Society for the Advancement of Material and Process Engineering

SAMPE

Journal

September/October 2013, Vol. 49, No. 5
www.sampe.org

Resins, Prepregs & Adhesives Technology

Society for the Advancement of Material and Process Engineering

SAMPE

Journal
September/October 2013, Vol. 49, No. 5
www.sampe.org

Feature Articles

Columns
2

President’s Message

5

Technical Director’s Corner

26 Europe News & Views
46 Perspectives

Departments
14 Welcome SAMPE’s Newest Members
18 SAMPE Proceedings

Page 7

Manufacturing Overview of a 2.4 Meter (7.9 Foot) Composite Cryotank

20 Corporate Partners
23 SAMPE On-Site Training Seminars
24 CAMX–The Composites and
Advanced Materials Expo
28 SAMPE Europe’s SETEC 13
Wuppertal, Germany
30 Tech Tidbits
42 Materials & Products
44 SAMPE Tech 2013|Wichita, KS
58 The SAMPE Foundation

Page 32

Thermoplastic Composites Technologies for Manufacturing Nose Fuselage Structures

59 SAMPE Tech 2014|Call for Papers
60 Industry News
62 Advertiser’s Index
63 SAMPE Journal Editorial Calender
64 Resource Center
70 Membership Application
71 SAMPE Proceedings Order Form
72 Industry Events Calendar

Page 48

High Temperature RTM370 Polyimide Composites Fabricated by RTM:
Characterization and Impact Testing

Follow SAMPE on:

72 Chapter Contacts

About the Cover

This issue’s cover shows a 2.4m cryotank
fabricated using an out-of-autoclave Cytec
5320-1/Hexcel IM7 thermoset prepreg resin
system (photos courtesy Janicki Industries
and The Boeing Company) for NASA’s Marshall Space Flight Center (upper photos).
The lower set of photos illustrates the EADS
France Innovation Works applying Cytec
thermoplastic APC/Hexcel AS4 slit tape using robotic machines to develop carbon fiber
aircraft fuselage structures, some of which
contain lightning strike materials.
(Photos courtesy EADS).

SAMPE Journal, USPS (518-510) is published seven times a year (Jan., Mar., May, July, Sept., Nov.), with the annual Membership Directory
published in the fall, by SAMPE®, 1161 Park View Drive, Suite 200, Covina, CA 91724-3759. Phone: +1 626.331.0616, Fax: +1 626.332.8929.
Periodicals postage paid at Covina, CA and additional mailing office. (ISSN0091-1062)
Postmaster: Send address changes to SAMPE Journal: 1161 Park View Drive, Suite 200, Covina, CA 91724-3759. ©2013 by SAMPE. All rights
reserved. None of this publication may be reproduced without written permission of the publisher. Printed in the USA.
SAMPE Journal, Volume 49, No. 5, September/October 2013

1

Global President’s Message

Bruno Beral
Application Development Engineering Senior Expert
3M Aerospace and Aircraft Maintenance Division, 3M France
bberal@mmm.com

It’s the beginning of the term!
I hope that you took advantage of the mid-year break to re-energize yourselves from physical and intellectual points of view.
Now, I assume your batteries are powerfully refilled to launch innovative projects to support the development of new materials
needed for the wide range of industrial domains we serve.
This start of new term is particularly exciting because it is the first one for the Global Executive Cabinet and the Global Board
of Directors.
I feel like a college headmaster nominated to chair a new University, but with the fantastic chance to perfectly know the “pedagogical team”, my colleagues from the Global Executive Cabinet. I am longing to meet the team in September and to start to define
the major axis of development and improvement. I feel enthusiastic about achieving our challenges to reinforce the technical
excellence brand, the knowledge sharing and networking development of the Global SAMPE.
The school bell will ring at Wuppertal, Germany for the Global SAMPE Executive Cabinet. I am sure each member has his ‘school
bag’ full of ideas and projects for the benefit of our Society. They are keen contributing on the new Global SAMPE implementation.
In the meantime, the regions organize their local events in the coming weeks:
SETEC in Europe at Wuppertal where the Global Executive Cabinet will meet to work on the governance strategy and the development roadmap of our association
SAMPE Asia in Korea involving the Japan and China Chapters
SAMPE Tech in North America at Wichita where the new North America Executive Cabinet will organize its first meeting.
This demonstrates the dynamism and the worldwide footprint of our Society.
We shall reinforce them by more technical / innovative forum where all experts, industries and universities could share and
build partnership.
It is one of our major objectives of the new Global SAMPE implementing an international way of working. I’m deeply convinced
that we have now all the assets to promote the new SAMPE and to create new Chapters. Each region will promote and communicate about our new Governance.
We are starting a new journey where I would like to involve you, the SAMPE members.
Feel free to discuss with your representative at the Board of Directors, your Director who represent your Chapter, your Region.
Be proactive, propose ideas, you can be an actor of our move towards the future.
SAMPE is well known today. I’m convinced we can do more to extend our added value by creating new collaboration serving
the material and processes community.
Yours faithfully,
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Stay cool.
With ROHACELL®.
The benchmark is 180°C and 10 bar. ROHACELL® reduces the curing process
to just a single step. With its high thermal stability and creep compression
strength the structural foam sets new standards in processing.
You can ﬁnd a contact person at www.rohacell.com.
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A Note from the Technical DirecTor

Dr. Scott W. Beckwith
SAMPE Journal Technical Editor
swbeckwith@aol.com

Automated Fiber Placement, Robotics, Out-of-Autoclave Thermosets, Thermoplastics –
Technologies Making Significant Advances in Aerospace Applications
The two lead articles in this issue of the SAMPE Journal highlight significant game-changing advances in materials
and process engineering technologies on several fronts which have been in development over the past few years.
We have seen a lot of technical papers, presentations and panels at
SAMPE conferences on the subjects noted above – all with increased
frequency. SAMPE has always been about bringing new technologies
out of the laboratory and into the world of practical applications.
NASA contracted The Boeing Company, who along with Janicki Industries (tooling), fabricated a large cryogenic tank using automated
fiber placement/robotics and an out-of-autoclave thermoset resin/
carbon fiber system. Traditionally, large pressure vessels such as the
old Hercules Aerospace Filament Wound Case (FWC) Space Shuttle
booster cases were filament wound using traditional thermoset
wet-winding resins and oven cure technology (at 3.7m/146-inch
diameter). In the NASA technology program presented in the first
Featured Article, an out-of-autoclave Cytec 5320-1/Hexcel IM7 system was used with tape materials having 70 and
145 g/m2 (gsm) weight lightweight materials in order to counteract cryogenic permeability issues. The tank was then
successfully tested for 20 pressure cycles at a temperature of -423°F/-253°C from 0 to 135 psi.
Robotics also has been playing a significant role with thermoplastic materials in commercial aircraft structures where
the emphasis on manufacturing “large” structures has been
with us for some time as well. EADS France Innovation Works
has been hard at work advancing such technologies as evidence
in the second feature article. Thermoplastic resin technology
advances have been making significant in-roads with thermoforming, compression molding, tape laying, filament winding
and numerous other manufacturing processes for many years.
Processing equipment has advanced in software and lay-down
technology. Also of interest was the addition of lightning strike
materials to the fabricated structure along the way. The Cytec
APC2/Hexcel AS4 system has been well-characterized over the
years as a pathfinder thermoplastic material with an excellent
track record. The application of both the thermoplastic materials and robotics fiber placement continues to demonstrate that large structures can be efficiently made using both materials and process technology.
Composite structures and applications will continue to push the envelope on size, complexity and dimension for
applications yet to be considered. The current NASA cryogenic tank, for example at its current 2.4m diameter, is
only the precursor for the upcoming 5.5m next generation which will be tested in early 2014. However, it too is the
precursor for an 8.4m/27.5-ft diameter cryogenic tank planned to replicate today’s large launch vehicle structures
which often use Aluminum or Aluminum-Lithium materials. Hence, process engineering advances continue forward,
solving problems generated only in the near distant past.
SAMPE Journal, Volume 49, No. 5, September/October 2013
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Feature arTicle
Manufacturing Overview of a 2.4 Meter (7.9 Foot) Composite Cryotank
D.A. McCarville, J.C. Guzman, and J.L. Sweetin
The Boeing Company, Seattle, WA
J.R. Jackson and L. Pelham
NASA Marshall Space Flight Center, Huntsville, AL
J. Steensland, M.B. Soden, and C.W. Petersen
Janicki Industries, Sedro-Woolley, WA
Abstract
As part of the Space Technology Game Changing Development Program (GCDP) Composite Cryotank Technology Development
(CCTD) contract, Boeing fabricated a 2.4 m diameter test article as a precursor to a 5.5 meter cryotank design, fabrication, and
test. This component encompasses several challenging design features: (a) one-piece co-cured/co-bonded spherical geometry
with integral skirts, (b) out-of-autoclave curing materials, (c) permeation resistant thin/hybrid ply laminate skins, and (d) thin
and thick off-angle slit tape (tow) construction. The component was built on a 24 piece collapsible composite tool using robotic
fiber placement. This paper details the tooling and manufacturing flow with an emphasis on process development building block
activities. Lessons learned are compiled that will be used to help guide the build of a 5.5 m diameter tank during the next phase
of the CCTD contract.
Introduction
This paper provides an overview of the manufacturing steps
and technology development activities associated with the
fabrication of a 2.4 m precursor composite cryotank. It does
not provide details on testing, structural sizing or component
design activities. This component is slated for test at NASA’s
Marshall facility in Huntsville Alabama during the first quarter
of 2013. The work is an early building block activity that along
with the planned 2013 build of a 5.5 m tank is aimed at advancing industry capabilities and reducing the risk of building
an 8.4 m full scale test or flight tank. Although the contract is
being performed primarily by a single primary contractor, The
Boeing Company and partnering tool vendor (Janicki Industries); because of the scale and complexity of the build process, this paper should be of interest to educators, students
and multi-discipline manufacturers of composite hardware.

able Launch Vehicles (EELV’s)] to help identify and reduce risks
associated with scale-up (e.g., cost, schedule, manufacturing,
inspection). Future spin-off capabilities may include LH2 vehicle stages, in-space propulsion systems, on-orbit propellant
depots, and liquid oxygen (LOX) cryotanks.

CCTD Program Background
NASA is exploring advanced composite materials and processes to reduce the overall cost and weight of liquid hydrogen (LH2) cryotanks while maintaining the reliability of
existing metallic designs. The fundamental goal of the CCTD
project is to mature new and innovative cryotank technologies
and thereby help enable human space exploration to destinations beyond low earth orbit such as the moon, near-earth
asteroids, and Mars1.
On the CCTD contract, NASA is working with Boeing to design, manufacture, and test a 5.5 m diameter composite cryotank that incorporates the features and strain levels of an 8.4
m tank2. The goal of this effort is to achieve a 30 percent weight
savings and a 25 percent cost savings versus state of the art
aluminum-lithium tanks. Designing for 8.4 m and building at
5.5 m ensures that the developed technologies encompass
the size range envisioned for future heavy lift vehicles while
fitting within existing infrastructures. A 5.5 m cryotank is of
sufficient scale [i.e. similar in size to existing Evolved ExpendSAMPE Journal, Volume 49, No. 5, September/October 2013
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Figure 1. Composite cryotank design features.
The CCTD effort is part of the Space Technology Game
Changing Development Program (GCDP), managed by the
Office of the Chief Technologist. GCDP’s are intended to be
capability-oriented and differ from traditional research and
development programs that typically concentrate on advancing a particular discipline or core knowledge3. The goal of the
planned GCDP is to mature technologies in preparation for
potential system level flight demonstrations. This maturation
will involve significant ground-based testing and laboratory
experimentation. Over the past two decades, there have been
a variety of composite cryogenic tank programs at NASA and
the Air Force. Each of these projects has had some success but
there have also been technology challenges that have made
NASA reluctant to incorporate composite cryotanks in the
baseline design of new launch vehicles. Prior work has been
primarily focused on tanks smaller than 8.4 m and for short

duration. CCTD is for focused on upper stage long duration applications where long term storage of LH2 is required. One of
the greatest challenges that NASA faces when incorporating
any advanced technology is bridging the mid technical readiness level (TRL) gap between early development and full up
incorporation into flight vehicles. The intent of this contract
is to push the technical maturity of composite tanks by building on advancement made during recent programs. The CCTD
program has the opportunity to leverage technology investments of international and academic partners, and other government agencies.
Cryotank Design Overview
NASA’s building block strategy tasks Boeing with fabricating two Manufacturing Demonstration Units (MDU’s), a 2.4 m
tank and a 5.5 m tank within a 29 month period of perfor-

SAMPE Seminar
Composites Overview:
Materials, Manufacturing,
Design/Analysis, Testing/
NDT and Applications
September 18-19, 2013
8:30 a.m. - 5:00 p.m.
Charleston, South Carolina
Contact Priscilla Heredia at
priscilla@sampe.org or
+1 626.331.0616, ext 610
with any questions or to register.

Visit www.sampe.org
for seminar details!
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mance. Walls and joints of the 2.4 m and 5.5 m test tanks were
designed to carry the line loads predicted for an 8.4 m tank.
In consideration of the fact that no autoclaves exist to cure an
8.4 m tank, NASA has chosen to use the non-autoclave curing
CYCOM® 5320-1 resin system from Cytec for the tank shell and
surrounding skirt structures4.
As detailed in Figure 1, the two subscale tanks incorporate
design features and new manufacturing processes applicable
to an 8.4 m tank. The laminate pressure vessel wall employs
a hybrid laminate stack-up that utilizes thick plies for ease of
manufacture and thin plies as a load-sharing permeation barrier. To meet out time considerations on the prepreg, the tank
shell is placed using special purposed robotic fiber placement
equipment. The tank wall is continuous to the greatest extent
possible to minimize weight, reduce potential leak paths and
maximize tank reliability. This one-piece, belly-band-less design necessitated the use of a vacuum tight collapsible tooling
system. The tank is encompassed by a fluted core sandwich
skirt joined with a y-joint softening strip. Fluted-core consists
of integral angled web members with structural radius fillers
spaced between laminate face sheets. Flutes combine the
structural efficiency of sandwich construction with the ability
to purge and vent. The tank also contains an acoustic health
monitoring system capable of detecting low level impacts during manufactures, transport, and test that avoids large open
hole allowables knockdowns.
Cryotank Manufacturing Overview
CCTD manufacturing activities were aimed at demonstrating the feasibility of Boeing’s highly automated fabrication
approach and in so doing increase composite cryotank Manufacturing and Technology Readiness Levels (MRL’s and TRL’s)
from the 2-4 range to the 5/6 range (capability to model, design, manufacture and test subscale prototype hardware in a
relevant environment shown) (Figure 2)5. Beyond building a
high quality testable article, the primary goal of the Precur-

sor activity was to demonstrate the potential to reduce recurring cost versus a metallic tank by 25%. To achieve this goal,
Boeing created a manufacturing flow containing the following
processes: (a) robotic Automated Fiber Placement (AFP) of approximately 70% of the structure, (b) a multi-piece breakdown
tool that allows for the creation of a one-piece tank inner
shell, and (c) structurally efficient co-bonded and hot bonded
joints and fluted core skirts.
Precursor Tank Tooling
As a part of NASA’s larger Game Changing Development
Program, the 2.4 meter Precursor CCTD project required the
development of a series of low cost prototype tools. This tooling package was designed and built by Janicki Industries of
Sedro-Woolley, Washington6. Janicki is a technical engineering company that creates composite tools, prototypes and
production parts for transportation, aerospace, space and defense, marine, alternative energy and other innovative markets throughout the world. The tooling package presented a
host of unique technical challenges, and seemingly contradictory technical requirements, requiring innovative solutions.
Most challenging was the design of a dimensionally accurate
structure that, without backing structure, can support tool
and part weight while being collapsible to allow removal from
a very small opening. The 2.4 meter CCTD project provided an
important learning opportunity for developing tooling methodology for the following 5.5 meter program.
Tank Tool Design
Design of the tank tool was driven by a unique set of requirements that challenged the Janicki team to develop
some innovative solutions. Boeing’s choice to pursue a one
piece tank design required the tool to be broken into small
sub-components that could be removed through the small
elliptical forward opening approximately 42 in by 28 in. The
tool surface was broken into 24 equal slices with a split at the
equator of the roughly spherical
tank (Figure 3). The large number of
internal seams made the concept of
vacuum seals daunting, so the decision was made early on to pursue
an internal bag. In order to make
the interior of the tool bag-friendly,
typical T-stiffened composite panels
could not be used. Instead, the segments are solid laminates with each
seam backed by a reinforcing strap
(Figure 4). The reinforcement straps
provide locations through which to
bolt and pin individual segments to-

Figure 2. Manufacturing and technology readiness levels.
SAMPE Journal, Volume 49, No. 5, September/October 2013
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The integration of the Automated Fiber Placement Machine
(AFPM) interface also presented a design challenge. In order
to provide adequate clearance to the tape laying equipment,
both AFPM interfaces were required to be sub flush with the
ends of the tank. Since the 16 in diameter AFP interface bolt
circle absorbs a large portion of the forward opening and 3 in
of continuous run-out were required, a continuous transition
to this interface was impossible. The AFP spindle interfaces to
an internal flange plate attached to the back-side surface of
the tank tool segments.

Figure 3. Tank tool assembly. (Photo courtesy of Janicki Industries)
gether while also serving as stiffening ribs. These laminates
and straps, as well as the spindles, were all analyzed using 2Dimensional (2-D) and 3-D (Finite Element Analysis) FEA combined with traditional calculations to ensure that all strength,
deflection and natural frequency requirements were met by
the assembled tool.

Spindle and Skirt Tooling
Upon completion of the tank laminate, the tooling is reconfigured for fabrication of the skirt. The first step is the
installation of spindles on each end of the tank to provide
mounting locations for the skirt tools. Again Janicki Industries
chose to pursue an innovative design: a hybrid steel/Invar assembly that uses steel where stiffness is needed and Invar 36
where Coefficients of Thermal Expansion (CTEs) needed to
be matched. A floating Invar 36 plate was captured between
welded flanges on the spindle and rotation was locked by
keys. This arrangement allows the steel spindle to grow relative to the Invar mounting plate during the cure cycle, while
the use of an Invar mounting plate eliminated relative growth
between the carbon/epoxy tooling and the steel spindle.
Each skirt fixture is an assembly of three segments which
form a cylinder on each end of the tank mounted to the stub
spindles (Figure 5). Each skirt is cantilevered from the spindles
and fastened to its neighbors to form a cylinder using backing straps similar to the tank tool construction. Deflection at
the interface between the tank and the skirt was a concern so
counterweights were used to minimize the deflection of the
tank tool in its varying support conditions. The counterweights
simulate the clamped AFPM condition during cure and assembly by applying a moment to the ends of the spindles.
Tank Tool Fabrication
The tool surface segments and backing straps are carbon/
epoxy laminates produced by (Vacuum Assisted Resin Transfer
Molding (VARTM). Because the tank is axially symmetric, each
hemisphere’s segments could be manufactured on one master tool. Therefore, only two high temperature masters were
required (Figure 6). The design requirement for a smooth in-

Figure 4. Segment assembly jig. (Photo courtesy of Janicki Industries)
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Figure 5. Tank and skirt tool assembly. (Photo courtesy of Janicki Ind)
ner tool meant that each tool segment would be the correct
shape without secondary structure to support the tooling surface. The cast tooling had to meet smoothness and fit-up step
requirements. Therefore, the master tool surfaces included
compensation for post cure spring-in.
Upon completion of segment casting, the masters were
moved to back side trim and machine fixtures. The tool interfaces were machined to nominal dimension while loaded
and indexed via a set of coordination features. The surfaces
that mate with the backing straps were machined to a known
thickness, fastener holes were placed and the segment edges
were trimmed, all during a single NC machining set-up. The
mating surfaces of the backing straps were match machined to
ensure a good fit during assembly of the tank tool.
The key to tank tool assembly was a high tolerance assembly jig. Segments were pinned into location using bushings
placed in the jig’s surface and were held in place with vacuum;
thus setting the Outside Mold Line (OML) contour of the tool.
Backing straps were then placed, match drilled and pinned in
place. After the first tank tool half was assemble, it was removed and the process repeated. Finally, the first half of the
tank was inverted, and fastened to the second half.

Figure 6. Composite masters and as cast segment. (Photo cour-

tesy of Janicki Industries)

SAMPE Journal, Volume 49, No. 5, September/October 2013
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Figure 7. Precursor manufacturing flow.
Precursor Manufacturing
In order to demonstrate cryotank fabrication and assembly
feasibility in a production environment, Boeing built the 2.4 m
and will be building the 5.5 tanks at the Boeing Advanced Development Center in Seattle, Washington. Key aspects of the
build include: (a) AFP of out-of-autoclave (OoA) thin and thick
prepreg slit tape on tank shell, skirt skins and covers; (b) quality buy-off and Non-Destructive Inspection (NDI) of all subcomponents prior to joining and secondary inspections of all
bond interfaces; and (c) joining of all subcomponents, except
access doors, using co-curing, co-bonding or hot bonds (Figure
7). This section provides an overview of the steps involved the
manufacturing of the 2.4 m tank.
Manufacturing Summary
Figure 7 provides an overview of the manufacturing flow
used to create the Precursor tank. The tank was placed using 1/8 in and ¼ in robotically placed slit tape. The remainder of the tank’s components (covers and barriers) was made
using hand placed plain weave fabric. Non-autoclave curing
CYCOM® 5320-1 prepreg was used in order to demonstrate a
material system that could be oven cured on a full-scale 8.4
meter tank. The 5320-1 has the advantage that a combination of 250°F c-stage and 350°F full cures could be used. For
example, the forward dome was initially c-staged and Nondestructive Inspected (NDI) and then subsequently fully cured
at 350°F in a tank to dome hot bond cycle. As shown, the tank
and skirt were AFP’d in horizontal configuration and then the
tank was rotated vertical for tool extraction and final assembly, see Figure 8. Upon completion, the tank was shipped from
Seattle to Huntsville overland on a vertical stand.
Facilities and Equipment
In order to demonstrate cryotank fabrication and assembly
feasibility in a production environment, and therein advance

Figure 8. Precursor tank flipping. (Photo courtesy of The Boeing Co.)
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MRL, Boeing built the 2.4 m and will build the 5.5 m tanks at
the Boeing Advanced Development Center (ADC) in Seattle,
Washington. This facility is sized for large structural composite
component fabrication (e.g., B-2 wings, Sea Launch fairings,
and 787 fuselage barrels) and has built-in material, process,
and quality control systems that could be readily adapted to
cryotank manufacture. Further, the facility has extensive trim,
overhead moving, and composite lay-up/assembly tooling and
equipment [e.g., clean rooms, Optical Laser Templates (OLT’s),
automated tape lay-up machines (ATLM’s), Automated Ultrasonic Scanning System (AUSS) and flute wrapping equipment].
Tank Automated Fiber Placement
Approximately 70% of the precursor, by weight, was placed
using AFP. The system required pre-programming of the individual thin and thick tape (65 and 145 gsm) courses. Highly
contoured dome ends with tight spirally orientations required
the use of 1/8 in slit tape while the constant diameter skirt
could be done using ¼ tape and a wider band. Pound per hour
rates and observed learning curves were recorded for each
component and were modified for band width and course
length to project 5.5 m tank lay-up times. In both cases (2.4 m
and 5.5 m) the tank and subcomponents (i.e., forward dome
and sump cap) could be laid up within the material’s 30 day
out time using a single headed robotic system (Figure 9).
Fluted Core Manufacture
The minimize cost and because it was designed as a limited
envelope test component, the Precursor used a thick laminate
skirt instead of a fluted core as is planned for the 5.5 m tank.
The steps involved in fabricating fluted core skirts for either a
5.5 m or 8.4 m tank include: (a) cutout and lay-up of charges
using automated equipment, (b) wrap charges onto flute tooling, (c) pultrude 0° radius fillers, (d) stack, de-bulk and place
wrapped flutes and fillers on cure tool, (e) c-stage flutes, (f)
place flute panels on one piece AFP’d inner skirt skin, (g) AFP
one-piece skirt outer skins, and (g) co-bond fluted skirt to pre0cured tank shell. As shown in Figure 7, placement of the skirt
skins requires the addition of skirt alignment tooling.
Cryotank Nondestructive Inspection
Although individual subcomponents (i.e., domes and covers) were inspected using traditional water based Through
Transmission Ultrasonics (TTU’s), the tank and skirt acreage
and bond areas required the use of single sided pulse echo
(PE) phased array end effectors. On the precursor inspection
was conducted after every cure cycle to insure that required
SAMPE Journal, Volume 49, No. 5, September/October 2013

laid up using a robotic AFP system. The AFP system demonstrated the ability to meet out time constraints using thin and
thick oven cure prepreg. Lessons learned from the tool and
build of the 2.4 m tank will help guide efforts the currently in
work 5.5 m tank.
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Summary
This paper has presented a brief overview of NASA’s Composite Cryotank Technology Development program. Specifically, it has concentrated on the tooling and major manufacturing steps involved in the manufacture of a 2.4 m precursor
tank. This program is being performed by The Boeing Company and tooling partner Janicki industries. The Precursor is a
key deliverable in a building block strategy aimed at reducing
composite cryotank risk levels and increasing TRL and MRL’s.
The tank contained several unique design features (e.g. onepiece belly-bandless shell, extensive co-cures and co-bonds
and laminate skirt as prelude to fluted skirts on the follow 5.5
m tank. The Janicki tooling system performed to expectations,
accurately supporting lay-up operations and disassembling as
prescribed through small openings. The bulk of the tank was
SAMPE Journal, Volume 49, No. 5, September/October 2013
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SAMPE 2013 Proceedings
Education & Green Sky – Materials Technology for a Better World was the theme
for SAMPE 2013, which was held in Long Beach, CA May 6-9. The organizing
committee developed a technical program featuring new applications and research
developments from within the various materials and processes community market
applications areas for the conference and these Proceedings. A wide variety of
M&P subject areas are covered with topics including computational modeling &
simulation, green sky technology, carbon & nanocomposites, manufacturing, and
education. Of special interest are the sessions representing the “Green Sky” theme.
Those sessions include: alternative energy sources, alternative fuels, automated
fiber placement, CMCs space materials, green sky technology (NASA Green
ERA), natural fibers & biomaterials, and wind energy. The 250-plus technical
papers represented by these sessions are included in these formal Proceedings. The
organizing committee would like to extend their gratitude to the authors, session
chairs and various volunteers for their contributions to these Proceedings for the
benefit of SAMPE and its membership. SAMPE Publishing, 2013, Edited by
K.M. Storage, T.M. Storage, N. Titchenal and S.W. Beckwith, ISBN 978-1934551-15-8 available through the SAMPE FTP-site.
SAMPE Tech 2012 Proceedings
The technical program and its associated Proceedings were developed with a
number of conference tracks consisting of rapid processing, sustainable energy,
transportation, nanocomposites, classical composites, renewables, and high temperature resin systems. A total of 168 technical papers are contained within the
seven technical tracks and are related to the overall conference theme chosen.
A wide variety of M&P subject areas are covered with topics such as analysis,
damage, nanocomposites and multifunctional composites, nanomaterial property
characterization, thermoplastics, and out-of-autoclave processing. Of special interest are the technical papers from the three focused sessions on high temperature
resins, featuring papers from Japan and China. Over 20 papers are dedicated to
advances in manufacturing. The special Infrastructure track features papers from
the automotive, aircraft, aerospace, railroad, marine, and ocean energy industries.
SAMPE Publishing, 2012, Edited by H.S. Kliger, B.Q. Lucht, L.A. Pilato, B.
F. Schafran and S.W. Beckwith, ISBN 978-1-934551-13-4.
SAMPE 2012 Proceedings
The 5-track technical program produced complete technical papers in the following
track areas: Applications, M&P Support Technology, Manufacturing Technology,
Materials Technology and Nanotechnology. Over 250 technical papers are included
in their full length within these Proceedings. A number of technical areas included
papers from multiple sessions which were expanded within the actual conference
program: composites processing, thermoplastics, nanotechnology development,
out-of-autoclave/aerospace, composites analysis, inflatable structures, applications in automotive/ground transportation, out-of-autoclave composites/space
exploration, testing/test methods, supportability, structural health monitoring,
metal matrix composites and armor/ballistic materials. A large number of other
traditional materials and process engineering technology areas are also covered
in extensive detail with full technical papers. The technical content of these proceedings provides a summary of the current state-of-the-art of materials and their
processing from an aerospace, commercial and theoretical prospective. SAMPE
Publishing, 2012, Edited by Edited by M. Maher, G.M. Newaz, G. Reyes and
S.W. Beckwith, ISBN 978-1-934551-12-7.
SAMPE Tech 2011 Proceedings
The Dallas-Ft. Worth (DFW) SAMPE Chapter sponsored a technical program
designed for M&P professionals that showcased a compilation of about 140
presentations in six tracks that capture the theme of the conference within these
Proceedings. These tracks were: nanotechnology, materials, applications, process18
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ing, testing and simulation. In the traditional M&P area, papers include topics
such as: high temperature materials, adhesives, resins, bonding, joining, NDI,
reinforcements, testing, sandwich construction, automated fabrication, out-ofautoclave processing and matrix science. Further, particular emphasis has been
placed on material applications with papers on transportation, wind energy and
aircraft applications. In the Nanotechnology area, papers include topics such as:
flammability resistance, electrical and thermal properties, fabrication methods,
graphene and high-performance resins. Finally, the Proceedings contain extensive
information on the topics of adaptive & multifunctional structures, composite
design, engineering simulation and damage tolerance. These papers present many
very interesting emerging methods and technologies. The DFW area is centrally
located, a fact that resulted in significant contributions to these Proceedings from
many regions throughout the society. This is in addition to the contributions made
by the strong base of local expertise. The combined result is a solid technical set
of Proceedings worthy of addition to the knowledge base of the society. SAMPE
Publishing, 2011, Edited by W. Chan, J. Koo, P. Oldroyd, P. Sears and S.W.
Beckwith, ISBN 978-1-934551-10-3.
SAMPE 2011 Proceedings
Specific areas of technology included in these proceedings, but are not limited
to: materials properties and processing, nanomaterials, tooling, thermoplastics,
sandwich and foam core, adhesives, coatings, sealants and surface treatments,
vacuum infusion processing, resin and liquid infusion processing, design and
analysis, green and renewable materials, elevated temperature, preforms, smart
materials, multifunctional materials, out-of-autoclave, repair, fire and flammability,
risk management, civil infrastructure, space, recycling and reuse, ceramics, and
non-destructive testing. The technical content of these proceedings truly provides a
summary of the current state-of-the-art of materials and their processing from the
aerospace, commercial and theoretical prospective. Leading edge technology areas
are covered completely within the proceedings across a number of well-developed
industries and markets, as well as industries and markets currently envisioned to
be in a growth mode supporting advanced materials and process engineering.
SAMPE Publishing, 2011, Edited by V.P. Bailey, J.C. Leslie and S.W. Beckwith,
ISBN 978-1-934551-11-0.
2010 Fall Technical Conference Proceedings
An extensive collection of technical papers appropriately reflecting a variety of
advanced materials and processes ranging across all levels and market applications.
The primary track technology areas that these Proceedings cover, capturing the
focus of the theme, were: applications, manufacturing, materials, M&P support
technologies and nanotechnology. However, there are a number of obviously associated technology areas that these Proceedings cover as well. Those technical
papers fall into the following supported areas: adhesion and adhesives, sandwich/
foam/core structures, carbon fiber materials, out-of-autoclave M&P, nanocomposites technology and applications, thermoplastic composites, modeling and FEA,
ballistic and armor applications, aerospace/propulsion/space, green materials and
processes, composite matrix chemistry, M&P advances, FST technology, joints/
joining composite structures, multifunctional materials, fatigue and fracture, high
temperature resins, NDT/monitoring/repair, alternative energy/wind energy, fiber
placement and filament winding, resin infusion/liquid molding, testing materials
and structures, and, aligned/discontinuous fiber materials. Within the full range
of topics, these SAMPE Proceedings has something for everyone involved with
the composites industry. SAMPE Publishing 2010, Edited by J. Berg, D. Buckmiller, D. Fullwood, M. Miles and S.W. Beckwith, ISBN 978-1-934551-08-0.
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SAMPE 2010 Proceedings
An extensive collection of technical papers appropriately reflecting a variety of new
materials ranging from nanotechnology level through the macro level in conjunction with today’s expanding process technologies. The primary track technology
areas that these Proceedings cover were: nanocomposites, adhesion and adhesive
bonding, design and analysis, materials, and, manufacturing processes. However,
there are a number of obviously associated technology areas that these Proceedings
cover as well. Those technical papers fall into the following supported areas: repair,
M&P, aircraft applications, NDE/NDI, process modeling, out-of-autoclave,
thermoplastic composites, tooling, novel architecture and hybrid materials,
rotorcraft, space applications, liquid molding processes, wind energy, testing,
recycling, unmanned systems, textiles, ceramics and automated fiber placement.
These Proceedings also reflect an excellent focus on M&P technology existing
in Canada as a result of the organizing committee focus on Canadian research
and advanced M&P technology. Within the full range of topics, these SAMPE
Proceedings has something for everyone involved with the composites industry.
These Proceedings contain over 350 technical papers. SAMPE Publishing, 2010,
R. Albers, P. Hubert, and S.W. Beckwith, Editors, ISBN 978-1-934551-07-3.

2009 Fall Technical Conference Proceedings
In the classic advanced composites area, papers include topics such as design and
analysis of composite structures, resins technology, tooling advancements, core
and sandwich materials, infusion technology, advances in manufacturing and outof-autoclave, testing and qualification of materials, high temperature resins and
composites, filament winding, filament winding/pultrusion and automated tape
placement/automated fiber placement. In the nanotechnology area, an area that has
seen more interest in each succeeding year, the paper subjects include: nanofiber
technology, nano-enhanced resins, nanocomposites/multifunctional materials, and
3-D nanostructured advanced composites. Because the conference was held in
Wichita, the city that produces more aircraft than any other city in the world, the
committee tried to solicit a very strong contribution of technical papers dealing
with composite aircraft fabrication and maintenance/repair, and those are reflected
heavily within these Proceedings. Within the full range of topics, these SAMPE
Proceedings has something for everyone involved with the composites industry.
SAMPE Publishing, 2009 Edited by T.A. Chavez, H.S. Kliger, B. Lucht, L.A.
Pilato, and S.W. Beckwith, ISBN 978-1-934551-06-6.
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During a period of rapid growth, training is critical to ensuring effective and knowledgeable staff. Align your employees with an in-depth
knowledge of the marketplace. SAMPE provides comprehensive
onsite training to private groups. Topics are tailored to address
training subjects that are necessary for your organization.

No travel required - we come to you.

Seminars currently available for onsite training include
composites materials, manufacturing, design/analysis,
testing/NDT & their applications.

Manufacturing

Training

Knowledge

Composites
NDT/
Applications

Design/Analysis
Testing
Contact Michelle Tubb at michelle@sampe.org or +1.626.331.0616
ext. 603 for information or to request a proposal.
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Orlando, FL • October 13-16, 2014

COMBINED STRENGTH.
UNSURPASSED INNOVATION.

Call for Papers
SAMPE is pleased to announce the call-for-papers for the SAMPE-produced portion of CAMX. High-quality technical
papers featuring new research and applications on the topics below are requested.
Before accepting full papers, SAMPE requires the submission of a 100-200 word abstract detailing the proposed paper
by February 7, 2014. Upon acceptance of your abstract, technical papers are due by June 6, 2014.
ACMA is also accepting abstracts for CAMX on a wide range of topics in addition to those listed below. Visit
www.thecamx.org for complete presenter information.

21st Century Wheels and Props

Compressed Gas Storage and
Transport
Crashworthiness
Heavy Duty Truck
Light Truck
Marine
Mass Transit
Motorcycles
Passenger Cars
Transportation Repair Technology

Additive Manufacturing

Aerospace and Automotive
Applications
Biomedical
Electronics
Fusing Impossible Structures
High Speed/High Volume Processing
Hybrid Processes
Materials: Polymers, Metals,
Ceramics, etc.
Nano Manufacturing
Rapid Prototyping
Unmanned Vehicles

Design, Analysis and Testing

Design, Analysis and Verification
Durability, Impact and
Crashworthiness
Fatigue and Fracture
Life Cycle Analysis
Materials Characterization
Out-of-the-Box Composites
Repair Methodology
Simulation and FEA
Testing and Inspection
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Modern Applications

Aircraft and Aerospace
Composite Armor
Fixed and Inflatable Infrastructure
Medical
Recreation and Sports Applications
Renewable and Recyclable Materials
Smart Structures
Space and Launch Vehicles
Structural Health Monitoring
Unmanned Vehicles
Wind and Tidal

New Business Opportunities

Education & Workforce Development
Globalization
Government, Industry & Academia
Collaboration
Recycling
Technology Spin Off

New Materials/Nanotechnology

Aligned Discontinuous Fibers
Production Applications
Biomaterials/Natural Fibers
Technology
Materials Development
Metamaterials
Multifunctional Materials
Nanotechnology

Traditional Materials
Technology

Carbon-Carbon Composites
Ceramic Matrix Composites
Fiber and Reinforcement Technology
High Temperature Resins and
Adhesives
Metals, Metal Alloys and Metal Matrix
Resin System Technology
Resin Toughening and Curing
Mechanisms
Sandwich Structures and Core
Materials

Process Advancements &
Affordable Composites

Adhesives and Adhesion
Automated Manufacturing
Braiding, Preforms and Textiles
Commodity Materials and Processes
Filament Winding / Fiber Placement
Joints and Joining Technologies
Lean Manufacturing
Liquid Composite Molding/
Resin Infusion
Minimum-Time Processes
Out-of-Autoclave Technology
Post-Cure, Post-Processing and
Machining
Tooling Technologies

SAMPE contact Michelle Tubb at michelle@sampe.org or +1.626.331.0616 x603
ACMA contact Caitlin Felker at cfelker@acmanet.org or +1.703.682.1664
Website: www.theCAMX.org • Abstract Deadline: February 7, 2014
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Europe News & Views

Gary Turner
European Section Editor
gt@ttrc.de

Editor's note: in lieu of SAMPE Europe chapter activity during the quiet summer months, below are reports on two recent
prominent M&P related activities in Europe, one in Germany, the other in France.

New Composites Research Facility – Germany

In mid- May, the German aerospace research agency DLR (similar to NASA in the USA) opened a brand new, state of the art
composites lightweighting R&D facility. The ZLP (Center for Lightweight Production Technology) is located in Augsburg, joining
other ZLP facilities in parts of the country. This editor was invited to the opening, which took place over two days. The first for
was ceremonial, the second focused the new facility's technical capabilities. This report is about the latter. The day comprised
guided lab and research tours, equipment demos, along with a steady stream of technical lectures and presentations. The accompanying photographs (courtesy of the DLR) reflect a rare opportunity to look into the “inner sanctum” of one of the world's
newest and most advanced composites lightweighting centers.
The technical day was opened with greetings from Prof. Dr. Heinz Voggenreiter, DLR Director of the Institute for Structures and
Material Research. He spoke of research plans and activities for the new facility, noting sectors other than aerospace will be
included, and that although basically involved in national programs, there is scope for work with international firms and other
research entities, as long as German industry is involved. He added that while there would be a steady flow of lectures and
presentations, visitors were free roam thru the large facility, inspecting equipment plus related ongoing project demonstrations
and examples.

This opening was followed by technical addresses, including those from Airbus, on the needs for automation in composite production; the workings of a large (ca. 50 ft. by 100 ft) multi-functional robotic workcell, with several overhead-mounted robots.
It is a cooperative effort between the DLR and KUKA Robots, also of Augsburg.
Talks were given on the use of special end-effectors (grippers, transporters) in automated production; mechatronic tools and
production equipment, by Premium Aerotec; material deposition (both prepregs and dry textiles) by coordinating robots at the
DLR; production resource efficiency as an innovation driver, from the neighboring Fraunhofer Institute.
Activities continued, with talks and demonstrations of automated composites production,which was the inherent focus of this
event. The INSTRUKT program for innovative integral structures by automated production was presented by Eurocopter Germany, followed by a talk on automated helicopter manufacturing, by the DLR. MT Aerospace then presented some of its work
on automated thermoplastic materials deposition in aerospace structures, for example Airbus water tanks. Next, the DLR offered
its views on production-integrated composites QA. Following coffee, Premium Aerotec talked about requirements and solutions
for a higher degree of automation in composites assembly. An impressive day was wrapped up by a lively podium discussion,
with all presenters handling questions from the moderator and the audience.
By the way, literally right next door to the DLR is another brand new composites materials and structures research facility belonging to the renowned Fraunhofer research organization. The two will cooperate on various programs, but also have their own
distinct approaches – spheres of influence.
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Advanced Materials and Structures at the Paris Air Show, 2013

The world's premier aerospace industry event, the Paris Airshow took place for
one week in mid-June. The biennial event draws participants from virtually every
continent and country, and has for decades included extensive advanced materials
and structures content. This
year well over two thousand
exhibitors were reportedly
registered and some 351,000
visitors attended (including
public days on the weekend).
Significantly, many of these
participants will contribute
new technology for advancing the global aerospace
manufacturing landscape.
The curves and lines of impressive aircraft designs were once again to be seen, as the
Paris International Airshow attempts to influence the future of the global aerospace
industry, hopefully creating “Eureka” moments in the process. Billed simply as an “airshow” it is really far more than that. Arguably four events in one: 1) the “main event”
for many business visitors now is the numerous large halls full of aerospace-related
technology and companies displaying their wares. 2) Next might be the static display
of aircraft and related equipment. 3) Then the chalets where the VIPs conduct business
and 4) lastly – nowadays – is the actual airshow, which has steadily shrunk over the
years. This year's show featured daily flights of the Airbus A400M military transport,
and a single surprising flyby of the brand new Airbus A350 (53% composite) which
completed it's maiden flight just days earlier.
Advanced materials, structures and related manufacturing equipment were visible
throughout the display halls. Most of the major material and aerostructures suppliers (including OEMs of course) exhibit their latest products, while major research
organizations such as NASA, the DLR, ONERA, etc tout their latest technologies. High
temperature composites – polymer, metal matrix and ceramics - were also evident on
several of the large aero-engine stands. Out on the flight line and static aircraft display
areas this year, it was difficult to find an aircraft or air vehicle that did not contain
at least some composite material, while several military and civil aircraft (including
helicopters) possessed 80-100% composite airframes. New technologies on view included advanced high speed prepreg deposition, highly automated textile preforming,
RTM and inspection equipment, a variety of robotic work cells etc. contributing to an
ever-more-automated manufacturing process chain. Moreover many of the firms and
organizations ran a constant stream of highly informative videos. (The best could often
be identified by a telltale group of people standing around). It was said that some of
the chalets even contained models and examples of composite parts and structures.
About the time this issue is delivered, SAMPE Europe will be holding the SETEC 13
Conference and Tabletop Exhibition, in Wuppertal, Germany. We look forward to seeing you there!

UK & Ireland Chapter News

Chapter Secretary David Carlton advises of two coming activities:
1) The Chapter is holding its annual AGM at Rolls-Royce, Derby, on Friday,
3 September. Victoria Coenen of R-R is organizing the day, promising an interesting
and stimulating event.
2) The first one-day Master Class will be held Wednesday, October 2nd, at the
National Composites Center (NCC) in Bristol. The topic is The Future of Composites Technology: Disruptive Innovation or Sustaining Innovation? Sounds
intriguing, and the local SAMPE Chapter is one of three sponsors (the others being the NCC itself, plus the UK’s CATAPULT High Value Manufacturing program.
Detail reports of these two events will appear in a future Journal issue.
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8th International Technical Conference & Forum
10th – 12th September 2013
Wuppertal, Germany

SAMPE Europe|SETEC 13

Novel Aspects in Composite Technologies:
From Fibre to Lightweight
Structures

SAMPE Europe SETEC 13 is a rewarding conference dealing with aspects of advanced composites and applied material science.
Today’s fibre reinforced thermoset and thermoplastic matrix composite materials are being studied to improve the sustainability
and performance of the in service and future advanced composite materials. New types of fibres and novel elements to enhance
performance of matrix-systems are gaining importance. Demonstration of their proof of concept and industrialization is the key to
these technologies being realized in structural applications. Under this framework, the theme of SETEC 13 has been defined as:
“Novel Aspects in Composite Technologies: from Fibre to Lightweight Structures”.
Venue of SETEC 13
SETEC 13 will be held at the Stadthalle of Wuppertal, in Wuppertal, Germany. Wuppertal is located in the Bergische Land between
Köln and Düsseldorf to the east of the river Rhine. From Düsseldorf Airport, Wuppertal can easily be reached by rail in about 45
minutes. The 19th century Wuppertal and its partner city Barmen home the first monorail Schwebebahn train in the world, suspended
6 metres above ground. This Schwebebahn has remained till today as the only such type of public transport anywhere in the world.
A ride on the Schwebebahn is included as part of the SETEC 13 registration.
SETEC 13 Tabletop Exhibition
The Tabletop Exhibition of SETEC 13 will consist of 30 tabletop units. The tabletop area will be located next to the conference
auditorium and is integrated in the catering area where the Welcome Reception, the coffee breaks and the lunch will be served.
Each unit will be equipped with a table (size 1700 x 700 mm), two chairs, and power to allow exhibitors a wonderful position to
present their products and services.
Hotel Accommodation and Wuppertal
The Stadthalle Wuppertal is located in the centre of Wuppertal, set on the Johannisberg Hill, a short walk (12 minutes) from the
Wuppertal Hauptbahnhof (main station) Next to the Stadthalle, Hotel ARCADIA Wuppertal has been pre-booked for the conference
by SAMPE Europe, and will serve as the conference hotel: € 91.00 (single room) or €127.00 (double room). Additional hotels in the
centre of Wuppertal will be added on walking distance to the conference at the Stadthalle.
All hotel details will be published in the Preliminary Programme, which will be published by the end of April 2013. The SETEC
13 Conference Dinner will be held at the Brauhalle of Wuppertal, on the evening of the 11th of September. The journey from the
Stadthalle to the Brauhalle will be made with a ride on the Schwebebahn – a very unique chance to glide through a centre of a city
at a very low altitude. This experience should not be missed!
Plant Tours
SAMPE Europe is very pleased to provide to all attendees the possibility to participate in one or two very interesting Plant Visit
Tours. The first plant visit tour has been set up on Sept. 11th later afternoon visiting KUVAG ISOLA Composites GmbH., manufacturing centre for Filament Winding Structures in Düren – and on Friday, Sept. 13th visiting the RWTH Aachen (Rheinisch Westfälische
Technische Hochschule) in Aachen providing to all visitors a bus ride from Wuppertal to Aachen – with lunch at the RWTH University. In the afternoon the bus brings you either to the Düsseldorf Airport or the Hauptbahnhof in Düsseldorf to get on your train for
your return.

For more information on registration, plant tours or hotel accommodations, visit www.sampe-europe.org
SETEC 13 conference language for presentation of the papers and documentation in the Proceedings will be English.

SAMPE Europe greatly appreciates the very generous sponsorship from the following Organisations and Companies
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Tuesday Sept. 10th
Wednesday Sept. 11th
Thursday Sept. 12th

Registration 16.00 – 18.00 • Welcome Reception 18.30 – 20.00
Registration 08.00 – 15.00 • Tabletop Exhibition 09.00 – 15.30
Registration 08.00 – 16.00 • Tabletop Exhibition 08.30 – 16.30

Wednesday Sept. 11th 2012

Thursday Sept. 12th 2013

08:30-09:00 —Opening and Keynote

08.30-10.15 Session 4—Processing Chair: J. Vuorinen

Opening SETEC 13, Paolo Ermanni President SAMPE Europe

Speakers: K. Birkefeld, ITA-RWTH Aachen, S. Gouda, Bristol University,
A. Sanchez-Cebrian, ETH Zürich, C. Mützel, TOHO-Tenex, Wuppertal

Keynote Carbon Moves the World
Dr. Hubert Jäger, SGL Carbon GmbH., D-86405 Meitingen

10.15-10.45 Coffee Break

09.00-10.30 Session 1—Design Chair: L. Cohen

10.45-12.30 Session 5—Thermoplastics Chair: A. Kwakernaak

Speakers: B. Haugh, Trumpf GmbH, H. Grössing, Montanunversität
M.A. Galero, AIRBUS Military, F. Cuoghi, CRP Group,
A. Biel, CFK Nord, Stade

Speakers: M. Horn, DLR Stuttgart, M. Kaden, DLR Stuttgart,
M. Hildebrand JKW-RWTH Aachen, B. Rietman, TU Twente,
A. Gilliot, TOHO-Tenax, Wuppertal

10.30-11.00 Coffee Break

12.30-13.30 Lunch

10.30-12.00 Session 2—Material & Testing Chair: R. Ziegmann

Speakers: D. Langer, SELL Zodiac GmbH, C. Kennedy, Univ. Ireland, Speakers:
A. Eggers, TU Clausthal, S. Tiasong Hou, UNI NSW, F. Nezami, TU Dresden

12.30-13.30 Lunch
13.30-15.00 Session 3—Engineering Chair: A. Offringa

13.30-15.00 Session 6—EU Electrical 1 Chair: B. Beral

P. Woelcken, AIRBUS Ops, P. Ballocchi & M. Fogel, J. Cinquin, Eads France

15.00-15.30 Coffee Break
15.30-17.00 Session 7—EU Electrical 2 Chair: P. Ballocchi

Speakers: G. Vavuliotis, Patras University, P. Latko, Technology Partner,
Speakers: B.F. Llorente, FIDAMC, N. Seeger, EUROCOPTER,
I. Gaztelumendi, Tech. Research Spain
J.S. Riechwald, Xperion, M. Weidmann, TU Clausthal, W. Marsden, Granta Design

15.00-15.30 Coffee Break
15.30-18.30 Plant Visit Tours
18.30-20.00 Return from plant visit tours
20.15 Departure by Schwebebahn to SETEC 13 Dinner
23.00 Return from SETEC 13 Dinner

SAMPE Europe|SETEC 13

SETEC 13 AT-A-GLANCE

17.00-17.10 Closure SETEC 13
P. Ermanni, President SAMPE Europe

Coast-Line
International
Your One Stop Tech Shop
•Woven Cloth & Prepreg

•Film Adhesives

•Sealants

•Core Splice

•Potting Compound

•Hot Bonders

•Vacuum Bag & Release Film

•Breather

•Tooling Materials

•Connections

•Vacuum Pumps

•Infusion Resins

•Core Material

•Specialty Tapes

•Clean Room Consumables

•Penetrants

Stocking Locations in NY, GA, MA
With Same Day Shipping
Ph: 631-226-0500 ~ Fax: 631-226-5190
email@coast-lineintl.com ~ www.coast-lineintl.com
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tech TiDbiTs
Composites Failure Criteria –
An Important Factor in Composites Design
Dr. Scott W. Beckwith
SAMPE International Technical Director
and President, BTG Composites Inc.
Taylorsville, UT
Dr. Rik Heslehurst
New South Wales University, Australian Defence Force Academy
Canberra, Australia
This short overview is part of a new tutorial being developed for SAMPE Tech 2013 (Wichita) on the topic of
composites failure criteria. The upcoming tutorial will cover significantly more information and technology
areas with respect to various aspects of different failure criteria and the use of safety factors and required
testing. In general, composite structures and products are often designed and manufactured to various
industry standards with their structural verification measured against a failure criteria and subsequent
testing. At least that is often the intended plan or approach used within the composites industry by most
reputable manufacturers.
Table 1 lists a number of the commonly employed composites failure criteria often used within the industry.
Each method is often an individual preference but must be supported by sufficient test data in order to
establish the 2D failure envelope. Failure envelope verification often requires a fairly large number of tests
as well as sample replicates that represent the material manufacturing process (e.g. filament winding, resin
transfer molding, vacuum bagged prepregs, etc.). As one can see in Table 1, the 2D failure envelope for,
say, the Tsai-Wu theory requires 5 distinct tests plus one additional attention to other theory parameters.
Assuming only a bare minimum of 5 replicates, the total number of sample tests required is at least 25 (not
counting the additional parameter).
Quite often the design engineer needs to understand how material “allowables” are behaving at operational
temperature extremes (such as -65F and 350F conditions), or, with moisture or service life aging thrown into
the design mix. One can very quickly see that the required test program and number of samples required
Table 1. Composites failure criteria require a number of test types in order to establish a 2D failure envelope (Sample
replicas are not included).
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for verification can expand rapidly. The “interactive” failure criteria (most everything outside the Maximum
Stress and Maximum Strain ones) are perhaps the most pertinent and useful to the composites designer.
However, decision regarding which failure criteria to use might often depend upon how much pertinent
material test data actually exists for the materials used in manufacturing the parts.
It is also important to note that the column “Other Parameters” quite often means that more extensive,
complex tests or theoretical predictions must be conducted to establish those parameters. For example,
some failure criteria require testing with complex load situations – say, torsional cylinders loading with
superimposed pressure at the same time. In other words, more “multiaxial” test geometries and imposed
loading are often required to establish these parameters.
At the same time, other failure criteria allowables and parameters are often required to establish environmental or load effects. Typical examples are moisture effects, temperature effects, aging aspects over
time, fatigue loading, creep-stress relaxation for viscoelastic materials, fuel exposure, sea water effects, etc.
Establishing a sound, experimental verification of a failure criteria, and applying the results to an intended
composite product or structure is extremely important.
In addition to assuring a particular failure criteria is appropriate, the design engineer often has to decide or
employ material allowables that have been addressed using either A-basis or B-basis allowable treatment.
Many composite structural applications require that test data be assessed by employing either A-basis or
B-basis methodology. Once that has been done, and the failure criteria applied, the application of appropriate safety factors are also employed to assure an adequate margin of safety over the composite product’s
lifetime of use. These factors will be discussed in the next issue of the Tech Tidbits column.
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Feature arTicle
Thermoplastic Composites Technologies for Manufacturing Nose Fuselage Structures
P. Lefebure, E. Soccard, and M. Piana
EADS France Innovation Works
Technocampus EMC2, Bouguenais, France
J-M. Guimard
12, rue Pasteur BP76, Suresnes, France
Abstract
In the framework of the French national DPAC COMP TP (Thermoplastic) Program, EADS IW has continued its long term efforts
on the development of thermoplastic composites technologies for aeronautics structural applications. Most of the research and
development activities were focused on the manufacture of “nose” fuselage parts, such as skin panels and stringers and (or)
frames, and on the development of TP welding processes. Aircraft windshield front fairings were estimated as good candidates
for thermoplastics technologies among all the aeronautic nose fuselage parts. Therefore this paper will discuss the recent developments led by EADS IW, for manufacturing a technological demonstrator, whose main specifications are:
•Thick part (compared to fuselage skins thicknesses) for potential impact resistance properties
•Geometry with severe double curvatures
•Use of cost-effective manufacturing processes
These specifications led to a development program that encompassed the following activities:
•Determination and validation of process limits for TP parts consolidation in oven.
•Automated lay down technique for TP multi-tows deposition with a laser heating system.
•Panel metallization, for LSP application, with a laser TP tape deposition machine.
•Press-forming process for manufacture of thick and double curvature stiffeners.
•Specific welding process and understanding the mixing of different high performance thermoplastic materials.
A specific design of a representative Thermoplastic CFRC Panel has been created and the associated technological demonstrator is manufactured for validation of the different related development works. Mechanical performance, detailed structural
sizing and actual impact resistance of such a component will be addressed at a later date in another development program.
Introduction
EADS IW is strongly involved in thermoplastic composite
R&D activities and technologies for AIRBUS fuselage applications. Nose fuselage panels and substructures manufacture,
material and process windows definition, development of
welding technologies such as ultrasonic welding process, are
some examples of the research areas that have been investigated for many years. Recently EADS IW has also supported
ASTRIUM/ST in its strategy for development of thermoplastic
composite parts such as launchers boosters.
In the framework of recent national DPAC (STAF, FUSE &
STRENGTH) programs, COMP TP is the specific work package,
which is dedicated to development and optimization of thermoplastic composites technologies, for continuation of all the
works that have been done for more than 25 years.
It focuses mainly on the following topics:
•Development and optimisation of automated TP fibers placement processes
•Optimisation of a 2 steps TP consolidation process (lay down
and consolidation in oven)
•Evaluation of new TP materials
•TP welding technologies
•Validation of TP reinforcements areas designs
•Lightning strike protection of TP composites panels
•Stringer press-forming and associated modeling
•Manufacture of a technology demonstrator (skin panel with
welded frames), with specifications, which are more related
to geometries and manufacturing difficulties of components
32
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Figure 1. EADS FLASH TP machine.
such as aircraft windshield front fairings than fuselage panels,
on which EADS has worked with AIRBUS in the past.
This article discusses the results of the activities linked to the
design & manufacture of the EADS IW demonstrator. It also
includes the development work for achievement of the part
manufacture specification such as the development and optimization of automated TP fibre placement with a laser heating
system, the influence of porosity in thermoplastic composites
laminates, and the development of a specific metallization
technology adapted to automated TP fibre placement process.
Automated TP Fibre Placement Process with Laser Heating System
In order to enhance the compaction level, and consequently
the quality, of the automated lay down of thermoplastic CFRC
panels or blankets before consolidation, EADS investigated laser heating systems in replacement of classical systems such
as (air or nitrogen) torches, flames or infrared sources. Another target was clearly the enhancement of the production rates
due to the high deposition speeds.
This has led to the specifications and development of a
specific TP multi-tows placement machine (1/4 inch width
slit tape) for manufacture of double curvature panels (nose
fuselage applications), and also to the upgrade of an existing
ATL machine (150 mm width tape) for possible applications to
manufacture of blankets for fuselage substructures, but also
boxes or pylons structures.
The FLASH TP consortium (EADS IW, AIRBUS, ASTRIUM/ST,
CORIOLIS, IREPA laser and ECN) has been especially involved
into this development of a specific laser TP fibre placement
machine, as shown in Figure 1.
The main characteristics of the FLASH TP machine are:
•Capabilities of 16 TP tows* ¼ inch width deposition with individual cutting of the tows.
•Laser (4 KW YAG) Head.
•9 axis machine with KUKA robot.
•2 positioning systems (5 Tons and 20 Tons) with a motorized
linear axis of rotation.

Figure 2. EADS demonstrator fuselage skin panel.

(Courtesy Airbus)

•Max dimensions of tooling: length = 6 m, width = 4 m.
•Process monitoring with videos supervision.
This machine is located at the EADS Nantes site and is in
service since mid-2011. One of the first important deliverable
for the project team (AIRBUS: program coordinator, ASTRIUM/
ST, and EADS IW) was the manufacture of an EADS technology
demonstrator, double curvature panel as shown in Figure 2,
made from Cytec APC2/AS4 slit tape. The part design, dimensions (6m2), curvatures and thicknesses are representative of
a nose fuselage skin panel.
The first critical problem to solve was the automated deposition of the first TP ply on the tooling, because of the lack of tack
of the thermoplastic tapes. Some techniques exist such as:

Figure 3. First TP ply deposition (EADS IW demonstrator).
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Figure 4. Reference C-scan.

Figure 5. : C-scan (attenuation(dB) & time of flight (s):
(390°C, -0.7 B) and (390°C, -0.6 B) laminates.
shown in Figure 3.

Figure 6. (380°C, -0.6B) consolidation – C-scan (attenuation
dB) and related micrographs].
•Use of vacuum to maintain the first ply on tooling during the
ply deposition1, but it is limited to small size of parts.
•Use of electromagnetic devices, but there is some fear (on a
security and cost effective point of view) to use these kind of
system for manufacturing large dimensions panels.

•Use of a TP film on tooling as the
deposition support2, but it induces
some heterogeneity (wrinkles, resin
rich areas) of large complex geometry parts surfaces.
A lot of solutions have been tried
during the COMP TP program, like TP
spray or powder deposition, but the
results were not totally satisfactory.
Successful results have been finally
obtained with use of TP fabrics, as

Harmful Impact of the Porosity in Thermoplastic
Composite Parts
Because of the current lack of reliability of in-situ consolidation processes3, AIRBUS and EADS IW are engaged
in a 2-step process to manufacture of large dimensions
double curvature thermoplastic CFRC panels. This means
a rapid automated lay down of the TP plies stack followed
by the consolidation of the part in an oven for cost effective reasons. Nevertheless it is clear that if the consolidation window is too narrow, it would limit the interest of
this process. Therefore, it was needed to analyze the influence
of a lack of compaction pressure during the components consolidation and subsequently to evaluate the impact of some
porosity levels inside the TP composite.
The methodology of work is the following:
•First step: consolidation feasibility test to obtain different (3
targeted) levels of porosity in the TP laminate, trying to avoid
the onset of delamination and to be related to NDT (CSAN attenuation) analysis.
•Second step: mechanical tests for evaluation of the porosity
influence and the admissible tolerance threshold, if any. The
planned mechanical tests are: In plane shear test for evaluation of the inter-ply shear behaviour, filled hole compression
(room temperature/as received and after ageing) and after
impact compression, which are more sizing tests.
The material used for the tests is Cytec tape: APC2/AS4 tape,
34% resin, 145g/m2, 300 mm width.

420 Harvester Court, Wheeling, IL 60090

Figure 7. FHC results _ Rm (MPa) vs. consolidation cycles.
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Figure 8. IPS tests results.

In Plane Shear (IPS) Tests
IPS (8 plies thick) coupons were
consolidated according to the different 390°C dwells and another
set of coupons with a lower temperature consolidation conditions
(365°C, 10 min, -0.7 B), which induced little delamination, correlated to a relatively small (-12 DB max)
attenuation level (C-SCAN analysis).
The tests were performed according to the 1.0002 AITM Norm and the results are summarized
into the following diagram (Figure 8), with determination of the
mean resistance (MPa) level when apparition of the first defects, and of the mean maximum resistance (MPa) at rupture.
As foreseen, as soon as initial inter-ply (process induced) delamination is present, we may notice a very weak behaviour
of the coupons. Moreover the difference between the healthy
and quasi healthy states, impact more the first degradation
levels, than the maximum resistance. This may be linked to

Consolidation of Porous Laminates
It is well-known that it is possible to create different progressive rates of porosity inside thermoset laminates during
the polymerization, by playing with the material wet ageing,
on the intermediate polymerization dwells before final cure
and on the level of the applied pressure. Because of the different nature of the TP matrix compared to thermoset ones,
i.e. no progressive evolution from monomers to polymers, the
understanding of the voids creation
and void growth phenomena in thermoplastic composites parts is much
more complex. Nevertheless tests
have been set up, with some analogy
to the thermoset procedure, playing
on the vacuum level and the consolidation temperature dwell. It has been
concluded that the behaviour was
quite binary with onset of delamina- Figure 9. Attenuation (dB) and time of flight (s) cartographies after impacts.
tion as soon as the intimate contact is
not ensured enough. The following NDT analysis of the 32 QI the intra-plies porosity presence. The 700 mB vacuum threshplies thick FHC (Filled Hole Compression) laminates demon- old level is confirmed (for a dwell temp = 390°C), with serious
strated their quality evolution, with increasing defects rates, drops of the Rm level, when a lack of consolidation occurs.
related mainly to the vacuum level decrease at consolidation
dwell temperature (-950mb = reference) as seen in Figures After Impact Compression Tests
4-5. The measured porosity levels are less than 0.5% in any
32 plies thick QI plies laminates were manufactured in oven
case, and 0.15% for the reference.
according to the 390°C consolidation cycles, and one impact refNote also that another laminate has been added for FHC test, erence strip for determination of the BVID energy. Unfortunateon which we observed some little delamination, even if its glob- ly edges effects have limited the number of extracted coupons
al quality was not so much discriminant (-20 dB attenuation) of the consolidated laminates. The impact tests (Figure 9) were
(Figure 6).
made at 40 Joules, on coupons with normalized dimensions
for residual compression tests (according to the AITM 1.0010
Mechanical Tests
norm).
FHC (Filled Hole Compression) Tests
Type D, 6.5 mm diameter, 32 QI plies thick coupons have been
consolidated according to the 4 different pre-mentioned cycles.
The tests were performed according to the 1.0008 AITM Norm.
The results are presented in Figure 7. The influence of coupons
wet ageing (192 h, 70°C, 95% RH) is also considered.
The main conclusions that were drawn are:
•Equivalence between the healthy and quasi healthy states
with no wet ageing. If wet ageing, a -8% properties decrease
is observed.
•A vacuum threshold of -700 mB is highlighted to insure a
good level of plies compression behaviour.
•The influence of the defect form (delamination) is obviously
demonstrated (–20% Rm drop): any delamination is prohibited,
Figure 6.
Figure 10. Compression tests results (Fmax & Rm) after impacts.
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Figure 12. Automated lay down of the metallized layer and
EADS IW demonstrator.
The NDT analyses at different frequencies indicate serious
increases of damage and delamination surfaces with vacuum
decrease, from at least 200% to 700%.
Compressions tests were carried out with the impacted
coupons. The (force vs displacement) curves profiles and the
rupture faces of the all the coupons are identical. The analysis of the mechanical results (Figure 10) doesn’t demonstrate
the same drastic influence of the porosity than for the impact
tests because of the presence of pre-existing delamination
which is more preponderant than the porosity influence. An
-8% maximum drop is observed in the worst case.
Figure 11. A+C* current impact on 16 QI plies thick APC2/AS4
laminates.

Metallization of Large Curved TP CFRC Panels
EADS IW has developed for 4 years a metallization technology for LSP of thermoplastic CFRC fuselage panels4. This is
based on a plain metallic foil (CU or AL) coupled to a PEEK film.
The targets were first to optimize the LSP behaviour and to
optimize the manufacturing costs with
integration of the LSP in the automated
deposition process. The validity of the
technology has been demonstrated,
compared to a bronze mesh reference,
through lightning tests (ED 14 E (section
23) (EUROCAE) norm) on different hand
laid up metallized laminates (Figure 11).
Automatization of lay down of metallization has been also demonstrated as
shown in Figure 12.
Influence of an Automated Deposition
Process on Lightning Strike Behaviour
Different metallized APC2/AS4 panels
have been laid down with an ADC machine (1 inch width tape deposition) and
consolidated. Hereafter are presented
the results of the impact tests (A+C*
current = most severe direct impact)
on curved 500*500 mm2 panels (Figures 13-14). As it can be observed, the
effects of the lightning strike is qualitatively different of the previous results,
with removal of (3-4) copper strips all
along the panel, in the direction of the
its lay down orientation.
Further analysis concluded that the
delamination area and the depth of
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Figure 13. 13 plies thick curved metallized APC2/AS4 laminates after A+C*
current impacts.

consolidated (in oven) for following lightning
strike tests.
It has been found that the main results are:
•The removal effect of a few protection strips is
independent of the clamping system, but their
length seems to be related.
•The nature and importance of defects is really
similar to those observed on panels with panels
that are metallized with large width CU/PEEK foils.
Only the first three or four TP plies are locally delaminated and (or) burned.
•No propagation of delamination or cracks in
the depth of the TP composite panels.

Technology Adaptation to a Multi-Tow Placement Machine with Laser Heating System
In a second step of development, it was intended to apply the LSP technology to automated TP multi-tows Laser deposition processes,
such as the EADS FLASH TP machine.
The Syron CU/PEEK tape constitution has
been slightly modified according to specificaFigure 14. A+C* current impact tests results on flat metalized APC2/AS4
tions, for availability to the FLASH TP machine.
coupons.
A series of metallized tapes (1” width, 120m
thick) spools has been supplied for automated
delamination is in fact limited to a reduced local area, and is lay down tests. As demonstrated in Figures 15-17, EADS IW
similar to what was observed on panels with plain metallic succeeded, after a series of experiments in metallization of TP
foils. Another set of tests have been set up for analyzing the CFRC panels, either with copper or aluminum based slit tapes.
influence of the clamping system and of the panel curvatures. The TP tows deposition speed is 0.1 m/sec.
Flat protected laminates have been automated laid down and
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A 16 plies QI thick Cytec
APC.2/AS4 laminate with Cu
metallization, and a 4 QI plies
thick APC2/AS4 laminate with
Al metallization have been successfully consolidated in oven.
A lightning strike test has
been carried out for the techFigure 15. Laser deposition of CU/PEEK protection.
nique validation on the CU/
Peek-APC2/AS4 coupon, under
A+C* current impact conditions. The results are shown in the
Figure 18. The different analyses (NDT + micrographs in the
impacted area) showed that the use of multi-tows Laser deposition machines is not a stopper for our LSP technology. The
low importance of damages demonstrated it.
This technique has been successfully used for protection of
the COMP TP demonstrator and also for the EADS TP demon- Figure 16. Under vacuum consolidated metallized APC2/AS4
laminates.
strator fuselage panel (Figure 18).
EADS IW Technological Demonstrator
The main specifications of the EADS IW Thermoplastic demonstrator are:
•Representative of a windshield front fairing (reference to the
design and manufacture) with big thickness and important
double curvature, but simplified and reduced geometry.
•Presence of reinforcement areas for features at edges with
ply drop-off.
•Limited number of stiffening frames to be welded to the skin.
•Use of potential low cost TP CFRC material for the skin panel.
Part Design
The definition and pre-sizing of this kind of part are related
to key points, such as strong interaction s between the skin
which is submitted to high speed impacts (ex: 1.8 kg bird impact at 180 m/sec) and the stiffened substructure. Mass and
bending rigidity targets have led to the choice of an oriented
TP plies sequence of the skin, with mainly oriented plies in the
transverse aircraft axis. For optimum bending behaviour, the
rigidity is brought through the substructure.
The elastic rigidity (bending behaviour) of laminates is the
sizing criterion, with targets to be at minimum equivalent to
thermoset composite or metallic designs.
The main skin design characteristics are therefore the following, as represented hereafter (Figure 19):
•Geometry: 1m * 2m with Double curvature radius (1m * 2m).
•Material: Cytec AS4D/PEKK FC, 220 g/m2, 1/4’’ width UD slit
tape.
•Thickness= 32 oriented plies in the current area: [902/
(45/135)2/(90/45/0/135/90)2]s.
•100 mm length (YY section) reinforcement areas with 8 embedded plies.
The frame definition is (Figure 20):
•2 “z” shape sections as shown below, with parallel frames
axis to the aircraft axis (frame foot is fully evolutive along the
aircraft axis)
•Material: PORCHER Pipreg 3106/PEEK fabrics.
•Thickness =16 oriented plies: [45/135/0/(45/135)2/90]s.

Figure 17. LS test result and quality analysis on the FLASH TP
(Cu/PEEK) APC2/AS4 panel.

Figure 18. Automated LSP deposition of the EADS TP CFRC
panel.

Figure 19. COMP TP demonstrator geometry.

Figure 20. Z-Frames geometry.
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Figure 21. Skin panel lay down and consolidation tooling.

Figure 22. Angular deviations (90° and 45° plies) and steering (0° ply) evaluations.

Figure 23. Automated lay down of the panel.

Figure 24. COMP TP demonstrator – consolidated skin.

Programming of all the TP plies lay down have been previously performed for process optimization, with the use of the
CADFIBER (Coriolis) software. Rules have been applied: fixed
angle deposition mode with limited angular deviation (induces some sectors creation), no bands overlap and limited steering (Figure 22). The deposition speed is 0.1 m/sec.
The PEKK/AS4 plies and the LSP layer have been successfully
laid down as shown in Figure 23.
After a surface preparation of the areas (frame feet locations) to be welded, the consolidation bagging system was
built with integration of the caul plate. The PEKK/AS4D panel (Figure 24) has been consolidated in oven (max vacuum
used for pressure compaction).
The good quality of the part has been proven with automated nondestructive controls (water jet and multi-elements

Figure 25. NDT analysis and micrograph in a reinforcement area.
Skin Manufacture
The technique investigated for the skin panel manufacture
is a 2 step process (Figure 21):
•Automated lay down on a male tooling of the UD TP plies and
the LSP layer with the FLASH TP laser deposition machine.
•Consolidation in oven of the laid down TP CFRC component.
A steel tooling has been thus designed and manufactured.
Its use is not only dedicated to the automated lay down process, but also to the consolidation of the panel. A specific metallic caul plate has been also manufactured, in order to have
a suitable aerodynamic surface state of the consolidated skin
panel.
SAMPE Journal, Volume 49, No. 5, September/October 2013

Figure 26. Diaphragm and press forming tools.
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neous geometry, without any cracks or delamination (see Figure 29). Some porosity
remained, but they are created during the
first preforming process. This can be optimized with an autoclave diaphragm forming
process.
Skin-frames Welding Feasibility
The decision has been taken to use a static
welding-diffusion process5, due to the lack
of reliability of the dynamic welding techniques that could be used for assembly of
such curved and thick parts. The first EADS
IW investigation addressed the material of
the TP skin-stiffener interface. “Quasi Amorphous” grade PEKK film (OXPEKK SP fusion
temperature below 300°C) was used for
Figure 28. Blanket installation, omega press-forming and cooling.
evaluation and for comparison with grade
1000 PEI films: this was made through feasibility and elementary shear tests (AITM
1.0019) on welded PEKK/AS4D coupons. The
influence of the welded temperatures (Tf
OXPEKK<Tw<Tf PEKK/AS4D) and the TP film
thickness has been analyzed. The coupons
were welded (3B rel. pressure) in an autoFigure 29. Prepreg 3106/PEEK frame and associated micrograph (web).
clave (Figures 30-31).
The main result was that even if OXPEKK film diffusion at
control head) and micrographs. It has been demonstrated that the laminates interface seemed good and if cohesive rupture
there is no porosity and no inter-plies delamination. The part was found, the mechanical behaviour of such OXPEKK welded
quality was very homogeneous (Figure 25).
coupons was heterogeneous and weak, if compared to the PEI
welded coupons behaviour (max shear stress = 20 MPa vs. 33
Frames Manufacture
MPa), which are equivalent to bonding references.
With regards to the Z-frames geometry (double curvature,
It was therefore decided to assemble the demonstrator
web height, part symmetry) the principle of a double steps components under pressure with a PEI film interface6, due to
forming-consolidation process has been investigated: pre- the tight OXPEKK welding process window. Feasibility tests
forming-consolidation, with a double diaphragm technique, of have been first undertaken, with single curvature and reduced
a curved PEEK fabrics blanket, and Hot Press-Forming of ome- scale PEKK/AS4 panels and Pipreg 3106/Peek L frames.
gas for two “Z” frames manufacture (after machining).
Promising results were obtained (Figure 32). It remains nevSpecific steel tools have been designed and manufactured. ertheless to optimize the welding tool design to avoid some
The diaphragm tooling was designed to work in oven, with health defects in the radius area of the stiffeners feet.
use of vacuum for holding the blanket in tension during the
forming step. The press-forming tooling was designed to work
under the EADS IW 100 tons press heating plates (Figures 2627). A female mode of forming has been chosen with use of
blank holders. An additive air internal cooling system is also
embedded in order to avoid very slow cooling rates due to
the important thermal inertia, and thus to insure a suitable TP
matrix crystallinity.
Forming occurred when the vacuum was progressively set
up, once the blanket was in a melt state.
Figure 30. 170m PEKK welded coupon- SLS test.
The curved consolidated blanket is installed on the lower tooling and isothermal forming occurs at a minimum 360°C temperature, before cooling the part under pressure (Figure 28).
TP double curvature Omegas are manufactured, which
leads to two “Z” frames as shown in Figure 29.
A couple of tests have been carried out for consolidation
of the process windows according to different mold temperatures, forming speeds, and applied pressures. These tests led
to acceptable frames being fabricated in terms of homogeFigure 31. 100m PEI-welded coupon- SLS test.
Figure 27. Diaphragm forming of the curved blanket.
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Figure 32. Welding feasibility TP panel- associated health expertise.
Conclusions
In the framework of the COMP TP program, EADS IW pursued developing and validating technological building blocks
with targets of manufacturing thermoplastic CFRC fuselage
structures. Automated TP multi-tows deposition process with
laser heating systems, determination of the consolidation in
oven limits of high performance thermoplastic composites
components and metallization of TP CFRC panels are some examples of the R&D works that have been performed. Related
successful results are presented in this paper.
The manufacture of a technology demonstrator, extrapolated from TP composite aircraft windshield front fairings,
has been undertaken. These components are promising candidates for such application family requiring thick thermoplastic composites technologies, mainly due to the expected
good impact behaviour and to weight specifications. Design
and ongoing manufacturing works, for providing a TP stiffened
panel with severe opened double curvature and integrated
substructure, are presented. The cost effective aspects are
not negligible if innovative technologies are developed for
the skin or stiffeners manufacture. This is taken into account
through the automation of the TP plies
lay down and integration of the LSP in
this process, the consolidation in oven
of the panel and the welding of the
stiffeners to the skin (no rivets).
Achievement of a reliable cost effective process development and to address mechanical performance through
a detailed sizing process remains to be
optimized. Nevertheless, it has been
demonstrated that the field is open
now to not constrain the application of
thermoplastic composites technologies
to thin fuselage skin panels. It is time
to compete with metallic processes for
manufacture of stiffened components
with large complex geometry.
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Materials & ProDucTs
AIRTECH has introduced new multipurpose pressure sensitive
tapes.
Flashbreaker® PS1 is a high temperature/high tensile strength
polyester film coated with a high tack pressure sensitive silicone adhesive for oven or
autoclave cures up to 204 °C. Flashbreaker® pressure sensitive tapes are used for
multi-purpose functions in metal bond and composite shops,
such as holding down vacuum bagging materials, thermocouple
wires, masking-off, chem-milling protection.
Wrightlease 2 is a new extruded Fluoropolymer
pressure sensitive tape with a silicone adhesive.
Wrightlease 2 provides excellent release performance, good elongation and high gloss finish with
a highly visible yellow colour.
Toolwright 5 is thicker version of the same
extruded Fluoropolymer film coated with
silicone pressure sensitive adhesive. Supplied 122cm wide with a release backer,
Toolwright 5 is ideal for covering mastermodels and moulds
for permanent high quality surface release.
For more information, visit: www.airtech.lu.
Optically clear, low viscosity, high strength two part epoxy
system from MASTER BOND.
Master Bond EP30HV, a two component epoxy, features wide
applicability in the electronic, electrical, computer, aerospace,
automotive, optical, fiber optic, medical and chemical industries.
Formulated for bonding, sealing, coating
and casting applications where high
strength and optical clarity are needed.
EP30HV offers high light transmittance
from 350-2,400 nm and has a refractive
index of 1.55 at room temperature. Its
enhanced electrical and thermal insulation properties include
a volume resistivity over 1015 ohm-cm, a dielectric strength of
440 volts/mil and a low coefficient of thermal expansion. With
a low mixed viscosity of 4,000 cps, this system is often used
in small potting and encapsulation applications, especially for
electronic or optical assemblies.
Featuring a forgiving four to one mix ratio by weight, EP30HV
is easy to handle and cures at room temperature in 24 hours
or faster at elevated temperatures. This epoxy produces high
strength bonds that have a tensile strength exceeding 9,000 psi
and a compressive strength greater than 14,000 psi at ambient
temperatures. Linear shrinkage is low at 0.0003 inches/inch.
It also resists a wide variety of chemicals including water, oils,
acids, bases and many solvents.
Serviceable over the wide temperature range of -60°F to +300°F,
EP30HV bonds well to metals, glass, ceramics, wood, rubbers,
and many plastics. It is available for use in pint, quart, gallon and
five gallon container kits. This two part system has a shelf life
of up to one year if stored in its original, unopened containers.
For more information, visit: http://www.masterbond.com/
properties/electrically-insulative-adhesive-system.
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J.W. WINCO, INC., a leading supplier of standard industrial machine components, announced it now offers GN 300.5 Tapped
Type All Stainless Steel Adjustable Levers
with stainless steel components, in inch
and metric sizes.
These RoHS-complaint hand levers are
the result of modern industrial design,
and are ideal wherever parts have to be
clamped in a confined space or in a particular lever position.
The handle is stainless steel with sand blasted satin finish. The
insert, screw, and spring are also stainless steel. All stainless
steel construction makes this lever appropriate for applications
in the food processing, pharmaceutical, and chemical industries.
For more information, visit: www.jwwinco.com.
PARK ELECTROCHEMICAL CORP. introduces it new composite
ALPHA STRUT™ (patent pending) for aerospace applications.
The ALPHA STRUT, which is designed for aircraft and other
aerospace medium to high load bearing applications, joins
Park’s patented SIGMA STRUT™, which is designed for space
and other aerospace very high load bearing applications. The

ALPHA STRUT and SIGMA STRUT designs provide significant
weight savings and load carrying reliability by utilizing unique
end-fittings, which are co-cured into each end of the struts. This
technique allows the fittings to transfer the full load through
the strut body without having to rely on bond areas to carry
shear loads as with typical designs.
The ALPHA STRUT design has been successfully tested to over
one million load cycles at load limits in both tension and compression.
•Designed for aircraft and other aerospace medium to high
load applications
w Tie Rods
w Push/Pull Control Rods
w Bracing
w Truss Structures
w Bulkheads
•Benefits Include:
w High Reliability
n Proprietary End-Fitting Design
w Light Weight
n Carbon Fiber Composite Materials
w Custom Designs tailored to Specified Loads, Lengths and Fitting Requirements
For more information, visit: www.parkelectro.com.
3M™ Wrap Film Series 1080 from 3M COMMERCIAL GRAPHICS just keeps getting better, with five new colors to help users
make their vehicles anything but ordinary. Film series 1080 is
now offered in a total of 50
finish, texture and color variations, empowering customers
to achieve distinctive looks
and maximize their creativity.
SAMPE Journal, Volume 49, No. 5, September/October 2013
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Film series 1080 gives installers all the
benefits they need to create outstanding
graphics that perform like a dream. The
film is ready for wrapping right out of the
box, with no need for printing or an overlaminate. Installers know about its great
handling and installation features, including
slideability, repositionability, and virtually
no air bubbles. The dual cast film has just
the right amount of rigidity without using an
application tape, and its 60” wide rolls mean
entire sections can be covered without
seams. Above all, the 3M™ MCS™ Warranty
assures customers of the quality, reliability
and service that stand behind the product.
With 3M wrap film series 1080, installers have 50 head-turning ways to help
customers achieve the ultimate in vehicle
personalization.
For more information, visit www.3mgraphics.
com/1080.
5D COMPOSITE INC. introduces 5D Molding and In-Mold decoration system (patent
pending) a simple method of producing any
size and geometry parts including hollow
composite parts.
Most importantly, our products use composite materials, thus the cost is significantly lower than wood, metal and any
other similar products. Our patent pending
5D In-Mold Coating technology allows
us to produce composite products that
have the look and feel of
wood, marble or metal,
yet weigh considerably
less than metal or marble
and cost considerably less
than any similar products.
We are able to produce
composite parts with
adequate hardness and proper protection
from UV light, weather, abrasion, corrosion
and humidity. We do not use vinyl tape that doesn’t look real
or veneers that chip easily.
Our finish looks real, natural, but is easy to clean and does not
require the constant maintenance of wood products.
For more information, visit: www.5dcomposite.com.
LARSON ELECTRONICS has announced the release of a powerful and compact LED light bar designed for rugged use. The
LEDP3W-3-M Low Profile High Intensity LED Light Bar produces
an intense 684 lumens of light output while consuming less than
1 amp of power and includes a 200 lbs grip magnetic base for
easy yet secure mounting capabilities.
SAMPE Journal, Volume 49, No. 5, September/October 2013

The Larson Electronics LEDP3W-3-M low profile high intensity
LED light bar is designed for tough conditions and high versatility
and gives operators a powerful and easy to deploy source of
powerful illumination. This light is also available in flood light
configurations for those who need a light with wider beam dispersion and greater coverage of larger areas. This high intensity
light bar is designed for versatility and rugged use with a compact and waterproof housing formed from extruded aluminum,
unbreakable polycarbonate lens, and tough magnetic mounting
base with 200 lbs of grip.
For more information, visit: www.magnalight.com.
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Conference & Exhibition

Wichita, Kansas

Conference: October 21-24, 2013 • Exhibition: October 22-23, 2013
Century II Convention Center, Wichita, Kansas
Sponsored by SAMPE's Wichita Chapter

SAMPE Tech Conference and Exhibition delivers unparalleled educational, business, and networking opportunities to 1,500 attendees representing the leading and growing companies in the advanced M&P industry.
With first class education providing the latest applications technology and research developments, you'll find
new information that can be used immediately, as well as tools that will help you prepare for changes to come.

Robust conference programs include:
•

Four panel discussions on emerging and timely M&P hot topics, including “Women in SAMPE”,
“Qualification and Certification”, “Composite Testing”, and “General Aviation”

•

Co-location and joint panel with ASTM D-30

•

Choose from among seven tutorial options or a full day hands-on Composites Repair Workshop

•

A full array of M&P sessions including encompassing advanced materials, manufacturing
developments, and research

•

Keynote presentations relating to manufacturing, the aviation industry, and the Lear Jet 85 Program

•

Featured lectures on Automated Fiber Placement, Out-of-Autoclave, Design & Analysis, and NASA
Smart Skin

•

Tour the Kansas Cosmosphere

•

Back by Popular Demand: Material and Process Technology Roundtable

SAMPE Tech Exhibit Hall

Maximize your experience with a visit to the exhibition, which has grown to include 180 exhibiting company.
Representing sectors from the entire spectrum of the advanced M&P industry, SAMPE Tech exhibitors are
uniquely suited to address your needs. Develop a network you can turn to when YOU need it. Admittance to
the exhibition is FREE!
Visit www.sampeTechWichita.org for complete event information, including the conference program, exhibitor listings, and FAQs.
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The Heart of the Next Big Business Revolution
“It’s tough to make predictions, especially about the future.” – Yogi Berra
There are a lot of books, magazines and blogs out there that will tell you how to improve the way you do business. Sometimes
they contain meaningful new information or insights that are invaluable. At other times they simply remind you of things you
have known all along but may have forgotten. These lessons from the past are often the most valuable keys to sorting our way
through the present to get to the future. They are lessons already learned but somehow they have gone neglected. So I want to
take a moment to remind you of some things you probably already know. With all that has been said about how to succeed in
business, these are things I think we collectively need to reconsider in order to lay a viable path forward.
The Secret to Innovation. Business was once a local phenomenon. However, business has increasingly become a global
competition. Innovation is the differentiating element that allows companies to compete. It may be innovative technology
or innovative systems or innovative business culture that enables a company to compete effectively. So what is the common
unifying thing that allows companies to innovate?
Innovation comes from people.
No matter how modern the equipment is, no matter how state-of-the-art the machinery may be, innovation is always a result of
human endeavor. The machines may be useful but at the end of the shift, they are merely tools. It is people who innovate, and
innovation occurs at many levels from the Boardroom to shop floor.
Of course, we recognize this, sometimes in an off-handed way. We refer to “human resources” and “human capital”. However,
there can be a tendency to view the company as an entity and discount the contributions of
Great Human Innovators:
individual people within the organization. In some ways, I suppose that is natural. After all,
(Incomplete List)
the origin of the word “incorporate” means to give a body to the creation of a new person
•
J.
Gutenberg
in a legal sense.
• G. Marconi
When it comes to recognizing the importance of people to the process of innovation,
• W. E. Deming
there is something that has always been a puzzle to me: A company has proven itself to
• L. Pasteur
be innovative. As a result it becomes so successful that it attracts attention from another
• N. Tesla
corporation. That corporation then acquires the company and proceeds to eliminate
• Numerous others
the very innovators who established the company’s success. They fail to recognize that
the value of the company is not simply in the equipment. It is in the innovation that was
Great Machine Innovators:
brought about by people.
(Complete List)
• None known
A Fundamental Problem. People innovate best in an atmosphere of trust in which they
feel that the value of their contribution is appreciated. Not too many years ago, loyalty to
a company was often rewarded by a level of financial security; the opportunity to retire with a pension after decades of loyal
service. Today that loyalty is not as ubiquitous as it once was. Companies are often maligned in the media for moving operations
offshore and doing all that they can to reduce expenses.
Of course, companies make their share of mistakes when dealing with their “human capital”. One large corporation recently
pulled out all the stops to help solve a catastrophic technical problem. After the crisis had been averted, the CEO sent out a
memo thanking the employees for taking time away from their families and friends to work evenings and weekends to solve
the problem. Then at the end of the same memo, he announced that the company would have to lay off several hundred
employees. Suffice it to say that the memo generated very little loyalty among the employees.
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The Other Side of the Coin. However, as with most situations, there are two sides to the story. While corporations often fail
to effectively evoke a sense of trust and loyalty from their employees, the employees are often guilty of not recognizing the
legitimate needs of business.
Business is often viewed by people, and portrayed in the media, as evil entities that are “out to get the little man”, yet I cannot
think of a single business that has that thought expressed anywhere in their mission statement. Businesses are in the business
of making a fair profit, and when they do that effectively, wealth is generated that extends to the employees and the local
economy. A properly run business must concentrate on being competitive in an increasingly complex global environment. And
here is the bottom line for those of you who are employees struggling with your sense of loyalty toward the business for which
you work:
If your company fails to make money long enough, you will be out of a job.
This is really pretty basic stuff, yet it is interesting how often I encounter a genuinely adversarial attitude from employees about
the companies for which they work. It is as if they are playing for different teams when they should be working together to
figure out how to ensure their collective future. Our strategies should not be devised to triumph over our teammates but rather
to compete together to secure a niche in a dynamic marketplace.
In the words of Rodney King, “Can we just get along?” We really do depend on each other in a very real way for our livelihood,
so why not act like we are on the same team fighting to make points together? Here is the game plan as I see it –
Employees and companies alike need to:
•
Recognize and respect the contributions of each other.
•
Build a sense of mutual trust, respect and loyalty.
•
Work to serve each other in a meaningful way.
•
Work to eliminate dismissive stereotypical descriptions like “greedy” and “lazy”.
•
Play nicely in the toy box.
If we can all remember these simple lessons and resolve to do these basic things, we can work together to participate in the
heart of the next big business revolution.

www.tiodize.com
Dedicated to Excellence in Advanced Composite Training
Since 1983
26 courses
to choose from

ENGINEERING
MANUFACTURING
TOOLING
Fiber/Lite
Composite Fasteners

REPAIR

TIODIZE

NDI
Reno, NV * Griffin, GA * Brazil * UK

1-775-827-6568

Tribo/Comp
Composite Bearings

www.abaris.com

SAMPE Journal, Volume 49, No. 5, September/October 2013

Tiodize Co., Inc.
5858 Engineer Drive, Huntington Beach, CA 92649
Ph: 1.714.898.4377 • Fax: 1.714.891.7467 • Cage Code 34568

47

Feature arTicle
High Temperature RTM370 Polyimide Composites
Fabricated by RTM: Characterization and Impact Testing
K.C. Chuang, D.M. Revilock and J.M. Pereira
NASA Glenn Research Center, Cleveland, OH
E-mail: Kathy.Chuang@nasa.gov
J.M. Criss, Jr.
M & P Technologies, Inc., Marietta, GA
E.A. Mintz
Clark Atlanta University, Atlanta, GA
Abstract
RTM370 imide resin based on 2,3,3’,4’-biphenyl dianhydride (a-BPDA), 3,4’-oxydianiline (3,4’-ODA) and terminated with the
4-phenylethynylphthalic (PEPA) endcap has been shown to exhibit a low melt viscosity (10-30 poise) at 280°C with a pot-life of
1-2 h and a high cured Tg of 370°C. RTM370 resin has been successfully fabricated into composites reinforced with T650-35 carbon fabrics by resin transfer molding (RTM). RTM370 composites displays excellent mechanical properties up to 327°C (620°F),
and outstanding property retention after aging at 288°C (550°F) for 1000 h, and under hot-wet conditions. RTM370 triaxial
braided composites were subjected to impact test with projectiles, and exhibited enhanced energy absorption at 288°C (550°F)
compared to ambient temperature.
Introduction
Polyimide resins have been used as matrices in lightweight
carbon fiber reinforced composites for use as replacements
for metallic components in the aerospace propulsion and airframe components. Due to their outstanding heat resistance
and high strength to weight ratio, polyimides offers high temperature applications up to 288-315°C that exceed the capability of conventional use temperature of epoxies (177°C) and
bismaleimides, BMI, (232°C)1. Traditionally, polyimide carbon
fiber composites have been fabricated from prepregs impregnated with resins in organic solvents. Prepregs of thermoplastic polyimide Avimid N®2 containing high boiling N-methyl-2pyrrolidinone (NMP) yielded composites with high thermal
stability, but were difficult to process. PMR-153 was developed to improve the processability of polyimide composites
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through the use of polymerization of monomer reactants with
nadic endcap in methanol to control the molecular weight of
the oligomers. PMR-15 polyimide was successfully fabricated
into a composite outer bypass duct for the F-404 engine as a
replacement for the titanium duct, leading to a 30% cost savings and 12% weight savings. The PMR approach offered easier processing of laminates and solvent removal; however, the
diamine monomers such as methylene dianiline (MDA) present in the prepregs often posed a health hazard and required
stringent safety precaution during fabrication. All of these
polyimide composites rely on the use of prepregs, either by
labor intensive hand lay-up or by automated tow placement
equipment, for fabrication of large and/or more complicated
geometries and structures. Therefore, it would produce significant cost savings (~30%), if the polyimide could be adapted to
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Figure 1. Preparation of RTM370 imide resin.
low-cost manufacturing process, such as resin transfer molding (RTM), similar to what is used for epoxy and bismaleimide
(BMI) composite fabrication in the aerospace industry.
In recent years, significant advances have been achieved
in the development of solvent-free, low-melt viscosity (10-30
poise) imide resins that are amenable to resin transfer molding
(RTM). NASA Langley developed a low-melt viscosity PETI-298
(Tg = 298°C) imide resin4, based on symmetrical 3,3’,4,4’-biphenyl dianhydride (s-BPDA), a mixture of 1,3,-bis(3-aminophenoxy)benzene (1,3,3-APB) and 3,4’-oxydianiline (3,4’-ODA)
along with the 4-phenylethynylphthalic anhydride (PEPA) as
the terminating endcap. PETI-298 displayed a wider processing window due to PEPA endcaps, which also imparted better
thermal oxidative stability than the same materials prepared
with the nadic endcap9. To raise the use temperature while
maintaining low-melt viscosity, PETI-330 (Tg = 330°C) was formulated using the asymmetrical 2,3,3’,4’-biphenyltetracarboxylic dianhydride (a-BPDA), PEPA endcap and a mixture of
1,3-bis(4-aminophenoxy)benzene (1,3,4-APB) and m-phenylenediamine (m-PDA)5. PETI-330 (based on a-BPDA) displayed
better property retention at 288°C than PETI-298 (derived
from s-BPDA), due to its higher Tg and corresponding softening temperature6,7. PETI-3758 was developed using the same
monomers as PETI-330 except that 2, 2’-bis(trifluoromethyl)
benzidine (BTBZ) was used in place of m-phenylenediamine.
The use of BTBZ raised the resin Tg to 375°C, but also significantly increased resin cost, due to the high cost of BTBZ. PETI298, PETI-330 and PETI-375 have all been processed by resin

Figure 3. Melt viscosity profile of RTM370 resin hold at 280°C
for 2 h.
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Figure 2. High temperature RTM tool used for 2 ft by 2 ft panel
fabrication.
transfer molding (RTM) to yield composites with excellent
mechanical properties and low void content suitable for aerospace applications between 260-315°C. However, these imidized oligomers were made in NMP, and after the oligomers
were precipitated out of water, they still required drying in a
forced air oven at 135°C for 24 h in order to remove residual
NMP. Such multi-step processes to produce imidized powder
are time consuming and costly.
A different approach was undertaken at NASA Glenn to develop a simpler and more cost effective way to produce lowmelt viscosity polyimides for resin transfer molding by a solvent-free melt process9. RTM370 imide resin was formulated
from 2,3,3’,4’-biphenyl dianhydride (a-BPDA), 3,4’-oxydianiline (3,4’-ODA) and terminated with 4-phenylethynylphthalic
anhydride (PEPA) endcap (Figure 1). The powdery monomers
were mixed well and heated above 200 °C until all three monomers were melted into a maple syrup constituency. The resultant oligomers terminated with the reactive phenylethynyl
group were cooled to room temperature and then ground into
powders. This approach uses no solvent in the process and the
only volatile generated is water formed during the imidization
process. In this paper, we report the fabrication of RTM370
composites made from 8 plies of quasi-isotropic T650-35 carbon fabrics (8HS) as well as 6 layers of preforms cut from triaxial braided tubes produced by A & P Technologies in Ohio.
The mechanical properties of RTM370 carbon fabric composites and impact behaviors of triaxial braided composites upon
impact with a projectile will be discussed.
Experimental
Resin Preparation and Characterization
A mixture of asymmetrical biphenyldianhydride (a-BPDA),
4-phenylethynylphthalic anhydride (PEPA) and 3,4’-oxydianiline (3,4’-ODA) was melted above 200 °C for 1 h to form the
corresponding phenylethynyl terminated polyimide oligomers. The resulting solids were then ground into powders. The
absolute viscosities of these imide oligomers were measured
using a digital Brookfield viscometer. Rheology was performed
in the parallel plate geometry with 1 g of imidized powder at
a ramp rate of 4°C/min and frequency at 10 rad/sec using an
Ares rheometer.
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Table 1. Physical properties of RTM370 imide resin.

Figure 4. Scanning electron micrograph (left) and photomicrograph (right) of RTM370 composites.
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Composite Fabrication
Composite panels were fabricated using a high temperature
RTM process10,11. For mechanical testing, 13 in. by 14 in. panels
were made from T650-35, 8 harness satin weave (8HS) carbon
fabrics with an 8 ply quasi-isotropic lay-up [+45/0/90/-45]s.
For impact testing, 2 ft by 2 ft panels were fabricated using
triaxial braided preforms. T650-35 triaxial braided tubes were
woven in [0/+60/-60] arrangement by A & P Technologies, and
cut open and laid flat to form 6 plies of preform. The tool used
for the 2 ft by 2 ft panels is given in Figure 2. After the tool and
the injector were preheated to approximately 288°C for 1 h,
resin was injected at 1.38 MPa at 288°C within 1 h, and then
heated at 5°F/min to 371°C followed by a 2-h cure at 371°C in a
high temperature oven. The resulting composite panels were
then post-cured in an oven at 343°C (650°F) for 8 h to achieve
the optimal mechanical properties at elevated temperature.
Results and Discussion
Physical Properties and Viscosity Profile of RTM370 Imide
Oligomers and Cured Resin
RTM370 imide resin, formulated with a-BPDA, 3,4’-oxydianiline (3,4’-ODA) and 4-phenyl-ethynylphthalic anhydride
(PEPA) as a terminating endcap, exhibited a high glass transition temperature (Tg = of 370°C), after post-cure at 371°C
(700°F) for 16 h (Table 1). RTM370 resin displayed a low meltviscosity of 12 poises for the first hour of the hold at 280°C,
and viscosity increased to 42 poises during the second hour of
the hold (Figure 3).

ISO9001:2008

email: info@northerncomposites.com
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Table 2. Mechanical properties of RTM370/8HS fabric compare to BMI-5270-1.

Figure 5. Open-hole compression strength of RTM370 vs BMI52700-1.
RTM370 Composite Fabrication, Characterization
RTM370 composites were initially fabricated with T65035/8HS fabric with UC309 epoxy sizing removed by heating at
288°C for 1 h before resin injection, and the mechanical properties were compared to that of state-of-the-art BMI-5270-1
commonly used for RTM application in the aerospace industry. RTM370 resin has good flow during processing because
of its low melt-viscosity and long pot-life. A 13 in. by 14 in.
panel generally takes 30 min to complete the injection. The as
fabricated RTM370 composite exhibits very uniform resin distribution with no voids as shown in scanning electron micrograph (Figure 4), and photomicrograph of RTM370 composites
displays no microcracks (Figure 4). The void contents of the
RTM370/T650-35 carbon fabric composite ranged from 0.51.1%, and the fiber volume was 56-57%. RTM370 composites
were post-cured at 343°C (650°F) for 8 h before testing to advance the crosslinking of the reactive PEPA endcap to achieve
optimal mechanical properties. Composite of BMI-5270-1
with T650-3/8HS fabrics were processed by RTM and cured
and post-cured using the vendors’ recommended conditions.
The mechanical testing indicated that RTM370 composites
had better open-hole compression strength (Figure 5) and
short-beam shear strength (Figure 7) than BMI-5270-1, and
SAMPE Journal, Volume 49, No. 5, September/October 2013

Figure 6. Open-hole compression modulus of RTM370 vs BMI52700-1.

Figure 7. Short-beam shear strength of RTM370 vs BMI-5270-1.
comparable open-hole compression modulus (Figure 6) at room
temperature. However, RTM370 composite exhibited far better
property retention than BMI-5270-1 at 288°C (550°F). More
significantly, RTM370 composites still maintained outstanding
mechanical properties up to 315°C (600°F) whereas BMI-52701 (Tg = 300°C) had soften and lost all of its properties at 315°C.
51

Table 3. Durability of RTM370 composites/T650-35/8HS/HT sizing) at 288°C.

Figure 8. Open-hole compression strength of RTM370 composites subjected to isothermal aging at 288°C (550°F) for
1000 h in circulating air.
RTM370/T650-35/8HS/ Polyimide Sizing
To evaluate the durability, RTM370 composites were also
fabricated with T650-35 fabrics with high temperature polyimide sizing to improve interfacial bonding between matrix
and fiber; and thereby, enhance high temperature performance. The composite specimens were post-cured at 343°C
(650°F) for 8 h before mechanical testing to achieve optimal
performance. Isothermal aging was also conducted at 288°C
(550°F) for 1000 h in an air circulating oven. As shown in Table
3, after 1000 h of isothermal aging at 288°C (550°F), RTM370
composites retained 85% and 76% of their initial open-hole
compression strength at room temperature and 288°C, respectively. Furthermore, these composites also maintained
71% of their original short-beam shear strength after isothermal aging.
The unnotched compression tests were performed according to ASTM D6641/D6641M-09, and it showed that RTM370
composite maintained 56% and 40% of its initial room temperature compression strength at 288°C (550°F) and 315°C
(600°F), respectively. Hot-wet property of RTM370 composites were also studied, and the data indicated that RTM370
composites retained 93% of its initial unnotched compression
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Figure 9. Open-hole compression modulus of RTM370 composites subjected to isothermal aging at 288°C (550°F) for
1000 h in circulating air.

Figure 10. Short-beam shear strength of RTM370 composites
subjected to isothermal aging at 288°C (550°F) for 1000 h in
circulating air.
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Table 4. Hot-wet property of RTM370/T650-35 composites with polyimide sizing.

strength and 100% of its compression modulus at 288°C, after
5 hot-wet cycle of soaking the specimens at 93.3°C (200°F) of
water until >1% weight gain, followed by the drying at 260°C
(500°F) until < 0.1% of weight gain.
Triaxial Braided RTM370/T650-35 Composites
Triaxial braided T650-35 was weaved in [0/+60/-60] arrangement (Figure 11), and RTM370 resin was infused into 6
plies of braided preform by resin transfer molding (Figure 12)

Figure 11. T650-35 triaxial braid [0/+60/-60].

Figure 12. Fabrication of triaxial braided RTM370 composites by resin transfer molding (RTM).
in a custom-made 2 ft by 2 ft stainless steel mold at 288°C,
and then cured in an oven at 371°C for 2 h. The composite
was C-scanned (Figure 13) and appeared uniform, except for
varied resin thickness. However, the photomicrogram of these
triaxial braided RTM370 composites showed microcracks (Figure 14) in contract to the RTM370/T65-35 fabric composites
which displayed no microcracks as shown in Figure 3. This is
probably due to the stress induced by the braided structures.
The void contents of the braided composites ranged from 0.52%, and the fiber volume varied from 51-52%.
Impact Study of RTM370/triaxial Braided T650-35 Composites
A series of impact tests have been completed using RTM370/
triaxial braided T650-35 composite panels. Twelve tests were
conducted on 305 mm (12 in.) by 305 mm (12 in.) in test panels cut from three separate 610 mm (24 in.) by 610 mm (24 in.)
plates. Nine of the panels were post cured at 343.3°C (650°F)
for 8 h and three of the panels were in a non-postcured state.
The RTM370/triaxial braided T650-35 composite panels were
cut into panels with a waterjet cutting process and were subjected to impact tests with a 50.8 mm (2 in.) light gas gun at
the NASA Glenn Ballistic Impact Facility (Figure 15) The test
panels were clamped in a ridged steel test frame (Figure 16)
with a circular aperture opening of 254 mm (10 in) and impacted with a 50.8 mm (2 in.) aluminum cup projectile (FigSAMPE Journal, Volume 49, No. 5, September/October 2013

Figure 13. Immersion ultrasound scan.

Figure 14. Photomicrograph of RTM370/T650-35 triaxial
braided composite.
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Figure 15. S2 inch light gas gun.
ure 17) at ambient and at 288°C (550°F). The projectile was
a thin walled hollow AL 2024 cylinder with a nominal mass
of 50 g and a front face with a compound radius. This projectile was designed based on a number of considerations.
One is that AL 2024 is a well characterized material and its
properties are independent of strain rate at least to rates up
to 5000 m/sec. The radius of the front face of the projectile
was designed such that the deformation profile and failure
mode were similar to those observed in the composite plate
tests described in12. The projectiles have a diameter of 1.995

Figure 16. Impact test fixture for the 305 mm (12 in.) square
specimens.

Figure 17. 50.8 mm (2 in.) aluminum cup projectile.

Figure 18. Quartz infrared heater.
(+0/-.006) in, such that they fit inside the gun barrel with just
enough clearance so that they would slide easily. To eliminate
slipping at the boundary, 28 bolts extend through the fixture
front clamp, the specimen and the rear fixture plate. In each
test the impact velocity and the exit velocity, if penetration
occurs, is measured using calibrated high speed digital video
cameras (Phantom V7.3, Vision Research Inc., Wayne, NJ).
The panels impact tested at temperature were heated to
288°C from the backside with reflected heat from a quartz
infrared heater (Figure 18). The panels took approximately 6
minutes to reach temperature and were held for 10 minutes
before being impacted. Temperature measurements were
made with three thermocouples attached to the impact side
54
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of the panel with a high temperature epoxy,
(Figure 19) and an infrared imager (FLIR Systems Inc, Boston, MA) (Figure 20) was used
to see the temperature distribution. The control thermocouple was located approximately 50.8 mm above the impact location and it
was used to regulate the amount of heat output from the quartz heater.
As shown in Figure 21 with limited test
panels, the highest penetration velocity of
a post-cured panel is 109 m/sec (~357 ft/
sec) at ambient and 127 m/sec (~417 ft/
sec) at 288°C (550°F) Non-postcured panels
were only tested at 288°C (550°F) and had a
penetration velocity of 130 m/sec. (~423 ft/
sec). The panels tested at 288°C showed an
increase in energy absorption of ~28% for
post-cured panels and a ~30% increase in
energy absorption for non-postcured panels,
as compared to that at ambient. The failure
at impact was localized and did not allow for
much fiber interaction outside the impact location (Figures 22-24). The surprising results
indicated that RTM370 resin softens at 288°C
to allow the participation of fibers to stop the
projectile whereas the resin was strong and
rigid at ambient temperature which restrict
the flexibility of the fibers. The slightly higher
penetration velocity for non-postcured panels as oppose to the post-cured panels also
support the rational that less crosslinked
non-postcured panels afforded more fiber
flexibility to impede the projectile penetration. These phenomena suggest that a more
flexible resin could be used to enhance the
energy absorption of the fan containment to
capture the blades for supersonic engines expected to experience 204-232°C (400-450°F)
environment. It is also likely that the penetration velocity threshold can be increased with
different fiber and fiber architectures.

Figure 20. Infrared camera temperature distribution.
Figure 19. Thermocouple locations.
SAMPE Journal, Volume 49, No. 5, September/October 2013

55

Figure 21. Velocity threshold for T650-35 fiber/RTM 370.

Conclusions
In summary, RTM370 imide resin based on 2,3,3’,4’-biphenyl dianhydride (a-BPDA), 3,4’-oxydianinline (3,4’-ODA) and
terminated with the 4-phenylethynylphthalic (PEPA) endcap
exhibits a low melt viscosity (10-30 poise) at 280°C along
with a pot-life of 1-2 h and a high cured Tg of 370°C. RTM370/
T650-35 composites exhibited excellent mechanical properties, especially toughness, up to 327°C (620°F). Additionally,
isothermal aging of RTM370 composites at 288°C (550°F) for
1000 h also confirmed their outstanding property retention,
i.e. RTM370 maintained 85% and 76% of its initial open-hole
compression strength at room temperature and 288°C, respectively. Its short-beam shear strength also showed 86%
and 100% property retention at room temperature and 288°C,
respectively, after 100 h of aging at 288°C. Surprisingly, tri-
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Figure 22. Close up view of a localized failure in a penetrated panel.
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axial braided RTM370/T650-35 composite displays 28-30% better impact
resistance at 288°C (550°F) than at ambient temperature. Apparently, soften
of the resin at elevated temperature
allows more fiber participation within
the composites to stop the projectile.
This interesting behavior indicates that
lightweight polymeric fan containment
for Supersonic engine is feasible, if more
effort is devoted to improve the flexibility of resin towards enhancing the
toughness of the resin. Investigation of
a variety of carbon fiber types and fiber
architectures would provide additional
avenues for improving the composite
impact performance at elevated temperature.
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Figure 23. Panel damage from contained projectile.
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Conference within a Conference: Textile Materials in High Performance Composite Applications
Additive Manufacturing

Fibers
•
•
•
•

Polymer Materials Development for Additive Manufacturing
Metal Materials Development for Additive Manufacturing
Rapid Tooling for Composites via Additive Manufacturing
Additive Materials and Processes Selection for
Autonomous and Piloted Air Vehicles
• Analysis, Systems Integration and Hybrid Materials
for Additive Manufacturing

•
•
•
•
•
•

Formation of Filaments
Glass
Carbon
Aramid
Thermoplastics
Natural Fibers

•
•
•
•
•
•
•
•

Orthogonal Weaves
Multi-axial Fabrics
3D Woven Fabric Structures
Knitted Fabrics
Braided Fabrics
Narrow Woven Fabrics
Nonwoven Fabrics
Nano Fibers and Nano-nonwovens

Preforms

Fiber Sizing Technology and Finishing
•
•
•
•

Chemicals
Additives
Surface Enhancement
Nano Technologies

Major Conference Topics:
Innovative Joining
•
•
•
•
•
•
•
•

Adhesion
Adhesive Bonding
Fracture
Joint Durability
Surface Characterization
Adhesives
Repair
Design / Analysis / Certification

SAMPE Journal, Volume 49, No. 5, September/October 2013

Composite Post-Processing
•
•
•
•
•

Trimming
Routing
Drilling
Water Jet Cutting
Dimensional Inspection
Applications
Aerospace Structures & Applications
Aerospace Vehicles
Automotive Applications
Ballistic Composites
Commercial/Military Aircraft
Marine Applications
Propulsion Materials
Space Structures
Sports and Recreation Composites
Thermal Management
Transportation Applications
UCAV/UAV/UAS Technology

*Acceptance of abstract is not a guarantee of paper publication
or presentation.
Note: SAMPE accepts papers designated as ITAR Restricted for
publication and presentation.
Contact Michelle at michelle@sampe.org with any questions.
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iNdustry news
Two long-time SAMPE members were honored by the CITY OF
LOS ANGELES during the Irene Epstein Memorial Scholarship
Awards Dinner on May 29. Dr. Leslie J. Cohen, Sr. Vice President
of HITCO (far right), National Director for the SAMPE Los Angeles
Chapter, received a Citation from the City of Los Angeles for
his continued outstanding financial support of the scholarship
program, now in its 17th year. George Epstein (holding citation)
was completely surprised when he was called to the stage
to receive a special award, presented by City Council District
Deputy, Joan Pelico, in recognition of his efforts “to make the
City of Los Angeles a better place in which to live.”

BTG Composites Inc.
Over 45 years Advanced Composites
& FRP Composites experience
Expert Witness, Litigation, Insurance
and Patent Review Support:

➢ Composite materials and processing technologies
➢ Advanced composites and FRP composites
➢ Failure investigation and process deficiencies
➢ Pressure vessels, pipe and fittings, tanks

Manufacturing, Processing, Design, Analysis Support:
➢ Consulting and fabrication support services
➢ Plant definition, equipment assessment and plant setup
➢ Filament winding and fiber placement technologies
➢ Resin infusion technologies (RTM, VARTM, RFI, & variations)
➢ Hand lay-up, vacuum bagging and contact molding
➢ Tooling design support and prototyping
➢ CNG, NGV, LPG, SCBA and other pressure vessels
➢ Underground/above ground tanks, pipes, fittings
➢ Infrastructure and sports & recreation products
➢ Damage assessment, protection and failure investigation

Over 325 technical publications, presentations and reports
Training Services:

In-plant courses, tutorials, seminars, workshops,
training manuals, and plant documents

BTG Composites Inc.
Dr. Scott W. Beckwith

4956 S. Jordan Canal Road, Taylorsville, UT 84129
Phone: +1 801-262-8307
Mobile: +1 801-232-5407
www.BTGComposites.com
Email: swbeckwith@aol.com
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Dr. Howard Katzman (at left), Sr. Scientist of The Aerospace
Corp., chairs the Scholarship Awards program for the Los Angeles Chapter of SAMPE. Four seniors from Fairfax High School
received scholarships to attend college to study engineering,
science, or medicine. Two of the students are foreign-born and
faced the challenge of learning English while excelling in their
studies and extracurricular activities. Six other students received
book awards to help pay for their college textbooks.
FRENCH OIL MILL MACHINERY COMPANY has enhanced
their manufacturing capabilities with the purchase and start
up of a new CNC Lathe. The automated, high-powered turning
center features updated programming that creates internal
operating efficiencies in French’s process, allowing them to pass
on reduced part costs to their customers. The lathe’s advanced
technology yields higher quality parts with improved cutting
accuracy and superior part surface finishes. The larger, 80”
machine bed increases the overall size of French’s turning and
manufacturing capability. French Oil Mill Machinery Company
is a family-owned company that custom designs, manufactures
and supports hydraulic presses for molding rubber and composite materials, rubber mixers, screw presses for synthetic
rubber processing and for the separation of liquids from solids,
and oilseed equipment used to extract vegetable oil from seeds
and nuts, and to produce biofuels. For over 113 years, French
has partnered with their stakeholders, in over 80 countries
worldwide, to provide products with superior value and superior
service that improve customers’ productivity and reduce their
overall production costs. French’s 225,000 square foot corporate
office & manufacturing facility is located in Piqua, OH.
For more information, visit: www.frenchoil.com.
GRACO INC., is expanding its multi-lingual website capabilities
at www.graco.com to include significant new functionality for
an additional 10 key languages in its Asia Pacific and Europe,
Middle East and Africa (EMEA) regions. The languages include
Mandarin Chinese, Japanese, Korean, Dutch, German, Italian,
Polish, Russian, Swedish, and Turkish. Spanish, French, and
Portuguese translations for all graco.com content have been
available since 2012. In addition, navigation pages for numerous
additional languages including Arabic, Latvian, and Lithuanian
are now available to help point end-users to Graco’s portfolio
of products.
The new international capabilities include personalization features that tailor viewable web content to the specific interest of
the user. This functionality makes relevant content and product
features much easier to find, while offering a more dynamic
platform with new visuals and global brand consistency. The
personalization features can be disabled by viewers if they do
not want all of the website’s functionality.
ACP COMPOSITES, INC., a leading manufacturer of high quality composite solutions, expands their machining capabilities
with the addition of a second CNC Router to deliver precise,
accurate machined components for the medical, aerospace
and defense industries.
SAMPE Journal, Volume 49, No. 5, September/October 2013

iNdustry news
With a proven record of high-precision, high-quality machining products, ACP selected CR Onsrud to supply them with a
second CNC Router which features a moving Gantry Design
with rack style automatic tool changer. CNC Routers are computer controlled machines for cutting various materials such as
composites, plastics and foams. Tool paths are controlled via
computer numerical control (CNC) and can produce one-off
components just as effectively as repeated identical production.
With the addition of the new 4 axis, 5ft. x 12ft. CNC Router
to ACP’s current 3 axis, 5ft. x 10ft. CNC Router, ACP’s finishing
capacities now allow for increased workloads and shorter lead
times.
ACP Composites has continued to invest in their facilities by
offering advanced equipment options and state of the art
facility features.
For more information, visit: www.acpsales.com
C. A. LITzLER CO., INC. reached a milestone in 2013 celebrating
their 60th anniversary. Litzler is proud to continue as a familyowned and operated business now run by members of the third
generation. Litzler manufactures custom composites machinery
including hot melt & solution prepreg, filmers, and oxidation
ovens. Since 1953, Litzler has seen many developments as the
markets and industries have changed. Through the years, Litzler
has expanded internally and by acquisition. Quickdraft was
purchased in 1978, PSC in 1997, Thermovation Engineering/
Molding & Coating Technologies in 2001, Indacomp in 2005
and Foudy in 2011. Litzler also has expanded with offices in
Shanghai, China. Litzler looks forward to the opportunities and
developments in the years to come.
For more information, visit: www.calitzler.com.
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LOPAREX is pleased to announce the expansion of their Eden,
North Carolina release liner manufacturing site. Loparex has
secured a 50,000 square foot manufacturing space located
directly across the street from the existing 165,000 square
foot facility, which currently houses multiple silicone coaters, a
tandem extrusion line and slitting capabilities. The new facility
will serve as an expanded, specialty slitting and printing hub.
Specifically, the expansion will add manufacturing flexibility and
enhanced service levels to customers that utilize high volume
customized narrow width liners with and without customized
printing.
The new facility will be ISO 9001, ISO 14001 and American
Institute of Baking (AIB) certified.
For more information, visit: www.loparex.com.
THE CENTER OF EXCELLENCE FOR MARINE MANUFACTURING AND TECHNOLOGY at Skagit Valley College & PENINSULA
COLLEGE have collaborated on a pilot project that is focused
on the recycling & lifecycle of composite materials. The two
colleges — in partnership with the UNIVERSITY OF ALABAMA
AT BIRMINGHAM (UAB), Materials Processing & Applications
Development (MPAD) Center — developed a three credit-hour
course that can be replicated statewide. With seed funding provided by the Center of Excellence, the course was first offered
this spring at Peninsula College & included five main objectives.
Dr. Brian Pillay presented an overview seminar on composites recycling at Peninsula College to begin the pilot course. Norm Nelson of
Mervin Manufacturing took on the instructional duties with
continued collaboration with the UAB MPAD Center, providing
lecture materials and lab activities.
For more information, contact: ann.avary@skagit.edu.
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resource Center
Apex Machine Tool Co.

1790 New Britain Avenue
Farmington, CT. 06032
860-677-2884 • 860-678-7629 fax

Mold production for composite part fabrication has played an increasing
important role at Apex since 1986. Today, we specialize in designing and
constructing precision, multi-piece molds for demanding military and commercial aircraft applications---particularly highly detailed, complex parts.
Having a team of professionally seasoned tool designers and toolmakers
intimately familiar with the materials used in composite structures systems makes us a resource of choice to the industry.
Visit our web site at apexmachinetool.com or
call Dave Derynoski at 860-679-7479

West Coast 310-277-0748 • www.ballyribbon.com
E-Mail: LeonBryn@ballyribbon.com

Coast-Line International
Your One Stop Tech Shop
Woven Cloth & Prepreg, Film Adhesives, Sealants, Core
Splice, Potting Compound, Hot Bonders, Vacuum Bag &
Release Film, Breather, Tooling Materials, Connections,
Vacuum Pumps, Infusion Resins, Core Material, Specialty
Tapes, Penetrants, Clean Room Consumables
Stocking Locations in NY, GA, MA with Same Day Shipping
Ph: 631-226-0500 - Fax: 631-226-5190
email@coast-lineintl.com - www.coast-lineintl.com
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www.forcomposites.com
Composites Industry Recruiting & Placement
NEW & REBUILT

Composites Sources
Phone (225) 273-4001, Fax (225) 275-5807
P.O. Box 40086, Baton Rouge, LA 70835
E-mail: contact@forcomposites.com
Reach out to 14,000+ people by advertising in the
SAMPE monthly E-Newsletter.
Primary Sponsor $1000.00 = 2 consecutive issues
Place your company logo, photo, url and up to a 100 word
description of your company and product.
Additional Sponsor $500.00 = 2 consecutive issues
Logo/URL
Contact Patty Hunt
+1 805.657.6571 • sampeads@aol.com

Epoxylite® Hi Temp Epoxy Systems
•

•
•
•
•

Mechanical & Electrical Stability
at Extreme Temperatures
Exceptional Chemical Resistance
Long Pot Life
Short Cure Cycles
Radiation Resistant

The Global Leader in High Quality Electrical Insulation Products

www.elantas.com
314-621-5700

SAMPE Seminar
Composites Overview:
Materials, Manufacturing, Design/Analysis,
Testing/NDT and Applications
September 18-19, 2013
8:30 a.m. - 5:00 p.m.
Charleston, South Carolina
Contact Priscilla Heredia at priscilla@sampe.org or
+1 626.331.0616, ext 610
with any questions or to register.

Visit www.sampe.org
for seminar details!
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®

®

High Performance
Vacuum Bag Sealant Tapes
For All Curing Applications
- Debulking/Compacting
- Envelope Bagging
- Resin Dam
- Pressure Strip
111 S. Nursery Road. Irving, Texas 75060
TEL: 800.878.7876 FAX:972.554.3939
www.Tacky-Tape.com

Your single source for:
• Hot Melt & Solution Based Prepreg Systems
• Carbon Fiber Oxidation Ovens & Handling Equipment
• Automation Control Systems

C. A. Litzler Co., Inc.
4800 W. 160 St., Cleveland, OH USA 44135-2689
Phone: 216.267.8020 • Web Site: www.calitzler.com
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www.marktek-inc.com
13621 Riverway Drive
Suite H
Chesterfield, MO 63017

Office: 314.878.9190
Cell: 314.614.4880
Fax: 314.878.9558
E-Mail: info@marktek-inc.com
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Super high strength
epoxies
• High/low temperature
serviceability
• Chemical
resistance
• Gap filling properties
• Toughness and durability

Hackensack, NJ 07601 USA
+1.201.343.8983 • main@masterbond.com

www.masterbond.com

PTFE Release Agents
for Composites

National Aerospace
Supply Company
Vacuum Bagging Support Materials
Precut Bagging Kits Available
33155 Camino Capistrano Unit C
San Juan Capistrano, CA 92675

PTFE Release Agents provide a superior release for composite molding and fabrication. These products
are designed to give multiple releases between applications. They
have no discernible transfer, no
migration and contain no silicones.
We offer a complete line of EPON™
epoxy resins/curing agents as well
as chillers for composite forming.

800 992-2424 or 203 743-4447
Miller-Stephenson Chemical Company, Inc.
California – Illinois – Connecticut - Canada
e-mail: support@miller-stephenson.com
www.miller-stephenson.com

Phone (949) 240-6353 Fax (949) 248-5655
www.NationalAerospace.com
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MAUS V
®

Automated Inspection System
• Portable C-scan System
• Easy to Use
• Ultrasonic Array
• Eddy Current
• MIA
• Resonance
• Ultrasound

Advertise Now in the SAMPE Journal!
Contact:
MPE
ement of

See us at
SAMPE Tech
2013
Booth #TT11
715.246.0433
sales@ndts.com

ndts.com
WIN!

Go to http://www.ndts.com/survey/winipadmini to register for a
chance to win an iPad mini.
iPad is a registered trademark of Apple Inc.
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Patty Hunt, Advertising Sales
sampeads@aol.com
www.sampe.org

1161 Park View Drive, Suite 200 • Covina, CA 91724-3759
Phone +1.805.657.6571 • Fax +1.805.658.1471

TCR COMPOSITES

219 North 530 West Ogden, UT 84404 USA
Scott T. Lindsay
Director, Marketing & Sales
scott.lindsay@tcrcomposites.com
Susie Hales
Manager, Marketing & Sales
susie.hales@tcrcomposites.com
Amber K. Lefler
Manager, Marketing & Sales/ECO
amber.lefler@tcrcomposites.com
Tel: 1.801.622.3800
Fax: 1.801.622.3809
PREPREG COMPOSITE PRODUCTS WITH ROOM TEMPERATURE STORAGE!
www.tcrcomposites.com
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TMI CLAVEHOZE™ the
original and
industry standard.

Call today
801-265-0111
www.tmi-slc.com

Textile Products, Inc.
Manufacturer of fabrics to:
Aerospace & Commercial applications
Bi-directional, Uni-directional, Hybrids,
Tapes, Metallic Wire, Polar Weaves, Fluted
Core and Preforms

Utilizing Fibers:

Carbon, Quartz,
Ceramics, Aramids, Fiberglass, Etc.

2512 W. Woodland Dr. • Anaheim, CA 92801
Tel: 714-761-0401 • Fax: 714-761-2928
www.textileproducts.com

An ISO 9001:2000 Registered Company

639 Keystone Rd. Greenville, PA 16125
Ph: 724.588.1000 • Fax: 724.588.5396
vectechnology.com • info@vectechnology.com

2013 SAMPE Tech Virtual Career Fair, Online Oct 1st - 31st, 2013
Hosted Online by

Aeroindustryjobs
in conjunction with

SAMPE Tech 2013

Century II Convention Center; Wichita, KS
Oct 21 st - 24 th, 2013

· Online for Job Seekers Oct 1st - 31st, 2013
· SAMPE Exhibitors may submit up to 10 job postings by
no later than September 27th, 2013. Please note instructions
on “Career Events” page on Aeroindustryjobs.com website.
· This event is free of charge for all Job Seekers and current
or past SAMPE Exhibitors.

Visit www.Aeroindustryjobs.com
and click the “Career Events” button for full details.
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iNdividuAl MeMbershiP aPPlicaTion
Society for the Advancement of Material and Process Engineering
APPLICATION INSTRUCTIONS (USA; Canada; Mexico; All Others)

1) Fill out form completely. 2) Submit with payment (uS funds drawn on uS bank). DO NOT SEND cASH. 3) call SAmpE membership at +1 626.331.0616 x 632 with questions about this
application. 4) Return completed application and payment to SAmpE®, 1161 park View Drive, Suite 200, covina, cA 91724-3759 or Fax to SAmpE® +1 626.332.8929. (Your membership
is an individual membership and is not transferable).

APPLICATION INSTRUCTIONS (Europe)
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 PROfESSIONAL - An engineer or scientist (bachelor level degree) with 2 years experience on a professional level, or a person who
has 5 or more years technical experience on a professional level, or a person who is a registered engineer or scientist under state law.
 ASSOCIATE - A person engaged in technical efforts.
 STUDENT - A registered student working toward a degree in a materials and processes related field, including all engineering
and science disciplines. (You will be listed as “Student” on all SAmpE related materials, no company affiliations will be accepted.)
Your name and contact information will appear in print in the Annual SAMPE Membership Directory, published in the fall.

PROf/ASSOC MEMbERS ONLy Age Group:  18-24
 25-34
 35-44
 45-54
 55-64
 65+
Highest educational degree  None  Associate  Bachelor  master  Doctorate Year conferred_____________________________________________
With which chapter do you desire affiliation?_________________________________Other professional Association memberships_________________________________
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 65+
Degree being sought  Associate  Bachelor  master  Doctorate
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With which chapter do you desire affiliation?___________________________________Other professional Association memberships________________________________
hOW DID yOU hEAR AbOUT SAMPE?  I am a former SAmpE member.  At a conference. Which one?_____________________________________
 Received SAmpE literature in the mail.  In a publication. Which one?______________________________________________________________________________
Recommended by_____________________________________________________________chapter________________________________________________________
DUES SChEDULE: ChECk ONLy ONE.
professional/Associate member
uSA member Renewal. . . . . . . .$102
uSA New member . . . . . . . .$122
canada &mexico.. . . . . . . . . . . . .$99
Europe. . . . . . . . . . . . . . . . . .80
Japan. . . . . . . . . . . . . . . . . . . . . $100
Affiliates (Shanghai & India). . . .$113
All Others . . . . . . . . . . . . . . $113

METhOD Of PAyMENT:

 check/money Order

 VISA

Student members
uSA . . . . . . . . . . . . . . . . . . . . . . . $20
Europe. . . . . . . . . . . . . . . . . . . . .20
Affiliates (Shanghai & India). . . $113

 mastercard

 American Express

canada and mexico. . . . . . . .$26
Japan. . . . . . . . . . . . . . . . . . . . . $40
All Others . . . . . . . . . . . . . . . $50

 Discover

card Number_____________________________________________Security code_____________Exp. Date_________________Total Amount Due $_________________________
cardholder_____________________________________________________Signature______________________________________________________________________
Address______________________________________________________________________________________*When paying by credit card, billing address must match address of card holder
PLEASE SIgN:
The undersigned certifies that all statements made herein are accurate and agrees to be governed by the Bylaws of the Society and the Bylaws of the chapter.
Date____________________________________Signature____________________________________________________________________________________________

SAmpE is a non-profit organization. Register online at www.sampe.org
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sAMPe Books & cD’s orDer ForM
SAMPE US SPRINg PROCEEDINgS
•Vol. 58 (2013/Long Beach) - On-Line Only

Member
$120

Non-Member
$145

Quantity
________

Cost
________

•Vol. 57 (2012/Baltimore) - cD

120

145

________

________

•Vol. 56 (2011/Long Beach) - cD

99

120

________

________

•Vol. 55 (2010/Seattle) - cD

50

70

________

________

•Vol. 54 (2009/Baltimore) - cD

50

70

________

________

•Vol. 53 (2008/Long Beach) - cD

50

70

________

________

•Vol. 51 (2006/Long Beach) - cD

50

70

________

________

SAMPE US FALL PROCEEDINgS
•Vol. 44 (2012/charleston) - cD

$100

$120

________

________

•Vol. 43 (2011/Fort Worth) - cD

75

105

________

________

•Vol. 42 (2010/Salt Lake city) - cD

40

60

________

________

•Vol. 41 (2009/Wichita) - cD

40

60

________

________

•Vol. 40 (2008/memphis) - cD

40

60

________

________

•Vol. 39 (2007/cincinnati) - cD

40

60

________

________

•Vol. 38 (2006/Dallas) - cD

40

60

________

________

OThER PUbLICATIONS
International Encyclopedia of composites (2nd Edition) (2000) cD

25

35

________

________

Resin Transfer molding: SAmpE monograph No. 3 (1999)

10

10

composite pro-Design/Analysis Software for composites Rev. 2010

590

790

________

________

WE’VE________
MOVED! ________
Total Quantity books Ordered_______________
Order Subtotal $_________________

California Delivery Add 9.00% Sales Tax

$_________________

Shipping & handling

$_________________

Total Payment Enclosed

$_________________

All orders are shipped uS mail or upS Ground (No pO Box shipments).
Rates: Continental US: $8 first item, $1 each additional item. Canada: $9 first item, $2 each additional item.
Airmail Overseas Rate: $15 first item, $5 each additional item. (7 to 10 days) Special Delivery call +1 626.331.0616 x 602. make checks payable to SAmpE.
Please print or type clearly
method of payment

 check Enclosed

 Visa

 mastercard

 American Express

 Discover

card Number______________________________Expiration Date__________________Signature___________________________________________________
Name________________________________________________________________________  member No.___________________________ Non-member
company/Organization________________________________________________________Title____________________________________________________
Street Address/Dept/Div/mS____________________________________________________________________________________________________________
city__________________________________State______________Zip____________________________country______________________________________
phone______________________________Fax___________________________E-mail____________________________________________________________
Send to: SAMPE® • 1161 Park View Drive, Suite 200 • Covina, CA 91724-3759 • Fax +1 626.332.8929
Phone +1 626.331.0616 • www.sampe.org • sampe@sampe.org
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iNdustry eveNts calenDer 2013 - 2014
SEPTEMBER 2013
10-12, SAMPE Europe Fall Conference SETEC 13, Wuppertal, Germany; Web Site:
www.sampe-europe.org; E-mail: sebo@sampe-europe.org

11-13, 13th Japan International SAMPE Symposium & Exhibition (JISSE-13), Symposium, WINC Aichi Conference Hall, Nagoya, Japan. Web Site:http://www.winc-aichi.jp;
Email: jisse13@sampe.nuae.nagoya-u.ac.jp

18-19, SAMPE Seminar, Composites Overview: Materials, Manufacturing, Design/
Analysis, Testing/NDT and Applications 2-Day Seminar, Embassy Suites Hotel, Charleston, SC. E-mail: Priscilla@sampe.org; Web Site: www.sampe.org

15-21, ASME International Mechanical Engineering Congress and Exposition, Manchester Grand Hyatt, San Diego, CA. Web Site: www.asmeconferences.org/congress2013

SEPTEMBER-OCTOBER 2013
Sept 29-Oct 1, TRFA (Thermoset Resin Formulators Association) 2013 Conference,
Hyatt Regency Newport, Newport, RI. E-mail: info@trfa.org; Web Site: www.trfa.org
OCTOBER 2013
2-3, High Performance Composites for Aircraft Interiors, Washington State Convention Center, Seattle, WA. Web Site: www.composites-world.com; Email: scott@compositesworld.com

20-21, SAMPE Seminar, Manufacturing Composite Structures: Aerospace, Commercial
and Industrial Markets, Sheraton Anaheim Park Hotel, Anaheim, CA. E-mail: Priscilla@
sampe.org; Web Site: www.sampe.org
DECEMBER 2013
9-12, Carbon Fiber 2013, Crowne Plaza Knoxville, Knoxville, TN. Web Site: http://short.
compositesworld.com/cf2031; Email: scott@compositesworld.com

2-4, JEC Americas Composites Show and Conferences, Boston, MA: Web Site: www.
jeccomposites.com

MARCH 2014
10-11, SAMPE Europe International Technical Conference (SEICO 14), Paris, France.
Web Site: www.sampe-europe.org; Email: sebo@sampe-europe.org

21-24, SAMPE Tech 2013, Century II Convention Center, Wichita, KS. E-mail: priscilla@sampe.org; Web Site: www.sampe.org

11-13, JEC Europe Composites 2014, Paris Convention Center, Paris, France. Web Site:
www.jeccomposites.com

29-31, SAMPE China 2013, Shanghai Everbright Convention & Exhibition Center,
Shanghai, China; Web Site: www.sampe.org.cn
NOVEMBER 2013
4-8, ASNT Fall Conference and Quality Testing Show, Rio Hotel, Las Vegas, NV; Web
Site: www.asnt.org
5-7, AIRTEC International Aerospace Supply Fair, “Supply on the Wings”, Exhibition Center
Frankfurt/Main, Germany. E-mail:.volker.schulze@demat.com; Web Site: www.airtec.aero
5-7, Composite Pressure Vessel Symposium 2013, Radisson Blu Hotel, Hasselt, Belgium.
Web Site: www.cpvsymposium.com
6-8, 13th Japan International SAMPE Symposium & Exhibition (JISSE-13), Exhibition,
Tokyo Big Sight, Tokyo, Japan. Web Site: www.bigsight.jp/english/index.html

APRIL 2014
7-9, Composites Australia/CRC-ACS Conference, 2014 Composites: From Recreation to
Heavy Industry, Newcastle, Australia. Web Site: www.compositesconference.com
JUNE 2014
2-5, SAMPE Tech 2014,Washington State Convention Center, Seattle, WA. Email: Priscilla@sampe.org; Web Site: www.sampe.org
OCTOBER 2014
13-16, CAMX, The Composites and Advanced Materials Expo, Produced by ACMA and
SAMPE, Orange County Convention Center, Orlando, FL. Email: Priscilla@sampe.org;
Web Site: www.sampe.org

chAPter MeetiNG cAleNdAr DaTes & conTacTs
AustrAliA
No set schedule
Dr. rik Heslehurst +61 (0) 2 6268 8265 • r-heslehurst@adfa.edu.au

NOrtHErN CAliFOrNiA
Meets 3rd Wednesday of the Month
Carroll Bergdahl +1 408.446.4680 • cbergdahl@aol.com http:/norcalsampe.org/

BAltiMOrE/WAsHiNGtON
Meets 2nd Wednesday of the Month
Allan Goldberg +1 301.340.7467 • thatvideoguy@verizon.net

NOrtHErN OHiO
Meets 2nd tuesday of the Month-Bi-monthly
Brent k. larson +1 330.676.7138 • Blarson@schneller.com
Doris zimmerman +1 330.847.2284 • zimdoris@aol.com

BEijiNG
jason Cui +86 10 66095269 • jason.cui@sampe.org.cn

No set schedule

BOstON
Meets 3 thursday of the Month
Bob singler +1 978.470.6647 • robert_e_singler@raytheon.com • www.bostonsampe.org
rd

BrAzil
No set schedule
rodrigo Cesar Berardine +55 11 5070 3862 • rberardine@tohotenax-us.com
CArOliNAs
Meets 3rd tuesday of the Month
jason Galek +1.704.609.4294 •jgalek@sl-laser.com • http://sampecarolinas.org/
DAllAs/FOrt WOrtH
Nader F. sahawneh • farhan39@aol.com

Meets 2nd tuesday of the Month

OrANGE COuNtY
Meets 3rd Wednesday of the Month
Darrell reed +1 714.630.3003, ext. 211 • darrell.reed@exova.com
joyce lentz +1 949.240.6353 • joyce@nationalaerospace.com • www.ocsampe.
com
rOCkY MOuNtAiN
No set schedule
Dewayne Howell +1 303.973.3032 • dhowell@compositepro.com
sAN DiEGO
Meets 3rd or 4th thursday of the Month
ralph Carson +1 619.264.0823 • ralphcarson@msn.com • www.znet.
com/~sdsampe/sampe.htm

EurOPE
Paolo Ermanni +41 44 613 63 06 • permanni@ethz.ch

No set schedule

sEAttlE
Meets 4th tuesday of the Month
Chris C. M. Eastland +1 425.717.3650 • christopher.c.eastland@boeing.com

FrANCE
Fabrice landis +33 2 54 71 13 24 • f.landis@daher.com

No set schedule

sHANGHAi
Yichu Yin +86 21 64010813 • yinich@sh163.net

No set schedule

GErMANY
No set schedule
Alois schlarb +49 631 205 5116 • alois.schlarb@mv.uni-kl.de

siErrA
Meets 3rd Friday of the Month-Bi-monthly
Parky May +1 775.323.7542 • parky@bergdahl.com
Dr. linda Clements +1 775.246.0505 • lclements@nevadacomposites.com

GrEAt lAkEs
No set schedule
Michael t. Wilson +1 586.707.2904 • sampeglchapter@gmail.com

sOutH tEXAs
rick Perkins +1 512.426.5728 • rperkins@chemlogic.us

No set schedule

jAPAN
No set schedule
Yoshiaki someya +81 90 4200 9106 • yoshi.someya@gmail.com

sWiss
Gregor Peikert +41 58 934 65 80 • gregor.peikert@zhaw.ch

No set schedule

lOs ANGElEs
Meets 4th tuesday of the Month
W.t. Chen +1 310.364.8513 • wen-teh.chen@boeing.com

tAiWAN
No set schedule
Ching-long Ong +88 604 311-8003, ext. 18 • ongcl@tcts.seed.net.tw

MiDWEst
No set schedule
jennifer Chase Fielding +1 937.255.3068 • jennifer.Fielding@wpafb.af.mil
kristin Cable +1 937.320.1877 • cablekm@crgrp.net

uk
No set schedule
Prof. Andrew long +44 115 951 3779 • Andrew.long@nottingham.ac.uk

NEW jErsEY
Meets 1st thursday of the Month
john Osterndorf +1 973.248.5885 • sampejohn@yahoo.com • www.njsampe.org
NEW MEXiCO
Meets 3rd thursday of the Month
Matt W. Donnelly +1 505.845.9746 • mwdonne@sandia.gov
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utAH
Meets 3rd Wednesday of the Month
lenn riddle +1 801.251.8037 • lenn.riddle@atk.com
WiCHitA
Meets 4th tuesday of the Month
Cleo Neal +1 316.644.4855 • cneal@parkelectro.com
Additional information on chapters can be found at www.sampe.org or
+1 626.331.0616, ext. 632.
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World leaders in out-of-autoclave processing

PtFS
TAKE A NEW DIRECTION
Surface Generation’s ‘Production to Functional Specifications’ (PtFS) process
provides significantly greater regional control than traditional autoclave and
oven curing. It also out-performs other methods across a range of temperature,
cycle time and energy consumption metrics.

Reduce cycle times by 95%
Reduce energy consumption by 95%
Increase yields

www.surface-generation.com
t +44 870 013 1235 (EUROPE)

t +1 972 699 9976 (USA)

t +886 4 226 27258 (TAIWAN)

