized they could “see” much more than ply 

location. “With image analysis, you can see edges everywhere — 

thousands of strands of material,” explains Scott Blake, Aligned 

Vision’s founder and president. “That led us to develop automatic 

   Laser projection 
and much, much 
more

Developed by Aligned 
Vision (formerly Assembly 
Guidance Systems Inc.), 
this technology combines a 
laser-projection system, a 
camera and special software. 
When linked to CAD data, 
it can provide near-real 
time inspection and error 
detection during the layup of 
laminate composite parts. 

Source | Aligned Vision 

 By Peggy Malnati / Contributing Writer
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fiber-orientation measurement.” He notes that 

the system looks for optical signatures. For 

example, different types of fabrics are recog-

nized by different image-analysis algorithms 

(i.e., a three-over-one fabric looks different than 

a balanced weave fabric, and a hybrid fabric 

of glass and carbon fiber looks different than 

a fabric that’s all glass or all carbon). Interest-

ingly, the system has even been used to measure 

“isotropicity.” A research lab used it to verify the 

randomness of its spray-up work, because the 

flatter the system’s fiber-orientation plot, the 

more anisotropic is the fiber orientation. 

Data for analyzing the image and evaluating 

tolerances can be generated via commercial 

design tools, such as Fibersim, from Siemens 

PLM Software (Plano, TX, USA), and CATIA 

Composite Workbench, from Dassault Systèmes 

(Velizy Villacoublay, France). Different configura-

tions of projection and imaging can automatically 

detect issues, such as material shear, wrinkles 

and bridging, and the laser projector automati-

cally pinpoints areas of concern, including loca-

tions of foreign objects and debris (FOD). 

“FOD is ever-present,”  Blake points out. 

“Everyone has FOD problems and it’s caused 

by a variety of things, ranging from static cling 

that causes plastic liner material to stick to plies 

to something falling out of someone’s pocket. I 

know of companies who’ve accidentally cured 

things like rulers, badges, coins and even a cell 

phone into parts. We aren’t operating in super-

sterile environments here.”

FOD can prevent interlaminar cure and 

compromise part strength at its location. Auto-

mated FOD detection now enables a fast, 

cheap fix before the next layer’s placement, and 

certainly before a part is cured and found to 

be unacceptable — or worse, is used and fails 

during service. 

“The approach we have and the path we’ve 

been driven down [by our customers] is devel-

oping a technology that lets you know that every-

thing about a part is right — the right material 

put down in the right place in the right way — at 

the lowest cost and in the shortest amount of 

time. If something isn’t right, the system directs 

you to take action and make corrections before 

you’ve got more resources invested,” Blake adds.  

The system’s projection and imaging field is a 

60° cone that typically operates at a distance of 

15 ft/4.6m from the part layup, thereby yielding 

a 15-ft2/1.4m2 envelope. For complex or large 

   Seeing beyond ply placement

As the Aligned Vision team’s members worked with customers and images, they realized they could see 
other things besides ply locations, which led them to develop automatic fiber-orientation measure-
ment. The system works by looking for optical signatures. For example, different types of fabrics are 
recognized by different image-analysis algorithms. In the layup shown above, the measured orientation 
for the material at this location is shown in green and the two magenta lines represent the orientation 
tolerance.  Source | Aligned Vision

parts, multiple units can either be ganged together or mounted on a gantry and 

moved. Individual images of small regions within a larger, more complex field are 

captured in high resolution (4 megapixels) and analyzed to verify the location and 

presence or absence of specific characteristics (such as FOD).

The LASERVISION system is connected to a fast local-area network (LAN) and a 

high-end personal computer (the system becomes another node on the network). 

For automated composites manufacturing processes used in the aerospace industry, 

companies such as Electroimpact Inc. (Mukilteo, WA, USA) typically purchase the 

system to use as a component in a large manufacturing cell. In these cases, Laservi-

sion doesn’t operate as a standalone system. Instead, it is integrated into the work-

cell’s control and data collection system, enabling it and the workcell’s equipment to 

work together, seamlessly. 

Although the Laservision system has many benefits, it does have a few limitations. 

Because vision is a surface phenomenon, the flaw must have visible characteristics 
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if it is to be “seen.” For example, the system may find it hard to 

detect very thin and transparent glass fibers or have trouble 

assessing if all the plies are in place in a schedule where layups 

are identical from one layer to the next. Unlike X-ray or ultra-

sound inspection systems, it cannot detect flaws hidden deep 

within a part. For example, it cannot tell the operator if a core is 

attached to skins in a sandwich-panel composite. Another issue 

can be the imaging angle: the more “normal” (perpendicular to 

the surface plane) the angle is to the area of a part being imaged, 

the better; conversely, the more tangential the angle, the more 

challenges the system will have reading the area accurately.

And customer willingness to implement new technology also 

can play a role. “FOD will always be visible at some point in the 

process. However, a customer who’s not willing to look at the 

bottom of each ply? Well ….” Blake quips, “that’s where the FOD 

is going to be.” 

The high cost of not knowing 
Given the size and cost of parts in the aerospace industry, where 

Aligned Vision does most of its business currently, the ability to 

catch critical flaws when they can be most readily remedied is 

easily cost-justified if, Blake argues, one is looking at the right 

data. “Complex repairs, scrap, and lengthy material review 

processes have extensive costs associated with them that are 

   Seeing what doesn’t belong

The system not only looks for what should be in a part but also what should not 
be there. Aligned Vision’s system can see foreign objects and debris (FOD), which 
can get between plies and prevent proper interlaminar cure, resulting in loss of 
strength in that region. By flagging FOD during layup, pre-cure, when it’s still 
easy to remove, the system helps prevent what could lead to expensive rework, 
scrapping of a part or worse, in-service part failure.  Source | Aligned Vision
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not captured by traditional accounting,” he points out. “When 

true costs are considered, our system — which is priced between 

US$100,000 and US$150,000 — quickly pays for itself by preventing 

a small number of flaws that would otherwise result in scrap or part 

failure.” 

The systems’ value can increase when it becomes a node on a 

deep-learning network. Used in combination with other process-

monitoring sensors and statistical process control (SPC) tools, 

it can help operators characterize flaws in terms of cause and 

frequency, and then operators can modify 

the process on all machines on that 

network to avoid errors of the same type 

in the future. 

Furthermore, the level of detail 

provided by this system’s type of auto-

matic documentation can pay dividends 

at any future point in the part’s service life. 

“Twenty years from now, if there’s a 

problem with a part, your customer will 

know where every splice and gap is, along 

with resin and other fiber characteristics 

in every layer of that component,” Blake 

posits. “Memory is [virtually] free these 

days. It’s much better than a distracted 

human inspector entering a code to 

indicate that a part meets spec.”

Although it is established in aero-

space and defense circles, the company’s 

system, Blake acknowledges, is so far 

only used in one auto industry produc-

tion environment, although Formula 1 

racing teams are said to be interested in 

the system’s ability to verify as-built fiber 

orientation because it can help them 

optimize next-generation parts. The 

carmakers who have looked at the system 

reportedly love what it can do. 

So, will the automotive industry come 

to value this type of near-real time error 

detection as well? Few would argue that 

for composites to have a serious impact 

in automotive, two things are needed: 

cost reduction and quality improvements. 

Says Blake, “For me, quality improvement 

means building your part and knowing 

that everything about it is right and at the 

lowest cost.” 

Read this article online |  
hort.compositesworld.com/AVInSpec

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

Near-real-time Inspection

W
T
F

yoming
est

ixtures
INC.

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

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

D 7264, D 2344

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

Phone  (801) 484.5055
Fax (801) 484.6008  

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

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

FLEXURE FIXTURES FOR EVERY SPECIMEN SIZE

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

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

Three and Four 
Point Flexure
ASTM D 790,

D 6272, D 7264

Long Beam Flexure 
Fixture 

w/Alignment Rods 
and Bearings

ASTM C 393, D 7249

Reversed Cycle Flexural Fatigue

Miniature 
Flexure 
Fixture



APRIL 201728 CompositesWorld

WORK IN PROGRESS

Boom Technology  
describes its program  
to validate a cost- 
effective, faster-than-
sound airliner. 

»  Boom Technology has a vision: make commercial supersonic flight avail-

able to everyone, at a reasonable cost. The company is currently building the 

XB-1, a flying one-third-scale demonstrator dubbed “Baby Boom,” to demon-

strate the key technologies of its coming full-

scale, faster-than-sound Boom aircraft. The 

Denver, CO, US-based aerospace industry 

startup is one of several groups pursuing 

commercial supersonic aircraft designs, but 

already has two years invested in the design 

and development of what it believes is a 

viable commercial concept.

Erin Fisher, head of flight control systems, 

says Boom’s design is a big improvement 

over the previous longest-flying supersonic 

Supersonic flight goes commercial, again

By Sara Black / Senior Editor

   Scaling up for 
commercial operation
This artist’s rendering shows 
Denver, CO, US-based Boom 
Technology’s planned supersonic 
passenger jet and the company’s 
one-third scale demonstrator, the 
XB-1, now under construction to 
prove out the airframe design.

Source (all photos) | Boom Technology
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transport, the Concorde, jointly developed and built during the 

late 1960s by Aerospatiale and British Aircraft Corp. (BAC). A 

round-trip ticket on the Concorde could cost up to US$20,000 (in 

2016 dollars) and fuel burn was 6,800 gal/hr, but the trip between 

New York and London took less than four hours. Although the 

Concorde was reliable, it was retired in 2003: A fatal crash at 

France’s Charles de Gaulle airport on July 25, 2000, high mainte-

nance costs and the commercial aviation downturn that followed 

the Sept. 11, 2001, terrorist attacks in the US contributed to the 

aircraft’s demise. 

Although the full-scale Boom will somewhat resemble the 

Concorde in form and shape, its 45-seat capacity is a bit less than 

half that of the Concorde. Boom, however, is faster (Mach 2.2 vs. 

Concorde’s Mach 2), and offers a range of 9,000 nautical miles. 

Further, the new jet will be 2.6 times faster than conventional 

(subsonic) passenger jets, yet cost flyers only about US$5,000 per 

   Optimized aerodynamics 
for operational efficiency
Another rendering shows the full-scale 
aircraft’s fuselage, wing shape, forward 
chine (extension of the wing towards 
the plane’s nose) and the engine inlet 
with moveable surfaces to slow inlet 
air to subsonic speed — all optimized 
to improve cost efficiency by 30% or 
more over its aluminum-airframed 
predecessor, the Concorde.

   Maximum comfort/
minimal flight duration
The planned interior set up gives all 
passengers a view and many First 
Class amenities, at current Business 
Class prices, but because transatlantic 
flights, for example, will require 
only about 3 hours in the air, those 
bulky First Class lay-flat seats now 
standard on subsonic intercontinental 
passenger routes won’t be necessary.
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seat, round trip — in line with today’s Business 

Class tickets. Those bulky, lay-flat seats in 

today’s first-class cabins won’t be necessary, 

because transoceanic flights will take less than 

half the time of subsonic flight: That New York 

City/London trip, at 3 hours and 15 minutes, 

will be made with little-to-no jet lag. And, says 

Fisher, the Boom jet also will bring to the air 

carrier all the proven advantages of an all-

composite airframe. 

Innovative DNA
The company’s key personnel are certainly 

familiar with innovation. Boom Technology’s 

founder and CEO is Blake Scholl, a pilot who 

built marketing automation at Amazon and 

who founded Kima Labs, known for its online 

shopping mobile apps, that was ultimately 

acquired by Groupon.

Co-founder and chief engineer Joe Wilding 

played leadership roles on multiple aircraft 

certification programs, including the Adam 

A700 light jet (see Learn More). A third 

co-founder and chief technology officer, Josh 

Krall, has a background in physics simulation, 

and has developed Boom’s multi-disciplinary 

optimization algorithms and design software. 

He, too, is an entrepreneur who co-founded 

two previous startups. Boom’s advisory board 

includes Frank Cappuccio, former execu-

tive VP and general manager of Lockheed 

Martin Skunk Works (Palmdale CA, US), Tom 

Hartmann, a former Skunk Works director, 

who was in charge of LM’s Quiet Supersonic 

Transport program, and Scott Bledsoe, previ-

ously with Gulfstream’s (Savannah, GA, US) 

supersonic program and now president of 

Blue Force Technologies (Morrisville, NC, 

US), which specializes in assisting clients with 

composite design, tooling and production. 

Astronaut and test pilot Capt. Mark Kelly also 

is on the board.

The three co-founders have assembled a 

team of 20-plus engineers, many of whom 

have worked for aerospace industry icons, 

   Conserving weight and fuel via composites
Unlike its aluminum-airframed predecessor, the Concorde, the Boom jet’s primary structure will be 
all-composite. Carbon fiber prepregs have been supplied by TenCate Advanced Composites (Morgan 
Hill, CA, US) for the XB-1 demonstrator. 

   Dialing in the design, digitally
In contrast to the Concorde’s, the XB-1’s engineers have had access to a range of computer-based 
computational fluid dynamics analysis tools, and consequently, have been conducting virtual wind 
tunnel tests, enabling precise determination of the most aerodynamic fuselage and wing structure. 

Boom Technology’s key 
personnel are certainly 

familiar with innovation, 
particularly in aerospace.



31CompositesWorld.com

NEWSComposite Supersonic Passenger Jet?

including Gulfstream, NASA (Wash-

ington, DC, US), Scaled Composites 

(Mojave, CA, US), ICON Aircraft (Vacav-

ille, CA, US), Pratt & Whitney (East 

Hartford, CT, US), SpaceX (Hawthorne, 

CA, US) and The Boeing Co. (Chicago, IL, 

US). Comments Fisher, “We have great 

talent here, and it’s a very unique envi-

ronment. We’re a team of generalists, 

and we all participate in various projects. 

We all learn from each other.” 

A big part of the Boom learning curve 

involved a key question: How to bring 

supersonic air travel — at the high speed 

yet the relatively low round-trip ticket 

prices noted above — to the commercial 

market in a form that also would be prof-

itable for the air carrier? For supersonic 

flight to be viable today, operating costs 

must be reduced sufficiently (i.e., lower 

fuel burn, a more efficient airframe) 

to facilitate those reasonable fares. To 

meet this challenge, however, ultimately 

required only a 30% improvement in 

efficiency compared to the Concorde’s 

airframe and engines, Fisher points out. 

This task was accomplished through 

aerodynamic innovation and the use of 

composite materials. 

Use of proprietary design software 

and CAD-based structural analysis 

tools during the design phase enabled 

three major aerodynamic advances, 

compared to the Concorde’s design. One 

is an “area-ruled fuselage,” which helps 

counteract shock waves formed when an 

aircraft approaches the speed of sound, 

causing a phenomenon called wave 

drag. Fisher explains that area ruling 

involves maintaining a constant cross-

sectional area along the length of the 

aircraft, including the wings: Where the 

wings are thickest and widest, then, the 

fuselage is tapered to compensate, while 

in the cabin area, forward of the wing, 

the fuselage diameter can be slightly 

larger, thus maintaining parity in cross 

section throughout the plane’s length. 

Another change is the addition of a 

forward chine or wing extension toward 

the nose, which provides better balance 

and control at supersonic speeds and 

mitigates the tendency of the centerpoint 

of aircraft lift to shift tailward as speed 

  

increases. Third, Boom’s narrower delta wing with high-efficiency airfoils has a 

swept trailing edge that reduces supersonic drag and reportedly will produce a 

quieter sonic boom. 

Fisher points out that computational fluid dynamics (CFD) analysis, using 

NASA-derived simulation codes, played a major role during the design: “The 

big dichotomy between the Concorde and our program is that they didn’t have 

CFD at that time, and had to build physical wind tunnel test models. In contrast, 

we have run thousands of virtual wind tunnel tests to achieve the most efficient 

aerodynamic shape.” She adds that, limited to about a dozen wind tunnel tests, 
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WORK IN PROGRESS

Concorde engineers had to compromise on a more angular fuselage with straighter 

lines, but Boom’s fuselage has more curvature for less drag at supersonic speeds. To 

corroborate the results of virtual testing done with CFD tools, the company opted to 

conduct a physical wind tunnel test in January at the National Institute for Aviation 

Research (NIAR, Wichita, KS, US), using a small scale model of the Boom jet (see 

Learn More).

CFD also has played a role in design of the three engine inlets. “If feed air entering 

the engine is supersonic, it can cause jet failure,” she explains. “We’ve designed the 

inlets with a shaped variable geometry.” Moveable surfaces will be adjusted in flight 

to create and position shock waves, 

which act to compress and slow airflow 

to subsonic speed.  

The biggest change, however, is the 

use of composite materials throughout 

the XB-1’s primary structure. The 

Concorde, of aluminum construc-

tion, would heat up in flight due to 

skin friction, causing some fuselage 

elements to expand by as much as 300 

mm, according to published reports. 

Fisher says that, in contrast, Boom’s all-

carbon composite design has a much 

lower coefficient of thermal expan-

sion (CTE), so growth due to heat will 

be minimal. The reduced weight of 

the composite design, of course, also 

contributes to better overall fuel effi-

ciency. Metals find use only in a few 

instances, as subcomponents, including 

some brackets, as well as elements of 

the flight control system. 

Fisher says that prepregs supplied 

by TenCate Advanced Composites 

(Morgan Hill, CA, US) were selected for 

the XB-1, and although some composite 

parts will be produced in-house, 

the majority of composites fabrica-

tion will be completed by Bledsoe’s 

Blue Force Technologies and subcon-

tractor companies yet to be selected. 

The airframe will be primarily carbon/

epoxy, with intermediate-modulus 

carbon fibers. Parts will be made via 

hand layup, says Fisher. “We may use 

some high-modulus fibers on the wing 

spar caps, and BMI [bismaleimide] 

prepreg will be used in a few key areas, 

including leading edges and ribs that 

will see higher temperatures in flight. 

We selected our XB-1 resin systems 

based on their ability to provide 

strength and stiffness at the elevated 

temperature requirements, within a 

large margin.”

Boom’s jet will have a lower 
CTE than the Concorde and 

its lower weight will lead  
to greater fuel economy.
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Read this article online |  
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of the Adam A700 |  
short.compositesworld.com/VLJDemand

Watch a video that outlines the Boom 
Technology vision online |  
short.compositesworld.com/BoomVideo1

Get a behind-the-scenes look at the  
XB-1 online |  
short.compositesworld.com/BoomVideo2

Take an online look at Boom’s recent  
physical wind tunnel test |  
short.compositesworld.com/BoomVideo3

Asked to reveal fabrication details 

regarding the fuselage, Fisher demurs, 

saying only that it will consist of 

“multiple parts” and that it will not 

comprise barrel sections nor be made as 

a single piece. Although specifics are off 

limits, she does say, “We’ll be bonding 

everything, and using fasteners in 

addition to bonded joints in some areas.” 

Although lightning strike protection will 

be incorporated into the one-third-scale 

XB-1 airframe, she points out that test 

flights will only be conducted under 

visual flight rules (VFR) conditions, so 

lightning won’t be an issue.

First flight coming
Work on the XB-1 demonstrator is 

proceeding inside Hanger 14 at Centen-

nial Airport (KAPA) southeast of 

Denver. Acknowledging that a ban on 

supersonic flights still exists over the 

US, Fisher says the demonstrator will be 

tested initially in “cold flight” (subsonic 

speed) conditions in Colorado, after 

which the aircraft will transition to 

Edwards Air Force Base in California 

for supersonic flight testing, within 

Edwards’ designated military super-

sonic flight corridors. First flight of the 

subscale XB-1 could occur before the 

end of this year. 

Interest in the Boom aircraft and its 

value proposition is high — Sir Richard 

Branson (Virgin Atlantic Airways Ltd., 

Crawley, UK), for example, has already 

publicized his intent to buy 10 of the 

full-scale aircraft, when available. If the 

testing and concept are 

successful, production 

scale-up could require 

hundreds if not thou-

sands of workers, but, 

says Fisher, it’s much 

too soon to speculate on 

where, how and with what materials production will occur: “We’re focusing on the 

demonstrator for now.” Many are betting on the success of this new approach to air 

travel, where “time saved is life gained.”  

Sara Black is a CW senior editor and  
has served on the CW staff for 18 years.
sara@compositesworld.com
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Google shoots the moon
Google Lunar XPRIZE contenders turn to space-  
and launch-friendly composites. 

»  The XPRIZE Foundation (Culver City, CA, 

US) was conceived to encourage private industry 

and its innovators to attempt grand challenges 

that might otherwise go unmet. Its existence 

and its monetary incentives came to high-profile 

notice in the composites industry when Burt 

Rutan and his Scaled Composites (Mojave, CA, 

USA) teams’ SpaceShipOne became the first 

private manned spacecraft to exceed an altitude 

of 328,000 ft twice within the span of a 14-day 

period and, by doing so, claimed the US$10 

million dollar Ansari X-Prize. 

The foundation’s approach is competitive, 

and it rewards its grand prize to only one partici-

pating team, allowing it to claim a (usually 

substantial) sum of money if it is the first to 

complete the prize requirements. Since Rutan’s 

team reached the edge of space with the aid of 

composites, the prize stakes have been raised 

considerably. A new prize, another high-profile 

funding source and a more distant destination 

are now in prize contenders’ sights.

Moon 2.0
In 2007, Google (Mountain View, CA, US) and 

the XPRIZE Foundation announced the Google 

Lunar XPRIZE (GLXP), also dubbed Moon 2.0,  

“to incentivize space entrepreneurs to create a 

new era of affordable access to the Moon and 

beyond while inspiring the next generation of 

By Donna Dawson / Senior Writer Emeritus

 FIG. 1   Robot transport: Lunar launch 
vehicle testbed
Interorbital Systems’ (IOS, Mojave, CA, US) original CPM 1.0 
test rocket is shown, which features a fiberglass fuel tank 
made by hand layup, and a phenolic ablative composite 
engine liner. A larger, multi-stage version, CPM 2.0, will 
ultimately take Synergy Moon International’s (San Francisco, 
CA, US) Tesla Surveyor lunar lander into space.  Source | IOS 
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scientists, engineers, and explorers.” That according to Chanda 

Gonzales, prize lead for GLXP. 

Registrations closed at the end of 2010, and, as noted above, 

only non-governmental teams were eligible to apply. But to qualify 

as grand prize contenders, competing teams 

were required to receive verification from 

the XPRIZE foundation that the latter had 

confirmed that the participant did, indeed, 

have a signed launch contract by the 

end of 2016. Further, to win the US$20 

million grand prize, the winning team 

must be the first to complete the 

following (see Learn More, p. 38): 

1.  Place a robot on the moon’s surface by Dec. 31, 2017; 
2.  Enable the robot to travel at least 500m over the 

moon’s surface, and 
3.  it must transmit high definition video and images back 

to Earth. 
There also is a combined US$5.25 million in intermediate Mile-

stone Prizes (as noted below), awarded to teams for progress made 

here on Earth in preparation for their GLXP missions.

Contender teams turn to composites
The competitors are well along in their planning and execution. 

Five teams qualified for the GLXP competition by Dec. 31, 2016. 

SpaceIL (Jerusalem, Israel), Moon Express (Cape Canaveral, FL, 

US), Synergy Moon International (San 

Francisco, CA, US); Hakuto (Osaka, 

Japan) and Team Indus in Bengaluru 

(aka Bangalore, Karnataka, India). Each 

has turned to composites for some part of 

their mission spacecraft or launch vehicle. 

SpaceIL was the first team to receive veri-

fication of its launch contract from XPRIZE, 

having signed for a launch on the Falcon 9 

rocket from Space Exploration Technologies (SpaceX, Hawthorne, 

CA, US), brokered through Spaceflight Inc., a co-manifesting 

service in Seattle, WA, US. Launch is planned for late 2017, from 

Vandenberg Air Force Base, CA. 

A variety of carbon fiber/epoxy prepregs and aluminum 

are used in its tentatively named Sparrow spacecraft’s struts, 

landing gears and in its High Gain antenna support structure. The 

company is leveraging knowledge of nano-satellite technologies 

 FIG. 2   Composites in the launch vehicle
The IOS CPM 2.0 rocket, the launch option for the Synergy Moon XPRIZE attempt, will have a carbon fiber composite filament 
wound fuel tank, a fiberglass nose cone and an ablative composite engine liner. Here, carbon fiber is filament wound over an 
aluminum tank to produce a CPM 2.0 tank structure.  Source | IOS 

Google’s Lunar XPRIZE aims 
to encourage creation of 

affordable private access to 
the Moon and beyond.
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developed by unnamed experts in Israel to build a relatively small 

and smart unmanned spacecraft. The craft will soft-land on the 

moon and then re-ignite its engines to hop the required 500m, 

then send high-definition video and images back to earth. (Soft 

landing refers to touchdown on the moon or other surface in a 

controlled and gradual way that avoids damage to the landing 

vehicle or its contents.) In addition to the GLXP requirements, the 

Sparrow will explore the enigmatic magnetic field of the Moon and  

toward that end, will carry a magnetometer to take measurements 

and collect data. 

The founders of Moon Express see the moon as just another 

continent, with the long-term economic potential to produce 

resources essential to humanity’s future on Earth and in space. 

Team Moon Express has already won two GLXP Milestone 

Prizes: the Landing Prize (US$1 million), and the Imaging Prize 

(US$250,000) and aims for the grand prize in 2017 with its MX-1E 

lunar lander, described as “about the size of a large coffee table.” 

For the GLXP, Moon Express contracted Rocket Lab USA (Los 

Angeles, CA, US) for launch, using its Electron two-stage launch 

vehicle with a Rutherford liquid engine. Peter Beck, Rocket Lab 

founder and CEO, says, “The success of the innovative technolo-

gies we have been developing, including 3D printing, carbon 

composite structures and proprietary battery technology, are 

key factors in enabling Rocket Lab to offer frequent and afford-

able, dedicated launch opportunities.” Electron is a fully carbon 

composite vehicle, and its carbon composite fuel tanks are 

compatible with liquid oxygen, “the powerful cryogenic oxidizer 

used in Electron,” Beck says. Rocket Lab has announced comple-

tion of its private orbital launch complex, Launch Complex 1 on 

New Zealand’s Mahia Peninsula, which it says will be the primary 

site for launches of Rocket Lab’s Electron vehicle.

Synergy Moon International is a growing collaboration of indi-

viduals from more than 15 countries. Its spacecraft hardware is 

named Tesla, in honor of Serbian inventor, engineer and physicist 

Nikola Tesla (who is directly related to one of the original members 

of Synergy Moon), says Kevin Myrick, co-founder. The lunar lander 

for the GLXP, tentatively called Tesla Surveyor, consists of a spher-

ical lander that encloses a rover to be released on the moon’s 

 FIG. 3   Landing soft, then hopping to it
The Space IL (Jerusalem, Israel) spacecraft, Sparrow, will ride aboard the SpaceX (Hawthorne, CA, US) Falcon 9 and make a 
soft landing on the moon’s surface and “hop” the prize-required 500m distance, with the aid of its carbon fiber/epoxy and 
aluminum strut-type landing gear.  Source | Space IL
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surface. The rover is a two-wheel design with a small pipe between 

the wheels. Solar panels (for power), cameras, a transmitter, a 

small computer for guidance and other mission-specific equip-

ment will be supported on the pipe. 

Myrick says materials will be selected for their ability to with-

stand the environment on the moon. He expects composites might 

be used for some parts for their weight-to-strength and tempera-

ture resistance attributes. 

In the launch structure, Tesla Surveyor will sit on a frame inside 

a glass fiber composite payload fairing. For landing, airbags 

packed around the spherical shell will release and allow the shell 

to roll across the surface to a safe stop, based on a NASA/JPL 

design for its Mars rovers Spirit and Opportunity. The “petals” of 

the sphere will then open, releasing the rover.

Synergy Moon International contracted with Interorbital 

Systems (IOS, Mojave, CA, US) for launch services. Launch target 

is December 2017, most likely from the Pacific Ocean, off Cali-

fornia. Randa Milliron, IOS CEO and co-founder, explains that 

IOS rockets are constructed by bundling its scalable Common 

Propulsion Modules (CPM) into larger multi-unit launch vehicles 

constructed to meet any mission requirement. Tesla Surveyor will 

be launched by IOS’s four-stage Neptune 8 LUNA, an eight-module 

vehicle assembled from eight CPM 2.0s. 

Each CPM 2.0 comprises an array of four carbon fiber filament 

wound tanks, a single gimballed engine, a valve and controller 

unit, and the fiberglass payload fairing. The CPM 2.0’s four-tank 

array includes three propellant tanks and a single pressurant tank 

to provide regulated pressurant flow during the operation of the 

rocket engine. Engine and tank structures and are made on IOS’s 

own carbon composite filament winding machine. These engines 

also employ an ablative composite liner that allows the engine to 

withstand the >2760°C flame. 

“We expect to eventually use our rockets for launch of both 

cargo and man-rated vehicles, for LEO orbit and to the moon,” 

Milliron says.  “We see the moon as a new industrial site to exploit 

and enjoy.”

Hakuto signed Toray Industries (Tokyo, Japan) onto its team 

as a provider of carbon composite material and the design and 

 FIG. 4   Prize requirements and one step beyond
Space IL’s Sparrow will communicate with Earth via a high-gain antenna support structure of carbon fiber/epoxy and 
aluminum. Beyond the XPRIZE requirements, the Sparrow is designed to explore the magnetic field of the moon.

Source | Space IL
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manufacture of carbon fiber composite bodies, autoclave-molded, 

for Hakuto’s envisioned Dual Rover system: a two-wheeled Tetris 

and four-wheeled Moonraker. In 2014, Hakuto won a Mobility 

system Milestone Prize (US$500,000). 

TeamIndus’ is building a 7-kg, four-wheel drive rover, code-

named ECA, to be powered by solar energy generated by photovol-

taic panels on its back. 

Although aluminum 

is the primary material 

used for TeamIndus’ 

spacecraft, carbon 

fiber composites will 

be used to reduce 

mass in structural 

elements, such as 

joints and connectors, 

says Rahul Narayan, fleet commander for Axiom Research Labs 

Pvt. Ltd., a TeamIndus member. Additionally, the ECA rover main 

chassis will include some composite elements for non-stress-

bearing members. 

TeamIndus’s launch contract will deliver its spacecraft/lunar 

lander to Earth orbit, after which the spacecraft is programmed 

to navigate to the moon for a soft landing in Mare Imbrium 21 

days later. The prototype for this spacecraft won the US$1 million 

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

Milestone Prize for landing technology early in 2015.

Notable particularly because they are competitors, Team-

Indus and Hakuto have struck an unusual deal. “TeamIndus 

has, for a commercial consideration, contracted to carry 

Hakuto’s rover on board its spacecraft to the Moon,” explains 

Narayan. The most recent teams to receive verification of their 

launch contracts, Hakuto and TeamIndus, will see their robots 

travel together on the Polar Satellite Launch Vehicle (PSLV), 

developed by the Indian Space Research Organization (ISRO, 

Bengaluru) under the Indian Department of Space. Both 

rovers will then deploy from the spacecraft and proceed with 

each individual competitor’s specified travel and transmission 

mission requirements.  

After the contest, TeamIndus hopes to continue use of its 

space-grade technology to maintain business in the space 

industry, and to build satellites.  

Read this article online |  
short.compositesworld.com/GLXP2

Read more online about the Google Lunar 
XPRIZE in “The emerging commercial 
space industry: Google’s Lunar XPRIZE” |  
short.compositesworld.com/CommSPLXP
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Yields 26% greater  
stiffness via bonded 
prepreg patch

Hybrid carbon 
fiber/aluminum 
suspension 
knuckle 

›  The linking parts of a car’s or truck’s steering and suspension system directly impact the 
vehicle’s ride, durability and steerability. Thus, part performance here is directly related to how 
the driver perceives vehicle quality. 

One such part is the suspension knuckle pictured at left, which attaches upper and lower 
suspension components to a wheel support assembly and is the mounting point for the wheel 
spindle or hub. The two primary performance criteria for the part are stiffness and durability.

Saint Jean Industries (Saint Jean D’Ardières, France) has worked with nearby Hexcel Les 
Avenières — Hexcel’s (Stamford, CT, US) European center of excellence for carbon fiber 
reinforcements — to develop a hybrid carbon fiber/aluminum version of this suspension knuckle, 
which increases stiffness by 26% vs. an all-aluminum knuckle. 

“We received OEM requests to increase the stiffness of lightweight suspension knuckles 
for improved handling of the car,” recalls Saint Jean’s technical director Lionel Duperray. As a 
global supplier of parts and subassemblies for automotive, aeronautic, motorcycle, heavy truck 
and industrial applications, Saint Jean Industries is already a leader in lightweight solutions 
using titanium, aluminum and high-strength steel. One example is its patented COBAPRESS 
technology which combines casting and forging for higher performance and lighter weight in 
aluminum parts. “For this knuckle, we needed the weight of aluminum but the stiffness of cast 
iron,” Duperray explains. That’s where carbon fiber made the difference.

The aluminum/CFRP hybrid part also does not increase part volume, meeting tight package 
space restrictions and allowing a single part design to be used across multiple models in a 
vehicle series. “We could have reduced the amount of aluminum if we had designed the part 
from the beginning to include carbon fiber,” notes Duperray — something time and circum-
stances wouldn’t permit. “In this case, we used a current production part and just added carbon 
fiber,” he admits, but points out, “it only added a few millimeters of thickness to the part.” 

This prepreg “patch” comprises multiple plies of unidirectional HexPly M77 snap-cure epoxy 
prepreg for automotive structures, each ply placed at a different orientation. “The loading on a 
knuckle is complex,” explains Duperray, “including impact and fatigue loading for durability.” 

The design was developed jointly with Hexcel. “We created a finite element analysis model 
(FEM) in-house, but we don’t have composites expertise, so we shared our model with Hexcel. 
They used our design and load requirements to develop the composite ply layup using their 
own FEM expertise.” The prepreg patch, which also increases the knuckle’s maximum strength-
before-failure, is bonded to the aluminum knuckle, using Hexcel’s new fast-curing Redux 677 
epoxy film adhesive, developed for high-volume compression molding of hybrid metal/carbon 
fiber composite structures. He points out that the film adhesive also prevents direct contact 
between the carbon and aluminum to eliminate the risk of galvanic corrosion.

“We can cure the prepreg material from Hexcel quite quickly,” says Duperray, noting that 
Hexcel already has technology for developing and producing prepreg patches in large volume 
for automotive, with a typical throughput of one patch per minute. Saint Jean Industries will first 
make the aluminum part, using its COBAPRESS process, which already produces more than 15 
million parts/yr, including knuckles. “We then wash the part to prepare the surface for bonding,” 
Duperray explains, “place the prepreg patch onto the part and then cure in a compression 
molding press at roughly 150°C, which has no effect on the microstructure of the aluminum. We 
can apply and cure the patch in less than 2 minutes, which easily fits our automated process 
cycle times for knuckles.” 

Duperray says the patched knuckle is still in the pre-production phase of development. When 
production begins, Saint Jean will either subcontract automation to one of its suppliers or build 
the production line in-house. He concedes that a bonding tool is required for pressing the patch, 
but says it doesn’t pose a real issue. “This is the first prototype to demonstrate this process, but 
now it is something we understand. The cost of the bonding tool is similar to the cost we already 
project for casting and forging tools.” And what about the potential for this technology in other 
parts? “We are always exploring and developing new technologies for our customers,” says 
Duperray. “We think composites can help to achieve the light weight desired for the next genera-
tion of transportation vehicles.”  

Source | Saint Jean Industries
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New Products

» PREPREG MANUFACTURING EQUIPMENT & SUPPLIES

Roller-coater for prepreg production
Cygnet Texkimp Ltd. (Cheshire, UK) has revealed that it is developing 
a high-tolerance, reverse roll-coating machine to create sub-10-g/m2 
films for the production of aerospace-quality prepreg. An industrial-
scale coater, it is due for this summer and will be housed in Cygnet 
Texkimp’s R&D center. Prepreg manufacturers will be able to run 
dedicated trials on the machine to produce material samples using 
their own resins and papers. The coater’s 60-inch-wide coating heads 
are tuned to sub-2-micron tolerance total indicator reading (TIR) 
to achieve low-area-weight films that can be used to create lighter, 
stronger composite parts. Cygnet Texkimp has been manufacturing 
fiber-handling machines since the early 1970s, and is best known for its 
creels and prepreg production machines. www.texkimp.co.uk

» THERMOSET RESIN & ADHESIVE SYSTEMS

Multi-material urethane adhesive
3M (St. Paul, MN, US) has introduced two Scotch-Weld Multi-Material 
Composite Urethane Adhesives, DP6310NS and DP6330NS, for light-
weight assemblies in trucks, buses, RVs, specialty vehicles and 
passenger railcars, as well as products in other markets such as sporting 
goods and applications that require panels. These adhesives were engi-
neered to create durable bonds, with minimal surface prep, between 
medium- to high-energy surfaces, including carbon fiber, fiberglass, 
reinforced plastics and painted or unpainted metals. Scotch-Weld Multi-
Material Composite Urethane Adhesives are low-odor and available in 
two versions with varying handling times to fit the scope of assembly. 
One has a short 10-minute work life, and is designed for targeted 
application, with clamp time of approximately 45 minutes. The other 
has a 30-minute work life, followed by a two-hour clamp time, and is 
designed for large surface application. 
For more information, visit www.3m.com/compositebonding

» NONDESTRUCTIVE TESTING EQUIPMENT

New ultrasound NDT platform
DolphiTech AS (Raufoss, Norway) is introducing a new range of 
ultrasound instruments with extended capabilities for nondestruc-
tive testing (NDT) and inspection (NDI) of materials. Based on its 
ultrasound and transducer technologies, DolphiTech will offer NDT 
solutions with interchangeable transducers for different materials and 
applications. The new system — DolphiCam 2 — includes a choice of 
transducers over a wide frequency range. DolphiCam 2 also includes 
features for robotics integration, general network connectivity and 
remote expert inspections (remote NDT). DolphiTech also will inten-
sify its efforts to integrate 3D positioning capability, giving inspectors 
improved structural awareness through CAD data integration and 
more. www.dolphitech.com

» CURING & DRYING EQUIPMENT

High-temperature air-flow monitor
Wind Probe LLC (Andover, MA, US) has introduced a high-temperature 
airflow monitoring instrument for large and small curing ovens. This 
instrument reportedly combines the latest advances in materials, 
process control and microprocessor technology, including both 
hardware and software design. The Model 100 is small, lightweight 
and suitable for the harsh environments of a high-temperature curing 
oven. Designed with the cure of honeycombed carbon fiber composite 
structures in mind, this monitor reportedly can measure air flow at 
rates of 0-500 ft/min up to 200°C. The software permits selection of 
data rates and running averaging in both temperature and airflow. 
The software is said to be easily updated, and reference tables can be 
uploaded using an RS-232 communications interface.

Download the white paper on this subject | www.compositesworld.
com/cdn/cms/wind_probe_resin_cure_white_paper.pdf
www.wind-probe.com

NEW PRODUCTS
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MARKETPLACE 

MANUFACTURING SUPPLIERS

TESTING

Blended Continuous 
Filament Thermoplastic and 

Reinforcement Fibers for 
Composites

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

rspencer@concordiafibers.com
www.concordiafibers.com

Available in various temperature ranges

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

Used world wide by composite manufacturers

Distributed by:
AIRTECH INTERNATIONAL INC.

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

Manufactured by:
®

PO Box 3855, City of Industry, CA 91744

Ultrasonic 
C-Scan Inspection Systems for your

High Performance Materials

•  Automated Ultrasonic C-Scan Systems for Simple 
    and Complex Geometries
•  Multi-Axis Gantries and Immersion Tanks
•  System Upgrades

www.matec.com
Email: sales@matec.com

56 Hudson St., Northborough, MA 01532 • 508-351-3423

24305 Prielipp Road, Suite 102, Wildomar, CA 92595

RECRUITMENT/HELP 
WANTED

www.forcomposites.com
Composites Industry Recruiting and Placement

COMPOSITES SOURCES
Phone (225) 273-4001 • Fax (225) 275-5807

P.O. Box 40086, Baton Rouge, LA 70835
Email: contact@forcomposites.com

VacuumTables.com • 773.725.4900

• Work Holding applications
• Eliminates clamps/adhesives
• Reduces set-up time
• Retrofits all machines
• OEMs and Dealers Wanted

Vacuum Tables for Composites

FOR SALE BY OWNER
20,000 Sq. Ft. Fiberglass Mfg. Plant

19 acres along with proprietary product line
 Location:  Mid-Ohio
Contact:  Tony Gerich  419-564-1272     

tgerich@fibrecore.com

BUSINESS FOR SALE

SUBSCRIBE TODAY. 
compositesworld.com

CW is CompositesWorld! 
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www.masterbond.com

• Cures in 3 minutes at 300°F
• Resists up to +400°F

ONE PART, SNAP CURING 
EPOXY ADHESIVE 
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Closing in on commercial-scale 
ocean-energy capture 
Water-flow power pioneer preps to place major composites-enabled submersible 
tidal power generation system near energy-rich Bay of Fundy.

»  More than a decade after testing its first steel-and-wood 

prototype, Ocean Renewable Power Co. is preparing to deploy 

its second next-generation, commercial-scale ocean tidal energy 

power system in Western Passage at the mouth of the Bay of Fundy 

on the border between easternmost Maine and New Brunswick, 

Canada. The energy system builds upon ORPC’s first commercial-

scale deployment of its trademarked TidGen Power System in 

2012 in Cobscook Bay, the first federally licensed, grid-connected 

marine and hydrokinetic (MHK) installation in the Americas. The 

new system integrates technology advancements in the power 

take-off system and composite turbine design.

The Bay of Fundy, says Portland, ME-based ORPC’s co-founder 

and CEO Chris Sauer, is one of the world’s most powerful energy 

resources. “Each day, 100 billion tons of water flow in and out 

with the force of 8,000 locomotives and tidal ranges of up to 50 

ft or more.” He predicts, therefore, that ORPC’s planned 5-MW, 

15-device, all-composite tidal turbine system will have the capa-

bility to generate low-cost electric power for all of Downeast 

Maine. Within 8-10 years, Sauer expects to have 100-120 MW of 

similar systems in place not only off the coast of Maine but also 

offshore of Alaska as well. 

ORPC is preparing to test its advanced system’s effectiveness 

during further full-scale, open-water deployments in Cobscook 

Bay and Western Passage from 2018 to 2019, using the four-turbine 

TidGen Turbine Generator Unit (TGU) conceptually pictured 

in the illustration on p. 45). This system was awarded a US$5.35 

million grant by the US Department of Energy (DOE) as part of a 

US$20 million prize competition that included two ocean wave 

projects. The ORPC project, however, was the only tidal energy 

project that integrates next-generation MHK hardware and 

software into system designs.

The all-composite, cross-flow turbine system features a foil 

(blade) configuration, reminiscent of that on a paddle-wheel river-

boat, supported on a composite-and-steel frame. The turbines 

incorporate a hybrid carbon/E-glass fiber-reinforced primary 

shaft, and disks, rings and helical foils constructed of an E-glass-

reinforced vinyl ester laminate. The turbines spin on a single shaft 

at 30-60 rpm, generating low-rpm/high-torque energy that is 

converted to electricity by a permanent-magnet generator (Rolls-

Royce Marine, Norway). “The turbines, the shaft and the generator 

rotor are all part of one big moving piece,” Sauer says.

Earlier Installations
The next-generation TidGen TGU installation in 2018 will be 

ORPC’s second commercial-scale installation. It was preceded by 

ORPC’s beta testing,  conducted in 2010-2011 with ORPC’s smaller 

60-kW TidGen unit, which featured a two-turbine TGU attached to 

support arms that lowered the unit into the water from the Energy 

By Johanna Knapschaefer / Contributing Writer

   Self-contained tidal power generation system

The Ocean Renewable Power Co.’s (ORPC, Portland, ME, US) TidGen Turbine 
Generator Unit (TGU) is designed to capture the energy of incoming and outgoing 
tidal waters. Four multi-foil turbines reside on the TGU’s single, hybrid carbon/
glass fiber-reinforced composite driveshaft. ORPC says a 15-unit collection of 
these TGUs could supply low-cost, tidal flow-created electricity to the whole of 
Downeast Maine.  Source (all photos) | ORPC



45CompositesWorld.com

Pontoon 
(candidate 
for eventual 
composites 
construction)

Turbine: 5.5m 
(18 ft) radius

4 turbines on a single 
direct driveshaft feature  

composite foils 

Buoyant tension 
mooring system

Tidal energy capture
•  Rated flow velocity:  

2.25 m/sec
•  Output power @ rate flow 

capacity: 200 kW

Permanent 
magnet 
generator  
4.3m (14 ft) 
wide

Tidal Power Generation System

Tide 2 barge. Then, in the summer of 2012, ORPC installed a larger, 

150-kW TidGen system in Cobscook Bay — its first commercial-

scale installation — which was linked via a 1,280m subsea cable 

to an onshore substation that interconnects with Emera Maine, a 

Bangor, ME, utility. The 150-kW installation was the first US hydro-

kinetic power project to receive approval — from the Maine Public 

Utilities Commission — for a 20-year power purchase agreement. 

Moreover, it was the first such project in the Americas to send 

power to the grid. 

Timing the 150-kW TGU installation with the flow of the tides 

took patience. “We had a 40-minute window to put the TGU onto 

the frame on the bottom of the bay during slack tide, though it was 

never totally slack,” Sauer says.  “When you’ve got water speed of 

a half a knot or less, you can work, but with more than a half knot, 

it’s too dangerous.”  

 Illustration / Karl Reque 

ORPC TidGen Tidal Power Generation System

›  The TGU integrates next-generation marine 
and hydrokinetic (MHK) hardware and 
software technologies into a single system 
design, a first.

  

› Each turbine’s helical foils are formed with 
biaxial glass fabric for torsional stability, and 
unidirectional carbon fiber tape on the 0° axis 
for optimal stiffness.
 

›  Four multi-foil turbines reside on a single, hybrid 
carbon/glass fiber-reinforced composite direct 
driveshaft attached to the TGU’s permanent-
magnet generator. 

After running the unit for a year, however, the ORPC team “took 

it out and tore the whole thing apart,” Sauer says. With support 

from a US$10 million DOE grant, the team forensically addressed 

the various issues encountered, including bolted connections 

between the foils and support rings that secured them and 

attached them to the shaft. 

“We learned what was working well and what was not — an 

important project in our evolution,” Sauer says. “Those bolted 

connections had to be a certain torque to keep them from coming 

loose. The big lesson learned was when you have bolted connec-

tions between two or more composite parts in seawater, the parts 

can shrink, loosening the connections or causing them to come 

apart entirely.” During the post-deployment inspections, the team 

found no signs of deterioration in the composite parts, including 

the turbines and shaft, but it did find wear on the bearings. 



MARCH 201746 CompositesWorld

FOCUS ON DESIGN

“As of February 2017, after 11 offshore deployments of five gener-

ations of ORPC’s tidal technology over the past decade, we found 

the all-composite foils have performed well with no degradation,” 

Sauer sums up. “The question now is Can we expand the use of 

composite materials to reduce cost, weight and corrosion potential 

of other components?” 

In 2013, a few months after completing inspections of the full-

scale 150-kW TidGen unit, the team began a design review based 

on lessons learned, considering how to achieve the less costly, 

more reliable and efficient system design for its TGU version 2.0.

 Late that year, ORPC augmented its tidal energy presence 

with its RivGen TGU, a two-turbine, 25-kW system mounted on 

a steel pontoon support structure. It generates electricity from 

river currents near remote communities that otherwise have no 

easy access to central power grids. The TGUs can be installed with 

locally available vessels, and they use a ballasting system that 

allows for rapid self-deployment and retrieval, in water as shallow 

as 5.5m. 

In summer 2014, ORPC installed and operated the first RivGen 

demonstrator in the Kvichak River near Igiugig, Alaska, sending 

power to shore. This remote community pays nearly US$1 per kW/

hr for electricity due to its power plant’s reliance on diesel power, 

so it welcomes a clean renewable electricity source that doesn’t 

disturb its world-famous salmon fishing. The following year, 

ORPC tested an improved 2015 RivGen System that, in operation, 

supplied one-third of the community’s electricity. 

For the (2018) RivGen Version 2.0, rated as a 35-kW system, 

Sauer says the company is seeking a lighter, less expensive alterna-

tive to steel pontoons, possibly also made from composites.

Composites manufacturing 
During manufacture of the 150 kW-TidGen turbines in 2012, the 

helical foils were autoclave cured in vacuum infused glass molds, 

says Eric Hall, president of Hall Composites (Bristol, Rhode 

Island). Infused fiberglass female molds were made using glass 

plugs supplied by Symmetrix (formerly mouldCam, Bristol, RI, US) 

and then used to manufacture the turbine helical foils.

“The blades were made with biax fiberglass for torsional 

stability, and unidirectional carbon in the axial direction for 

added stiffness,” he says. “The blades were laid up in female molds 

   Autoclaved foils

The all-composite, cross-flow 
turbine system features a 
foil (blade) configuration 
reminiscent of that on a paddle-
wheel riverboat, supported on a 
composite-and-steel frame. The 
autoclave-cured foils feature 
biaxial glass fiber for torsional 
stability, and UD carbon fiber 
in the axial direction for added 
stiffness. The turbines spin on 
a single shaft at 30-60 rpm, 
generating low-rpm/high-
torque energy that is converted 
to electricity by a permanent-
magnet generator.
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fastened together with the blades co-cured, using inside and 

outside bag- ging under autoclave pressure. After the blades were 

co-cured and removed from the molds, a lightweight epoxy filler 

was poured in to fill the hollow structure to prevent water ingress.”

The TidGen turbines had intermediate support struts, elliptically 

shaped mandrel-molded carbon struts attached to the foils with 

female molded composite connections, Hall says. The team “had 

one minor challenge while laying up the unidirectional carbon 

in the helical-shaped molds, but otherwise this project was well 

within our normal capabilities,” he adds.

Composites optimization
“Part of the [2018] TidGen deployment effort will involve an 

intense optimization and characterization program for the 

composites,” says Cian 

Marnagh, ORPC’s 

director of engineering. 

“In lab testing, we will 

focus on understanding 

at the scientific level 

how these components 

will be used in the system and how they will respond to environ-

mental forces and corrosive environments. Through characteriza-

tion testing, we really want to know the mechanisms of failure.”

“We believe we have the commercial technology, but want to 

streamline it even further before finalizing the design,” Marnagh 

says. ORPC will run some of its tests at Composites Engineering 

Research Laboratory (CERL, Brunswick Landing, ME), a project 

partner. That will include developing a characterization program 

for design-for-life testing, Marnagh adds. 

“In accelerated life testing of components, you can cycle 

temperatures, salt spray them or create other harsh environmental 

Tidal Power Generation System

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

simulations to weather the part,” he says. “You can mimic 20-year 

conditions in months.” Accelerated life testing is a rigorous testing 

program that provides thorough experiment-based analytical 

models for reliable life predictions, Marnagh says. 

In November 2016, ORPC took the lead in a US$3.4 million 

project at University College, Cork (UCC), Ireland funded by the 

European Union’s Horizon 2020 Program, intended to develop a 

direct-drive permanent magnet or “wet-gap,” generator, capable of 

operating in a fully flooded condition. “Proving the functionality 

of a wet-gap generator will be a major development for the ocean 

energy industry,” Sauer says. 

Future deployment
The key to greater deployment of tidal turbines or any form of 

marine hydrokinetic energy, however, is cost reduction. “Reduction 

in costs and the current velocity at which MHK turbines become 

economical while improving reliability will spur large-scale usage,” 

Sauer says. 

Meanwhile, encouraging MHK turbine development through 

government grants and enhanced pricing, through implementa-

tion of a carbon tax, for instance, would provide incentives for early 

installation, he adds. “This is critical to achieving the cost and water 

velocity reductions needed for MHK power systems to become 

mainstream.”  

   Capturing 
energy from 
riverflow

The sister system to the 
TidGen, this RivGen system 
consists of a two-turbine 
TGU supported by a chassis 
with a pontoon support 
structure that acts as a 
foundation when it is 
deployed on a riverbed, 
and provides its self-
deployment and retrieval 
capabilities. This RivGen 
TGU is shown prior to 
deployment in the Kvichak 
River adjacent to remote 
Igiugig, Alaska, where it 
cut power costs previously 
elevated by reliance on 
diesel fuel. 
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