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y wife teaches 
U.S. history at our 
local high school, 

so my three boys and I 
are  often immersed in 
whatever era she’s cur-
rently exploring with her 
students. That’s espe-
cially true now that one 
of her students is our 
middle son, so a large 
fraction of our family is 
consumed by the civil 
rights movement, the 
Progressive Era, Reconstruction, slavery, the Civil 
War, a World War or some other significant event.

The study of history is, in many ways, the study 
of human evolution (or devolution, depending on 
your point of view). And as we gaze back through 
time, of course, we have the certainty of hindsight: 

We know how the story ended. But for the people 
living through big and small events, outcomes were 
most uncertain. The primary actors throughout his-
tory have played their parts with a courage we of-
ten can’t appreciate because they risked much for 
their beliefs, with at least some doubt about how 
events would unfold.

I call this the Uncertainty of Living, and it’s as 

M p. 50). To meet current certifi-
cation requirements, bonded 
primary structures are also me-
chanically fastened to ensure 
their long-term performance. Of 
course, there is no word more 
freighted with meaning in the 
aerospace industry than “certi-
fication.” Adhesive bonds that 
are deemed by the FAA to be as 
safe and durable as those fixed 
with mechanical fasteners are 
far from certain.

Our Market Trends colum-
nist, Purdue University’s Dr. R. Byron Pipes (p. 7), 
also picks up the certification theme, advocating an 
evolutionary nudge away from the time-consum-
ing, expensive physical testing now required during 
aircraft certification, toward what could someday 
be certification based on virtual testing.

Chris Red, in his Market Outlook on 
out-of-autoclave (OOA) aerostructures 
(p. 42), does his own look back through 
aerocomposites history. He then ex-
plores market, material and technical 
hurdles to be cleared if the fast-evolv-
ing OOA processes are to earn their 

way on to A320 and 737 replacements.
Finally, technical editor Sara Black, in her Focus 

on Design (p. 78), details design and development 
of the carbon fiber/thermoplastic composite tail-
plane fabricated for the AgustaWestland AW169 he-
licopter. She highlights the mechanical challenges 
posed by the application and how thermoplastics 
have proved their mettle. Thermoplastics, it would 
seem, are poised to become a major material force 
for years to come.

These material, software and process possibili-
ties, and others like them, hold much promise, but 
will demand much courage from their advocates. 
Who among us will persist in pursuit of them de-
spite uncertainty and, in some quarters, great skep-
ticism? Will we (or our kids) someday look back on 
those who make history in aerocomposites and, in 
hindsight, take quite for granted these now quite 
unlikely outcomes? My educated guess is yes.

 

jeff@compositesworld.com

Jeff Sloan

applicable to you and me in the high-performance 
composite industry as it was to the historically fa-
mous and infamous. A variety of economic, market, 
creative, technological and simply human forces 
exert evolutionary pressure on composites manu-
facturers and their customers. Advances in fiber 
and tape placement, combined with resin and fi-
ber innovations, made possible the once unthink-
able application, in new ways, of carbon fiber to the 
Boeing 787 and Airbus A350 XWB.

In this issue of HPC, you’ll find several articles 
that shed light on aspects of aerospace composites 
design and manufacture that are in need of evolu-
tionary prodding. The first, by senior editor Ginger 
Gardiner, focuses on efforts to develop certifiable 
adhesively bonded composite aerostructures (see 

Will we look back on those who make 
history in aerocomposites and, in hindsight, 
take for granted these unlikely outcomes?
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Dr. R. Byron Pipes 
was appointed the 
John L. Bray distin-
guished professor of 
engineering at Purdue 
University in 2004. He 
is a member of the 
National Academy of 
Engineering (1987) 
and the Royal Soci-
ety of Engineering 

Sciences of Sweden (1995). He served as 
president of Rensselaer Polytechnic Insti-
tute (1993-1998), was provost and VP for 
academic affairs at the University of Dela-
ware (1991-1993) and served as dean of 
the College of Engineering and director of 
the Center for Composite Materials (1977-
1991) at the same institution.  

T

ACCELERATING THE CERTIFICATION PROCESS FOR  
AEROSPACE COMPOSITES

he continued growth of the com-
posites enterprise demands more 
rapid development of products and 

services to meet the growing needs of 
an energy-efficient society. To meet this 
challenge, manufacturing technology 
based only on past experience must give 
way to new paradigms, guided by simu-
lation of complex phenomena that are 
discovered and then codified in a timely 
way. Design for performance and manu-
facturability (but not manufacturing phe-
nomena) has long been well-grounded in 
computer simulations that, today, can 
develop a product’s “virtual twin.” This 
approach can lead to products that meet 
or exceed performance requirements, 
but can also result in product designs 
that neglect manufacturing optimization, 
with an undesirable outcome in product 
economics. Further, more often than not, 
suppliers do not have access to the so-
phisticated simulation toolsets used by 
the OEMs they serve. Real progress, then, 
calls for new protocols and systematic 
development of software-based compos-
ites simulation tool suites that are then 
shared by both OEMs and their supplier 
communities. 

 Unfortunately, the certification of 
aerospace composite products for hu-
man flight is still driven by exhaustive 
experimental testing, without the full 
benefit of simulation. This approach sig-
nificantly increases the cost of product 
development, retards the development 
of new material systems and limits aero-
space product diversity. Major aircraft 
OEMs spend millions of dollars and al-
locate thousands of man-hours annu-
ally to test and retest designs for certi-
fication. That testing is further extended 
when a design change comes into play. 
For maintenance and repair organiza-
tions (MROs), the certification process 
can be even more complex because the 
nature of repair is unpredictable and in-
field remanufacturing is quite different 
from factory production.

 Once the design is complete, the ex-
haustive physical testing begins. Whether 
the flight structure is made up totally or 
partially of composites, the current certi-
fication process is time-consuming, man-
ual and expensive for OEMs. The current 
process is designed to reduce risk, but it is 
not optimized to minimize costs and time 
to completion. One problem is that the 
software tools used today for design and 
manufacturability are often disconnected 
and not based on the same platform — 
a necessary prerequisite for intercode 
communication. Furthermore, when the 
OEMs hand off the design to their supply 
chains to test and/or build the compo-
nents, it is likely that the suppliers do not 
have access to the same simulation tool-
set as the OEM. This, too, increases the 
cost and complexity of the evaluation and 
manufacturing processes. In many cases, 
the component design given to the supply 
chain is focused solely on product perfor-
mance and the part has not been designed 
for manufacturability. Because the design 
is typically frozen at this stage, the ma-
terials and the manufacturing approach 
have already been selected. In addition, 
there are many other constraints placed 
on the supplier that must be adhered to 

during the fabrication process. All these 
restrictions can significantly limit innova-
tion within the supply chain.

 If OEMs and their suppliers shared the 
same specialized design and manufactur-
ing software, the development lifecycle 
could be shortened, with a decrease in 
development cost, while allowing more 
time for innovation by all. Further, the 
composites simulation tool suite could be used 
as the platform for the certification of 
composite structure as well. Here, again, 
composites simulation tools can provide 
an economic alternative to exhaustive 
studies of process and performance vari-
ability. But to do so, simulation tools 
for prediction of manufacturing and per-
formance variability must be developed 
and then integrated into the certification 
process.  

 The most direct approach to reducing 
the cost and time of product certification 
is to first certify the simulation tools themselves. 
Certified simulation tools could be used 
by engineers with the expectation that, 
within the bounds of the certification, 
no further verification or validation would be 
necessary. This would result in enormous 
savings because the contemporary ap-
proach involves verification and valida-
tion testing by each user before the simu-
lations can be trusted. 

 Certification of composites simulation 
tools might not be a simple undertaking, 
however. First the taxonomy of the code 
must be clearly developed. The scientific 
principle, scale and level of homogeniza-
tion, specific mechanism, solution form 
approximation, computational efficien-
cy, communication compatibility and 
maturity level must be determined in the 
taxonomy of each tool. Next, a rigorous 
process for verification and validation 
within clearly specified conditions must 
be developed and articulated.  

 Before simulation tools can be certified, 
their maturity level must be assessed. An 
innovative construct for this purpose, Tool 
Maturity Level (TML), has been proposed 
by Cowles, Backman and Dutton1. 
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TML has been defined at five levels: 
TML1) The first-level simulation tools 

are based on analytical processes that 
are exploratory in nature. Fidelity of pre-
dictions at this level is largely unproven, 
but predictions can provide some physi-
cal insight, while they cannot reduce de-
velopment testing. 
TML2) At the second level, the simu-

lation tool is proven for comparative 
assessment, ranking or trending. Experi-
mental validation is still necessary, and 
tools at this level can drive development 
or the assessment plan and test matrix. 
TML3) For tools at the third level of 

maturity, the material or process can be 
developed or assessed with significant-
ly reduced testing. There is the expec-
tation that development iterations can 
be reduced or eliminated at this level. 
However, accuracy and uncertainty 
must be quantified experimentally, and 
the range of applicability must be well-
defined. 
TML4) At the fourth level, the mate-

rial or process performance and impact 
on system or application are well under-
stood. Accuracy and uncertainty effects 
must still be verified. Additional data 

might be required when the software is 
applied to new materials or processes, or 
to extend the range of application. 
TML5) The fifth tool maturity level is for 

simulation tools in which all material and 
process performance and system inter-
action effects are understood within the 
defined range of application, and the tool 
can be applied without further testing. 

 Because variability drives certification, 
two additional levels of tool maturity are 
proposed: 
TML6) Level six is for tools where all 

material and process performance vari-
ability and system interaction effects are 
understood within the defined range of 
application. 
TML7) The highest level of maturity, 

consistent with simulation tool certifica-
tion, is an analytical process that can be 
applied to predict variability distribution 
without testing. Thus, prediction of perfor-
mance or manufacturing variability with 
the same level of confidence as experi-
mental testing must be the long-term 
objective of this undertaking. 

 Finally, the cost of advanced compos-
ites simulation has been an important 
point of concern within the composites 

community even for OEMs, but cost and 
competency in use may well be the pri-
mary barriers to supplier adoption. How-
ever, two positive forces for cost reduc-
tion are of growing importance: scale of use 
and competition. The significant growth in 
the use of simulation and competition 
among the diversified simulation prod-
uct/service suppliers will reduce cost 
and should lead the way to enhanced ef-
ficiency in use.

 At the end of the day, the level of con-
fidence in more economical prediction 
of composite manufacture and perfor-
mance variability at the component lev-
el, and for the entire vehicle, can only 
come from a systematic development of 
new protocols, new use and develop-
ment of suites of integrated simulation 
tools, and from a user community that 
possesses the maturity and sophistica-
tion to use this new paradigm to meet 
the growing needs of an energy-efficient 
society. In my opinion, “the view will be 
worth the climb!”   

R e f e r e n c e :
1Cowles, B., Backman, D. and Dutton, R. “Verification and 
validation of ICME methods and models for aerospace appli-
cations,” Integrating Materials and Manufacturing Innovation, 
(2012), 1:2, www.immijournal.com/11/2.
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PERSPECTIVES & PROVOCATIONS

Dale Brosius is 
head of his own 
consulting com-
pany and the 
president of Day-
ton, Ohio-based 
Quickstep Com-
posites, the U.S. 
subs id ia ry  o f 
Aust ra l ia-based 
Quickstep Tech-

nologies (Bankstown Airport, New South 
Wales), which develops out-of-autoclave 
curing processes for advanced composites. 
His career includes a number of positions at 
Dow Chemical, Fiberite and Cytec, and for 
three years he served as the general chair 
of SPE’s annual Automotive Composites 
Conference and Exhibition (ACCE). Bro-
sius has a BS in chemical engineering from 
Texas A&M University and an MBA. Since 
2000, he has been a contributing writer for 
Composites Technology and High-Perfor-
mance Composites.

I

IT’S TIME FOR THE U.S. TO INVEST IN ADVANCED  
COMPOSITES MANUFACTURING

n January, U.S. President Barack 
Obama announced the creation of 
the Next Generation Power Electron-

ics Manufacturing Innovation Institute 
in North Carolina, supported by the U.S. 
Department of Energy (DoE). This is the 
second such Institute for Manufacturing 
Innovation (IMI) created under the pro-
posed National Network for Manufactur-
ing Innovation (NNMI); the first is a pi-
lot institute for additive manufacturing, 
formed in August 2012 in Youngstown, 
Ohio. As I am writing this, two additional 
institutes, one for lightweight metals 
and another for digital manufacturing 
and design, both led by the U.S. Depart-
ment of Defense (DoD), are expected to 
be created shortly.

These four institutes are the first of 
what could be up to 45 such public/
private partnerships within the NNMI. 
All would be focused on bridging the 
gap between research and commercial-
ization of new technologies, and each 
would promote cooperation between in-
dustry, universities and the federal gov-

ernment. The concept is modeled after 
Germany’s Fraunhofer Institutes (famous 
for developing MP3 technology for digital 
music encoding). In the composites are-
na, Fraunhofer has pioneered advance-
ments in direct long fiber thermoplastics 
(D-LFT), direct SMC manufacture and 
molding, and high-speed resin transfer 
molding (HP-RTM), among others. These 
technologies are in commercial use to-
day, mainly in the European auto indus-
try, and are being introduced worldwide.

So, is a U.S. institute for composites 
manufacturing on the horizon? Based on 
recent DoE activities, it looks promising. 
In August 2013, the Advanced Manufac-
turing Office (AMO) within DoE’s Office 
of Energy Efficiency and Renewable En-
ergy issued a Request for Information 
(RFI), seeking input from industry, aca-
demia and others on the issues that are 
holding back advanced composites pen-
etration into key markets, such as wind 
energy, automotive and energy storage. 
This was followed by a second RFI, in De-
cember, and a well-attended workshop in 
Washington, D.C., on Jan. 13, 2014. Spec-
ulation is that a funding announcement 
and proposal solicitation are forthcom-
ing (and could be reality by the time this 
column reaches you).

 Should this occur, it would certainly 
be a boost for U.S. composites develop-
ment. Although such an institute would 
be aimed principally at reducing the 
costs and speeding production of carbon 
fiber composites, there will be opportu-
nities for carbon/glass hybrids where they 
makes sense from a cost, weight and de-
sign perspective. The DoE, through Oak 
Ridge National Laboratories (Oak Ridge, 
Tenn.), is already investing in lower-cost 
carbon fiber manufacturing. The new in-
stitute would focus on the manufactur-
ing processes used to convert fiber to 
finished parts, which today are slow and 
expensive. There are key industries and 
applications that can fulfill DoE’s objec-
tive of producing more clean energy and 
reducing energy consumption.

The wind energy industry will be one 
of the first to benefit. Currently, U.S. in-
stalled wind energy capacity is around 70 
GW, more than three times that in 2008, 
according to DoE reports, and wind-gen-
erated electricity costs are around $0.07/
kWh, edging closer to nonrenewable en-
ergy costs. Larger turbines with longer 
blades that capture more wind are the 
key to achieving cost parity, and incorpo-
rating carbon fiber into blade spars will 
enable long-blade manufacture. Efforts 
to develop new methods, such as high-
speed pultrusion, for fabricating spar 
caps using low-cost carbon fiber and new 
fast-curing resins could yield success 
within a couple of years.

To no one’s surprise, the “elephant in 
the room” is the automotive and heavy-
truck industry. Lighter vehicles, enabled 
via multimaterial solutions that include 
aluminum and carbon or carbon/glass 
composites, consume less fuel and help 
OEMs achieve fuel-efficiency targets. A 
focus on the design and high-speed man-
ufacture of advanced composite struc-
tures (thermoset and thermoplastic) 
could make this possible. But repair and 
recycling must be addressed. Rapid pro-
duction of high-pressure storage tanks 
could accelerate adoption of hydrogen 
fuel-cell and natural gas vehicles.

It’s important that the DoE is leading 
this, rather than the DoD, which has tra-
ditionally been more concerned with per-
formance than with cost and high pro-
duction rates. The U.S. Midwest seems 
the most logical location, but the win-
ning proposal could come from any-
where. A successful consortium will in-
clude a broad spectrum of companies 
across the entire value chain, and must 
win support from universities with com-
plementary expertise, trade and profes-
sional organizations, and other govern-
ment entities, national and local. The 
time is now for the U.S. government to 
play a larger  and leading — role in the 
future mass production of affordable, 
high-performance composites.
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Steve Kline is the 
director of market 
intelligence for Gard-
ner Business Media 
Inc. (Cincinnati, Ohio), 
the parent company 
and publisher of 
High-Per formance 
Composites. Kline 
holds a BS in civil 
engineer ing from 
Vanderbilt University 

and an MBA from the University of Cincinnati.
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COMPOSITES BUSINESS INDEX 54.1: BEST SINCE MAY 2012

THE COMPOSITES BUSINESS INDEX

Subindices January 
2014

December 
2013

Change Direction Rate Trend

New Orders 61.1 54.5 6.6 Growing Faster 2

Production 59.6 49.6 10.0 Growing
From 

Contracting 1

Backlog 50.3 49.6 0.7 Growing
From 

Contracting 1

Employment 53.3 52.5 0.8 Growing Faster 11

Exports 46.2 48.3 -2.1 Contracting Faster 21

Supplier Deliveries 53.9 53.7 0.2 Lengthening More 26

Material Prices 64.5 61.2 3.3 Increasing Less 26

Prices Received 54.0 51.2 2.8 Increasing More 2

Future Business 
Expectations 77.8 74.0 3.8 Improving More 26

Composites 
Business Index 54.1 51.3 2.8 Growing Faster 2

he December 2013 Composites 
Business Index, 51.3, showed that 
U.S. composites business activity 

ended the year on an upswing. In fact, 
conditions had improved generally since 
July 2013 — December’s CBI was 18.8 per-
cent higher than in December 2012. 

New orders grew at a significant rate for 
the second time in three months. How-
ever, production contracted at a modest 
rate for the second straight month. As a 
result, the backlogs index had improved 
dramatically since August 2013, indicat-
ing that fabricators’ capacity utilization 
would improve in 2014. Employment had 
grown at an increasing rate since June 
2013. Exports continued to contract but 
the rate had slowed steadily since Decem-
ber 2012. Supplier deliveries continued to 
lengthen at a relatively constant rate.

Material prices were increasing, but 
the rate had slowed since early in 2013. 
Prices received increased but the rate 
was much slower than that of the in-
crease in material prices. Future busi-
ness expectations reaching their highest 
level since March 2012.

Facilities with 50+ employees expand-
ed as they had for most of 2013. Those 
with less than 49 employees contracted 
in December, but the rate of contraction 
at plants with 19 or less employees was 
slower then in the previous three months.

The Pacific region grew, and at a fast-
er rate than each of the previous three 
months. The West South Central grew at 
the second fastest rate. The East North 

Central also grew. The Mountain region 
was flat. All others contracted.

Future capital spending plans were at 
their third highest level since February 
2013. Spending plans were 32.2 percent 
higher than in December 2012 and the 
annual rate of change was faster than in 
November, indicating that capital spend-
ing could go up significantly in 2014.

 As the New Year turned, January’s CBI of 
54.1 showed U.S. growth at its fastest rate 
since May 2012, accelerating since July 
2013. The CBI was 8.6 percent higher than 
it was in January 2013 and it was the fifth 
straight month that it was higher than in 
the same month of the previous year.

New orders shot up, reaching their 
highest level since February 2012. After 
two months of very moderate contraction, 
production jumped to its fastest growth 
rate since April 2012. Backlogs grew for 
the first time since May 2012, indicating 
that the industry should see better capac-
ity utilization in 2014. Employment grew, 
and had done so at a steadily increasing 
rate since June 2013. Exports remained 
mired in contraction at a rate similar to 
that in 2013. Supplier deliveries contin-
ued to lengthen, at a slightly faster rate 
than in the second half of 2013.

Material prices grew at a faster rate, 
continuing a trend begun in August 2013. 

Prices received had grown faster each of 
the previous two months, and at their 
fastest rate since January 2013. But the 
rate was much slower than that of mate-
rial prices. Future business expectations 
had soared since September 2013, reach-
ing their second highest level since the 
CBI was first recorded in December 2011.

For the first time since March 2013, fa-
cilities of all sizes grew in January. Fabrica-
tors with 50+ employees remained strong. 
But the improvement in the overall index 
was driven by smaller facilities. Fabrica-
tors with 20 to 49 employees expanded 
for the second time in three months, at 
the fastest rate since June 2012. Those 
with fewer than 20 employees grew for the 
first time since March 2013. 

New England grew fastest, followed by 
the West North Central, which grew for 
the first time since July 2013. The Middle 
Atlantic expanded after two months of 
contraction. The East North Central grew 
for the third time in four months. The 
Pacific region, which grew the fastest in 
December 2013, expanded for the fourth 
straight month. The Middle and South 
Atlantic regions continued to contract.

Future capital spending plans were 
17.8 percent higher than they were a year 
ago. It was the fifth straight month that 
they were higher than one year earlier.
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Dr. Donald F. 
Adams is the 
president of Wyo-
ming Test Fixtures 
Inc. (Salt Lake 
City, Utah). He 
holds a BS and an 
MS in mechanical 
engineering and 
a Ph.D in theo-
retical and applied 

mechanics. Following a total of 12 years 
with Northrop Aircraft Corp., the Aero-
nutronic Div. of Ford Motor Co. and the 
RAND Corp., he joined the University of 
Wyoming, directing its Composite Mate-
rials Research Group for 27 years before 
retiring from that post in 1999. Dr. Adams 
continues to write, teach and serve with 
numerous industry groups, including the 
test methods committees of ASTM and 
the Composite Materials Handbook 17.

I

BENDING OF COMPOSITE MATERIAL COMPRESSION SPECIMENS

Fig. 1 Effect of bending on measured 
 compressive strength.

n my previous column, I discussed 
the influence of column buckling of the 
composite material test specimen on 

its measured compressive strength (see 
HPC January 2014, p. 15, or visit short.
compositesworld.com/zxI7TRNl). As an 
aside, it was noted that column bending 
is often present simultaneously, sug-
gesting a potential interaction of these 
two effects that could further reduce 
the measured compressive strength. 
The discussion was supported by two 
graphs: an experimental plot of speci-
men compressive stress vs. strain indi-
cating column buckling in the absence 
of column bending, and a corresponding 
plot of a specimen that exhibited bend-
ing but no column buckling. 

It was shown that column buckling can 
cause a drastic reduction in the apparent 
compressive strength of the material. It 
was further indicated that the compres-
sive strength of the same material, even 
in the presence of bending, was much 
higher when buckling did not occur. How 
much the strength might have been 
degraded by bending was not addressed. 
Therefore, I promised to discuss that 
question this time. 

 My short answer is, there is minimal 
influence on the measured compressive 
strength even when the percent bending induced 
in the specimen during testing is very high. But 
because this isn’t a generally accepted 
statement in the composites community, 
much more must be said.  

To begin, ASTM D 3410, “Compressive 
Properties of Polymer Matrix Composite 
Materials with Unsupported Gage Sec-
tion By Shear Loading,” states that the 
percent bending, defined as the quantity 
B

y
 = [(ε

1
-ε

2
)/(ε

1
+ε

2
)] x 100, where ε

1
 is the 

strain measured by a gage on one surface 
of the specimen and ε

2 
is the strain mea-

sured by a gage on the opposite surface, 
shall be less than 10 percent for all five of 
the specimens that are required to have 
back-to-back strain gages.  Issued some 
years later, ASTM D 6641, “Compressive 
Properties of Polymer Matrix Composite 
Materials Using a Combined Loading 
Compression (CLC) Test Fixture” copied 
that requirement. 

A variety of studies, however, have indi-
cated that limiting bending to 10 percent 
for all specimens is no trivial matter. This 
is the case, in part, because the causes 
of bending in a compression test can be 
separated into at least three groups: 

1) Errors in testing machine alignment. 
Because the various compression test 
fixtures are typically loaded between flat 
platens, a lack of parallelism between 
these platen-loading surfaces is a poten-
tial source of induced bending in the 
specimen. The ASTM standards suggest 
using either well-aligned fixed platens, or 
one fixed platen and one spherical-seat 
platen. It has been shown that equiva-
lent results can be obtained with either 
approach.1 If two fixed platens are used, 
parallelism within 0.0127 mm/0.0005 
inch across 150-mm/6-inch diameter 
platens can be achieved using a dial indi-
cator. Two fixed platens are often used 
because they ensure that platen align-
ment accuracy will be maintained from 
one test to the next. 

2) Errors in test fixture alignment. As is true 
for the platens, the contacting surfaces of 
the fixture must also be flat and parallel. 
Beyond fixture fabrication errors, defor-
mations and other damage that occurs 
during repeated use of the fixture also 
can induce specimen bending. 

3) Errors in specimen fabrication. Per-
haps most importantly, poor specimen 
preparation practices can result in major 
problems. Specimen thickness must 
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be uniform. Local high spots, or even 
a taper of the specimen over its length 
or width, can lead to nonuniform load-
ing and, thus, induced bending. And if 
specimen tabs are used, poor specimen 
quality can be compounded by tabbing 
material nonuniformities and/or non-
uniform adhesive layer thicknesses. 

 The influence of induced test speci-
men bending on measured compres-
sive strength is indicated in Fig. 1 (p. 
15). Each symbol represents an indi-
vidual compression test of some type 
of carbon/epoxy cross-ply laminate. 
Tests were performed per either ASTM 
D 3410 or ASTM D 6641.1 As will be 
noted, although there is some scatter in 
the compression strengths, there is no 
trend toward decreased strength as per-
cent bending increases. Because most 
of these tests were conducted accord-
ing to the guidelines outlined above for 
obtaining good test results, most of the 
bending values are 10 percent or less. 
However, even those tests that resulted 
in bending of 30 percent or more indi-
cated no trend toward decreasing com-
pressive strength. Incidentally, none 
of the specimens represented in Fig. 1 

buckled, even when the bending was 
excessive.

 One explanation for why bending is 
not particularly detrimental in the com-
pressive test of a composite specimen 
is presented by Wegner and Adams1 and 
summarized here: Fiber microbuckling, 
that is, local buckling of individual fibers 
or small groups of fibers, is generally 
considered to be the primary cause of the 
eventual compressive failure of a fiber-
reinforced composite. As a typical speci-
men is loaded in compression, a natural 
curvature develops in the specimen due 
(as noted above) to some misalignment 
of the load and/or some specimen fabri-
cation irregularity. Thus, the fibers on the 
concave surface of the specimen curva-
ture will tend to microbuckle first because 
they are the most highly stressed.

 However, the presence of fibers in the 
plies adjacent to these stressed surface 
fibers restricts the extent to which the 
stressed fibers can buckle inward, and 
these stressed fibers do not naturally 
buckle outward because the curvature 
present in the specimen is in the oppo-
site direction. For that reason, fibers in 
the outermost ply on the concave sur-

face do not microbuckle immediately 
and they and the remainder of the com-
posite continue to carry the increasing 
load. Although the fibers in the next ply 
eventually approach their microbuckling 
limit, the inwardly adjacent plies and the 
specimen curvature, as before, constrain 
these second-ply fibers from microbuck-
ling. This process continues progres-
sively until the lateral support offered 
by the remaining adjacent plies is too 
small to constrain microbuckling. When 
fibers finally microbuckle, the resulting 
instability causes the whole specimen to 
immediately collapse.

 We know, intuitively, that it is good 
practice to minimize bending along with 
any other anomaly when we perform this 
type of testing. But given the above, the 
ASTM’s requirement that bending in a 
compression test be limited to 10 per-
cent or less might be unnecessarily 
restrictive.  

R e f e r e n c e :
1 P.M. Wegner and D.F. Adams, “Verification of 
the Combined Load Compression (CLC) Test 
Method,” Final Report DOT/FAA/AR-00/26, Fed-
eral Aviation Admin. (Washington, D.C.), August 
2000.
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or those who miss the bipolarity of 
the Cold War, rest assured that there 
remains a corner of the world in 

which two (corporate) giants still slug it 
out year after year, pushing each other in 
a competitive battle that shows no signs 
of abating.

Boeing (Seattle, Wash.) and Airbus 
(Toulouse, France) recently reported 
their numbers for aircraft orders, deliver-
ies and backlogs, through Dec. 31, 2013. 
It’s hard to declare a “winner,” but each 
planemaker can at least rest comfortably 
in the knowledge that 2013 was a record-
setting year in its history. In short, 2013 
looked like this for the two firms (all fig-
ures are aircraft units):

One of the very attractive aspects of 
making large commercial airplanes is 
the fact that accumulating a large back-
log is not only acceptable but, in some 
ways, beneficial. A large backlog com-
municates to the planemaker’s supply 
chain just how much work (and revenue) 
they can count on, and it signals to 

F
Boeing vs. Airbus: No winner yet in war of aerospace titans
In 2013, the rivals run neck-and-neck in commercial aircraft market 

Planemaker Orders Deliveries Backlog
Boeing 1,531 648 5,080

Airbus 1,619 626 5,559

the broader aerospace market just how 
healthy the industry is. 

By any measure, the commercial aero-
space industry, today, is pretty healthy. 
A backlog of 5,000+ units guarantees 
about eight years of work, and concur-
rent revenue and profits. And the rapid 
pace of manufacturing and assembly of 
deliverable aircraft displayed by both 
shows a level of efficiency not seen in the 
aerospace industry in many years.

This is true not only of Airbus and 
Boeing, but of all commercial aircraft 
manufacturers. Taken together they are 

likely to make 2013 one of the healthiest 
years in more than a decade.  Most in-
triguingly, the OEM landscape is likely to 
change in the coming years. Right now, 
there are only four commercial aircraft 
manufacturers: Airbus, Boeing, Bom-
bardier (Montréal, Québec, Canada) and 
Embraer (São José dos Campos, Brazil). 
But Shanghai, China’s COMAC is working 
on its C919, and Moscow, Russia-based 
Irkut is prototyping parts for its MS-21. 
When these — both single-aisle jets —  
appear, this space is likely to be more 
crowded and competitive.
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BIZ BRIEFS
The Long Island Forum for Technol-
ogy (LIFT) will install a trademarked 
GERBERcutter and laser ply layup sys-
tem from Gerber Technology (Tolland, 
Conn.) and its subsidiary, Virtek Vision 
International (Waterloo, Ontario, Cana-
da), in its new Composite Prototyping 
Center (CPC). The systems will be avail-
able to manufacturers to develop pro-
totype products containing composite 
materials. The CPC, scheduled to open 
in April, will serve as a resource for 
manufacturers seeking entry into the 

growing composites market by offering 
prototype manufacturing and test capa-
bilities. The center also will offer edu-
cational courses to support workforce 
training and retraining of displaced 
workers who seek high-tech careers. 
Nationally recognized research uni-
versities are expected to access CPC’s 
state-of-the-art facility to complement 
their engineering students’ composites 
education. LIFT also is collaborating 
with local community colleges to de-
velop a certificate course for composite 

technicians. The not-for-profit CPC will 
house a GERBERcutter DCS 2500 com-
puter-controlled, static cutting system 
that ensures composite plies are always 
cut precisely, and a Virtek LaserEdge 
system which projects a laser template 
onto molds and parts to guide opera-
tors through the ply layup process with-
out using templates. LIFT is applying a 
capital grant from the state of New York 
to purchase state-of-the-art equipment 
and renovate a facility located in Plain-
view N.Y., just off Interstate 495.
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• Equipment to monitor filament damage and 

fiber width 

• For laboratory or quality control 

• Capable of detecting single filaments of  

broken fiber 
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• Tension monitoring and data logging is 

possible with these sensors 

• High precision feedback control system for 

controlling fiber tension 
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multiple fibers for various types of 

fiber processing: spreading, sizing, 

carbonization, etc. 

• Consists of creel, processing 

equipment, take up winder 
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1 Pelham Davis Circle, Greenville, SC 29615 

Tel: 1-864-288-8001     Fax: 1-864-288-7272 

E-mail:  hpc@izumiinternational.com 

www.izumiinternational.com     
 

Pilot Lines for Carbon Fiber Processing 
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uickstep Holdings Ltd. (Sydney, Australia) announced 
on Feb. 5 that it has delivered the first shipset of wing 
flaps to Lockheed Martin (Bethesda, Md.) for the C-

130J Super Hercules military airlifter. Quickstep was awarded 
the contract in March 2012 and signed a $75 million (USD) 
memorandum of agreement (MOA) in December 2013.

The delivery, ahead of schedule, is the first of 24 shipsets 
of wing flaps that will be manufactured by Quickstep under 
an initial $12 million (USD) purchase order. The shipsets will 
be delivered at a rate of about two per month. Quickstep 
has also secured a second purchase order under the MOA 
valued at $9.8 million (USD) from Lockheed Martin. This or-
der covers manufacture and delivery of 12 further shipsets 
beginning in the first half of 2015.

“This demonstrates our ability to provide high-volume 
carbon fiber composites manufacturing for complex inter-
national supply chains,” says Philippe Odouard, Quickstep 
managing director. 

Every C-130J shipset has four wing flaps, each of which 
comprises more than 200 individual parts, including carbon 
ribs, spars and skins. Quickstep manufactures them at its 
Bankstown Airport aerospace facility.

The C-130J wing flaps program is one of two major aero-
space programs awarded to Quickstep, which is also produc-
ing components for the F-35 Lightning II Joint Strike Fighter.

Quickstep delivers first C-130J flaps

Q
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anguard Space Technologies (San Diego, Calif.) reported 
on Feb. 3 that it had been awarded two contracts to pro-
vide hardware for NASA’s James Webb Space Telescope. 

(HPC focused on the design of the telescope’s Composite Pri-
mary Mirror Backplane Support Structure in November 2008; 
visit short.compositesworld.com/HXbkO42k.) The contracts, 
issued by Northrop Grumman Corp. (Falls Church, Va.), are 
for fabrication of composite components of the telescope’s 
Unitized Pallet Structure. They will be manufactured at Van-
guard’s San Diego facility, using carbon fiber-reinforced mate-
rials. Delivery was scheduled for early this year.

Under a third contract, Vanguard will produce for Lockheed 
Martin (Bethesda, Md.) the High Gain Antenna (HGA) reflec-
tor for another NASA mission spacecraft, the Origins-Spectral 
Interpretation-Resource Identification-Security-Regolith Ex-
plorer, or OSIRIS-REx. Vanguard delivered a similar HGA to 
Lockheed Martin for NASA’s recently successful launch of the 
MAVEN spacecraft. Delivery of the OSIRIS-REx HGA to Lock-
heed Martin is scheduled for July of this year.

NASA’s OSIRIS-REx mission will study an asteroid that is 
expected to pass near the Earth. The OSIRIS-REx spacecraft 
is scheduled to launch in 2016 and rendezvous with the aster-
oid, known as 1999 RQ36, and ultimately bring back samples 
to Earth. The asteriod samples will be the first for a U.S. mis-
sion and might hold clues to the origin of the solar system or 
the development of life forms on Earth. 

Vanguard nets spacecraft contracts

V
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Aircraft engine demonstrator program  
targets emissions 

he G5Demo project, led by 
GKN Aerospace (Redditch, 
Worcestershire, U.K.) and 

part of the Swedish Green 
Aerospace Demonstrator pro-
gram, is to receive €2 million 
($2.71 million USD) in funding 
from Vinnova, a Stockholm-
based government agency that 
promotes innovative systems. 
An aircraft engine demonstra-
tor program, G5Demo is fo-
cused on developing and ma-
turing technologies that will 
cut aero-engine CO

2
 emissions 

by 50 percent by 2020. Match-
ing funds, in the form of an 
equivalent investment by GKN 
Aerospace, will be provided 
over a two-year period to sup-
port an increase in the scope of 
G5Demo activities. 

The Green Aerospace Dem-
onstrator program is intended 
to encourage industry and research establishments in Sweden to participate 
in international new technology demonstrator programs, such as Clean Sky (a 
European research project for the introduction of new, radically “greener” air 
transport products). One goal is an increase in small- and medium-sized com-
pany/organization participation.

 G5Demo currently supports two Swedish aerospace manufacturing technol-
ogy centers: Linköping-based COMPRASER, which focuses on composites, and 
Innovatum (Trollhättan, Sweden), which focuses on metals.

GKN Aerospace acquired Trollhättan-based Volvo Aero in 2012 and has in-
tegrated the company to form GKN Aerospace Engine Systems. GKN’s sec-
ond Swedish facility  is GKN Aerospace Applied Composites AB (ACAB) in 
Linköping, with 70 employees and an annual turnover of 130,000 Swedish 
Krona (SEK) or $20 million. The latter produces a wide range of products, from 
filament-wound driveshafts, pressure vessels and missile components to resin 
transfer molded (RTM) below-deck missile exhaust channels for Visby-class 
corvettes (73m/240-ft stealth ships that serve Sweden’s Navy) to aerospace en-
gine and structural components.

GKN Aerospace will contribute innovative manufacturing technologies and ad-
vanced materials to the project, reportedly enabling lightweight, state-of-the-art 
engine structures that then can be validated in the full-sized aero-engines that 
will function as the project’s demonstrators. Through G5Demo, GKN Aerospace 
will support Sweden-based universities, research centers and small-/medium-
sized enterprises, introducing them to international collaboration and working 
with them to realize and assess a variety of new technologies and processes.

Engine parts under development through G5Demo already include a 15 per-
cent lighter turbine structure that can survive significantly higher temperature 
conditions; a composite/metal hybrid fan frame that is 30 percent lighter than 
comparable frames; rotating frames for “open rotor” engines; and compressor 
structures manufactured via additive manufacturing (i.e., 3-D printing). Also un-
der investigation are automated composite manufacturing, novel welding tech-
nologies and new, high-temperature metal alloys. 
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Introducing a new super industry event - produced by ACMA and SAMPE 
- that connects and advances all aspects of the world’s composites and 
advanced materials communities

With 8,500 expected attendees, 500+ exhibitors, 250 technical and 
business conference sessions, cutting edge technology and innovation, 
product displays and demonstrations, plus the largest industry 

marketplace, CAMX is the must-attend industry event in the U.S.
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he 25th anniversary of the North 
American International Auto Show 
(NAIAS) took place at Detroit, 

Mich.’s Cobo Center in January, giv-
ing visitors a chance to view dozens of 
new production vehicles, 
models and concept cars, 
as well as providing them 
with an up-close look at the 
rapidly changing face of the 
industry. In the quarter cen-
tury since the Detroit Auto 
Show morphed into NAIAS, 
auto OEMs have introduced 
more than 1,300 new vehicle 
models here — 81 percent of 
them have been first-time, 
worldwide unveilings. 

HPC’s Mike LeGault was at the event 
and reported that, as at previous shows, 
technology was the main driver of 
change. What was newsworthy is the rate 
of change: The pace of innovation in re-
cent years has accelerated, with robust 
competition for markets and unprece-

dented technical challenges. A key chal-
lenge (no surprise) are the progressively 
stringent fuel economy standards now 
in force on both sides of the Atlantic. 
CAFE standards in the U.S., for one, will 

require manufacturers to achieve a fleet 
average of 35.5 mpg by 2016 and then  hit 
54.5 mpg by 2025.

Composites and other lightweight 
materials are expected to play integral 
roles in the design and manufacture of 
this next generation of vehicles. An al-

ready realized case in point is the much-
discussed i3, BMW AG’s (Munich, Ger-
many) first fully electric vehicle, which 
made its North American debut at the 
show. The car comprises a 22-kWh lith-

ium-ion battery, and passen-
ger cell and other parts con-
structed of lightweight carbon 
fiber composites, featuring 
fiber supplied by SGL Auto-
motive Carbon Fibers (Moses 
Lake, Wash.), a joint venture 
established by BMW Group 
and SGL Group. SGL ACF pro-
duces carbon fibers from a 
polyacrylonitrile (PAN)-based 
textile fiber precursor. The Mo-
ses Lake plant now runs two 

production lines capable of producing 
a total of 3,000 metric tonnes (6.6 mil-
lion lb) of fiber per year. The rovings are 
shipped to Germany where, in another 
SGL ACF facility in Wackersdorf Innova-
tion Park, they are processed into carbon 
fiber fabrics. These are cut into preforms 

At NAIAS, carbon composites not difficult to find 

T

WABASH MPI
P.O. Box 298, Wabash, IN 46992-0298
Phone 260-563-1184 • FAX 260-563-1396
E-mail: wabashmpi@corpemail.com  
www.wabashmpi.com
ISO 9001:2008 Certified

Wabash produces a wide range of hydraulic presses
for compression molding in composites applications.
We offer standard and custom designs from 15-1000
tons with various heated platen sizes and control
options. Visit our website at www.wabashmpi.com.
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The Leader in Composites Molding!
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Tel 705.526.7896 • Midland, ON

www.webermfg.ca

Precision Tooling and CNC Machining

for the Composites Industry

Invar

Steel

NVD Nickel

Precision 

and used to mold parts in a high-pres-
sure resin transfer molding (HP-RTM) 
process.

The four-door i3 is 157 inches long and 
62 inches high (399 cm by 157 cm) and, 
powered by its 170-hp electric motor, re-
portedly accelerates from 0 to 60 mph in 
seven seconds. Fully charged, the car has 
a driving range of 80 to 100 miles. 

Sources at the show said 
the car’s first deliveries to 
U.S. customers are expected 
in May, and they reported 
the company has 11,000 
confirmed orders on the 
books for this year.  BMW is 
planning to start production 
of its first plug-in hybrid, 
two-plus-two sports car, the 
BMW i8, in the second quar-
ter. Like the i3, the i8 will 
feature a passenger cell and 
other parts made from carbon fiber.

The winner of the 2014 NAIAS Car of 
the Year Award, General Motors’ (Detroit 
Mich.) 2015 Chevrolet Corvette Z06, has 
been repackaged with a supercharged 
6.2L V8 engine that delivers more than 
625 hp. As with all 7th generation Corvette 

models, the Z06 comes with a stan-
dard carbon fiber hood. Additionally, 
the Coupe version features removable 
carbon fiber roof panels. All the 7th 
generation models are manufactured 
with a substructure made from a car-
bon nanocomposite. The pieces of the 
substructure connect the body panels 
to the chassis; the carbon nanofilled 

composite components save about 9 
lb/4 kg compared to previous versions 
molded from sheet molding com-
pounds (SMC). 

New to the Z06 is a carbon fiber 
torque tube, which connects the en-
gine to the rear-mounted transaxle. 

The car also comes with an optional carbon 
fiber aerodynamic package, which includes 
a front splitter with winglets, rocker panels 
and larger rear spoiler. The Z06 package 
also includes carbon-ceramic brake rotors.

In 2012, Chrysler Group’s (Auburn Hill, 
Mich.) SRT (Street and Racing Technol-
ogy) brand began manufacturing a com-
pletely redesigned version of its SRT Viper. 

All standard SRT models come 
equipped with a hood, roof and 
liftgate molded from carbon fi-
ber prepreg by Plasan Carbon 
Composites (Bennington, Vt.). 
Additionally, the windshield 
frame comprises a glass/carbon 
fiber SMC, facilitating, in total, a 
32 percent weight savings com-
pared to the previous, all-metal 
model. At this year’s show, SRT 
launched the limited-run Viper 
GTS Anodized Carbon Special Edi-

tion. Its metallic matte exterior color accen-
tuates the vehicle’s already dramatic styl-
ing, according to SRT officials. “The Viper’s 
unique, hand-built and hand-painted pro-
cess allow us to create these ultra-exclusive 
special series builds,” said Ralph Gilles, 
president and CEO of (continued on page 30)
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Maximum Flexibility. 
Maximum Control.

Process Control Equipment 
For applications that demand precise temperature 
control, Mokon offers a full range of heating and 

cooling systems.

• Water Systems up to 380°F (193°C)

• Heat Transfer Oil Systems up to 700°F (371°C)

• Custom-engineered solutions

Visit our website and contact Mokon today.

Email Sales@Mokon.com with code COMP 
to receive a new customer discount.

www.mokon.com
Designed to Perform. Built to last.

For applications that demand precise temperature 
control, Mokon offers a full range of heating and 

• Heat Transfer Oil Systems up to 700°F (371°C)• Heat Transfer Oil Systems up to 700°F (371°C)

Chrysler’s SRT Brand and Motorsports 
group. The car’s interior features carbon 
fiber accents throughout, in the center 
stack, door panels, steering wheel and 
dashboard. The company plans to build 

about 50 Special Edition Vipers in 2014. SRT 
also revealed a new “Stryker Green” color 
for the Viper at the show.

Nissan displayed a number of concept 
sports cars intended to capitalize on in-
novative trends in product design and 
development and to reach younger cus-
tomers. The company’s Sport Sedan Con-
cept car, making its world debut, included 
multiple carbon fiber accent components 
in the front fender and headlamp, as 
well as carbon fiber rocker panels and a 
ground-effects package. 

Nissan’s luxury brand, Infiniti, in-
troduced the Q50 Eau Rouge concept, a 

heavily modified version of its produc-
tion Q50, envisioned as the company’s 
entry into the performance-car market 
segment. Although it’s labeled as a con-
cept car, Infiniti president Johan de Nys-
schen “absolutely insists” that it will be 
put into production, perhaps as early as 
the 2016 model year. The vehicle, built 
around either a V-8 or a turbocharged 
V-6 capable of generating more than 500 
hp, would be on par with performance 
models produced by BMW, Audi (In-
golstadt, Germany) and Mercedes-Benz 
(Stuttgart, Germany). The car on display 
was built with SMC body panels, and 
carbon fiber exterior ground effects and 
interior detailing.

(continued from page 29)
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North Coast Composites delivers the complete     
parts solution. For 35 years North Coast Tool & Mold 
has been an industry leader in the manufacture of 
molds for high performance composites.

You always trusted North Coast to make your molds.
Now, trust North Coast Composites to make your parts

ISO9001-2000
AS9100B

C o m p o s i t e s

The Companies of North Coast
North Coast Tool & Mold Corp.
North Coast Composites, Inc.

www.northcoastcomposites.com
216.398.8550

See us at 
JEC Atlanta
Booth #4840

he European Aviation Safety Agency (EASA), the EU’s 
equivalent to the U.S.’s Federal Aviation Admin. (FAA), 
recently released Certification Memorandum CM-S-004 to 

announce its “acceptance of the composite specification 
and design values developed using the NCAMP process.” 
NCAMP is the National Center for Advanced Materials 
Performance, part of Wichita State University’s National 
Institute for Aviation Research (NIAR, Wichita, Kan.).

The memo states that EASA accepts data developed 
through the FAA process described in Federal Aviation Ad-
ministration Memorandum AIR100-2010-120-003, “subject to 
review as required by standard project Certification and 
Validation processes.” Simply put, both EASA and the 
FAA will accept as certification data all the composite 
material data that is generated according to the NCAMP 
process guidelines.

The announcement is significant because NCAMP 
works with the FAA and industry partners to qualify ma-
terial systems and populate a shared materials database 
that can be viewed publicly. NCAMP-qualified materials 
systems include Hexcel 8552; Newport NCT4708; Cytec 
MTM45-1; Tencate TC250 (available March 2014); Cytec 
5320-1 (available August 2014); and Cytec EP2202 (avail-
able January 2015). EASA’s acceptance of the NCAMP pro-
cess will enable participating material suppliers to more 
effectively market their materials. Most 
importantly, it also will shorten the 
certification process — and, therefore, 
reduce the cost of certification — for 
manufacturers that use NCAMP-quali-
fied material.

“EASA has been involved with 
NCAMP and CMH-17 [Composite Mate-
rials Handbook-17] working groups for 
many years,” commented John Tomb-
lin, the executive director of NIAR and 
NCAMP. “Their support of the handbook 
and NCAMP initiatives is crucial to the 
ultimate success of the program.” The 
CMH-17 working groups develop con-
tent for the CMH-17 handbook. Work-
ing group members ultimately approve 
or deny NCAMP-qualified materials for 
publication in the handbook. 

NCAMP began in 2005 as a FAA-
funded program within WSU-NIAR and 
and was an outgrowth of NASA’s 1995 
Advanced General Aviation Transport 
Experiment (AGATE). 

EASA’s Certification Memorandum 
CM-S-004 is available, via download, at 
http://easa.europa.eu/certification/certifica-
tion-memoranda.php.

For more information about NCAMP, visit 
its Web site: http://www.niar.wichita.edu/coe/
ncamp.asp. 

EASA will accept NCAMP data

T
Finally, there’s a fire retardant, low smoke/low  
smoke toxicity phenolic FRP that’s processed  
as easily as polyester.  It’s called Cellobond® 
FRP and it’s processed from phenolic resins  
available in a wide range of viscosities for:

• Hand lay-up/spray-up* • RTM
• Filament winding* • SCRIMP
• Press molding • Pultrusion
                     *FM approved
Gel coated Cellobond® Phenolic FRP, 
using Cellobond® phenolic resin  far  
exceeds DOT and FAA requirements and  
meets all stringent European fire performance 
tests with ease.

The low density, high temperature resis-
tance, low flame and low smoke / smoke 
toxicity make Cellobond® phenolic resin 
the hottest new material for fire retardant 
applications. For the aircraft and aerospace 
industries that require ablative materials,  
we also offer Durite® phenolic resin from 
Momentive Speciality Chemicals Inc.

Call or write today for more information.

Finally, a fire retardant FRP 
with unmatched processability.

Mektech Composites Inc.
Distributor for Momentive Specialty Chemicals Inc. (Formerly Hexion)

40 Strawberry Hill Rd.  •  Hillsdale, NJ 07642
Tel:  (201) 666-4880  Fax: (201) 666-4303
E-Mail: Mekmail@prodigy.net
www.cellobond.com • www.momentive.com
Cellobond® and Durite® are registered trademarks of Momentive Specialty Chemicals  Inc.
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Big and still growing

JEC expects more than 32,000 visitors this 
year — an 86 percent hike in attendance 
over the past decade.

SAMPE EUROPE 2014/JEC EUROPE 2014

he annual conclave of SAMPE’s 
European segment and the JEC 
Europe show return to Paris this 

spring, promising to be bigger than ever 
before, reflecting the industry’s post-
recession resurgence.

SAMPE Europe 2014 
The 35th International Conference of 
SAMPE Europe, SEICO 14, will be pre-
sented, as in recent years, at the Ho-
tel MERCURE Paris Porte de Versailles 
EXPO, Vanves, located a short walking 
distance (10 minutes) from the Paris 
EXPO halls where this year’s JEC Europe 
show will be held. This time, the ad-
vanced materials and processes confer-
ence will cover two days and feature two 
keynote addresses, one for the aerospace 
sector, and the other focused on the 
promising automotive market. For those 
two industry segments, special sessions 
have been reserved to provide attendees 
of SEICO 14 the latest results from R&D 
and testing as well as reports of recent 
applications in each arena. In addition 
to the keynotes, SEICO organizers have 
scheduled a Plenary Session on Aero-
space together with 10 parallel sessions. 
In all, 50 papers will be presented on 
state-of-the-art aerospace technologies, 
which SEICO officials say have been se-
lected with attention to highly attractive 
subject matter and quality of research. 
All papers presented at SEICO 14 will be 
documented in the SEICO 14 Proceedings, 
which will be provided, via CD, to each 
registered conference attendee.

JEC Europe 2014
In anticipation of its annual Paris com-
posite industry event, the JEC Group 
says it is preparing its biggest show floor 

yet for the expected influx of exhibitors 
and attendees to its 2014 edition of the 
JEC Europe trade show. 

Set for its traditional location in Porte 
de Versailles, in southwestern Paris, JEC 
has opted for an 8 percent larger space 
at the Paris Expo — organizers expect 
more than 1,180 exhibitors to occupy 
stands, 26 percent from inside France 
and 74 percent from abroad.

To accommodate the added exhibit 
space, the show floor will be housed this 
year — a first! — in two exhibition halls, 
located in Pavilion 7. Thus, for 2014, the 
show will cover 54,400m2 (585,556 ft2). 

Claiming 32,256 visitors in 2012 (this 
figure includes exhibitor personnel), 
JEC reports that attendance at the Paris 
event will continue to be internation-
al in scope: 20 percent of visitors will 
come from inside France, but the bal-
ance will hail from beyond its borders. 
Including those from France, fully 77 
percent will arrive from European lo-
cales. Asia will be the point of origin 
for 10 percent. And 8 percent will come 
across the Atlantic from the U.S. The re-
maining 5 percent represent the rest of 
the world.

 An unusual statistic is the expected 
breakdown between composites in-
dustry companies and those that are 
end-users of composites. JEC claims 
that 33.6 percent of its visitors are in 
the industry: 38.7 percent of those are 
composites processors, 22.3 percent 
produce raw materials for composites, 
and the remainder represent service 
providers, distributors and equipment/
machine manufacturers. That means 
the overwhelmingly greatest group of 
visitors (65.7 percent) reportedly at-
tends on behalf of those who incorpo-

rate molded composite components in 
products sold into end-markets. Nota-
bly, JEC claims the largest percentage 
(24.3 percent) come from the auto in-
dustry, followed by aerospace (20 per-
cent), building and construction (16.9 
percent), boatbuilding and marine (9.2 
percent), with the rest divided between 
software and services, sporting goods, 
leisure and consumer goods, rail trans-
port, medical and other.

Conference emphases
In 2014, the focus of the show’s Innova-
tive Composites Summit (I.C.S.) confer-
ence and forums will be on what JEC sees 
as two hot industry end-markets:

Offshore Energies: Wind energy, oil & 
gas and hydropower will be examined as 
promising new-growth drivers for com-
posites.

Hybrid Structures: Because weight re-
duction is now crucial in transportation, 
hybrid structures are expected to enable 
end-market OEMs to take best advantage 
of a variety of materials in what some are 
now calling the “multimaterial” vehicle.

I.C.S., at this writing, had assembled 
42 speakers hailing from 13 countries. 
Presenters will treat six areas of focus 
in three general categories over three 
days: 

Tuesday, March 11: Process
10:30 a.m Simulation/Design
2:30 p.m.  Mass Production & 

 Robotization

Source | CT / Photo: Jeff Sloan

WHAT: JEC Europe 2014 

WHEN March 11-13, 2014

WHERE: Paris Expo, Porte de 
 Versailles, Paris, 
 France
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Wednesday, March 12: Application Sectors
10:30 a.m.  Innovative Composite Automotive Applications
2:30 p.m.  Aeronautics: Efficient Lightweight   

 Structural Parts

Thursday, March 13: Materials
10:30 a.m. High-performance Thermoplastics
2:30 p.m. Market and Technology for Carbon Producers

JEC’s Country of Honor
In 2014, the JEC Europe Show and Conference also will fo-
cus on the development of the composites industries in The 
Netherlands. Dutch companies and knowledge institutes in 
the high-tech sector of JEC’s featured neighbor are renowned 
for their technological excellence. The JEC Country of Honor 
spotlight will be especially bright on the Dutch aerospace 
industry and its strategically located cluster of more than 
100 companies. JEC will celebrate The Netherland’s high-
tech systems and materials sector, which bolsters innova-
tions in the areas of high-tech equipment, components and 
materials.

For more information about and/or to acquire a conference sched-
ule and register for SEICO 2014, contact SAMPE Europe, E-mail:  
sebo@sampe-europe.org; Web site: www.sampe-europe.org.

 Prospective attendees can register for the JEC Europe 2014  show 
online at the JEC Web site: www.mybadgeonline.com/JEC-Europe/
home.aspx. For additional information, interested parties also 
may contact show organizers directly via the JEC Hotline, E-mail:  
jec@badgeonline.net or Tel.: +33 (0)1 43 84 86 83.

Source | CT / Photo: Jeff Sloan
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BY SARA BLACK & JEFF SLOAN

CARBON FIBER 2013
CONFERENCE REPORT

t CompositesWorld’s Carbon Fi-
ber 2013 conference, held Dec. 
9-12 in Knoxville, Tenn., CW’s 
conference director Scott Ste-
phenson capped 16 years of ex-

perience in conference organization on 
this subject with his best attended and 
most informative event yet. The 2013 
edition featured nearly 30 speakers and 
almost 300 attendees, representing a 
wide range of participating industry, gov-
ernment and academic organizations. 
HPC staffers were on hand and identi-

fied the follow-
ing highlights (for 
more, see “Learn 
More,” p. 39).

Carbon fiber in 
transportation
A highlight in re-
cent years has 
been Chris Red’s 
Market Outlooks. 

This year, Red’s three-hour pre-confer-
ence presentation, “Emerging Opportu-
nities and Challenges for Carbon Fiber 
in Passenger Automobiles: Is the CFRP 
industry ready for mass production?” 
asked and answered questions that 
were top-of-mind for many attendees. 
Red, who heads market research firm 
Composites Forecasts and Consulting 
LLC (Mesa, Ariz.), said the automotive 
industry today accounts for about 6 per-
cent of the world’s total carbon fiber de-
mand. He identified 104 car models that 
now feature OEM-specified carbon fiber 
composites to some degree despite the 
current cost of raw fiber. However, he 
warned that the continuing raw material 
cost disparity, carbon fiber vs. aluminum 
and steel, and even more importantly, 
processing challenges, will likely stall 
progress. “We can’t get into mid- and 
high-volume model production scenari-
os within the next 10 years,” he pointed 
out, but allowed that legislation that 

mandates reductions in greenhouse gas 
emissions will be a powerful driver for 
OEMs, who must dramatically improve 
auto efficiency and meet end-of-life recy-
cling goals in the coming decade. Given 
these competing forces, Red believes 
that mid- to full-size luxury cars, luxury 
sports cars and some SUVs and CUVs 
hold the most promise for carbon com-
posites adoption. 

 Red asserted that there are good op-
portunities beyond exterior body panels 
for carbon fiber composites, particu-
larly in suspension components, such 
as chassis frames, powertrain elements, 
brakes and wheels. Of the OEMs exam-
ined in his research, BMW AG (Munich, 
Germany) and the Volkswagen Group 
(Wolfsburg, Germany) are the biggest 
users of carbon fiber at present. A joint 
venture between Brembo SpA (Curno, It-
aly) and SGL Group (Wiesbaden, Germa-
ny) is one of the largest single users of 
carbon fiber materials, with a dominant Chris Red
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market share. Not surprisingly, 70 per-
cent of carbon fiber composite part sup-
pliers are located in Europe. Among the 
largest are ITCA Colonnella SpA (Colon-
nella, Italy), Sotira (Meslay du Maine, 
France) and Mubea Carbo Tech Compos-
ites GmbH (Salzburg, Germany). None-
theless, some North American firms 
made his “biggest” composites supplier 
list, including Morrison Molded Fiber-
glass Co. (Ashtabula, Ohio), Multimatic 
Inc. (Markham, Ontario, Canada) and 
Plasan Carbon Composites (Benning-
ton, Vt. and Walker, Mich.). Red conclud-
ed that, despite a drop in carbon fiber 
usage in automotive of nearly 50 percent 
between 2005 and 2010, the identified 
vehicle population in his research will, 
over the next 10 years — and without a 
speculative demand add-on — consume 
more than 173 million lb/78.6 million kg 
of carbon fiber. “Outside of wind energy,” 
he concluded, “the automobile repre-
sents the biggest opportunity for carbon 

fiber market growth and penetration.” 
(For an in-depth look at Red’s findings, 
see “Learn More.”)

In addition to Red’s preconference ob-
servations, conference attendees were 
offered a mixed menu of auto-related 
presentations. Plasan’s chief technology 
officer Gary Lownsdale updated attend-
ees on his company’s work in developing 
equipment and processes for medium-
volume manufacture of composite parts 
and structures for automobiles. The 
company’s 200,000-ft2/18,580m2 plant in 
Walker is producing 30,000 to 50,000 ve-
hicle sets per year, Lownsdale reported, 
with new equipment on the way that will 
boost capacity to 100,000 vehicles sets 
annually. Most of the facility’s carbon fi-
ber work is focused on General Motors 
Co.’s (Detroit, Mich.) Chevrolet Corvette 
ZR1 and Corvette Stingray and Chrysler 
Group LLC’s (Auburn Hills, Mich.) SRT 
Viper. Parts for these programs are man-
ufactured using Plasan’s RapidClave 
system, developed in partnership with 
Globe Machine Manufacturing Co. (Ta-
coma, Wash.). The RapidClave acts as 
a high-speed autoclave, reducing cycle 
times from 90 to 17 minutes by use of 
a ram-actuated air column inside a 
sealed chamber. Lownsdale said the 
RapidClave produces parts with Class A 
surfaces and has been a significant tech-
nology upgrade for the processor. “We’re 
moving from hours per part to parts per 
hour,” he quipped. 

As work at the Walker facility evolves, 
Lownsdale said, Plasan is looking to in-
crease layup automation, reduce Rapid-
Clave cycle time to seven minutes, and 
develop RTM capability, the latter coming 
by way of a recently announced invest-
ment in Plasan by carbon fiber source 
Toray Industries (Tokyo, Japan). Plasan 
also is looking at increased thermoplas-
tics use by way of a combined pultrusion/
compression molding process that might 
offer cycle times as short as two minutes. 

The transportation market will con-
tinue to be Plasan’s major focus for the 
next several years, Lownsdale said, add-
ing that the company is considering es-
tablishment of miniature plants globally 
to serve a variety of geographies.

Many eyebrows were raised at the con-
ference by Patrick Blanchard, technical 
leader, Composites Group at Ford Mo-
tor Co. Research & Advanced Engineer-
ing (Dearborn, Mich.), who addressed 

emerging CAFE standards and Ford’s 
lightweighting efforts. He reminded the 
audience that CAFE targets progress 
annually and require 3.5 percent fuel-
efficiency improvements, year over year, 
through 2025.  He also  contended that 
Ford research shows consumers are not 
concerned about vehicle weight and are 
most concerned with vehicle handling, 
braking and safety. Although vehicle 
weight affects these things, he said, 
weight by itself is unimportant. Finally, 
he claimed that powertrain advances 
that involve hybrid electric and plug-in 
electric technologies alone will enable 
Ford and other OEMs to meet CAFE tar-
gets. Reductions in vehicle weight, he 
argued, will extend the range of high-ef-
ficiency cars, but weight elimination is 
not necessary to increase efficiency. That 
said, he did note that weight is an issue, 
because new customer features in cars 
and trucks, since 1998, have added 17 
lb/year to each new car model and 43 
lb/year to each new truck model. Ford, 
Blanchard noted, is looking at alumi-
num and lightweight steel to help trim 
mass (Ford subsequently announced 
that its newest Ford F-150 pickup truck 
would use an aluminum frame). These 
“legacy” materials, he explained, fit best 
with Ford’s manufacturing systems, 
which, of course, favor metals. By com-
parison, carbon fiber composites, he 
noted, are lacking in several respects: 
Their production processes are not 
scalable to auto OEM volumes. Design 
and CAE tools need improvement. Ro-
bust repair technologies are not yet 
available. An adequate fiber supply is 
not yet in evidence. And carbon com-
posites are not yet proven to be com-
patible with vehicle painting processes. 
Notably, Blanchard’s objections did not 
include the high cost of raw fiber, but 
in a subsequent Q&A session, he said 
he left price out of his presentation 
because Ford’s infrastructure require-
ments present the bigger hurdles to the 
material. Blanchard noted that Ford has 
39 assembly plants, globally, which pro-
duce 7 million vehicles per year. Recon-
figuring those plants to accommodate 
carbon fiber manufacture, he claimed, 
would be prohibitively expensive. Nev-
ertheless, he did say that he thinks 
composites usage in automotive has a 
future, particularly in multimaterial ap-
plications, but he made it clear that 

Opportunities knock in Knoxville

CF 2013 featured nearly 30 
speakers and almost 300 attendees, 
representing a wide range of 
participating industry, government 
and academic organizations.

Source: HPC/Photo: Jeff Sloan
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carbon fiber use at Ford is not a forgone 
conclusion.

 In sharp contrast, Mark Campbell of 
MW Industries Inc.’s (Rosemont, Ill.) Hy-
perco division offered an example of how 

elegant and simple a composites solution 
can be. When company management, de-
spite his position as new product man-
ager, went over his head with a decision 
to explore carbon composites for racing 
springs, initial helical designs failed be-
cause they lacked sufficient strength in 
torsion. While the company looked at 
other ways to use carbon fiber, including 
in “bump stops” (cushioning devices that 
limit the upward movement of the wheel 
suspension to prevent damage from met-
al-to-metal contact) on NASCAR race cars 
(which were ultimately banned by NAS-
CAR racing officials), Campbell had an 
“a-ha” moment when he stacked several 
thin, carbon/epoxy “Belleville washers” 
(saucer-like discs with centered holes) 
and realized they could act as an effec-
tive vehicle spring. His team molded in 
lip/flange details so the discs could inter-
lock when stacked (see photo above) and 
could be flipped and variously restacked 
to achieve different spring rates. Hyperco 
claims it is now able to achieve very high 
spring rates when the discs are com-
pressed, without the internal side loading 
friction on the spring shaft that is typi-
cal of conventional coil springs, because 
the discs remain parallel in compres-
sion. A&P Technology (Cincinnati, Ohio) 
supplies the fiber forms, which are pre-
pregged by TCR Composites Inc. (Ogden, 
Utah). The spring design, which Campbell 
calls “game-changing,” goes by the name 
of Carbon Composite Bellow Springs and 
is reportedly “revolutionizing” the sports-
car racing industry. 

CF in commercial aerospace
Mark Rigalski, a senior technical fellow at 
The Boeing Co.’s (Chicago Ill.) operations 

in Seattle, Wash., discussed in broad 
terms his company’s current and future 
plans to incorporate carbon fiber into 
large aerostructures. He reported that 
Boeing is bullish about commercial air 
travel globally in the next 20 years, an-
ticipating annual growth of 4.1 percent 
in airline passengers, 5 percent in total 
air traffic and 5.1 percent in cargo traffic. 
Boeing, he noted, is focused primarily on 
787 Dreamliner production ramp-up, 777X 
material and manufacturing decisions, 
and material selection for a 737 replace-
ment. He reported that the economics 
that drove composites use on the 787 
are not yet as good on a 737 replace-
ment, but said that a switch to carbon 
fiber wings for the 777X will make that 
plane 35 percent composite, by weight. 
That’s second only to its 787 in terms of 
composites content on Boeing aircraft. 
Expanding on Boeing’s recyclability and 
sustainability goals, Rigalski said that 
material selection in aircraft is becoming 
increasingly important, but must always 
be balanced against efficiency. He com-
mented that aluminum’s easy recyclabil-
ity still makes it an attractive option, but 
admitted, “you wouldn’t want to use a 
heavier material on a plane just because 
it’s recyclable.”

In what the CompositesWorld staff 
believes was the first public disclosure 
of this work, Dave Kehrl of A&P Technol-
ogy described his company’s support of 
Boeing’s 787 Dreamliner program. It be-
gan in 2003, during initial trade studies, 
at a time when Boeing thought that 787 
fuselage frames would be titanium. Ac-
cording to Kehrl, a Boeing employee at 
the time, composites were ultimately se-
lected, but a unique reinforcement was 
needed — one that could conform to the 
curved fuselage shape. A&P developed 
a braid architecture and the equipment 
necessary to align the central, axial fi-
bers with the tangent of the frame curva-
ture. Defined by the braiding mandrels, 
the part curvature can be varied to form 
overbraided, multi-ply, curved preforms 
that can meet the many load cases at 
each skin/stringer/frame intersection, 
as defined by the finite element model. 
According to Kehrl, the frames were 
the first braided, resin-infused primary 
structures for an aircraft. Begun in 2005, 
production is now ramping up to meet 
the 787’s production schedule. Infusion 
is done by C&D Zodiac (Huntington 
Beach, Calif.) in North America, and by 

Alenia Aermacchi (Venegono Superiori, 
Italy) in Europe. 

 Gary Roberts, a research materials 
engineer with NASA Glenn Research 
Center (Cleveland, Ohio), discussed 
work in collaboration with A&P Tech-
nology, Drexel University (Philadelphia, 
Pa.) and the Army Research Laboratory 
(ARL, Adelphi, Md.) on a hybrid com-
posite/metal gear concept for rotorcraft 
drive systems. A helicopter’s drive sys-
tem constitutes up to 15 percent of the 
craft’s empty dry weight, and OEMs and 
operators have long wished for ways to 
reduce system weight. Using composites 
with steel, Roberts pointed out, shifts 
the gear dynamics to a higher frequency, 
which could help control vibration and 
noise at critical frequencies. Replac-
ing the central web of a small, round 
toothed steel “spur” gear with carbon 
composite, in a sandwich design that 
maintained the outer steel teeth and 
inner steel hub, brought a 20 percent 
weight reduction. Moreover, no damage 
or degradation was sustained during a 
stringent endurance test. Although stat-
ic testing showed some slight delamina-
tions at loads far beyond design loads, 
there was no crushing of the composite, 
despite myriad load cases that included 
radial, torque and vibration loads. Rob-
erts says the team is scaling up to a full-
size helical bull gear, and looking at ways 
to emulate the dynamic loads at realistic 
hot-oil temperatures and strains. Three 
major U.S. OEMs are reportedly inter-
ested in the research results.

 One of the most anticipated presen-
tations detailed use of carbon fiber in 
the forthcoming CFM International 
(Cincinnati, Ohio) LEAP aircraft engine, 
which will be used on the Airbus A320n-
eo and the Boeing 737 MAX narrow-
body commercial jets. Presenters  were 
Bruno Dambrine, a composites expert 
at Safran-Snecma (Paris, France), and 
Jon Goering, a divisional chief tech-
nology officer with Albany Engineered 
Composites (AEC, Rochester, N.H.). 
AEC supplies carbon fiber preforms 
and other components to Snecma for 
the manufacture of fan module and 
low-pressure turbine structures. AEC 
is weaving preforms to be used in resin 
transfer molding (RTM) of LEAP engine 
blades, fan cases and other smaller 
parts. Dambrine said material develop-
ment for the engine focused primarily 
on finding the best combination of 
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weaving method and resin toughness, settling in the end 
on the Jacquard weaving method. The concern, he noted, 
was how the composite would perform when damaged. Jac-
quard, he said, offered the composite structures the ability 
to sustain loads throughout damage development, giving 
the pilot time to put the aircraft on the ground without cat-
astrophic failure in the air. Blade tests have proved this out, 
he reported, showing that microcracks were readily arrested 
by the material and design combination. The use of com-
posites in the engine is expected to save about 1,000 lb/454 
kg per aircraft. Because the A320neo and 737 MAX programs 
are progressing rapidly, Dambrine noted, “the greatest 
challenge we have is to make sure we can do the ramp-up.” 
Snecma will manufacture 1,800 shipsets per year by 2020, 
with preforms coming from AEC’s U.S. facility and a similar 
plant in Commercy, France. Dambrine acknowledged that 
much work remains to meet production goals, but said that 
process development work done so far has proven that “we 
know exactly how many fibers we have in each preform. The 
closed mold, fixed resin quantity and process repeatability 
will help us meet weight specifications.” (Read about HPC’s 
recent tour of AEC’s New Hampshire facilities on p. 58.)

CF in alternative energy
In this category, the wind industry has long been forecast as 
a major consumer of carbon fiber, particularly in wind blade 
spar caps. Projections offered at the conference indicated 
that the aerospace and wind energy are and will be for sev-
eral years to come the two largest markets for the material. 
Two presentations, however, cast some doubt on carbon 
fiber’s future in wind turbine blade applications. Although 
he was positive about the overall wind-energy market in 
North America (wind, at $0.06/kWh is reportedly competi-
tive with natural gas in electric-power generation), Steve 
Johnson, manufacturing engineering manager at GE Wind 
Energy (Fairfield, Conn.), noted that manufacturing costs 
must be kept in check if wind energy is to remain competi-
tive. “Cost is king in the wind industry,” he noted. Although 
low blade weight is important, it’s not critical, he added. 
For that reason, carbon fiber is not considered by GE as 
an essential manufacturing material, particularly given its 
relatively high cost. A carbon fiber spar cap, Johnson said, 
weighs 80 percent less than one reinforced with glass fiber, 
but it costs five times more. “We love carbon fiber, but we 
hate the cost associated with it,” he concluded.

Like Johnson, presenter Aaron Barr was optimistic about 
global wind energy production. The technical advisor at MAKE 
Consulting (Chicago, Ill.) said 2013 would be a “down” year 
but would be followed by several years of anticipated expan-
sion. He claimed that only two blade manufacturers, Vestas 
Wind Systems A/S (Aarhus, Denmark) and Gamesa (Madrid, 
Spain), are now using carbon fiber in spar caps, with Vestas 
accounting for the vast majority of the total. However, Barr 
reported that Vestas is struggling financially and faces an un-
certain future, one reason why carbon fiber’s penetration as a 
percentage of installed wind blades is expected to drop from 
a high of 23 percent in 2012 to 19 percent in 2013, and to 18 
percent by 2016. “There’s no magic number for when you need 
carbon fiber,” he said, and he projected “flat” carbon fiber use 
in wind blades through 2020. “All of this, however,” he said, 
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research at nearby 
Oak Ridge Nation-
al Laboratory, Oak 
Ridge, Tenn.). But 
Anthony Vicari, a 
research associate 
at Lux Research 
(Boston, Mass.), 
revisited this hot 
topic in the car-
bon fiber industry 

to discuss the prospect of developing 
a non-polyacrylonitrile (PAN) precursor 
other than lignin for the manufacture of 
commercial-grade carbon fiber. He re-
ported that more efficient and alterna-
tive heating systems, combined with 
a polyolefin-based precursor, likely will 
enable production of carbon fiber that 
could cost as little as $10.50/kg ($4.72/
lb), down from an average of roughly 
$19/kg ($8.55/lb) today. Looking more 
broadly, Vicari said Lux Research has 
been evaluating material development 
trends over the past few decades, trying 
to determine what they say about the 
future. In particular, Vicari said Lux cor-
related key material patent years with 
significant commercial adoption mile-
stones (called inflections), such as the first 
use of a given material in an aircraft, car 
or medical device, for example. Lux ap-
plied this assessment to glass fiber in an 
attempt to predict carbon fiber’s future 
in the automotive industry. The result: 
Lux found two patent inflections, one 
in 1996 and another in 2006. The first 
heralded the introduction of the BMW i3 
in 2011, which features a passenger cell 
made entirely of carbon fiber. The 2006 
inflection, he says, predicts the intro-
duction in 2016 of the first mainstream 
car made “largely of CFRP.”

“is underpinned by just a few OEMs using 
carbon fiber.” The tipping point for carbon 
fiber might come in the form of a cheaper 
precursor, which would be expected to 
reduce the cost of carbon fiber to $5/lb, 
which MAKE anticipates by 2018.

CF in construction
That was the subject of John Carson’s 
presentation. Carson is the executive 
director of AltusGroup Inc. (Bethlehem, 
Pa.), a consortium of precast concrete 
producers that use “C-GRID” carbon 
grids, pioneered by Chomarat North 
America (Anderson, S.C.), to replace 
traditional welded steel-wire mesh for 
concrete reinforcement. The group’s 
CarbonCast precast concrete solutions 
have grown steadily over the past 10 
years and are replacing heavier and 
thicker steel grid-reinforced precast el-
ements. According to Carson, carbon 
fiber reinforcement lends “pseudo-duc-
tile” behavior to the precast concrete 
and, thus, improves its fatigue per-
formance, corrosion resistance, crack 
control and insulation properties, and 
allows the use of castings with thinner 
profiles and less mass. CarbonCast has 
been used in more than 125 parking 
garage structures to date, and is grow-
ing in architectural cladding — 50 to 
65 percent lighter building façades are 
possible. “The cost of the carbon is in-
significant compared to the crane cost,” 
noted Carson, referring to the installa-
tion of façade panels during skyscraper 
construction, and he added that the en-
ergy savings are significant as well.

CF from other precursors
Much has been written about the poten-
tial for lignin precursors, (the subject of 
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Read a much expanded version of this 
report online at short.compositesworld.com/
ALTDgT6F.

Chris Red provided a thoroughgoing 
discussion of the prospects for carbon fiber 
in the auto industry in “Automotive CFRP: 
The shape of things to come,” in HPC’s 
sister magazine Composites Technology 
(CT December 2013, p. 30) or visit short.
compositesworld.com/8MhEyKb3.

But in a key pre-
sentation, Graf-
Tech Internation-
al’s (Parma, Ohio) 
Tracy Albers, the 
company’s R&D 
manager, describ-
ed how GrafTech 
has incorporated 
the ORNL-devel-
oped lignin-based 

carbon fiber into a commercial product. 
Despite concerns about the nonuniform 
characteristics of lignin, which include a 
branching, relatively amorphous struc-
ture that varies from tree to tree, Graf-
Tech has created a GRAFSHIELD heat 
management product for casting furnac-
es that incorporates the lignin carbon in 
a composite facing. “Lignin is a drop-in 
replacement for our GRAFSHIELD GRI 
product,” Albers claims. “And it performs 
as well as a pitch-based carbon fiber we 
used previously.” Albers argued, there-
fore, that lignin-based carbon fiber is a 
“promising technology” and urged at-
tendees to consider working with ORNL’s 
carbon fiber consortium.

Anthony Vicari Tracy Albers
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eb Industries Inc. (Marlborough, Mass.) is among 
the few composites industry suppliers situated 
at a critical focal point in the aerospace supply 
chain. The provider of slitting, cutting and wind-
ing services is responsible for formatting much of 

the thermoset- and thermoplastic-based carbon fiber tapes 
used in automated tape laying (ATL) and automated fiber 
placement (AFP) processes that produce some of the world’s 
largest and most important commercial aircraft structures.

 Situated between the carbon fiber prepreg material manu-
facturer and the composite part manufacturer, the company 
occupies a front-row seat among the observers who assess 
the many trends now impacting the commercial aerospace 
manufacturing community. 

 Web Industries has developed composite converting pro-
cesses for several high-profile aerospace programs, including 
the Boeing 787 and the Airbus A350 XWB. But the genesis of 
these programs, and the designs that came out of them, are 
now a decade or so in the past. Resin, fiber and manufactur-
ing processes have matured significantly since then, putting 
pressure on suppliers to keep up. Rate production for the 
787 and A350 XWB alone will demand significant increases 
in manufacturing speed and agility, and the materials now 
shipped by Web Industries must be optimized to meet that 
challenge. The upshot is that the job description of an aero-
space supplier, today, is complex, and becoming more so by 
the day. HPC caught up with several Web Industries employ-
ee-owners to get their view of this fast-changing market.

Jim Powers, a business development manager in Web’s 
advanced composites group, notes that Web and other con-
verters, composite material manufacturers and aircraft parts 
fabricators are all riding the same business and technology 
maturation curve. “As the markets and applications grow, 
suppliers are developing more specialized products for each 
application,” he says. “It’s no longer good enough to rely only 
on the process that landed you the legacy program.” This 
means adapting to changes in ATL/AFP equipment designs, 
tape and tow thickness requirements, new resin types, varia-
tions in impregnation levels, spread tows, out-of-autoclave 
(OOA) technologies and the application of thermoplastics, 
where the processing method might employ in situ heating/
consolidation of the precision-slit tape at the spool head/
tooling, via laser, gas or infrared technology. “Thermoplastics 
historically have been a challenge to automate because it’s a 
boardy, stiffer material,” he reports. “And it’s just not tacky.”

A view of the trends in automated 
fiber placement and automated tape 
laying from inside the supply chain.

AFP/ATL Evolution

Formatting tapes for automated tape laying

Carbon fiber tapes emerge from the slitting process in a fixed width 
and are fed to a series of creels on the Web Industries production 
floor. Spools of tape are wound at each creel. 

Backing & spooling the tapes

Prepregged carbon fiber tape, after it’s slit by Web Industries, is 
backed with a blue carrier and wound around a spool. The spool is 
used by automated tape placement (ATP) machines in the high-speed 
fabrication of high-performance aerostructures. 
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“There’s an awful lot of emphasis on 
smoothing things out and speeding 
things up,” adds Dan Ott, Web’s global 
strategic accounts manager, who notes 
that Boeing, Airbus and their suppliers 
have done much to bring their ATL/AFP 
processes to maturity. Fabricators, for a 
time, favored narrow tapes, Ott recalls, 
but points out, “These have given way 
to ‘design for manufacturing,’ meaning 
wider tapes and increased productivity.”

 ATL/AFP heads must lay tape down 
faster, turn faster, accelerate faster and 
decelerate faster. This has forced changes 
in tape spool format and design. “Spools 
are experiencing much different forces 
than when we first got into these pro-
grams,” he says, adding that demands 
of newer ATL/AFP machines must be 
matched with designs for improved spool 
performance developed by Web.

Then there is the increase in resin 
variation. “There were only one or two or 
three basic materials in the early days,” 
argues Ott. “Today, areal weights range 
from less than 100 to more than 300 [g/
m2]. That requires a greater range of capa-
bility from our technologies.” T.R. Dreyer, 
another business development manager 

in Web’s advanced composites group, 
also reports an increase in demand for 
high-heat polyimide and bismaleimide.

 Aircraft wing manufacturing, in par-
ticular, is pushing increased tape width. 
Current demand, Ott says, is to scale up 
to spools with tapes 0.25 inch to 0.5 inch 
(/6.4 mm to 12.7 mm) wide. But beta pro-
grams are looking at tapes 0.75 inch to 1 
inch (19 mm 25.4 mm) wide on the nar-
row end of the spectrum, to 1.25 inches 
to 1.5 inches (31.8 mm to 38.1 mm) on 
the wider end. “I don’t think the jury is 
settled on where this is going to end up,” 
he contends, but tape width and spool 
size will be key pieces in the puzzle. 

Among the newest fiber tape formats 
is the placement of dry fiber tapes, cre-
ated from wide rolls of woven materials 
that incorporate a thermoplastic binder, 
which Ott calls a “different animal.” “Siz-
ing on dry fibers is limited and infusion 
is challenging,” he says. “It’s a very dif-
ferent approach than the processes we’re 
most familiar with.” Powers agrees, not-
ing that dry fiber tends to fray more eas-
ily, which puts weave properties at risk. 

Adding to this complex equation 
of fiber and resin variation is a host of 

emerging technologies and market con-
cerns that are likely to impact ATL/AFP 
manufacturing. These include increased 
adoption of thermoplastics, foreign ob-
ject detection requirements, new braid 
formats, compression molding and, says 
Powers, applications in oil and gas (car-
bon fiber/PEEK composites in piping). 
“Price targets in this market are different 
than aerospace but materials, consolida-
tion and performance requirements are 
very similar,” he quips.

Phil Johnson, director of sales for 
Web’s advanced composites group, asks 
the eternal question that hangs over a 
company like Web Industries, and keeps 
it in business: “What is the next genera-
tion of manufacturing process for ther-
mosets and thermoplastics, and what 
role can Web play in bringing that new 
technology to market?”
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MARKET OUTLOOK / OUT-OF-AUTOCLAVE AEROCOMPOSITES

ver the past four decades, the use of com-
posite materials in aerospace programs 
has undergone a remarkable transition. 
There are many stories that describe this 
change but none is more significant, in 

terms of potential, than the advent and evolving 
growth of aerocomposites made without the use of 
an autoclave. Out-of-autoclave (OOA) composites 
manufacturing actually encompasses, as we’ll note, 
several combinations of methods and materials. 
Although these methods account for a relatively 
small part of the total aerocomposites output to-
day, they show much promise for the future. But the 
outlook for OOA composites depends on a complex 
set of interrelated factors. To understand the mar-
ket for OOA aerocomposites, then, we first have to 
contextualize these materials and processes by look-
ing at the entire aerospace composites market. 
That begins with a little history. 

Looking back
Autoclave-cured composites first found use mainly on 
military fighter jets and small private aircraft dur-
ing the 1960s and 1970s and were accepted imme-
diately as the standard because their quality was 
clearly superior to other forms of composites man-
ufacturing at that time. Initial applications of fiber-
reinforced composites, however, were confined to 
small fairings and noncritical flight structures. Ac-
ceptance was understandably slow. In the 1980s, 
the use of carbon fiber, glass fiber and aramid fi-
ber composites became common in the production 
of aircraft control surfaces and large fairings, as 
well as containment and thermal components for 
rockets, missiles and satellites. Historical data, at-
tributed to the once active Suppliers of Advanced 
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Aerospace composites structures demand.

Figure 2

Aerospace systems unit deliveries, 2005-2022

Source: CFC (Jan 2014)
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Composite Materials Assn. (SACMA), in-
dicates about 2.8 million lb (1,270 met-
ric tonnes) of composite structures were 
fabricated for the aerospace industry in 
1986. Nearly a decade later, production 
volumes doubled — thanks in large part 
to successive technical developments in 
materials and manufacturing as well as 
automated-cutting and material-deposi-
tion machines. Volumes doubled again 
by the mid-2000s, reaching more than 
10.8 million lb (4,880 metric tonnes). 

The view from here
Fast-forward to 2013 and we find that 
more than 21.3 million lb (9,662 metric 
tonnes) of finished composite structures 
were delivered to, or manufactured for, 
the aerospace industry, representing a 
value in excess of $9 billion (excluding 
engineering, prototype, assembly inte-
gration, or other value-added services). 
Notably, by 2015, based on research by 
Composite Forecasts and Consulting 
(Mesa, Ariz.), total aerostructures com-
posite volumes are expected to reach 
more than 30 million lb (13.6 metric 
tonnes) — about triple the 2005 values 
(see Fig. 1, p. 42). Driving this spike in 
growth are some current production 
programs that feature airframes that can 
exceed 65 percent composite by weight, 
while 15 percent to 40 percent is more 
representative of the wider aeroindustry. 

Another facet of the context is the 
global demand for all aircraft and related 
aerospace systems. In terms of unit de-
liveries, it is expected to grow modestly 
— about 6 percent annually — during 
the next 10 years. Many of the 452,000 
delivered systems during the period 2013 
to 2022 (see Fig 2, p. 42) are attributable 
to large numbers of relatively small, un-
manned aircraft systems (UAS) and mis-
sile systems. Without these two compo-
nents of the aerospace market, annual 
system deliveries would increase at a 
much slower rate of 1 percent per year. 

But that is the story the unit numbers 
tell. When we look at demand for com-
posites by weight (Fig. 3, this page), the 
dominant submarkets will continue to 
be fixed-wing aircraft and related jet en-
gines, which represent about 90 percent 
of the forecasted composite aerostruc-
tures demand. Further, about 75 percent 
of forecasted composite aerostructures 
demand is associated with commercial 
and regional jets (not including interiors) 
and associated jet engines.

Demand is expected to spike for 
composite aerostructures over the next 
several years. The continued ramp-up 
in production of The Boeing Co.’s (Chi-
cago, Ill.) 787 and the Airbus (Toulouse, 
France) A350 XWB dominates much of 
that growth and will be the driving force 
behind a rapid acceleration in demand 
over the next three years. But opportu-
nities for more widespread composites 
adoption are already in the works and 
include Boeing’s 777X, Commercial Air-
craft Corp. of China’s (COMAC, Shanghai, 
China) C-919, the Irkut MS-21, Embraer’s 
(São José dos Campos, Brazil) second-
generation ERJ-170/190/195X models, 
and Sukhoi Civil Aircraft’s (Moscow, Rus-
sia) SuperJet NG. Although none of these 
aircraft are expected to adopt a carbon 
fiber fuselage, CFRP is expected to be 
the primary structural material in wing 
and empennage — largely replacing alu-
minum in these portions of the aircraft. 
This is expected to drive the overall con-
tribution of composite aerostructures 
for these new models as high as 30 to 
40 percent of airframe weight, compared 
to 14 to 27 percent in current models. 
These aircraft will help to drive the con-
tinued growth in demand for composites 
near the end of the forecast period, but 
will certainly not have the same impact 
as the Airbus A350 and Boeing 787. As a 
result, demand for composite aerostruc-
tures is expected to plateau, dropping 
from a compound average growth rate 

of 20 percent from now to year-end 2016 
to very low single-digits by decade’s end 
(see Fig 4, p. 44).

OOA: What and why
In Fig. 4 and the figures that follow, we 
see what portion of total aerocompos-
ites demand will be accounted for by 
OOA composites. Notably, OOA will re-
main relatively small compared to the 
total, and we also note a dip in total 
demand near the end of the forecast pe-
riod. These phenomena demand some 
detailed explanation.

First, Fig. 4, shows that the anticipated 
use of aerospace composites, generally, 
is expected to grow at an average an-
nual rate of about 7 percent between 
2014 and 2022 — only slightly more than 
forecasted aircraft unit deliveries. One 
reason for this is that a number of cost, 
technical, and logistical factors seem to 
dictate that aluminum alloy will contin-
ue as the primary material for fuselage 
production throughout this decade and 
perhaps well into the next. 

In the single-aisle commercial transport 
class (130 to 210 passengers), continuous 
improvements in design methodology 
and new-generation aluminum-lithium 
alloys have enabled aeromanufacturers 
to produce a fuselage that is about 3 to 
5 percent lighter than a comparable com-
posite fuselage. Aluminum-lithium alloys 
also offer modest cost savings compared 
to current carbon fiber-reinforced 

Figure 3

Estimated 2013-2022 market for aerospace composite structures (flyaway  
weight of 308 million lb). 
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Source: CFC (Jan 2014)
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polymer (CFRP) design concepts. As a re-
sult, it seems clear that today’s paradigm 
of autoclave processing of high-perfor-
mance thermoset composites will not be 
sufficient to address the daunting needs 
of the two most anticipated aircraft pro-
grams of the next decade: replacements 
for the highly successful Airbus A320 and 
Boeing 737 families. 

Using the same materials and pro-
cesses employed on the new genera-
tion of transport aircraft, such notional 
replacements might have airframes that 
are as much as 35 percent composites 
by weight, but fuselages would most 
likely be constructed of third-generation 
aluminum-lithium alloys. Replacements 
for either the A320 or B737 family would 
need to be produced in volumes in ex-
cess of 400 aircraft per year, and could 
require about 10 million lb (4,536 metric 
tonnes) of composites per year. With en-
try-into-service estimated around 2026, 
replacements for both the A320 and 
B737 could roughly double the commer-
cial transport sector’s annual demand for 
CFRP by 2032.  

If, however, the aerospace composites 
industry is to avoid being trapped into 
organic growth models after 2022, then it 
needs to address a number of key issues:

• Component cost
• Fabrication labor and assembly cost

• Lightweighting (fuel efficiency) vs.  
 durability (length of service)

• Processing and curing speed
• Capital cost of new manufacturing  

 capacity
Based on the experience of recent 

Boeing and Airbus aircraft development 
programs, managing the production up-
swing for composites-intensive aircraft 
is not easy when a program’s rate pro-
duction ranges from 80 to 120 aircraft 
per year. A big factor is the required in-
vestment in new facilities, autoclaves, 
automated production equipment and 
other capital equipment. The cost for 
these items in support of production of 
large empennage, wing and secondary 
structures for a single program (let alone 
two or three) to replace planes in the 
A320 and B737 families would be several 
billion dollars. That’s a large slice of the 
of an estimated $20 billion project devel-
opment budget. 

There are, however, opportunities for 
cost reduction in the manufacture of car-
bon fiber-reinforced plastic (CFRP) and 
other composites. Although these in-
clude making small gains in raw material 
costs, the cost breakdowns in Fig. 5 (p. 46) 
show that quality inspection and control 
currently account for about one-third of the 
total cost of producing aerocomposites 
and are a process bottleneck for many 

large parts. Fortunately, high-speed CO
2
 

laser equipment and other nondestruc-
tive inspection technologies should re-
duce these costs, improve inspection res-
olution and substantially trim processing 
time over the next 10 years — and could cut 
quality assurance costs in half.

Although automated laminate fab-
rication and placement equipment is 
helping to improve fabrication speeds, 
this equipment is expensive and is of-
ten best suited for very large pieces, due 
to the economics. Tooling, production 
jigs and related equipment, however, 
also account for about one-third of typi-
cal manufacturing costs — much of which 
is required to meet the environmental conditions 
of the autoclave. Curing and assembly costs 
each represent about 10 percent of typi-
cal manufacturing costs. Reducing as-
sembly costs often drives the strategy of 
parts consolidation — this is a general 
strength of composites — however, the 
resulting large assemblies would require 
equally large autoclaves to accommo-
date them, defining a technical vs. costs 
and logistics tradeoff. This reality pro-
vides justification for increased develop-
ment of OOA processes and materials.

Gauging market potential
If composites are to continue to displace 
traditional metals, then, aerocomposites 
manufacturers must face these realities. 
But in doing so, they must also main-
tain or improve upon the performance 
properties typically achieved in prepreg-
based, autoclave-cured parts. Fortunate-
ly, OOA technologies have evolved over 
the past 25 years, and there is ample 
evidence that they could play a more sig-
nificant role in the growth of composite 
aerostructures manufacturing.

 Today, a large number of OOA mold-
ing techniques are available to aero-
manufacturers: resin transfer molding 
(RTM); vacuum-assisted RTM (VARTM); 
Same Qualified Resin Transfer Molding 
(SQRTM, developed by Radius Engineer-
ing Inc. (Salt Lake City, Utah); out-of-
autoclave, vacuum bag only; Controlled 
Atmospheric Pressure Resin Infusion 
(CAPRI, patented by Boeing) double vac-
uum bag infusion molding (see “Learn 
More,” p. 49), multi-axial compression 
molding and thermoplastic composite 
forming and welding. Each of these tech-
nologies is now an established produc-
tion method for aerospace structures. 
Composite Forecasts’ data indi-

Figure 4

Forecasted composite aerostructures volumes, 2013-2022.

Source: CFC (Jan 2014)
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cates that these OOA processes already 
represent about 14 percent of current 
aerospace composite shipments, ap-
proximately 2.6 million lb (1,158 metric 
tonnes). The growing applications for the 
resulting OOA composites include:

• Airbus A340 & A380 wing fixed  
 leading edges

• Airbus A340 & A380 keel beam ribs
• Boeing 787 pressure bulkheads
• Boeing 787 and Airbus A350 XWB  

 trailing edge component packages 
• Gulfstream Aerospace Corp.’s  

 (Savannah, Ga.) G650 rudder,  
 elevator, floor beams, etc.

• Mitsubishi Aircraft Corp.’s (Tokyo,  
 Japan) MRJ regional jet’s vertical  
 stabilizer 

• Wingtip extensions for the  
 Northrop Grumman’s (Falls Church,  
 Va.) RQ-4B Global Hawk

•  The pressurized cabin section of  
 the Bombardier Aerospace  
 (Montréal, Québec, Canada)  
 Learjet 85

• Diamond Aircraft (Wiener  
 Neustadt, Austria) and Cirrus  
 Design (Duluth, Minn.) general  
 aviation airframes 

• RTM’d propeller blades for  
 turboprop aircraft

• Turbofan engine fan blades and  
 spacers, containment cases, stator  
 vanes, etc.

• JASSM/JASSM-ER VARTM fuselage  
 sections

• Foldable wings, control surfaces  
 and launch tubes and containers  
 for missiles and munitions

When we look at the adoption of OOA 
processes in current composites produc-

tion programs, the pattern looks similar 
to that for autoclaved composites during 
the 1980s and 1990s: Widespread adop-
tion started largely with secondary flight 
structures, fairings and control surfaces. 

To a considerable degree, the fiber vol-
ume and porosity of many OOA process-
es and materials have been limiting fac-
tors. For primary airframe components of 
commercial transports and military air-
craft, most manufacturer specifications 
target less than 1 percent void content 
and fiber volume fractions of 65 percent 
or greater. For secondary structural com-
ponents void content can range to about 
2 percent. With the exception of those 
who employ RTM, current users of OOA 
processes and materials have struggled 
to meet the thresholds for acceptable 
secondary structures performance. Aero-
space OOA void content typically ranges 
between 1.5 and 5 percent. That and the 
related knockdown in structural perfor-
mance and the ability to withstand hot/
wet conditions have limited OOA’s abil-
ity to serve in large primary airframe 
components. Most of the OOA prepreg 
materials also have significantly shorter 
out-lives before they lose tack and suffer 
performance degradation compared to 
popular autoclave-curable systems. 

Not surprising, then, is the fact that, 
until the recent ramp in production re-
lated to the Boeing 787 and Airbus A350 
XWB commercial twin-aisle aircraft, small 
general aviation or privately owned air-
craft were the largest aerospace users of 
OOA materials and processes. Prior to 
the Great Recession in 2008, general avia-
tion manufacturers are estimated to have 
produced roughly three-quarters of all 

of their composite structures using OOA 
processes and accounted for about 57 
percent of the total demand for OOA com-
posite aerostructures. But if we consider 
the increasing use of OOA composites in 
secondary and flight-control components 
alone for previously noted commercial 
transport programs, then commercial air-
craft and related engines will account for 
about 55 percent of OOA composite pro-
duction in 2022 (see Fig. 6, p. this page).

Over the coming decade, the potential 
for OOA technologies to produce large, 
unitized composite primary structures 
could be more fully realized or, at least, 
better understood. Integral bonding of 
components will simplify assembly and 
further reduce the need for costly and 
heavy fasteners. In fact, process analyses 
by some OOA manufacturers indicate 
that they are able to reduce component 
manufacturing costs between 25 percent 
and 60 percent compared to traditional 
autoclave methods.

At the same time, there is also the 
potential to double processing speeds, 
cut energy consumption in half and re-
duce facilities and equipment costs by 
more than 60 percent. Moreover, OOA 
methods, such as the Quickstep process 
(Quickstep Technologies, Bankstown Air-
port, New South Wales, Australia) and 
double vacuum bag curing of prepregs, 
have demonstrated the ability to achieve 
the <1 percent void content desired for 
primary structures. Although there are 
still many challenges — the need to 
improve hot/wet performance, material 
out-life and preform production/material 
deposition rates for OOA-specific ma-
terial forms — development work over 

Figure 5 

The cost breakdown for CFRP aerostructures.

Figure 6 

Estimated 2013 market for OOA aerospace composite structures by 
market segment (total volume of about 2.55 million lb).
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the past few years is beginning to show 
results. Newsworthy examples already 
exist. AeroComposit, part of Russia’s 
United Aircraft Corp. (UAC, Moscow, 
Russia), has teamed with FACC (Ried im 
Innkreis, Austria) and Diamond Aircraft 
to produce prototypes for the Irkut (Mos-
cow) MS-21’s wing, using an OOA VARTM 
process (see “Learn More”). This MS-21 
infusion-molded wing is also expected 
to provide the basis for the next-genera-
tion Sukhoi Super Jet variant, which will 
compete in much the same market space 
as the Bombardier CSeries. The vertical 
stabilizer for Mitsubishi Aircraft’s MRJ, 
the pressurized cabin for Bombardier’s 
Learjet 85 and the thermoplastic com-
posite empennage structures on Gulf-
stream’s G650 represent some of the first 
OOA primary aerostructures to reach the 
market. These programs increase annual 
composite structures volumes produced 
by OOA methods from 2.6 million lb 
(1,179 metric tonnes) in 2013 to 6.25 mil-
lion lb (2,835 metric tonnes) in 2022 — 
18 percent of the total forecasted aero-
structures market (see Fig. 7, this page). 

 Although the technology strategies for 
the announced new airliners seem fairly 

well set over the next few years, there 
is still territory in which OOA expertise 
could be applied. Technical upgrades to 
replacement jet engines on existing air-
craft are likely, to help improve fuel effi-
ciency and reduce noise. Therefore, OOA 
components could displace autoclaved 

nacelle and fan case structures. Already, 
a number of tests have demonstrated 
the potential of dry fiber placement and 
high-temperature resin infusion for com-
ponents such as nacelle shrouds. 3-D 
woven preforms for infusion molding 
could provide solutions for stringers 

Figure 7 

Estimated 2013-2022 market for total aerospace composite structures vs. OOA composites 
(flyaway weight in millions of lb).

Business Aircraft
130K lb, 5%

Source: CFC (Jan 2014)
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and other components. Multiaxial com-
pression molding could provide spin-
ners and other complex shaped devices 
as a lower-cost alternative to RTM. And 
some OOA processes might offer further 
potential for engine cascades and acous-
tic panels  — some of the most common 
composite engine applications.

Overcoming the odds: What if?
OOA composites also are being consid-
ered for midlife replacement parts and 
upgrades on a few military (transport, 
fighter and helicopter) programs. In the 
business jet market there is, perhaps, 
room for six credible new aircraft prod-
ucts to enter the market over the next de-
cade. Each could take advantage of OOA 
techniques, buoyed by general aviation 
experience and improved materials and 
processing techniques. Other applica-
tions are expected in a range of low-
speed missiles and UAVs, where spiral 
platform development is common and 
production volumes can exceed several 
hundred units per year. 

Further, NASA is developing prepreg-
based OOA methods with an eye on its 

Figure 8 

Potential Impact on composite aerostructures demand by OOA processes.

Source: CFC (Jan 2014)
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next-generation heavy launch vehicles. 
Some of the components for the pro-
posed Space Launch Vehicle are ex-
tremely large. The main core engine will 
stand 200 ft/61m high. It is expected to 
be the most powerful launch vehicle 
ever built, capable of lifting, eventually, 
286,600 lb (130 metric tonnes) of cargo or 
manned spacecraft into low Earth orbit. 
The payload fairings for some of its cargo 
stages are expected to measure 16.4 ft in 
diameter by 32.8 ft long (5m by10m) and 
weigh approximatey 8,375 lb (3,800 kg). 
According to program descriptions, five 
planned variants could fly about 20 mis-
sions. Given the component size and low 
production volumes, OOA processes are 
seen as key to keeping tooling and manu-
facturing costs down. Recent success in 
developing OOA carbon fiber/BMI pre-
preg shows that it is possible to achieve 
satisfactory results for the application. 
This material could be exploited by de-
velopers of a number of private launch 
vehicle and other spacecraft systems.

Given the current levels of develop-
ment and production of OOA advanced 
composites, it seems likely that contin-
ued development will provide some com-
pelling arguments for greater aerospace 
market penetration. If the airframes of 
potential successors to the Airbus A320 
and Boeing 737 families are to incopor-
ate more than 30 to 40 percent compos-
ites by weight, OOA seems almost neces-
sary. What’s more, Airbus and Boeing will 
be able to do nearly 10 years of materials 
and process development before final 
decisions have to be made. That makes it 
conceivable that successors to legacy air-
craft could adopt an all-composite wing 
and fuselage. If that happens, composites 
could make up more than 60 percent of 

total airframe mass. Hypothetically, that 
aircraft could require close to 40,000 lb 
(18,150 kg) of CFRP composites.

If this “succesor” scenario is realized, 
the total market for commercial trans-
port structures could grow an additional 
25 percent by 2032. That addititional 10 
million lb (4,536 metric tonnes) per year 
(see Fig. 8, p. 48) is roughly equal to all 
composite aerostructures production in 
2005.  During the development of a sin-
gle-aisle successor through 2032, accep-

tance of OOA processes in the fuselage 
could help generate an additional $12 
billion in new demand. At this level, 
OOA-processed structures might repre-
sent more than 40 percent of production 
totals, compared to today’s 14 percent 
share. Further, accessing the single-aisle 
fuselage means the difference between 
the overall composites aerostructures 
market growing at an average annual rate 
of about 5 percent vs.10 percent by the 
middle of the coming decade.

LEARN MORE
 @

www.compositesworld.com

Read this article online at short.
compositesworld.com/ooaoutlook.

Read more about AeroComposit’s “Resin-
infused MS-21 wings and wingbox” in 
HPC January 2014 (p. 29) or visit short.
compositesworld.com/MS-21wings.

Read more about “Double-bag infusion: 70% 
fiber volume?” in HPC’s sister publication 
Composites Technology (CT December 2010, 
p. 46) or visit short.compositesworld.com/
s2RIkexJ.
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omposites have flown on com-
mercial aircraft primary struc-
tures — those critical to flight — 
for more than 30 years, but only 
recently have they conquered the 

fuselage, wingbox and wings, most no-
tably on the Boeing Co.’s (Chicago, Ill.) 
787 Dreamliner and the A350 XWB from 
Airbus (Toulouse, France). These carbon 
fiber-reinforced plastic (CFRP) struc-
tures, however, still require assembly 
with thousands of mechanical fasteners. 

Why? Because it is the easiest and least 
expensive way to meet current certifica-
tion requirements, which mandate proof 
that each and every adhesively bonded joint 
will not separate and cause structural 
failure should it reach its critical design 
load. But many in the industry argue that 
the full cost and weight savings of com-
posites cannot be realized until bonded 
joints can be certified without fasteners.  

 The development of technologies 
to address this need has steadily pro-

OEMs develop technology to quantify  
uncertainty in pursuit of the no-bolt bondline.

Certification of bonded composite 
PRIMARY STRUCTURES

Seeking the no-bolt bondline

The key is certification, and that requires validation of every aspect of the aerocomposites’ 
manufacturing cycle, because each affects product performance. One aspect is bond 
surface preparation, for which the Agilent Technologies (Santa Clara, Calif.) 4100 ExoScan 
Surface FTIR (left and above) could provide a solution. It measures the amount of infrared 
light reflected or absorbed by a sample (to identify or quantify surface contaminants) and 
the amount of surface energy activation after plasma treatment.

Source: Agilent Technologies
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gressed, from programs in the late 
1990s such as the U.S. Department of 
Defense (DoD) Composites Affordabil-
ity Initiative (CAI) to more recent ini-
tiatives, including the European Union 
(EU)-funded Boltless assembling Of Pri-
mary Aerospace Composite Structures 
(BOPACS) project. Here, HPC looks at 
current efforts to build a certification 
regime for bonded primary structures 
on aircraft. Boeing, Airbus and Lock-
heed Martin Aeronautics (Palmdale, Ca-
lif.) have mounted independent efforts 
toward that end. Their research offers 
the hope of building reliability into the 
bonding process, and of gauging final 
bond strength via a coordinated certifi-
cation system that includes design, pro-
cess control and quality assurance (QA). 

Why bolt and why bond?
Fasteners are used in composite primary 
structures today due to certification re-
quirements. These were outlined in a 
2013 SAMPE (May 6-9, Long Beach, Ca-
lif.) presentation titled “Efficient Certifi-
cation of Bonded Primary Structures,” by 
Kay Blohowiak, a technical fellow work-
ing in Composite Bonding Processes for 
Boeing Research & Technology (Seattle, 
Wash.), and her co-authors. For com-
posite structures on commercial aircraft, 
the most often cited of these documents 
is AC 20-107B “Composite Aircraft Struc-
ture,” issued jointly by the Federal Avia-
tion Admin. (FAA, Washington D.C.) and 
the European Aviation Safety Agency 
(EASA, Cologne, Germany). It describes 
three options for certifying damage tol-
erance of structures with bonded joints. 
(These options are listed, with explana-
tory comments, in the table at right).

 Blohowiak, et. al., noted that, to date, 
no method of nondestructive testing/in-
spection (NDI/NDT) has demonstrated 
the capability to quantify the long-term 
strength and durability of bonded joints. 
They also noted that proof testing of 
each critical bonded joint on every new 
aircraft (application of the limit design 
load to verify that the bond does not 
fail) would be prohibitively expensive.  
Today, that effectively eliminates from 
consideration two of the three. That 
leaves one option: “prevention by de-
sign features.” Historically, mechanical 
fasteners through the bondline thick-
ness (a/k/a “chicken rivets”) have been 
the design feature of choice.

 However, Blohowiak and her co-au-
thors point out that bonded joints without 
fasteners offer advantages beyond elimi-
nating the purchase and installation of 
hardware. Without fastener holes, compo-
nent thickness can be reduced, more ef-
ficient load paths are possible and thou-
sands of stress concentrations, which 
can become points of origin for fatigue 
and related deterioration, are removed. 
And their removal can lead to significant 
additional savings in weight and greater 
airframe structure optimization. As their 
SAMPE paper asserts, bonded struc-
tures are, indeed, one path “to improve 
efficiency and reduce assembly cost in 
future advanced composite aircraft.” 
It seems plausible that they may also 
improve composites’ competitiveness 

vs. future metals technologies, such as 
high-strength aluminum alloys.

Coordinated approach to certification
Blohowiak’s paper is the result of five 
years of Boeing-funded research in pur-
suit of “suites of technology to increase 
the reliability of adhesive bonded struc-
tures, not structure- or aircraft-platform-
specific, but rather looking at the sub-
ject broadly.” The goal, she emphasizes, 
“is to be able to develop best practices 
in design, testing, process control and 
quality assurance, which we can then up-
date for industry-wide use, for example 
in the CMH-17 standard.” (CMH-17 is 
the Composite Materials Handbook, which is 
maintained by a volunteer organization 
of nearly 200 industry members.)

Military and Commercial Aircraft Certification Requirements

Certification requires substantiation and documentation that the aircraft design, manufacture and 
performance (airworthiness) meet all regulatory requirements.

Military Aircraft — baseline structural requirements are defined by the U.S. Department of Defense 
in JSSG 2006 Joint Service Specification Guide – Aircraft Structures.

Commercial Transport Aircraft — key documents are issued by the Federal Aviation Admin. (FAA, 
Washington D.C.) and include PS-ACE100-2005-10038 “Bonded Joints and Structures – Technical 
Issues and Certification Considerations” and Federal Aviation Regulation (FAR) 25.573, Ref. AC 
20-107B “Composite Aircraft Structure” produced jointly with the European Aviation Safety Agency 
(EASA, Cologne, Germany). 

Key Excerpt from FAR 23 Sec. 23.573 Damage Tolerance and Fatigue Evaluation of Structure:
(5) For any bonded joint, the failure of which would result in catastrophic loss of the airplane, the 
limit load capacity must be substantiated by one of the following methods:

(i) The maximum disbonds of each bonded joint 
consistent with the capability to withstand the 
loads in paragraph (a)(3) of this section must be 
determined by analysis, tests, or both. Disbonds 
of each bonded joint greater than this must be 
prevented by design features; or 

(Authors’ comments)
This criterion essentially means that limit load-
carrying capability must be maintained in the 
joint with potential service damage or process 
failures.

Crack arrest features must prevent the growth 
of this damage that would reduce joint strength 
below limit load.

(ii) Proof testing must be conducted on each 
production article that will apply the critical limit 
design load to each critical bonded joint; or 

For transport aircraft-sized structure, full-
scale proof testing is likely to be prohibitively 
expensive. Proof testing of subcomponent 
bonding is possible.

(iii) Repeatable and reliable nondestructive 
inspection techniques must be established that 
ensure the strength of each joint.

Current production nondestructive techniques 
are not capable of measuring bond strength. 
Modified methods that perform a localized bond 
strength assessment that is nondestructive to 
strong bonds but will identify weak bonds have 
been demonstrated in developing research.

Certification of bonded composite 
PRIMARY STRUCTURES
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Certification requirements

This table outlines the current requirements for certification of bonded composite primary 
structures on military and commercial aircraft.



5 2   |   H I G H - P E R F O R M A N C E  C O M P O S I T E S

FEATURE / AEROSPACE CERTIFICATION

S I D E  S T O R Y

NDI and NDT methods for process control

There are three main nondestructive inspection/nondestructive testing (NDI/
NDT) technologies currently under development to help qualify surface prepara-
tion techniques and evaluate the quality of both the prepared surfaces and the 
final bonded joint:

Contact angle measurement uses a drop of liquid, usually water, to evaluate 
how well a surface has been prepared for bonding. A surface without sufficient 
energy activation for bonding tends to be hydrophobic, that is, it will cause the 
drop of water to bead up. An NDI device is used to measure the angle of the 
bead edge, resulting in a large angle measurement. A contact angle measure-
ment of 0˚ represents a perfectly hydrophilic surface — one on which the 
water does not bead up but instead flows out and coats the entire surface. This 
indicates maximum wettability of, and optimum adhesion between, the bonded 
surface and adhesive. The greater the bead angle, the greater the likelihood 
that adhesion could be impaired.

Brighton Technologies Group’s (BTG, Cincinnati, Ohio) Surface Analyst tool 
started with technology developed more than 10 years ago in the U.S. Depart-
ment of Defense (DoD)-funded CAI program, aimed at improving the reproduc-
ibility of bonding subassemblies and fasteners using composites.

“When mechanics sand and solvent wipe, the results can vary widely,” ex-
plains BTG president and chief scientist Giles Dillingham. “The industry needed 
a tool to use on the production floor that would ensure surface preparation was 
completed properly from day to day and operator to operator.” The Surface 
Analyst is currently used in the F-35 fighter jet program with composite and 
metal bonding, and also in the automotive industry for troubleshooting paint-to-
plastic adhesion.

The Surface Analyst uses a ballistic method to deposit a 2μL water drop for ac-
curate, repeatable results in 3 seconds. An immediate ‘go’ or ‘no-go’ for bonding 
is enabled by inputting the allowable range of angles, determined by measuring 
the same surface prepared to specification vs. unprepared or poorly prepared.

The handheld instrument is lightweight, portable, and enables interroga-
tion of vertical, contoured or inverted surfaces that may be difficult to inspect 
by other methods. Data is logged for statistical process control and can be 
downloaded to a PC via the USB port.

But Kay Blohowiak, technical fellow working in Composite Bonding Process-
es for Boeing Research & Technology (Seattle, Wash.), points out, “This is still 
a discrete measurement method. There are no techniques yet to measure 100 
percent of the bondline. So a sampling methodology has to be defined in order 
to demonstrate reliability in the full bonded joint.” Dillingham suggests that, in 
general, more measurements — typically one every few inches — should be 
made near the edges of the bonding area, where it is more common to have 
missed areas and contaminants dragged in from the edges.

Fourier Transform Infrared (FTIR) Spectroscopy as applied by Agilent Tech-
nologies’ (Santa Clara, Calif.) 4100 ExoScan Surface FTIR instrument, passes 
infrared (IR) radiation through a composite surface and onto a detector that 
precisely measures the amount of IR absorbed. This absorbance is a unique 
spectral fingerprint used to identify the molecular structure of the surface and 
determine the amount of a particular compound or contaminant — for example 
siloxane, a common release agent used in peel ply. 

John Seelenbinder, Agilent Technologies senior applications and product 
manager details, “We have directly measured siloxane contamination for 

(e.g., fluid exposure, and temperature 
and humidity cycling).

 Kruse points out that Airbus can ef-
fectively address two of the four critical 
cases for bondline failure: delamination 
and assembly-related disbond. “For a 
delamination or disbond caused during 
manufacture, we can find these via the 
final QA check, for example, using large-
scale ultrasonic [UT] C-scan. We prove 
every component on Airbus aircraft us-
ing these types of technology. Thus, 
the two limiting factors for composite 
bonded joints are the weak bond, which 
we cannot find, and damage in service, 
which is beyond our control.”

Design and sizing
Kruse asserts, “Design and sizing is the 
only thing we can really do for both weak 
bonds and in-service damage.” Sizing 
here refers to the process of designing 
and optimizing the size of structural 
components, laminates, joints and fea-
tures (e.g., fasteners or alternatives). 

 Airbus, too, has been researching 
bonded primary structures for a long 
time. Thomas Kruse, Airframe Design 
Research & Technology for Airbus Op-
erations (Hamburg, Germany) and work 
package leader for next-generation bond-
ing technologies,  presented “Bonding of 
CFRP Primary Aerospace Structures,” at 
the 2013 CFK Valley Stade Convention 
(June 11-12, Stade, Germany) and the 
19th International Conference on Com-
posite Materials (July 28-Aug 2, Montre-
al, Quebec, Canada).

 Both Boeing and Airbus have identi-
fied the need for technology develop-
ment in several areas that, if realized, 
could be used to establish a certification 
process: design, material and process 
qualification, process control (termed 
process safety by Airbus), and NDI/NDT 
methods for quality assurance. Beyond 
these is the issue of durability testing, 
which shows that the joint does not 
fail after repeated loading (fatigue) and 
under the typical in-service conditions 

Quantifying surface bonding potential

The Surface Analyst contact angle 
measurement tool (Brighton Technologies, 
Cincinnati, Ohio) evaluates composite 
surface preparation, one step in predicting 
bond strength based on established criteria.
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Mechanical fasteners within bonded 
joints are thought of in two ways: as a 
redundant load path and as a means to 
prevent disbond from growing, Kruse 
explains, noting that “the rivet acts as a 
second load path so that the joint is still 
able to carry limit load even if the whole 
bondline fails.” 

Kruse reports that BOPACS is re-
searching both aspects, investigating 
whether a rivet can function as a crack-
arresting feature. “The typical fasteners 
used today do not help arrest crack de-
velopment in all cases,” he points out. 
Therefore, BOPACS’ two main objectives 
in this area are to develop new, more ef-
ficient disbond-arresting features and 
to gain a fundamental understanding 
of crack growth and crack arrestment. 
“A first step is to reduce the number of 
fasteners and the second is to eliminate 
fasteners to fully exploit the advantages 
of composites.” However, Kruse says 
this technology is still a long way from 
implementation.

carbon composite surfaces down to less than 1 μg/cm2.” This is slightly higher 
than the threshold for bonding, but Seelenbinder says finer resolution may be 
possible by refining the detection algorithms. The instrument is a handheld tool 
that provides analysis without damaging the sample.

FTIR also can evaluate methods for increasing surface energy activation, 
such as laser and plasma treatment. “These add functional groups — chemi-
cal bonds like -OH or oxidation — to the surface, which we can detect and 
quantify,” says Selenbinder. “You could obtain a pass/fail readout, depending 
upon the thresholds you set.” 

First, a calibration for the specific type of part would be developed, collating 
measurements of acceptable and poor levels of surface preparation, contami-
nants and pretreatments. Software guides the user to check background light 
and then helps the user align the instrument correctly to the sample surface 
prior to pulling the trigger. Data is collected within 20 seconds, showing the 
amount of contaminant or functional groups in μg/cm2 and indicates ‘go’ or 
‘no-go’ based on the calibration thresholds.

Seelenbinder adds, “You don’t have to interpret the signal, like with UT 
[ultrasonic NDT]. The software does that for you. You can save the data and 
then measure the next point.” He emphasizes, however, that these are point 
measurements. Here, too, sampling is necessary. “Typically, the procedure is to 
measure every 6 to 12 inches along a bondline.” 

Laser bond inspection (LBI) uses a pulsed laser beam to create a stress 
wave that can test the relative strength of a composite-to-composite bond’s 
adhesive interface. The stress wave strength can be selected by varying the 
energy and diameter of the laser pulses. Parts are prepared for inspection by 

applying a thin layer of light-absorbing material, such as tape or black paint. 
Then a thin layer of water is flowed on top. The laser beam passes through the 
water and is absorbed by the opaque overlay, creating a plasma (ionized gas 
with no overall electric charge). The water temporarily contains the plasma 
and intensifies the stress wave, directing it to travel into the material. The 
compressive stress wave is reflected off the back free surface as a tensile 
wave, which then travels back to the bondline, testing its strength (See il-
lustrations on p. 54). This interrogation will leave strong bonds unaffected, but 
will detect weak and kissing bonds (bondlines that appear to have intimate 
contact without mechanical strength). 

LSP Technologies Inc. (LSPT, Dublin, Ohio) has developed a mobile LBI 
system with which inspection is done aided by an articulated robotic arm with 
a reach of 5.7 ft/1.7m. The laser beam used is in the IR spectrum, at 1,054 
nanometers (nm), with a pulse emitted once every eight seconds (or 1/8 Hz). 
The inspection head contains a water delivery and collection system that is 
held tight to the surface by a vacuum, preventing laser light from escap-
ing.  At 5.3 ft wide by 6.5 ft high by 13 ft in length (1.6m by 2m by 4m), the 
mobile unit fits through standard double doors and is steerable. It can inspect 
bonded structures up to 1 inch/25.4 mm in thickness and stores data for later 
processing. LSPT is developing methods for thicker structures.

According to LSP’s VP of business development David Lahrman, “The sys-
tem we have today was developed to cover a wide range of applications that 
require pulse energy ranging from 10 to 50 Joules. Our next goal is to create a 
more focused portable system applicable to inspect thinner bonded structures, 
using energies in the 10 to 20J range, which will reduce the system size.”

Testing bond strength

It’s no easy matter, but laser bond inspection (LBI) could help. LBI (e.g., this system from LSP 
Technologies, Dublin, Ohio) uses a pulsed laser beam to create a stress wave that gauges the 
relative strength of a composite bond’s adhesive interface (also see the illustrations on p. 55).
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 Boeing also is pursuing this fundamental understanding 
and seeking closed-form analysis methods for sizing and sub-
stantiation of crack-arresting features. When asked about the 
use of computer simulation for certification of such features, 
Matt Dilligan, senior structural analyst, and Marc Piehl, techni-
cal fellow, both part of the Applied Structural Methods & Tools 
group, replied that Boeing already uses fracture-based analytic 
methods to support current composite structure certification 
and is pursuing closed-form analytic tools to efficiently size 
and substantiate the damage-arrest capacity of fasteners and 
other damage-arrest features. Blohowiak adds, “We are inves-
tigating if we can reduce the number of fasteners.” 

 Toward that end, both Boeing and Airbus are exploring alter-
native ways to achieve redundant load paths. One option, says 
Kruse, is “geometrically locking some of the plies in the struc-
ture.” An example of a similar idea, although it relies on co-cured 
structure, is the fastener-free aircraft passenger door (see “Learn 
More”) developed by Karmiel, Israel-based Cyclone Ltd., a sub-
sidiary of Elbit Systems (Haifa, Israel). But this technology has 
not yet been certified on an aircraft.

 Kruse gives another example: “BOPACS is trying to achieve 
this interlocking with two cured components, which is very chal-
lenging but mandatory when facing secondary bonding. Differ-
ent generic principles will be investigated, including bondline 
surface and geometry modification. There is a concept where 
the joint design features a type of corrugation that prevents the 
substrates from pulling apart and redirects a potential crack 
out of plane.”

 He notes that the BOPACS project also is looking into bon-
dline architecture, including modification of the stiffness and 
other properties of the adhesive to redistribute energy passed 
into the bondline. An example is alternating tough and brittle 
layers. But, Blohowiak notes, “How you are able to design these 
alternative crack-arresting features is very dependent on the 
type of structure.” 

Proving the whole by proving the pieces
Just as laminates within a composite structure rely on materials 
and processes, so do bonded joints. Thus, qualification must 
be of the whole system: laminate fiber, laminate matrix, surface 
preparation, adhesive, cure and also processing materials, such 
as peel ply, which can have a direct effect on bond strength.

 Qualification of the entire system, however, must be preceded 
by developmental efforts in each individual subsystem. These sub-
systems are also targeted at preventing and/or identifying a weak 
bond. One example is outlined in the SAMPE 2013 paper, “Com-
posite bond process surface preparation: Qualification of the no-
bolt bond line,” by Michelle J. Palmer, senior materials engineer 
at Lockheed Martin Aeronautics. She describes the progress of 
the DARPA-funded TRUST Program, the objective of which “is to 
prove the ability to quantify and predict bond reliability.”

 “To do this,” Palmer explains, “we must start by using a quan-
tifiable, consistent surface preparation.” One candidate technol-
ogy is plasma treatment. “An automated application of atmo-
spheric plasma to chemically activate composite faying surfaces 
[those in contact in a joint] would meet these requirements, and 
implementation in the composite bonding process could make 
inspection and quality-assurance methodology more manage-
able, reducing risk and cost.”

 According to Palmer, TRUST has collected data from roughly 
900 plasma test coupons to compare current baseline surface 
preparation methods with various processes that incorporate 
atmospheric plasma treatment, using equipment from Surfx 
Technologies (Redondo Beach, Calif.). TRUST will present 10 
papers at SAMPE Tech 2014 (June 2-5 in Seattle, Wash.), three 
of which are on plasma, including a second paper by Palmer 
that will review plasma treatment qualification results. Similar 
work is ongoing or must be done for each system component. 

Developing technologies for process control
Process control is another key plank in building a certification 
system. Blohowiak and her Boeing team have outlined a suite 

Laser beam inspection

In LBI, the laser beam passes through a water layer and is absorbed 
by an opaque overlay (paint or tape) creating a plasma (ionized 
gas), which intensifies and directs a stress wave into the panel. This 
compressive wave reflects as a tensile wave to interrogate the bond. 
Resulting laser fluence numbers can be correlated to bond strength. 
Here, they are correlated with UT inspection results, but they also can 
be correlated with GIC values derived from mechanical testing.
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www.sgstool.com  330-686-5700  Manufactured in the USA

SGS has designed specific cutting tool 
technologies that combine substrate, 
geometry, edge preparation and coating 
to withstand the complex conditions of 
Composite applications requiring minimal 
fiber breakout and delamination.

Greater Efficiency

of potential process control technolo-
gies that include the following:

• Fault Tree Analysis — Mapping the  
 bonding process from beginning to  
 end to determine where and what  
 type of quality checks are required.

• Bayesian Networks — These and  
 other applied math tools provide a  
 systematic assessment of bonding  
 process reliability.

• Inline quality control tools (e.g., NDI  
 and NDT methods) to validate  
 composite surface preparation  
 before bonding. The integration of  
 these would enable a modeling  
 capability that could provide a  
 quantitative assessment of process  
 reliability for a given bonded  
 structure. 

  How does this look on the manufac-
turing floor? “We are looking at computer 
vision tools — quality assessment and 
control through computer vision inspec-
tion — that would walk a user through 
each step in the bonding process,” says 
Blohowiak. “After sanding, how do I de-
termine that the surface has been acti-
vated sufficiently? This is where a contact 
angle measurement or FTIR tool (see the 
Side Story on p. 52) could be used to 
evaluate the surface, returning a quan-
titative value for acceptance level and 
control charting. For example, the user 
inputs a contact angle measurement of 
44˚. The computer compares that to the 
process specification and responds to 
proceed or to repeat the surface prep,” 
she says. “At the end, there is a postcure 
inspection to see if I did it all correctly. 
Laser bond inspection (LBI) is a technol-
ogy being explored for this final step.”

 Kruse says Airbus research into LBI 
and contact angle measurement contin-
ues to be part of its final certified bond-
ing process as well, but contends that 
verification of process safety [process 
control] is not included in AC20-107B 
requirements for certification. “Even if 
we achieve 100 percent process safety, 
this regulation says we still cannot bond 
a primary structure without other mea-
sures. It does not solve the problem im-
mediately.” He concedes that if the in-
dustry can use process control systems 
to demonstrate that bonding is safe for 
many years, then it may defuse the issue, 
but he sees this as a long-term process. 
He questions if a greater return would 

be achieved by investing more in design 
and NDT/NDI combined with structural 
health-monitoring technology because 
these would also address the issue of in-
service damage, which cannot be solved 
with process control alone.

 Blohowiak maintains that over time, 
applying the type of coordinated certi-
fication system her team has outlined 
for every bonded system would ensure 
progress toward the goal of increasing 
reliability in bonded primary structure, 

so that the industry could increase its 
use in composite airframes. “This is why 
we looked at inline control tools that of-
fered near-term maturation.” 

Correlating control to reliability
Kruse points out that AC20-107B re-
quires “repeatable NDI that ensures the 
strength of each joint.” HPC interviewed 
the NDT technology suppliers includ-
ed in the process control outlined by 
Blohowiak and her teammates. Al-
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 David Lahrman, VP of business devel-
opment for LBI technology company LSP 
Technologies Inc. (LSPT, Dublin, Ohio) 
admits that, with LBI, “we cannot convert 
a laser fluence level [the amount of en-
ergy per unit area] to an absolute bond 
strength value. However, one can inspect 
several test points on a panel — say one 
for every 1-inch square — and obtain 
a statistical number, let’s say 20 J/cm2 
±0.10.” He adds that subsequent me-
chanical testing then could correlate a la-

ser fluence (J/cm2) to a strength property 
(N/cm2). “One can conduct LBI measure-
ments on controlled full-strength and 
weak-bond specimens and then gener-
ate strength data from double cantilever 
beam and other tests.”

 “Quantitative prediction of reliability in 
bonded joint adhesion requires a certain 
total number of measurements,” says 
Giles Dillingham, president and chief 
scientist at Brighton Technologies Group 
(BTG, Cincinnati, Ohio). This is because 
all of the NDT methods under study, thus 
far, take discrete point measurements. 
“We are developing this data and correla-
tion to long-term bond performance.” 

The correlation process he describes 
is basically the same as that reviewed 
above for LBI. He believes that contact 
angle measurement and FTIR can be used 
together, along with other tools, “to en-
sure every part of the composite structure 
manufacturing process builds quantifi-
able reliability.”

 Another example is a study by Agilent 
Technologies (Santa Clara, Calif.) using 
its Fourier Transform Infrared (FTIR) Spec-
troscopy technology to correlate the pa-
rameters of plasma treatment (as a means 
of surface preparation) to bond strength. 
Specifically, Agilent used its ExoScan Sur-
face FTIR tool to evaluate a CFRP surface 
where the distance from the plasma head 
to the surface was varied. Resulting un-
der-, over- and optimally treated surfaces 
were then bonded and cantilever beam 
tested to determine G

IC
 values — that is, 

the force required to peel the adherends 
apart and, thus, a direct bond strength 
measurement. Seelenbinder notes, “We 
were able to correlate the FTIR measure-
ments to the bond strength and define 
the optimum distance of the plasma 
head.” Agilent will give a presentation on 
this work at JEC Europe (Mar. 11-13, 2014 
in Paris, France).

  The ability to inspect a bondline and 
substantiate that its strength falls within 
a certain allowable range is one thing. 
Predicting its long-term durability in ser-
vice is another. Blohowiak and her team 
have made headway in this area, however. 
She explains that her team has developed 
accelerated test methods that enable 
evaluation of long-term performance in 
less than two weeks vs. the traditional 9 
to 10 months. This paper was presented 
at SAMPE 2013 as well, reviewing the 
2-ply coupon method and its results, 
which correlated well with the more time-

though none described their methods as 
a direct proof test equal to destructively 
loading a bonded joint to failure, each is 
pursuing correlation of their test results 
with mechanical properties testing. The 
resulting correlation may provide a sta-
tistical basis for predicting bonded-joint 
strength and reliability. Each bondline’s 
strength may not be 100 percent predict-
able, but its variation could be quanti-
fied, which might then be addressed us-
ing intelligent design methods
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consuming, traditional 10-ply coupon 
methods. “We are now developing a pal-
ette of such test methods,” she adds, “and 
will feed these into the CMH-17 and other 
standards.” Coordinated with the type of 
correlation described above and the sys-
tematic use of design, qualified processes 
and process control, it seems that definite 
increases in bonded structure reliability 
are achievable. The issue then, becomes 
scale and actual implementation.

Automating the paths    
to implementation
Implementing this type of process con-
trol system requires automating the 
various inspection tools. Through an Na-
tional Science Foundation (NSF)-funded 
program, BTG has developed a prototype 
robotically deployed contact angle mea-
surement sensor that could be attached 
to the same robot head as a plasma 
treater. He details, “It would be possible 
to plasma treat as a means of surface 
preparation and immediately perform 
contact angle measurement to get real-
time feedback on whether the surface 
is ready for bonding.”  S e e l e n b i n d e r 
relates that Agilent, too, has developed 
more automated 4100 ExoScan FTIR ap-
plications, where the inspection head 
is mounted to a CNC-machine. This 
enables measurement without contact-
ing the part surface and could easily be 
modified for use on a robotic arm. 

 Now it is a matter of refining sampling 
methodologies, data correlation and how 
to use the various design, process (e.g., 
surface treatment) and control tools as an 
integrated system. According to Richard 
Bossi, senior technical fellow at Boeing 
R&T and co-author of the 2013 SAMPE 
paper, “The next step is to do a demon-
stration on a secondary CFRP structure 
starting with design and use the process 
outlined with a view toward certification.”

Changing the aerospace  
certification culture
“The more we can use adhesive bonds, 
the lighter we can make structures,” 
summarizes Blohowiak, but cautions, 
“There is a big cultural change that has 
to happen. There has to be assurance 
that we can do this (bond) reliably and 
repeatably.” She and most of the re-
searchers involved in this endeavor think 
we will see a gradual increase in bonded 
primary structure in new aircraft. “But 
the technology also has to be ready 

when the next platform is being devel-
oped, regardless of whether it is com-
mercial or military,” Blohowiak warns. 
She also sees that these issues should 
concern not only OEMs, but Tier 1 and 
material suppliers as well. “The whole 
supply chain has to be comfortable with 
what they can and can’t do.” Which is why 
Boeing, Airbus and Lockheed all agree 
that continuing this work and publishing 
the results is key to achieving composite 
airframes with fewer and fewer bolts.

Whether you have an existing CMM device 
or about to purchase one, Verisurf-X is 
the only software you need. With its 
3D CAD-based architecture, fl exible 
reporting options, and ease of use, 
Verisurf-X will reduce training time and 
increase productivity, right out of the 
box. No matter what you are making 
or measuring, Verisurf-X provides the 
power to drive your devices, reduce 
cost, improve quality, and streamline 
data management – all while maintaining 
CAD-based digital workfl ow. www.verisurf.com • 866-340-5551 

Learn more about the power of 
Verisurf-X by visiting our Website, 

or call for an onsite demo.

There are many CMMs. 
One software makes 
them more powerful.
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Overnight success stories are, typi-
cally, decades in the making. Al-
bany Engineered Composites Inc. 
(AEC, Rochester, N.H.) is a clas-
sic case in point: Its recent selec-

tion by Paris, France-based Safran as a 
partner in the manufacture of 3-D woven 
composite fan-module components for 
the LEAP commercial aircraft jet en-
gine was a huge achievement. No less 
noteworthy, however, is the story be-
hind the news. HPC recently toured the 
company’s New Hampshire facilities and 
gained insight into how AEC’s history of 
technology development has enabled its 
partnership with Safran, its transforma-
tion from textiles to parts manufactur-
ing, and its confidence in the future of 
3-D composite structures.

Fifty years of innovation
AEC’s story dates back to 1895, when 
parent company Albany International 
was founded in its namesake city, Al-
bany, N.Y. A textile weaver, the company 
became a market leader in production of 
fabrics used in papermaking. 

 A defining moment in the AEC story 
was Albany International’s purchase in 
1998 of Techniweave Inc. (Rochester, 
N.H.). Like other “specialty weavers” at 
that time,  Techniweave produced fab-
rics using carbon, ceramic, aramid and 
other technical fibers. Significantly, its 
development programs focused on com-
plex, three-dimensional (3-D) net-shape 
preforms for composite structures, such 
as square tubes with integrated branch 
connections and one-piece egg crate-

This 3-D weaver turned composite component 
supplier pursues a future in 3-D structures 
through continuous technology development.

Weaving to molding

Thousands of carbon fiber warp ends enter a Jacquard 
loom of the type that gave Albany Engineered  
Composites’ (AEC, Rochester, N.H.) parent company 
its leg up on the papermaking industry (see 
sidebar, p. 60). AEC has added to weaving a 
commitment to manufacture of finished 
parts — such as the fan blade and 
fan case (below) for the next-
generation LEAP jet engine 
(bottom image).

Albany Engineered Composites: 
WEAVING THE FUTURE IN 3-D

Source: Albany International

Source:  
Safran/Snecma
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Location Facility Operations

Rochester,  
NH

Building 1  
(130,000 ft²/12,077m²)

AEC headquarters, production and offices

Building 2 
(190,000-ft²/13,935m²)

- $5 million Research & Technology (R&T) 
Center (45,000 ft²/4,181m²)

- Albany Safran Composites (ASC) Product 
Development Center (PDC)

- Corp. headquarters for AEC parent Albany Int’l

LEAP Plant 1 
(353,000 ft²/32,795m²)

Constructed by Safran, 
colocated AEC and 
Safran production

LEAP-1A parts for 
Airbus A320neo

LEAP-1B parts for 
Boeing 737 MAX

LEAP-1C parts for 
COMAC C919

Commercy, 
FRANCE

LEAP Plant 2 
(235,000 ft²/21,832m²)

type stiffeners. (Foreshadowing AEC’s 
future, a competitor, Textile Technologies 
Inc., Philadelphia, Pa., had already devel-
oped a fan blade-shaped preform.)

 Albany International saw the value in 
3-D preforms. Similar to its papermaking 
fabrics, preform layers were joined by lay-
er-to-layer interlocking fibers, making the 
structure’s through-thickness properties 
more like its in-plane properties, and elim-
inating the risk of delamination associated 
with the discrete layers of fabric in conven-
tional composites. But unlocking their po-
tential would require improved speed and 
lower cost in the weaving process, without 
losing quality or process control — exactly 
the brand of expertise Albany had acquired 
during decades of weaving 3-D fabrics us-
ing two-dimensional (2-D) looms (see “Al-
bany International: Multilayer to multidi-
mensional weaving,” on p. 60).

 Elsewhere, two other defining events 
took place. In the 1990s, GE Aircraft En-
gines (now GE Aviation, Cincinnati, Ohio,) 
developed the first all-composite commer-
cial turbofan blade used in the GE90 en-
gine for The Boeing Co.’s (Chicago, Ill.) 777 
wide-body aircraft. GE proceeded with two 
large composite fan-blade applications in 
the GEnx engines for the Boeing 787 and 
747-8. (These blades are still in production 
at CFAN, a 50/50 joint venture between GE 
and Snecma in San Marcos, Texas.) 

 In early 2000, engine manufacturer 
Snecma (Courcouronnes, France) re-
sumed its R&D into 3-D woven aircraft-

engine composites. It was at this time 
that Snecma and Albany International 
Techniweave began codevelopment of 
3-D woven composite fan blade tech-
nology,  demonstrating its viability in a 
GE90 configuration. Work then shifted 
to smaller CFM56-sized blades (to re-
place monolithic titanium) where the 
3-D woven composite became an en-
abling technology for next-generation 
performance improvements in the new 
LEAP engine, developed by CFM Inter-
national (Cincinnati, Ohio and Evry, 
France). Snecma merged with Paris-
based Sagem SA in 2005 to form Safran. 

 The following year was the tipping 
point for Albany International Techni-

weave. It acquired two companies: Texas 
Composites Inc. (TCI, Boerne, Texas), 
a developer and manufacturer of engi-
neered composites using resin transfer 
molding (RTM), 2-D textiles and braids; 
and Aztex Inc. (Waltham, Mass.), whose 
Z-fiber technology had cut thousands of 
fasteners and almost $100,000 in assem-
bly costs from the F/A-18 and other mili-
tary aircraft programs. 

The acquired companies were merged 
and renamed Albany Engineered Com-
posites. AEC then entered into an exclu-
sive relationship with Safran/Snecma to 
develop and commercialize advanced 3-D 
woven composite components for aircraft 
engines and landing gear.

In-house process development

Process steps for fan-blade development in ASC’s PDC: 3-D weaving 
of the preform (top left); forming and drying of the preform; placement 
of the shaped preform into the RTM tool  (bottom left); tool insertion 
into the press and injection of heated resin, followed by cure; demold 
of the still hot part (above) and final finishing operations.

Albany Engineered Composites: 
WEAVING THE FUTURE IN 3-D
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Table 1: Albany Engineered Composites facts & figures
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 With 19 plants in 11 countries, $760 
million in revenue and 4,000 employees, 
Albany International Corp. (Rochester, 
N.H.) today is not a small company. Yet 
its stature is diminutive in the field on 
which it now plays. Safran, for example, 

is a global conglomerate of 10 compa-
nies and more than 50,000 employees 
with annual revenue totaling €13.5 bil-
lion. Using its financial strength as the 
leading supplier of technical textiles to 
the paper industry, Albany International 

has invested in a vision for future growth: 
To become a leading Tier 2 supplier of 
advanced composite components to the 
aerospace industry, using highly engi-
neered textile reinforcements designed 
and assembled by AEC.

Case in point: LEAP fan case

The 3-D fabric for the LEAP fan case is wound onto a take-up mandrel as it is produced 
(left). It is then used in the winding process to apply the shaped fabric inner mandrel of the 
RTM tools (see photo at top right). Outer tools are applied and the part is placed into an 
oven where heated resin is injected via the RTM tooling and cure completed (center image 
shows demolding). (For more on AEC’s LEAP involvement, see “Learn More.”)

S I D E  S T O R Y

Albany International: Multilayer to multidimensional weaving

Albany International (Rochester, N.H.) has a half-century of experience in 
producing multilayer technical textiles to meet demanding performance and cost 
expectations. The company earned its stripes weaving fabrics used as paper-
making machine clothing — the highly engineered, custom-designed fabrics up 
to 12m/39-ft wide that are essential in multiple stages of paper production.

By the 1980s, multilayer fabrics had become prevalent in Albany’s machine 
clothing products due to the high tension and shear requirements in papermak-
ing operations, such as calendering through heated rollers. Albany was a key in-
novator when the Jacquard-type looms used in weaving were transitioned from 
one-layer to three-layer fabrics to meet this need. For example, it developed the 
technology necessary to make seams in these massive fabrics with nearly the 
same strength as the base fabric but without imprinting the seam line onto the 
paper. Albany also helped pioneer automation of and improved control over the 
weaving process, including integrated process-data collection, automated fiber 
handling and error detection.

Multilayer fabrics have been woven on traditional 2-D weaving looms for some 
time. Familiar examples are webbing, belting and, as noted for Albany, papermak-
ing fabric. These fabrics are produced by splitting the warp fibers (oriented in the 
direction of fabric production) to create multiple sheds (spaces through which the 
weft or filling fibers are inserted at right angles to the warp). If the warp ends are 
moved up or down during weaving (in Jacquard looms this is done using heddles, 
pictured at far right), then the fabric can be made to consist of several layers 
stacked vertically. Warp ends can be interlaced with fill fibers in the adjacent 
layer to produce layer-to-layer locked fabrics, or they can be interlaced with fill 
fibers in the top and bottom layers to create angle-interlocked fabrics.

Albany has established itself as the market leader in the competitive and 
now mature papermaking fabric market through continued R&D investment. 
Its subsidiary Albany Engineered Composites (AEC) has, in turn, built on this 
foundation, using the parent firm’s 50 years’ experience in textile process de-
velopment to exploit the ability of the Jacquard weaving process to lift each 
single warp end — there are 8,448 in AEC’s current 3-D looms — either 
alone or in combinations, to create almost infinite possibilities for warp and 
weft patterns. AEC, thus, is pursuing the potential for 3-D textile preforms 
to help reduce the cost of unitized composite structures. AEC’s senior VP 

No small accomplishment

Albany Engineered Composites draws from 50 years of 
engineered textile and process control experience of parent 
company Albany International, a leading supplier of 12m/39-ft 
wide, highly engineered, custom-designed “clothing” for massive 
paper making machines like this one, using giant Jacquard looms.

Source: Albany International Corp 
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 “We are leveraging 50 years of innova-
tion in engineered textiles and process 
automation coupled with a legacy of 
technology investment by our parent cor-
poration,” says Brian Coffenberry, AEC’s 
senior VP of business development, re-
search & technology. “Continuing that 
tradition, AEC’s commitment to R&D is 
substantial — nearly $13 million out of 
approximately $80 million in revenue for 
2013.” The CFM LEAP engine program 
is a prime example: for nearly 10 years, 
AEC invested in R&D and capital equip-
ment to support Snecma’s fan blade de-
velopment program, prior to inclusion 
of the blade and fan case into the LEAP 
design. “We faced challenges in the first 
parts we wove and molded,” admits Cof-
fenberry, “and have had to make refine-
ments to the process in order to meet 
Safran’s stringent requirements.” But, he 
continues, “We worked together closely 
with Snecma using design rules that 
recognized current process capabilities 

and limitations for manufacturability, 
while AEC recognized areas for process 
improvement — a successful collabora-
tion that continues today.” For example, 
a 3-D blade reinforced with IM7 48K tow 
is less expensive to weave, but is less tai-
lorable, while a smaller tow size is woven 
more slowly but is more tailorable to lo-
calized load conditions. “Snecma under-
stood this early in blade development 
and, therefore, established design rules 
that limited how fast the thickness of the 
blade could be tailored (e.g., ply drops 
per inch) to the loading conditions.”

AEC operations
The dedication shows in New Hamp-
shire. AEC occupies three buildings in 
a large industrial park outside of Roch-
ester, as well as the original 135,000-ft2 
(12,542m2) TCI facility in Boerne, Texas 
(see Table 1, p. 59). 

 The production space in Building 1 
is dominated by a long line of massive 

looms. Each loom’s Jacquard mecha-
nism reaches to the ceiling, supported 
on its own steel platform from which 
the iconic pyramid of converging har-
ness cords descends, each cord having a 
heddle eye through which a single warp 
end is drawn. Adjacent to these, a num-
ber of smaller jacquard looms make a 
variety of preforms for other programs. 
During HPC’s visit, the large looms — 
which can handle as many as 8,448 warp 
ends of various fiber types and sizes — 
were turning out preforms for blades, fan 
cases and landing-gear components. 

LEAP fan blade preforms use Hexcel 
(Stamford, Conn.) IM7 48K fiber — four 
12K tows lightly twisted by Concordia 
Fibers (Coventry, R.I.) — which reduces 
cost.

 “If you drive tow size down,” Coffenber-
ry explains, “it drives the number of warp 
ends up, which increases set-up time as 
well as the number of picks (weft inser-
tions), lengthening weave time.” He 

Albany International: Multilayer to multidimensional weaving

of business development, research and technology Brian Cof-
fenberry concludes, “Just like Jacquards are currently used to 
create intricate patterns on mass-produced ties and carpets, we 
are using our innovations on this technology to create patterns 
through the thickness as well as on the surface, tailoring the 
structural properties of the 3-D composite and final structure.”

Read more about 3-D wovens from 2-D looms in the “3-D 
woven reinforcements update,” in HPC March 2011 (p. 34) or 
visit short.compositesworld.com/ERdj2pdp.

Shedding

Weft insertion 

Shedding Heddle (warp fiber 
passes through 

the eye)

a. 2-D woven fabric production b. 3-D woven fabric production

Weft insertion

Interlaced 
2-D fabric

Example of 3-D fabric

Back of 
Loom Front of 

Loom

Weft insertion 
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noted that AEC uses 3-D textile and pre-
form modeling software to optimize its 
selection and combination of fiber types 
and tow sizes to achieve desired load 
handling capability and geometry.

Prototyping production processes
In Building 2, HPC viewed the Albany  
Safran Composites (ASC) product de-
velopment center (PDC). Here, AEC and 
Safran (through ASC) develop the RTM 
and ancillary processes used for each 
new part, characterizing each before it 
goes into full production in Plant 1 and 
then ramps toward production rates 
that, for LEAP, will reach 1,800 shipsets 
(32,400 blades) per year by 2019. 

 “The PDC space can be reconfigured,” 
Coffenberry points out, “as future parts 
for the LEAP and other Safran applica-
tions are selected for transition into 
product development and production.” 

 The PDC was the stage for the devel-
opment of the final processing steps for 
the fan blade (pictured on p. 59). Cytec 
(Woodland Park, N.J.) single-component 
toughened epoxy resin was chosen for 
use in blades, case, spacers and plat-
forms. For the fan case preforms, 3-D 
weaving and contour weaving are com-
bined to produce a finished barrel with 
flanges on each end, using basically 0˚ 
and 90˚ inputs. The 3-D fabric is wound 
on a take-up mandrel as it is woven, and 
then used in a winding process to shape 
the inner fabric on the inner mandrel 
of the RTM tool. Outer tool segments 
are assembled to the mandrel and the 
preform and tool are placed in an oven 
where heated resin is injected and cure 
completed (see photos at top of p. 60).

3-D composite production
At the time of HPC’s tour (October 2013), 
LEAP Plant 1 had just received its cer-
tificate of occupancy, and its looms, RTM 
presses and other blade-making devices 
were in place. Fan-case equipment was 
soon to follow and low-rate produc-
tion was scheduled to start in 2014. The 
plant’s enormous, mostly open, floor 
plan features walls only where needed 
to enclose waterjet-cutting, CNC-ma-
chining and mold-cleaning operations. 
According to Coffenberry, AEC will do ev-
erything from weaving through cure. Saf-
ran will handle final machining, painting, 
balancing and nondestructive testing 
(NDT). “There are no walls between the 
AEC and Safran work areas,” he adds.

Preform process simulation

Using internally developed design tools, AEC can perform process simulations as well as 
predict the performance of a finished 3-D composite structure. Capabilities include forming 
simulation and prediction of strength, stiffness and performance vs. failure criteria.

Seeking new applications

AEC is working with aerospace OEMs to design 3-D 
aerostructures, targeting applications for which conventional 2-D 
composites do not meet out-of-plane strength and/or damage 
tolerance requirements. These include, for example, (shown 
clockwise form top) truss beams for floor supports, rib posts as 
wing leading edge stiffeners, and Pi-joint corner brackets. S

ou
rc

e:
 A

lb
an

y 
In

te
rn

at
io

na
l C

or
p.

S
ou

rc
e:

 A
lb

an
y 

In
te

rn
at

io
na

l C
or

p.



M A R C H  2 0 1 4   |   6 3

GET AN EXPERT BEHIND EVERY FIXTURE

DR. DONALD F. ADAMS, PRESIDENT
STANDS BEHIND EVERY FIXTURE WE SELL

Call Don today to get 
expert advice on your 

test fixture needs!

         • Over 40 fixtures
        in stock, ready to
      be shipped.
    • Email or call today 
   to discuss your 
  fixture and custom 
design needs.

Combined Loading Compression 
Test Fixture ASTM D 6641

Short Beam Shear Test 
Fixture ASTM D 2344

Iosipescu Shear Test 
Fixture ASTM D 5379

Boeing Modified D 695 
Compression Test Fixture

Compress Subpress  
ASTM D 695

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
45 years of 
Composite Testing Experience

W
T
F

yoming
est

ixtures
INC.

  

 The workflow is designed according to 
lean manufacturing practice: Raw mate-
rial will enter AEC’s end of the building 
and proceed through a streamlined lin-
ear layout, with finished products exit-
ing the Safran end of the plant. Because 
cranes cause bottlenecks, the plant de-
sign eliminated them where possible to 
shorten throughput time. Production pro-
gressively moves through five work cells: 
winding, weaving, premold, injection/cure 
and mold cleaning (the latter uses dry ice 
blasting, which was cited as an environ-
mentally friendly alternative to solvents). 

 Coffenberry said the facility was de-
signed with the LEAP engine’s rate pro-
duction and expected growth in mind. 
“We used a conservative design with 
some built-in redundancies to provide 
more capacity than strictly required,” he 
points out. “For example, should there be 
equipment breakdowns, we have built-
in ‘catch-up’ capacity. Once the plant is 
running at full rate, we will gain efficiency 
and be able to free-up capacity as new 
ASC products are ready to be transferred 
from the PDC for full-scale production.” 

Future products from conception 
to production
The 45,000-ft2 (4,181m2) Research & 
Technology (R&T) Center, finished in 
2013, is currently staffed by 24 engineer-
ing specialists and an equal number of 
technicians. This part of Building 2 is the 
industrial proving ground where AEC de-
velops new engineered textile and com-
posite products, processes and engineer-
ing software, and performs equipment 
modifications. 

“We try it out here before we run it 
on the floor in a full-scale implementa-
tion,” said Coffenberry. “For example, we 
will try out new loom designs for higher 
speed.” 

Pointing to a large piece of equipment 
that looked like several different types of 
looms put together, Coffenberry noted, 
“This uses four shuttles so we can have 
four different weft materials.”It also fea-
tures technology enabling products with 
a closed fabric edge (uncut) vs. current 
open (cut) fabric edges, said Coffen-
berrry, noting that AEC is evaluating the 
device for potential use in manufacturing 
new products, including airframe sub-
structure applications.

 Close by, he points out a fiber place-
ment machine, describing it as “an R&D 
unit, which we can use for thermoset and 

thermoplastic fiber placement in addi-
tion to through-thickness fiber reinforce-
ment.” He adds, “It is also being consid-
ered for dry fiber placement, which is a 
process we believe may be amenable to 
our 3-D textiles.” 

 The next stop was a microcomputed 
tomography (CT) lab. Akin to medical 
imaging technology, “we use it to char-
acterize our materials and calibrate and 
validate our analytical models,” Coffen-
berry explains. “We use the modeling 

and testing together to predict and verify 
performance. We also perform material 
variability testing here as part of quality 
assurance.”

 Not limited to textile engineering, 
AEC’s development work extends to 
RTM, resin infusion and autoclave pro-
cessing. (The autoclave is supplied by 
ACS Process Systems in Valencia, Ca-
lif.). HPC viewed AEC’s large oven, from 
Wisconsin Oven Corp. (East Troy, Wis.), 
which can be divided into two parts 
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BMI Out of Autoclave Demo Part 

with separate temperature control up to 
350°F/177°C. Behind it stood AEC’s new 
and largest (440-ton) press, supplied by 
Pinette Emidecau USA (Troy, Mich.).

 Next was a station room where varia-
tions of X-Cor and K-Cor structural foam 
products are developed for use in sand-
wich composites. These textile-based 
core materials are made via fiber inser-
tion technology that AEC acquired with 
Aztex — the materials feature a three-
dimensional truss network of pultruded 

carbon-fiber/epoxy rods in the z-direc-
tion. “We want to sell not just core but 
the whole part, engineered to meet spe-
cific requirements,” says Coffenberry.

Building the future on strengths
Using internally developed design tools, 
the R&T Center can perform process 
simulations and quickly predict the per-
formance of a finished 3-D composite 
structure. “We have developed a fairly 
sophisticated capability that allows us 

to determine the as-formed fiber archi-
tecture very closely,” said Coffenberry. 
“We can calibrate structural performance 
predictions on strength vs. stiffness, and 
can also look at different failure criteria 
to see which predicts performance best.”

 Notably, simulations reduce the cus-
tomer’s cost and the time required for 
development and certification. “It once 
took months to design iterations on a 
fan blade,” says Coffenberry. “We now 
complete design iterations on a part of 
similar complexity in days.” R&T product 
development also tracks generic struc-
tural features — such as corners  —  dur-
ing forming to gain an understanding of 
how these are affected and better predict 
their performance. “For example, we can 
compare relative performance using 2-D 
textiles vs. noncrimp fabrics vs. 3-D pre-
forms,” he said, “From this, we can feed 
material property maps to customers 
for use in their finite element models so 
they can design a part using 3-D woven 
reinforcement, or we can design the 3-D 
composite structure for them.”

 AEC has several such programs ongo-
ing with aerospace OEMs, focusing on 
structures where conventional 2-D com-
posites do not have the required out-of-
plane strength and/or damage tolerance. 
One example is airframe substructure 
components. Coffenberry showed a vari-
ety of samples, including sine-wave floor 
beams that feature sine wave-shaped Pi 
preforms (see “Learn More,” p. 65).

 Although Pi preforms for airframe ap-
plications aren’t unique to AEC, Coffen-
berry says AEC’s approach to them is: 
“Rather than using a one-size-fits-all ap-
proach, we engineer the Pi preforms to 
the specific application requirements and 
extend the technology to look at shaped 
Pi preforms using Hexcel’s stretch-broken 
carbon fiber, as well as lengthwise-tai-
lored flange, web and clevis dimensional 
characteristics.” 

 AEC, through ASC, will work with Saf-
ran on a variety of new LEAP and next-gen 
engine applications (e.g., nacelles, thrust 
reversers) and on landing gear. One ex-
ample is Snecma’s open-rotor engine, 
targeting a 30 percent reduction in fuel 
consumption vs. today’s narrow body tur-
bofans and aiming for a 2030 entry into 
service. The counter-rotating propeller is 
used at the rear of the plane with blades 
more than twice the length of those in 
LEAP and open to the atmosphere. “We 
are applying LEAP-comparable technol-
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707 Fulton Ave. • Rockford, IL 61103 USA
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LEARN MORE
 @

www.compositesworld.com

Read this article online at short.
compositesworld.com/Albany3D.

Read more about how 3-D preforms enabled 
LEAP engine technology online in “3-D 
preformed composites: The leap into LEAP” at 
short.compositesworld.com/LeaptoLEAP.

Read more about 3-D reinforcements in: 

“Manufacturers welcome new reinforcement 
forms” in HPC’s sister publication Composites 
Technology (CT April 2003, p. 12) or visit short.
compositesworld.com/rBMakxGG.

“3-D woven reinforcements update,” 
HPC  March 2011 (p. 34) or visit short.
compositesworld.com/ERdj2pdp.

Read more about ceramic-matric composites 
in jet engines in “Ceramic-matrix composites 
heat up,” HPC November 2013 (p. 38) or visit 
short.compositesworld.com/WrsprzMm

Read about Pi preform technology in “Wind 
blades: Pi preforms increase shear web failure 
load,” in HPC’s sister publication Composites 
Technology (CT October 2013, p. 24) or visit 
short.compositesworld.com/G669Zx6I.

ogy, but modified to this design,” Coffen-
berry relates. 

3-D composites in the hot zone
In addition to its work in polymer matrix 
composite applications, AEC also is ap-
plying its technical know-how to ceramic 
matrix composites (CMCs), where the 
3-D fiber architecture overcomes some 
of the inherent brittleness of the matrix. 
AEC has worked for several years with 
Safran subsidiary Herakles (Le Haillan, 
France) to develop a CMC low-pressure 
turbine blade for potential use in future 
LEAP engine upgrades. AEC is providing 
complex 3-D woven preforms to Her-
akles’ facility in Bordeaux, France, for 
subsequent densification into the final 
composite. 

 AEC also has been working with Boe-
ing to provide a CMC substrate for an 
exhaust nozzle under evaluation in the 
U.S. Federal Aviation Admin.’s (FAA, 
Washington D.C.) Continuous Lower 
Energy Emissions Noise (CLEEN) Pro-
gram. The nonstructural acoustic CMC 
sandwich features Nextel fiber from 3M 
(Minneapolis, Minn.) with an oxide ma-
trix. It has the potential to reduce weight 
and noise and extend part life vs. current 
metallic nozzle designs. A CMC exhaust 

nozzle was successfully tested last year 
in a full-scale ground-based engine test 
(see “Learn More”).

Growth beyond aerospace
AEC also sees growth beyond aerospace. 
Among the new markets AEC has evalu-
ated, automotive is one where its tech-
nology might edge out metals and con-
ventional composites. AEC sees potential 
thanks to the demand for vehicle weight 
reduction driven by government-man-
dated fuel efficiency and emission stan-

dards. “The same characteristics that 
make 3-D RTM composite structures at-
tractive for aerospace might offer energy 
absorption benefits vs. normal laminat-
ed composites in automotive structures,” 
Coffenberry suggests. To demonstrate 
the advantages of its 3-D composites, 
AEC has been working on a generic car 
door side-impact beam, which could of-
fer up to 25 percent weight savings and a 
significant increase in energy absorp-
tion, compared to the baseline design in 
high-strength steel.
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CALL FOR PAPERS   Exhibit  &  SPOnSORShiP  
           OPPORtunitiES

AttEnd thE WORLd’S LEAding AutOmOtivE COmPOSitES FORum
The Automotive and Composites Divisions of the Society of Plastics Engineers (SPE®) invite you to attend 
the 14th-annual SPE Automotive Composites Conference and Exhibition (ACCE), September 9-11, 2014 in 
the Detroit suburbs. The show – which has become the world’s leading automotive composites forum – will  
feature technical paper sessions, panel discussions, keynote speakers, networking receptions, & exhibits 
highlighting advances in materials, processes, and applications technologies for both thermoset and 
thermoplastic composites in a wide variety of ground-transportation applications.   

PRESEnt bEFORE An EngAgEd, gLObAL AudiEnCE
The SPE ACCE draws over 900 attendees from 15 countries on 5 continents who are interested in learning about the latest composites technologies.  Fully 
a third of attendees work for a transportation OEM, and roughly a fifth work for a tier integrator.  Few conferences of any size offer such an engaged, global 

audience vitally interested in hearing the latest composites advances.  Interested in presenting your 
latest research?  Abstracts are due March 31, 2014 and Papers on May 30, 2014 to allow time for peer  

review. E-mail abstracts or papers to ACCEpapers@speautomotive.com.  Approved papers will be  
accessible to attendees on a cloud-based server and later will  be available to the general public.

ShOWCASE YOuR PROduCtS & SERviCES
A variety of sponsorship packages – including displays, conference giveaways, 
advertising and publicity, signage, tickets, and networking receptions – are 
available. Companies interested in showcasing their products and/or services 
should contact Teri Chouinard of Intuit Group at teri@intuitgroup.com.

FOR mORE inFORmAtiOn
+1.248.244.8993  •  http://speautomotive

The Diamond Banquet & Conference Center at the Suburban Collection Showplace
46100 Grand River Ave.  Novi, MI 48374 USA
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CO-LOCATED WITH:

 The evenT for Mold 
ManufacTuring

Your registration includes free access to the  
amerimold show floor and more! 

PRESENTED BY: 

June 11-12, 2014  | Novi, Michigan 
Suburban Collection Showplace

 MARK YOUR 
CALENDAR!

The Thermoplastic Composites Conference 
for Automotive is designed to help you 

start or continue the transition into using 
new advanced processing methods and 

equipment for these materials.

Attend the Thermoplastic Composites 
Conference for Automotive and walk away 

with up-to-date, cutting-edge information 
and access to industry leaders in:

• Lightweighting
• Cost reduction

•  And new approaches to  
automotive production!
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Questions? Contact Scott Stephenson, Conference Director
email: scott@compositesworld.com   phone: 207-221-6602



CALENDAR

CALENDAR

M A R C H  2 0 1 4   |   6 7

 March 3, 2014 SpeedNews’ 4th Annual Aerospace Raw Materials  

  and Manufacturers Supply Chain Conference 

  Beverly Hills, Calif. | www.speednews.com/ 

  conferences

 March 6-7, 2014 12th World Pultrusion Conference 

  Lisbon, Portugal | www.pultruders.com

 March 10-13, 2014 EWEA 2014 

  Barcelona, Spain | www.ewea.org/annual2014/ 

  exhibition

 March 11-13, 2014 JEC Europe 

  Paris, France | www.jeccomposites.com/events/ 

  jec-europe-2014

 April 1-4, 2014 European Conference on Spacecraft Structures,  

  Materials and Environmental Testing 

  Braunschweig, Germany | www.dlr.de/SSMET2014

 April 8-9, 2014 Composites Australia CRC-ACS Conference 

  Newcastle, NSW, Australia | www.composites  

  conference.com.au/2014-composites-conference

 April 8-10, 2014 Composites Manufacturing 2014 

  Covington, Ky. | Composites.sme.org/2014/public/ 

  enter.aspx

 April 15-16, 2014 High Performance Polymers for Oil and Gas 2014 

  Edinburgh, Scotland | www.oilgasconference.com/ 

  home.aspx

 May 5-8, 2014 Windpower 2014 Conference and Exhibition 

  Las Vegas, Nev. | www.windpowerexpo.org

 May 12-15, 2014 AUVSI’s Unmanned Systems North America 2014 

  Orlando, Fla. | www.auvsishow.org/auvsi2014/ 

  public/enter.aspx

 May 13-15, 2014 JEC Americas/Techtextil North America/ 

  Texprocess Americas 

  Atlanta, Ga. | www.jeccomposites.com

 June 2-5, 2014 SAMPE Tech 2014 

  Seattle, Wash. | www.sampe.org/events

 June 2-6, 2014 MCM-2014, the XVIII Int'l Conference on  

  Mechanics of Composite Materials 

  Riga, Latvia | www.pmi.lv/New/EnConference 

  About.html

 June 8-11, 2014 1st Int'l Conference on Mechanics of Composites  

  Atlanta, Ga. | https://sites.google.com/site/ 

  mechcomp2014

 June 10-11, 2014 SAE 2014 Design, Manufacturing and Economics 

  of Composites Symposium 

  Madrid, Spain | www.sae.org/events/dtmc

 June 11-12, 2014 CompositesWorld Thermoplastics Conference/ 

  amerimold 2014 

  Novi, Mich. | sstephenson@compositesworld.com

 June 24-25, 2014 8th International CFK-Valley Stade Convention 

  Stade, Germany | www.cfk-convention.com

 July 13-19, 2014 ICCE-22, 22nd Annual Int'l Conference on  

  Composites and Nano Engineering 

  Island of Malta | www.icce-nano.org

 Sept. 8-14, 2014 IMTS 2014: TRAM – Trends in Advanced  

  Machining, Materials and Manufacturing 

  Chicago, Ill. | www.tram-conference.com

 Sept. 9-11, 2014 SPE Automotive Composites Conference &  

  Exhibition (ACCE) 

  Novi, Mich. | http://speautomotive.com/comp.htm

 Oct. 7-9, 2014 Composites Europe 2014 

  Düsseldorf, Germany | www.composites-europe.com

 Oct. 13-16, 2014 CAMX – The Composites and Advanced Materials Expo 

  Orlando, Fla. | www.thecamx.org

 Oct. 27-29, 2014 SAMPE China 2014 

  Beijing, China | www.sampe.org.cn



JEC Group brings the worldwide composites industry 
to Atlanta in a new mega event.

Discover the full global composites value chain from materials producers to end-users.

See every final application sector, from design to mass production. 

Expand your business horizons, meet new partners, learn about the latest in 

composites innovations.

Techtextil North America and Texprocess Americas join the JEC Group to bring this 

3-in-1 international event to American composites stakeholders.

JEC Europe-Paris   •  JEC Americas-Atlanta   •  JEC Americas-Boston   •  JEC Asia - Singapore

Georgia World Congress Center: May 13•14 • 15 • 2014

www.JECcompositesamericas-exhibitor.com
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APPLICATIONS
Laser encoder enables highly accurate cutting of critical wingskins

Flow International Corp.’s (Kent, Wash.) 
new Composites Machining Center’s 
(CMC) gantry design, in x-axis lengths 
of 6 to 50m (19.5 to 162.5 ft), carries two 
rams on a single gantry, with a 5-axis 
wrist on each ram. One ram is for ultra-
high-pressure waterjet cutting and the 
other handles conventional high-speed 
routing. Designed to do all the finish 
machining on, for example, a wingskin, 
it handles trimming, drilling, routing, 
surface milling, marking and inspection, 
in one setup. Parts reportedly leave the 
machine ready for assembly. 

“Reduced variation in parts is an indus-
try-wide goal,” explains Mark Saberton, 
Flow’s director of aerospace. “The OEMs 
want parts to meet tolerances when they 
arrive on the assembly floor, rather than 
using fixtures and shims to bring parts 
into assembly tolerance. Weight is also 
an issue — less variance in parts and 
fewer shims ensures better control of the 
aircraft’s final weight.”

 One of the keys to meeting tight toler-
ances during machining cycles that can 
last a week is Renishaw plc’s (Glouces-
tershire, U.K.) HS10/HS20 laser encoder, 
mounted on the Flow CMC (see photo, 
top right). With the precision of a laser 
interferometer, the encoder and its com-
panion RCU10 real-time compensation 
unit reportedly deliver part-per-million 
positioning accuracy on the CMC’s 
x-axis, eliminating variables for which 
users previously had to compensate 
when they were limited to the traditional 
glass or tape scales. Both encoders use 

the same laser interferom-
etry technology now used 
for linear measurement and 
error compensation by machine calibra-
tion specialists, with the exception that 
these are permanent fixtures, replacing 
glass/tape scales. “A physical scale 30 to 
50m long ... makes thermal compensa-
tion much more difficult,” explains Todd 
Fuchs, senior electrical project engineer 
at Flow. “The temperature differences ... 
over a 40m [131.2-ft] length during a 130-
hour machining cycle can be relatively 
extreme, even in an air-conditioned 
plant,” he explains. “The laser encoder is 
the easiest way to obtain accurate feed-
back on such a long axis.”

 Because the CMC features a rack-and-
pinion drive on each side of its gantry, 
the machine uses split x-axis feedback, 
employing a laser on each side for posi-
tioning. The lasers are located near the 
drivetrain, in a duct that is purged with 
clean, dry air to ensure stable measure-
ments and to protect the device from 
airborne debris, which could “break” the 
laser beam. Unlike a tape or glass scale, 
the laser encoder introduces no short-
term errors that can “stack up” on long 
axes. Its 1-m/sec (3.28-ft/sec) measuring 
speed is said to keep pace with fast-mov-
ing machine tools.

The HS20 is sealed 
and hard-anodized to protect it in harsh 
environments. Equipped with the Ren-
ishaw long-range optics kit and compan-
ion RCU10 system, the laser forms a non-
contact, interferometric-based encoder 
system for high accuracy (1 µm/m) linear 
position feedback on axes up to 60m 
long. It works with any CNC system that 
can read A quad B signals in RS-422 
digital format. The RCU10 also com-
pensates for the refractive index of air 
(which affects light transmission) using 
air pressure and temperature sensors; 
and it gauges and then compensates for 
thermal expansion of the machine and  
workpiece using material-temperature 
sensors. Advanced algorithms enable 
it to perform real-time compensation, 
adjusting the encoder count from the 
laser head, based on sensor data. “Our 
x-axis repeatability spec for a 40m gantry 
is 0.0381 mm [0.0015 inch], essentially 
equal to the laser interferometer used to 
calibrate the machine,” claims Fuchs.

 X-axis positioning precision is also a 
factor during part probing, which is vital 
to the cutting process. The CMC’s Ren-
ishaw RMP60 touch probe locates the 
part during setup and then confirms the 
part’s finished dimensions after machin-
ing. The compact probe can access and 
measure any point on the part that the 
machine head can reach. Its “frequency-
hopping spread spectrum” (FHSS) 
radio signal transmission allows mul-
tiple probe systems and other industrial 
equipment to coexist in “noisy” indus-
trial environments — an increasingly 
important feature as wireless and Blue-
tooth communications proliferate. 

Such extreme concern for accuracy 
is essential: “Some of these parts, such 
as wingskins, are worth nearly $1 mil-
lion before machining,” Fuchs stresses. 
“When they come to the machine, they 
are seldom an exact match to the CAD 
model, so we probe extensively and 
do a lot of best-fit calculations prior to 
machining.” 

Laser-equipped Flow CMCs are al-
ready in use by Airbus partners.  
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NEW PRODUCTSNEW PRODUCTS  JEC EUROPE 2014 PRODUCT PREVIEW

JEC Europe returns to Paris, March 11-13 (see our show preview on p. 32). Ahead of the 
event, several exhibitors reported to HPC what would be on display in their stands at the 
composites industry’s largest trade show. What follows is a sampling.

CAD-to-part programming
CGTech (Hove, U.K.) will demonstrate the process of programming automated 
composites manufacturing machinery. The software specialist will provide an 
overview of the steps necessary to move from a CAD-designed composite 
part to CNC programs that will drive an automated fiber placement (AFP) or 
automated tape laying (ATL) machine. Software demonstrations will feature 
CGTech’s VERICUT Composite Paths for Engineering (VCPe), VERICUT Compos-

ite Programming (VCP) and VERICUT Composite Simulation (VCS) programs. 
CGTech also will update project profiles presented at past JEC events, and 
highlight new projects for which customers are implementing the company’s 
machine-independent, off-line NC programming software for AFP and ATL ma-
chines. Current applications involve extensive use of robots, lasers, probing 
and ultrasonic knifes. “Manufacturers of AFP and ATL machinery typically sup-
ply in-house developed off-line NC programming software with their machine, 
forcing companies to inconveniently adopt multiple software applications for 
multiple brands of machines,” says CGTech Ltd.’s managing director John 
Reed. “But to survive in this industry, a company must be able to select the best 
solutions for the job, without the cost and risk associated with being locked to 
a single machine supplier.” www.cgtech.com

Non-halogenated flame retardants
Clariant (Muttenz, Switzerland) will highlight the major advantages of its non-
halongenated, phosphinate-based Exolit OP range and Exolit AP range of flame 
retardants for transportation and construction applications. Designed initially 
for the electronics and electrical equipment markets, the Exolit OP range is 
said to offer high thermal stability and good property profiles at comparably 
low doses in transport applications, such as railway rolling stock and airplanes. 
The Exolit AP range, based on ammonium polyphosphate, is formulated for use 
in thermoset resins that form the matrices in fiberglass-reinforced compos-
ites.  Reportedly, all are fully compliant with current WEEE and RoHS regula-
tions. www.clariant.com

New composites processing enterprise
European tooling specialist Compose (Bellignat, France) is introducing at JEC 
Europe its new subsidiary, CT1, dedicated to composites processing. Compose 
set up CT1 in 2013 in a 600m2/6,458-ft2 state-of-the art composites manu-
facturing facility to meet customers’ needs and broaden its range of services 
in four areas of focus: resin transfer molding (RTM), hot-forming, sheet mold-
ing compound (SMC) and compression molding. CT1 activities include check-
ing the dimensions and the condition of tools/molds, testing of tools/molds 
under operating conditions, acceptance of tools/molds with customers, first 
parts and pre-series production, parts machining, research and development 
assistance, process and technology transfer, and training. Equipment at the 
site includes compression molding presses, heating plates, an infrared oven, 
oil- and water-based temperature controllers, dispensing equipment, vacuum 
equipment, freezer storage equipment and milling and finishing systems.  
www.compose-tools.com

Robotic programming
CAD/CAM specialist Delcam (Birmingham, U.K.) will show JEC attendees how 
to program complex robotic machining operations, using its PowerMILL Robot 
CAM system. Delcam notes that robots programmed with PowerMILL Robot 
are already used in the marine, aerospace, rail and wind-energy sectors of 
the composites industry for the manufacture of models, patterns, molds and 

fixtures for component manufacture, and for the finish machining of compos-
ite parts. The software’s core functionality consists of three main steps: pro-
gramming, simulation (including analysis) and creation of the robot programs. 
PowerMILL Robot reportedly can be used to simulate the complete machining 
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operation and to control the robot’s movements through different variables, 
such as axis limits, axis priorities and workplane constraints. Various aspects 
within the configuration of the robot cell, such as axis limits, tool constraints 
and home position, can be defined, and the simulation of the robot then can be 
completed within those constraints. www.delcam.com

HP-RTM epoxy, aircraft interiors resin
Huntsman Advanced Materials (The Woodlands, Texas) will highlight 

contributions its high-performance 
chemistries are making in some re-
cent applications. These include struc-
tural composites parts on the BMW i3, 
composite bonders on a prototype rac-
ing vehicle’s rear spoiler, and prepreg 
components on a Richard Mille luxury 
watch. Featured products include epoxy 
resin systems for high-pressure resin 
transfer molding (HP-RTM) and com-
pression molding. Huntsman says it is 
the first supplier to produce epoxy resin 
systems that are qualified for the mass 
production of structural parts. Including 
preform set, injection, curing and de-

molding, the latest system — Araldite LY 3585/Aradur 3475 — allows parts 
production in five and three minutes, respectively, in HP-RTM and compres-
sion molding, exhibiting a one-minute latency at 110°C/230°F. During the 
show, resin systems for HP-RTM’d wheel rims (see photo) will be showcased. 
Huntsman’s materials have been used on the Mercedes SLR, the BMW Z1, 
a Lamborghini monocoque chassis, and projects for McLaren. In its latest 
project, Huntsman helped BMW to produce structural composites parts in 
volume on the i3. For aircraft interiors, Huntsman will feature Araldite FST 
40002/40003, a new, HP-RTM and infusion processing solution with inher-
ent flame/smoke/toxicity properties. In contrast to other thermoset materials 
for interiors, Araldite FST 40002/40003 is an unfilled system that is said to 
offer good matrix mechanical properties and high fiber volume capabilities. 
The resin also meets FAR 25.853 vertical burn, smoke and toxicity specifica-
tions for carbon and glass fiber in all thickness configurations. Huntsman 
also will feature a new methacrylate adhesive, Araldite 2048, which is said to 
exhibit some of the highest lap shear strengths available (24 MPa on alumin-
ium) and high elongation. It’s said to be ideal for dynamic loading and offers 
good chemical resistance, low ionic content, ease of application, plus high 
impact resistance and elasticity at subfreezing temperatures. Araldite 2048 
has been used with the epoxy adhesive Araldite 2031 on the rear spoiler of a 
prototype sports car, which will be on display. Finally, Huntsman will feature 
a trifunctional, TGHPM-type epoxy resin called Tactix 742, which reportedly 
provides higher glass transition temperature resistance than any other epoxy 
resin with which it’s fully compatible. It can also be processed into prepreg 
formulations for high-temperature applications. www.huntsman.com
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Advanced composites consulting
Consultancy and advisory specialist Future Materials Group (FGM, Cam-
bridge, U.K.) will conduct during JEC Europe a series of one-to-one think tank 
sessions based around the theme “Growth and Return on Capital.” FMG opera-
tives will advise attendees about opportunities to create and maintain value 
within the advanced composites sector. FMG is extending an invitation to en-
trepreneurs, senior management figures, corporate finance, development per-
sonnel and regional and business managers to take advantage of one-to-one 
consultations with one, or a number, of FMG’s senior directors. Each workshop 
will offer confidential consultations that can be used to discuss growth oppor-
tunities, growth finance, entering the advanced composites sector, expanding 
and optimizing a composites portfolio, mergers and acquisitions and corporate 
strategy. www.futurematerialsgroup.com

New automotive production capacity
FORMAX (Leicester, U.K.), a manufacturer of carbon fiber and specialty 
composite reinforcements, is announcing plans at JEC Europe to open an 
automotive production facility alongside the company’s U.K. headquarters. 
The new site will be dedicated to weaving and assembling specialized car-
bon fiber multiaxial fabrics, designed specifically to meet the requirements 
of high-volume automotive applications. This latest investment and the 
subsequent site expansion follows FORMAX’s recent launch of a number 
of new automotive textiles. These include aFORM, a specialized ±45° mate-
rial ranging in weight from 150 to 300 gsm for Class A surface finishes; 

reFORM, a recycled materials range produced from carbon fiber waste; and 
a specialized drape simulation software that allows customers to optimize 
their fabrics’ performance by identifying issues that result from creasing and 
permeability. www.formax.co.uk

Fiber sizings for food contact
Sizing specialist Michelman (Cincinnati, Ohio) will introduce at JEC Eu-
rope new fiber sizings that comply with the Commission Regulation (EU) 
n°10/2011 (repealing Directive 2002/72/EC). The new solutions are said 
to be well suited for sizing fiber that will be used in composites in coffee 
machines, food processors and other appliances and kitchen items where 
food contact compliance is required. Products featured at the show will be 
water-based polyurethanes and polypropylene dispersions that are alkylphe-
nol ethoxylate (APE)- and HAP-free, and exhibit good hydrolytic resistance and 
thermal stability. www.michelman.com

Adhesive with reduced bond line  
read-through
Adhesives specialist SCIGRIP (Washington, U.K.) is launching at JEC Europe 
an enhanced methyl methacrylate (MMA) adhesive formulated to significantly 
reduce bondline read-through in composite components. The new product line 
provides customers the opportunity to select from a greater selection of materi-

www.geiss-ttt.com

HIGH PERFORMANCE 
CNC MACHINERY AND TOOLING

ADVANCED CUTTING SYSTEMS AVAILABLE

203.988.9426        info@geissllc.com
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• ULTRASONIC ROTATING DISK

• INTEGRATED DUST EXTRACTION
• CONVENTIONAL MILLING & ROUTING

 

     Material Testing Technology 

   1676 S. Wolf Road—Wheeling, IL  60090 PH: (847) 215-7448        Fax: (847) 215-7449  Website:  www.mttusa.net 

ASTM D5961 Open Hole ASTM C297 2” Square Flatwise Tension 

COMPOSITE 
TEST FIXTURES 

Call us today for a complete line of composite testing fixtures: 
-ASTM D695 -ASTM D2344 -ASTM D3410 -ASTM D5379 -ASTM D5961 
-Boeing CAI -Boeing OHC -Boeing  D695 -Boeing Flex -Boeing Peel 
-Sacma CAI -Sacma OHC -Sacma D695 -Sacma Flex -Sacma Peel 

Torque and Fastener Testers ASTM D6641 Combined Loading 
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als and permits bonding of thinner substrates without unsightly read-through 
lines and distortions on the part’s outer skin. It reportedly will appeal to manu-
facturers of composite structures in the marine and transport markets who are 
looking to improve the aesthetics of their components while optimizing de-
sign, production speeds and costs. This product reportedly demonstrates low 
heat distortion, low chemical shrinkage and fast but controllable cure speeds. 
SCIGRIP also will introduce at the show a range of specialized engineering 
adhesives. www.scigrip.com

Primerless 
methacrylates
At JEC Europe 2014, 
Scott Bader (Wollaston, 
Northamptonshire, U.K.)
is launching Crestabond 
M1-04, adding a “rapid 
bond” grade to its range 
of primerless methacry-
late structural adhesives, 
with a fixture time of only 
8 to 10 minutes. It offers 
assemblers a reduction of 

more than 40 percent in the maximum fixture time compared to the existing 
Crestabond M1-05 grade, with no loss of bonding performance properties. 

Crestabond M1-04 has been developed to increase production efficiencies 
for high-volume parts assembly. It has no requirement for a substrate primer 
and has a working time of three to four minutes, so assembled parts can be 
moved to the next stage of production in as little as eight minutes. Scott Bader 
test data, indicates that the adhesive will effectively bond composites, plastics, 
ABS, aluminum and stainless steel. This new Crestabond grade is expected to 
be of particular interest to automotive OEMs and Tier 1 and Tier 2 suppliers due 
to its high elongation and toughness, its productivity benefits and its reliable, 
long-term adhesion performance. Also featured: The Scott Bader-ATC range of 
POLY-FAIR modified polyester tooling compounds, now available in Europe for 
pattern and moldmaking. (POLY-FAIR was the trademark of ATC Formulated 
Polymers Inc., prior to the acquisition made by Scott Bader in 2013.) Extrud-
able and sprayable grades of POLY-FAIR tooling compound will be showcased 
for the first time by Scott Bader in Europe, and a variety of tooling parts will be 
on the stand; both versions are established in North America. Extrudable POLY-
FAIR T28 is formulated for milling of small and large plugs or direct limited-pro-
duction molds, using Computer Numerical Control (CNC) multiaxis machines. 
POLY-FAIR T27, the sprayable version, is also fully CNC-machinable, designed 
for milling patterns and large plugs with dimensions of 10m to 25m (30 ft to 75 
ft) or direct limited-production molds. It can be sprayed with several passes up 
to a thickness of ~25 mm/~1 inch. Finally, Scott Bader will emphasize Cresta-
pol urethane acrylate-based acrylic resins, which offer strong fire, smoke and 
toxicity performance, such as Crestapol 1212 and Crestapol 1250LV for closed 
molding of lightweight vehicle parts with woven glass, carbon and aramid fab-
rics. A carbon fiber-reinforced Crestapol 1250LV front bumper from a Suzuki 
S1600 rally car will be on exhibit. www.scottbader.com

Fiber Reinforcement
• Carbon, aramid and other 

high performance fiber 
reinforcements

Prepreg Systems
• Advanced thermoplastic 

and thermoset uni-direc-
tional tapes and fabric 
prepreg

Films and Laminates
• Solution, powder-coated 

and film laminated 
fabrics/adhesives

86 Providence Rd.  
Millbury, MA  01527
508 581 2100 | barrday.com

ADVANCED MATERIAL 
SOLUTIONS

Aircraft Interiors

Structural Aerospace

Energy

Transportation

Carbon/Carbon
Ablatives

Military/Defense

TRAINING In:
ENGINEERING 
MANUFACTURING
REPAIR

www.abaris.com
775-827-6568

A Semester of Advanced 
Composites Education In 
A 5 Day Course

TRAINING In:
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High Temperature Bond Tools 
• BMI 
• Epoxy 

Mill Fixtures 
Pressure Intensifiers / Cauls 
Backup Structure Materials 

• Panels, Tubes, Angles 

Backup Structure Kits 
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composites Manufacturing: the industry’s resource
For decades, SME and our Composites Manufacturing event have consistently delivered the 
knowledge and results that you are demanding! Composites Manufacturing 2014 is your “only” 
opportunity to participate in an event dedicated to the manufacturer.

Join us for the industry’s authoritative event exploring how composites are changing  
many diverse industries, helping you lower costs, enhance overall product quality,  
and serve new growth markets.  

To Register and learn more visit us at sme.org/composites  
or call 800.733.3976
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The Explosion Proof Bonder--
Redefined

www.WichiTech.com
Call us for a personal demo:
(800) 776-4277 ❖ 410/244-1966
Baltimore, Maryland 21201  USA
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on
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Epoxy resin systems
Sicomin Epoxy Systems (Marseille, France) will 
celebrate its 30th year as a formulator and supplier 
of epoxy resin systems. To mark the occasion, the 
company will unveil a refreshed brand identity with 
a new logo and enhanced Web site, and announce 
growth plans for 2014. Sicomin will also showcase 
a range of Clear, Green, Fire Retardant and Foam-
ing epoxy resin systems, targeted at composites 
manufacturers. SR TOPCLEAR, a mixed epoxy and 
polyurethane formulation, offers a translucent, 
glossy finish. The UV-resistant and ultrafast harden-
ing product reportedly can be processed in as little 
as 10 minutes, and can be applied by brush or with 
spray equipment to multiple surfaces including com-
posites, wood, glass and carbon fabrics, metals and 
a selection of foams.  More than half of the molecu-
lar structure of new GREEN POXY 56 is derived from 
plant matter. Sicomin says independent laboratory 
tests using the Carbon 14 measurement recently 
showed the product’s green carbon content at 56 
percent. It can be used for lamination purposes, in-
jection molding, filament winding, hot or cold press 
processes and casting. Finally, a 2,000m2/21,527-
ft2 site expansion at Sicomin will accommodate an 
optimized laboratory and manufacturing resource 
area. New personnel have also been recruited to fur-
ther support the R&D and Customer Service teams 
www.sicomin.com

Surface engineering  
products
Technical Fibre Products Ltd. (Schenectady, N.Y.) 
will showcase its Optiveil, Optimat and Tecnofire 
materials, designed for the surface engineering of 
composites. Optiveil and Optimat are said to pro-
vide a high-quality surface finish while imparting 
functionality, such as conductivity, EMI shielding and 
corrosion and abrasion resistance. Tecnofire report-
edly offers effective integrated passive fire protec-
tion for composites. TFP also will exhibit what it says 
are some of the world’s lightest nonwovens, includ-
ing an ultralightweight carbon veil at 2 g/m². These 
materials can be employed as fabrication aids, 
acting as carriers for fragile materials or adhesive 
films, with minimum added weight. Other develop-
ments include recycled carbon nonwovens and an 
extended range of lightweight PEEK, nylon, PEI and 
PPS thermoplastic veils, which can be incorporated 
as interlaminar layers in a composite structure to 
reduce microcracking and, thus, improve fracture 
toughness. www.tfpglobal.com

specialtyour
large-scale, 

high precision is 
large-scale

quality
composite and metal

INDUSTRY LEADER

tooling

1.888.856.5143 | Info@janicki.com www.janicki.com

info@mclube.com  mclube.com

1.800.2.MCLUBE
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MARKETPLACE
manufacturing supplies

Diamond and Solid Carbide
      • Technical Advice
      • Rotary Drills/Routers
      • C’sinks/Hole Saws
      • Stock and Specials

Designed For Composites
www.starliteindustries.com
800.727.1022 / 610.527.1300
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Available in various temperature ranges

800-762-1144 • 626-961-0211 • Fax 626-968-5140
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CINCINNATI

TESTING

LABORATORIES

A Subsidiary of 
Metcut Research Inc.

Machining & Testing 
of Advanced 

Composite Materials

Email: info@cintestlabs.com
www.cintestlabs.com

1775 Carillon Blvd., Cincinnati, Ohio 45240
Phone:  800/811-9220 • Fax:  513/851-3336

Comprehensive Testing Expertise
•  Mechanical  •  Physical  •  Thermal

•  Enviromental  •  Fatigue  
MMC,CMC, & PMC Experience

• Multiple releases between applications
• No discernable transfer
• No migration, contain no silicones
• High temperature stability
• Low Global Warming formulations available
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miller-stephenson.com/release-agents

Release Agents for Composites

A complete line of EPONTM epoxy resins/curing agents and
chillers for composites forming.

The Companies of North Coast
North Coast Tool & Mold Corp.
North Coast Composites, Inc.

www.northcoastcomposites.com
216.398.8550

See us at JEC Atlanta, 
Booth #4840
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A

THE AGUSTAWESTLAND 
AW169 THERMOPLASTIC 
COMPOSITE TAILPLANE

ircraft designers juggle goals 
that often seem mutually ex-
clusive: They must keep risk 
low, yet implement new, light-
weight and innovative tech-

nologies. The latter typically requires 
the use of not-yet-qualified mate-
rials. This is a particularly difficult 
challenge for builders of helicopters, 
who contend with aerodynamic loads 
that are more complex than those 
for fixed-wing aircraft. The adoption 
of new materials and structures is 
especially challenging, because the 
additional load cases complicate the 
predictive design process.

All the more newsworthy, then, is the 
fact that AgustaWestland (Cascina Costa 
di Samarate, Italy) recently struck what has 
proven to be a beneficial balance between 
risk management and innovation, says Mi-
chael Overd, head of structures design and 
development at AgustaWestland, in the 
design of the horizontal tailplane (HTP) for 
the company’s newest model, the AW169. 

 Designed and manufactured by Fokker 
Aerostructures (Papendrecht, The Neth-
erlands) to AgustaWestland performance 
specifications, the tailplane is a thermo-
plastic composite. Notably, it is the only 
thermoplastic aerostructure on the 
otherwise thermoset composites-

intensive airframe. The twin-engine, 
8- to 10-passenger, multirole, 4-metric-
tonne-class commercial helicopter was 
already nearly 50 percent composites 
by weight. “We were looking for a high-
technology solution, with minimal risk, 
that was lighter than conventional com-
posites,” Overd notes, pointing out that 
the shift from a thermoset to a thermo-
plastic matrix was actually negotiated 
with a very manageable risk profile. 
“We’ve achieved an innovative design 
using already-qualified material.” 

Tail boom

Tail plane

Tail plane

Winglet

Tail boom

Removable trailing edge  
(carbon fiber/PPS)

Winglet (carbon fiber/ 
epoxy prepreg)

Central box beam (carbon fiber/ 
PPS prepreg, see photo on p. 80)

Hinges 
(attach box 

beam to 
tail boom 

at fixed 
pitch)

Winglet

Removable  
trailing edge

Trailing edge  
ribs (14)

Winglet 

Leading edge
 ribs (12)

Removable leading edges 
(carbon fiber/PPS)

• Easily formed omega-section box  
 beam, made of carbon/PPS prepreg,  
 resists bending and torsional loads.

• Use of a prequalified thermoplastic prepreg  
 reduces risk yet increases toughness and  
 durability in complex rotor wash environment.

• Thermoplastic tailplane’s removable  
 leading and trailing edges ease  
 maintenance and repair.

THERMOPLASTIC COMPOSITES SAVE WEIGHT IN ROTORCRAFT TAILPLANE
This helicopter structure outdoes both metal and thermoset- composite alternatives.

DESIGN RESULTS
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Assessing complex forces
Although AgustaWestland specified the 
required size, strength and aerodynam-
ics of the part using proprietary design 
software and methods, the HTP’s design 
solution was the product of a collab-
orative, interactive effort between Agus-
taWestland and Fokker. “We actually 
began our collaboration with Fokker in 
2010,” says Overd. 

A key to flight stability, the HTP acts 
to keep the aircraft level by overcoming 
a pitching tendency during forward flight, 
Overd explains. That task is no simple 
matter in a helicopter’s complex flight 
environment. “The design problem is 
somewhat tricky,” he notes. “A designer 
has to consider the airfoil profile, chord 
and aspect ratio, the position on the tail, 
proximity to the tail rotor, if the HTP’s an-
gle can be adjusted and so on, because 
each helicopter’s design is unique.”

A Sikorsky Black Hawk, for example, 
has a very large HTP with variable pitch 
that optimizes its stability during rapid 
military maneuvers. To illustrate just 
one of the complications involved with 
design of the HTP, Overd cites induced 
asymmetrical downward airflow created 
by the rotor’s counterclockwise rotation. 
The resulting downwash impacts a heli-
copter’s rear fuselage, tailboom and HTP. 
This can cause “tail shake,” a condition 
where aerodynamic buffeting excites a 
fundamental vibration mode in the air-
frame. “We needed an HTP design with 
good static strength and fatigue resis-
tance to cope with the overall vibration 
environment,” says Overd.

And that is just one of the phenomena 
designers must address. “Helicopter de-
sign involves an interrelated set of prob-
lems,” Overd points out, “and dealing 
with one issue can exacerbate another.” 

AgustaWestland developed an overall 
HTP shape, with a length of 3m/9.75 ft, 
a chord span of 0.62m/2 ft, and a depth 
(thickness) of 150 mm/6 inches. It has 
an asymmetrical airfoil — that is, the 
shapes of the leading and trailing edg-
es are slightly different on the left and 

right sides, which 
Overd says was 
necessary to account 
for the asymmetrical flow field 
during flight. Further, the HTP was to 
be mounted in a fixed-pitch orientation 
below the tailfin, a position that would 
be finalized only after extensive flight 
testing. Finally, upward-curved winglets 
were specified for each end of the HTP.

Overd sought to manufacture the HTP 
using lightweight composites that could 
meet the modeled aerodynamic loads 
and performance requirements. Working 
with Arnt Offringa, director of R&D at Fok-
ker Aerostructures, and Fokker’s chief en-
gineer Cees Borsboom, he investigated a 
thermoplastic solution because Fokker 
had a long history with thermoplastics, 
notably on the Gulfstream G650 rudder 
and elevators. “We liked that Fokker had 
already designed certified thermoplas-
tic structures on aircraft using thermo-
forming and welded stiffeners for weight 
reduction,” he says, ”and we believed a 

thermoplastic de-
sign would perform 

as well or better than thermoset 
materials, at a lower weight.”

That said, Offringa notes that the heli-
copter design environment was much dif-
ferent than what he had experienced with 
fixed-wing aircraft: “We had a very short 
time span in which to develop a material 
and manufacturing approach,” he recalls, 
adding that helicopter OEMs tend to pro-
totype and test parts quickly because of 
the aforementioned complexities in pre-
dictive modeling. Nevertheless, he says 
there was one time saver: “Luckily, we 
had developed a robust beam concept 
for thermoplastic floor panels in trans-
port aircraft that we believed could be 
adapted to this project.”

Thermoplastic primary structure
The floor panel idea consisted of two 
“omega” sections (that is, profiles that 
roughly resemble the Greek letter Ω) 
butted together between flat skins. 

Tail plane

Winglet

THERMOPLASTIC COMPOSITES SAVE WEIGHT IN ROTORCRAFT TAILPLANE
by sara black

illustration / karl requeThis helicopter structure outdoes both metal and thermoset- composite alternatives.

Thermoplastic composite tailplane

A finished tailplane for the AgustaWestland 
(Cascina Costa di Samarate, Italy) AW169 
helicopter (inset) with thermoset prepreg  
winglets attached (in red). Note the  
attachment hinges in the middle of  
the part, which hold the tailplane 
in place below the tailfin and 
tail rotor.
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LEARN MORE
 @

www.compositesworld.com

Read this article online at short.
compositesworld.com/tailplane.

Read about a similar developmental effort 
in “Thermoplastic composite: Primary 
structure?” in HPC May 2011 (p. 52) or visit 
short.compositesworld.com/CkJo3L82.

The result is a flat panel, a prototype of 
which is shown in the photo above, sup-
porting a man’s weight with virtually no 
deflection. Using CATIA software from 
Dassault Systèmes (Vélizy-Villacoublay, 
France), Offringa and his team modified 
the concept with deeper omega sections, 
using carbon fiber/polyphenylene sulfide 
(PPS) prepreg, preformed to fit the HTP’s 
shape, and produced a 3m/9.8-ft long 
beam with slightly curved plies above 
and below the omega sections to form 
box beam skins that could resist bending 
and torsional loads. The upper and low-
er skins, joined to the omega sections 
in a hot co-consolidation process, vary 
in thickness, with plies added near the 
beam’s centered attachment hinges for 
greater stiffness and torsion resistance. 

Although a carbon fiber/polyetherke-
toneketone (PEKK) material was consid-
ered, Fokker chose instead to use carbon/
PPS prepreg because it was already qual-
ified on Airbus and Gulfstream business-
jet programs (see “Learn More”). T300, 
5-harness satin weave fabric prepreg was 
supplied by TenCate Advanced Compos-
ites (Nijverdal, The Netherlands). Made 
with carbon fibers from Toray Industries 
Inc. (Tokyo, Japan), the fabric was pow-
der-coated with Fortron PPS, supplied by 
Celanese Corp. (Dallas, Texas and Sulz-
bach am Taunus, Germany). 

A stepped, box-like forming tool, de-
veloped by Fokker, not only accommo-
dated the box beam skin ply drop-offs but 
also had removable mandrels that fit in-
side and maintained the “omega” shapes 
during melting and cooling steps. Report-
edly, the tool enabled beam formation in 
a single step, in a matter of minutes.  

AgustaWestland wanted a thermoplas-
tic leading edge for impact performance, 
and wanted to be able to remove the lead-

ing and trailing edges so that they could 
be replaced in service if damaged. In line 
with that directive, Fokker designed thin 
two-ply and three-ply (0.3 mm/0.012-inch 
thickness per ply) carbon/PPS skins using 
the same TenCate powder-coated fabric. 
These were supported by, and mechani-
cally fastened to, equally thin, molded 
thermoplastic composite ribs, 12 for the 
leading-edge and 14 for the trailing-edge 
(shown in the drawing on p. 78), These 
are fastened to the beam with stain-
less steel rivets. Each rib has upper and 
lower flat flanges that accept rivets yet 
maintain the proper aero shape. Because 
the left- and right-side leading and trail-
ing edges differ in shape, their skins are 
thermoformed in four separate tools. The 
layup, however, is the same for left and 
right sides. Offringa adds, “The 5-harness 
fabric is very drapeable, which helps us 
form the ribs and skins.”

Carbon/epoxy fabric prepreg from 
Hexcel (Stamford, Conn.) was specified 
for the winglets. Overd says his company 
had already developed the same solu-
tion for the existing AW139 model, and 
the additional process development for 
a thermoplastic winglet would have been 
very difficult in the time allowed, due to 
the part’s double-curvature “glove” shape 
and thin skin: “It was a question of dimin-
ishing returns to pursue thermoplastics, 
because of the tooling cost and time. We 
opted to go with thermosets.” Winglets, 
made separately by Fokker, have attach-
ment flanges that slip inside the HTP and 
accept mechanical fasteners. 

To ensure the HTP would meet the 
modeled, and proprietary, load cases, 
FEA stress analysis of the design was un-
dertaken by the Fokker design team using 
MSC Patran and MSC Nastran from MSC.
Software (Santa Ana, Calif.). Borsboom 

says Fokker stress manuals, which con-
tain thermoplastic composite allowables 
data, also were consulted and reports 
that favorable virtual tests led to static 
physical testing, which included bending 
of the beam to failure prior to the first 
flight of the first AW169 prototype. 

Additional static and dynamic test-
ing will occur this year during formal 
certification. Four AW169 prototypes 
are already flying. Flight tests, thus far, 
have shown that the HTP can withstand 
the vibration environment and exhaust 
temperatures, given a few ongoing de-
sign “tweaks” to the aircraft. Certification 
by the European Aviation Safety Agency 
(EASA) is expected sometime this year. 
Cross-filing with the U.S. Federal Avia-
tion Admin. will follow thereafter. 

“We’re happy with the impact-resis-
tant thermoplastic solution,” says Overd, 
“and the fact that the spar can be pro-
duced in a one-shot process, without 
fasteners.” 

Offringa adds, “We’ve achieved a solu-
tion that outperforms traditional materi-
als at a significant weight savings” — 15 
percent less than a conventional thermo-
set composite design. 

“We definitely will consider using ther-
moplastic materials in future projects,” 
Overd concludes.  

Stiff and strong box beam

At Fokker Aerostructures (Papendrecht, The Netherlands), the 
tailplane’s box beam concept originated with this previous Fokker 
structure, in which omega sections were used to prevent deflection of 
the pictured transport aircraft floor panel. 

Tailplane cross section

An end view of the omega box beam concept, as adapted to the 
horizontal tailplane. The two omega sections, deeper than those used in 
the floor panel, are plainly visible, forming the hollow box beam in the 
center. Leading and trailing edge skins are shown riveted to the ribs.
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Photos courtesy of U.S. Department of Defense ©2010 Magnolia Plastics, Inc. All Rights Reserved.
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