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ÅRisks (Pitfalls) of achieving global success
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Evolution of Materials and Applications

Wood

Metals

Plastics

Glass Fiber

Composites

Carbon Fiber

Composites

Stone & 

Concrete
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Thomas

Edison

Use of Carbon Fibers

Rayon:

First Precursors

PAN & Pitch:

Precursors

http://en.wikipedia.org/wiki/File:Wood_from_victoria_mountain_ash.jpg
http://en.wikipedia.org/wiki/File:Colosseum_in_Rome,_Italy_-_April_2007.jpg
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole

9/23/2009

About 22 lbs

of PAN 

precursor

is required to 

produce 

9.9 lbs of 

carbon fiber

ÅCarbon Fiber 

Reinforced  Polymer / 

Plastics (CFRP) is 

produced following the 

conversion of PAN into 

carbon fiber & 

addition of Resin 

Matrices

ÅMajor costs in the 

manufacturing of 

CFRP are the 

precursor and energy 

consumed in the 

stabilization and 

carbonization of the 

fibers
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Å Precursor required to produce Carbon Fiber (sold in the market in the 

form of a tow/yarn to make composite materials:  Small Tow & Large Tow

Å Precursors (such as PAN/PAN Pitch/Rayon) & Resin Matrices

ð Prepregs / Composite Materials
Å Fabrics

Å Unidirectional (Unitape)

Å BMI

ð Manufacturing Processes
Å Direct Conversion

ð Pultrusion

ð Filament Winding

ð Carbon Carbon Composites (CCCs)

Å Intermediate Processes 
ð Textiles (Bi -directional, Unidirectional, 3D, Braiding,                                                                    

and Multiaxial)

ð Prepregs

ð Moulding compounds

Å Moulding Technologies
ð Wet Hand lay -up

ð Vacuum bagging

ð Resin Transfer Moulding (RTM)

ð Resin Film Infusion (RFI)

ð Autoclave

ð Compression 

ð Injection

ð Thermoforming

ð Mandrel wrapping

Manufactured

Composites 

supporting 

Aerospace & 

Defense, Space,   

Industrial and 

Sports & Leisure
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Market Definition

Aerospace & Defense Industrial Sports & Leisure

ÅCivil Aircraft

ĭLarge Passenger Aircraft

ĭBusiness Jets

ĭGeneral Aviation Sector

ĭCommercial Freight Aircraft

ÅMilitary Aircraft

ÅHelicopters

ÅUnmanned Air Vehicles (UAVs)

ÅSpace Systems (Including 

Launch Vehicles and Satellites)

ÅMissiles

ÅJet Engines

ÅMarine

ÅDefense Vehicles & Armor

ÅAutomotive

ĭBrakes

ĭFrames, hoods, fenders

ĭDrive Shafts

ĭBody Panels & Seat Backs

ÅCivil Engineering

ĭConcrete/cement Reinforcement

ĭRetrofitting of Bridges/tunnels

ĭNew building construction

ĭCables

ÅOffshore Oil & Gas

ĭDrill risers

ĭProduction risers

ĭChoke & kill lines

ĭAuxiliary lines

ĭTendons / Tethers

ÅPressure Vessels (Bulk Storage, 

Hydrogen)

ÅWind Energy

ÅOther Industrial (Medical, Centrifuges)

ÅGolf Equipment

ÅRacquets

ÅSki Poles and Snow 

Boards

ÅFishing Rods

ÅBicycles

ÅMarine

ĭAmericaõs Cup

ĭHyper Yachts

ĭSpars and Masts

ĭGuritõsC-Boat 

Yacht

Source:  CompositesWorld, 9/22/2009

Volkswagen L1

http://www.compositesworld.com/uploadedimages/Publications/CW/News/VW-L1-Concept-006_web.jpg
http://users.skynet.be/michaelssite/Aviation/A380.jpg
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Projected  Worldwide Annual Demand for Global Carbon Fiber By Major Markets

Tons,

Thousands

Source:  The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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737 747 A300 A320 A330 777 A380 787 A350 XWB

Other

Composites

Titanium

Steel

Aluminum

Usage of Materials in Civil Aircraft Structures, by Major Aircraft Type, 2008

Source:  The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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Economics:  GNP & Recessions
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$s in Trillions

Projected

Worldõs Airlines projected

to loose $11B in 2009 and

$4B in 2010
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Economics:  GNP & Recessions
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 Period  Trough  
Recession of 1960 -1 April 1960 ðFeb 

1961  

10 Months  

Recession of 1969 -70  Dec 1969 ðNov 1970  11 Months  

Recession of 1973 oil 
crisis  &  1973 ð1974 

stock market crash   

Nov. 1973 ð March 
1975  

16 Months  

1980 recession  Jan -July 1980  6 Months  

Early 1980s recession  July 1981 ðNov 
1982  

16 months  

Early 1990s recession  July 1990 ðMarch 

1991  

8 months  

Early 2000s recession  Mar ðNov 2001  8 months  

Late 2000s recession  Dec 2007 ðTBD  Undertermined  
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Economics:  U.S. Total National Defense   

for Fiscal Years 1980 - 2009
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Source:  Aerospace Facts and Figures 2008

By Aerospace Industry Association (AIA)

$s in Billions
Federal Outlays for Defense, NASA, and 

Aerospace Products & Services in

Fiscal Years 
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Economics:  U.S. Total Civil and Military 

Aircraft Shipments for Years 1983 - 2007
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Source:  Aerospace Facts and Figures 2008

By Aerospace Industry Association (AIA)

Total 

Aircraft 

Shipped 

Civil Shipments includes all Transports, Helicopters, and General Aviation both Domestic & Export.

Military Aircraft Shipments include U.S. Military Agencies and Exports
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole

Å The global carbon fiber industry experienced dynamic growth from 2003 ð2007.  

Production could not keep pace with market demand which led to higher prices.  The 

Carbon Fiber industry responded with major investments in new plants to meet projected 

market requirements. 

Å Market growth from 2008 to 2009 to date have slowed from previous years, and key 

market expectations from Aerospace & Defense sectors have not provided the projected 

growth required for increasing industrial capacity and significant cash outlays.  Excess 

supply and pressure of falling prices and delays of bringing on new plants are ongoing 

challenges within the industry.

Å Market growth is expected to recover in 2010 to 2011 time periods for increasing usage 

of carbon fiber composites and its applications:

ð Commercial Aviation

Å Civil 

Å Regional

Å Business Jets

Å General:  Personal/Individual

ð Military Aviation: Cargo, Surveillance, UAVs, Tactical Fighters, Strategic Bombers (B -

52, B1B and B2)

ð Space:  Commercial Launches / Government (NASA) development of Aries I through V

ð Civil Infrastructure, Sports & Leisure, and Automobile

9/23/2009 13



Growth Strategies. Change Management .

Å Demand for Bi -directional fabrics continues to grow well 

into the next decade

ð Industrial sector applications are strong for wind energy, 

marine and automotive applications

ð Aerospace growth continues to grow due to existing commercial 

aviation platforms such as the Boeing 777 / 757 and the Airbus 

A340 / A330, which depends mainly on fabrics

Å Next generation of Commercial Aviation platforms such as 

the Boeing 787, Airbus A380 and the yet -to -be-built Airbus 

A350 XWB will use mainly unidirectional prepreg tape

ð Hand Lay -up

ð ATL

ð AFP

9/23/2009

Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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ÅMajor expansion programs between 2007 -2013 for PAN -Based and Pitch -Based 

Carbon Fiber (small and large tow) manufacturers have been delayed due to the 

recession and lack of major schedule achievements of B 787, A380, A350 XWB, 

F-35 (JSF), along with stagnant growth in the Space markets.  

ĭGrowth in demand from 2003 ð2005 grew at a rate of about 15% - 20%

ÅMajor Manufacturers of Carbon Fiber

ĭPan small tow producers

ÅToray Industries Inc.

ÅToho Tenax Co. Ltd

ÅMitsubishi Rayon Co. Ltd.

ÅHexcel Corp.

ÅFormosa Plastics Corp.

ÅCytec Engineered Materials Inc.

ĭPAN large tow producers

ÅSGL Group, The Carbon Co.

ÅZoltek Companies Inc.

ĭPitch carbon fiber producers

ÅMitsubishi Chemical Corp

ÅNippon Graphite Fiber Corp.

ÅCytec Engineered Materials Inc.
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Estimated Annual Capacity in 2010

Of Global Carbon Fiber Production

Tons,

Thousands

Source:  CompositesWorld 

and compiled by HPC in 12/2008
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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PAN & PITCH based Carbon Fiber Manufacturing Costs (nominal)
Industrial Process Furnaces and Ovens
ÅConceptronic Inc.

ÅChromalox Inc.

ÅSpringfield Wire Inc.

ÅHarper International

ÅEtc. 

According to the U. S. Census Bureau, this industry had 351 

firms employing 14,716 employees with a payroll of more than 

$586 million in 2001. The majority of these establishments 

employed fewer than 100 employees. The Annual Survey of 

Manufactures reported that more than 9,000 workers in this 

industry were in production; 2000 total shipments were valued 

at $4.8B but in 2001 total shipments were valued at $2.2B.
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Source:  The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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-

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 

35.0 

Unidrectional 
prepreg

Textiles Filament 
winding

Pultrusion Compounding

2007 2014

Tons,

Thousands

Carbon Carbon Composites (CCCs)

Projected Fiber Usage in Conversion/Processing, 2007 -2014

ÅMajor growth drivers in  

unidirectional prepreg are:

ĭ Aerospace & Defense

ĭWind Energy

Tons,

Thousands

Tons,

Thousands

ÅLarge tow fibers (40 k to 320 k) are ideal for 

pultrusion.  These fibers offer cost savings and 

a competitive advantage for pultruded parts:  

sporting goods and industrial components

ÅEmerging applications are in wind energy, 

offshore cables and umbilicals for oil well 

exploration, electrical transmission cables 

tendons & tethers, and civil 

engineering/infrastructure

Source:  The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Projected Annual Capacity and Output

Of Small Tow PAN -based Global Carbon Fiber

Tons,

Thousands

Source:  The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Projected Annual Output Of Small and Large Tow PAN -based Global Carbon Fiber

Tons,

Thousands

Source:  The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Leading Companies Active in the Weaving Sector, by Region
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Major Manufacturers of Multiaxial and 3D Fabrics by Region
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Tons,

Thousands

Carbon Fiber Demand for Carbon Fabrics, 2007 - 2014

Geographic Breakdown of Carbon 

Fiber Fabric Demand in 2008

Source: The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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ÅAs stated above, a carbon fiber prepreg consists of a 

combination of a matrix (or resin) and carbon fiber 

reinforcements, forming a òready to useó component 

in composite manufacturing.

ÅPrepreg usually comes in two forms:

ĭUnidirectional (UD) form (all the carbon fiber 

rovings in one direction)

ĭFabric form (several directions of reinforcement)
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Major Manufacturers of Prepregs by Region

1) Epoxy prepregs

2) Thermoplastics prepregs

ÅCarbon Fiber demand 

in the civil aviation 

sector is projected to 

grow significantly 

from 2010 through 

2014.

ÅUnidirectional prepreg 

will account for 50% -

55% of this market 

through 2009, and 

increasing to 65% -

75% by 2014.

ÅBoeing and Airbus are 

the major drivers in 

the increasing demand 

of  unidirectional 

prepreg and in future 

designs.
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Carbon Fiber Overview and Advanced 

Composites Structures as a whole
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Tons,

Thousands

Source: The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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Key Applications of the Manufacturing 

Processes As Applied to Moulding Technologies
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ÅCommercial Aviation ($3.2 trillion Market 

through 2026)

ĭCivil

ĭRegional

ĭBusiness Jets

ĭPersonal/Individual

ÅDefense

ĭF-35 (JSF)

ĭUAVs

ÅSpace

ĭAries I through V Development
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Aerospace & Defense Markets 

28

Source:  The Boeing Company

Firm Backlog at Boeing and Airbus will Allow Both to Operate at 

Peak Production Levels for Next  5+ Years

Long -term Demand for New Commercial Airplanes Remains Strong
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Aerospace & Defense Markets
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Source:  The Boeing Company

Comparison of  Twin -aisle Airplane Offerings 

to Meet Projected Market Requirements
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Aerospace & Defense Markets
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Source:  The Boeing Company
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Aerospace & Defense Markets
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Source:  The Boeing Company
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Aerospace & Defense Markets
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Demand by Size & Projected Sales Values 2009 -2028

29,000

Source:  The Boeing Company

$3.2T

ÅKey Assumptions

ĭ World GDP Growth rate 3.1%

ĭ Passengers Traffic Growth rate 4.1%

ĭ Cargo Growth Rate 5.4%

ĭ Fleet Growth Rate 3.2%
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Aerostructure Composites:  Major 

Elements of Growth Strategies

33

Å Acquire capabilities / competences to close the gap.

ĭDesign Engineering: Tooling, manufacturing processes, qualification techniques, and 
Level III NDT Inspection Criteria & State of the Art NDT Equipment

ĭClean Room Expansion and Qualification

ĭRefrigeration Storage Capacity of Prepregs (Maintaining shelf life)

ĭAutomated Tape Laying (ATL): Cincinnati Machine, M.Torres

ĭAutomated Fiber Placement (AFP) ): Cincinnati Machine, Torres, Ingersoll -Rand

ĭAutomated Noodle/Deltoid Machines

ĭUpgrading of Production Facilities to accommodate equipment, clean rooms, tooling 
storage, and prepregs refrigerated materials storage 

ĭAutomated Gerber Ply Cutters & Virtek Laser Ply Locators with projectors

ĭWater Jet Cutter Equipment

ĭLarge Autoclave capability along with Out -of -the -Autoclave (OOA) capability with 
Ovens

ĭPainting and Trim & Drill (Bertsche & 5 Axis SNK Machines) Centers of Excellence

ĭFactory Upgrades to maximize Lean Manufacturing Flows within factory

Å Strategic Agreements/Qualification Sponsorships with Commercial Tier I 
suppliers supporting Boeing, Airbus, and Regional Jet Manufacturers to 
secure Long -Term òProduction Carve outó Contracts.

Å Balance growth via production opportunities with key Prime Contractors 
within the DoD and Space markets.
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Strategic Identification of 

Markets and Product Lines

Commercial/General

Aviation
Space

Domestic/Foreign

Military
Domestic/Foreign

Best in the class Tier I/II/III Aerostructures fully automated  supplier 

for commercial & general aviation, military and space applications

Current 

Pursuits

Commercial 

Aviation 

Programs

Key 

Products

Tail Cones 

& 

Fuselages

Controlled 

Surfaces

Complex 

IML/OML
Pressurized

Bulkheads 

General 

Aviation

Programs

Current

Pursuits

Current 

Pursuits

Domestic

Programs

Foreign

Programs

Pursuits

Pursuits

Current 

Pursuits

M
a

rk
e

ts
 &

Q
u

a
lific

a
tio

n
 R

e
q

u
ire

m
e

n
ts

Domestic

Programs

Foreign

Programs

Services

Current 

Pursuits

Core Competencies/Intellectual Property/Infrastructure/Human Capital
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Aerospace & Defense Markets

35

Volume

rate
Automated Tape Laying

(ATL)
15kg/h

4kg/h

1kg/h

ATL constrained by a high degree

of double-curvature

10kg/h

Automated Fiber Placement 

(AFP)

Hand Lay-up

5kg/h

2kg/h

3kg/h

8kg/h

AFP constrained by

sub-component size

constrained by

mould size0.5kg/h

1.6kg/h

5.5kg/h

4.7kg/h

2kg/h

Low Medium High Very High

Complexity of Mould Geometry and Lay-up

AFP

Large Autoclaves

30ô X 60ô or 20ô X 50ôWater Jet Cutter

Automated Noodle 

Machines
5 Axis SNK

ATL

Automate, or Immigrate, or Evaporate

Source: The Boeing Company
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Aerospace & Defense Markets

Automated Fiber Placement (AFP)

Automated Tape Laying (ATL)

Unidirectional Prepreg Tape In growing Use via Automation Manufacturing 

ÅB 787 Fuselage Sections, Tail Cone

ÅV22 Sponsons

ÅV22 Aft Fuselage

ÅV22 Side Skins

ÅF35 Wing Skins

ÅF35 Inlet Duct Systems

ÅUAV Wing Skins

Åetc

ÅB 787 Floor and Cargo Beams

ÅB 787 Controlled Surfaces:  VTP, Wing Surfaces

ÅPressurized Bulkheads and Door Skins

ÅA380 VTP and HTP Ribs

ÅA350 Wing & Fuselage Skins

ÅA400 Wing Spars

ÅI -Beams and Floor Beams

ÅLaunch Rails

Åetc

One of the most versatile and sophisticated 

machinery de -signs ever created by any industry, 

VIPERs enable independent control over feed, 

clamp, cut and start for up to 32 individual tows 

or slit tape. This allows automated "on -the -fly" 

adjustment of fiber band width, controlled 

bending of fiber layout around changing contours, 

and precise configuration of openings (doors, 

hatches, etc.). The multi -strand control allows 

wrinkle -free, near -net shape lay -up of enclosed 

and deeply contoured structures and 

concave/convex surfaces, enabling precision 

production of fuselage sections, panels, cowls, 

ducts, and nozzle cones for commercial, military 

and space vehicles.

ATL perform automated lay -up with wider 

graphite/epoxy tape material. A fifth -

generation head delivers the market's 

highest productivity and consistency. 

Separate ATL models are available for 

automated lay -up of contoured (up to 25 °) 

and flat shapes, and long, narrow 

structural parts.

9/23/2009 36
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Aerospace & Defense Markets
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http://upload.wikimedia.org/wikipedia/commons/2/2b/787fuselage.jpg
http://upload.wikimedia.org/wikipedia/commons/4/4d/Boeing_787_Section_41_final_assembly.jpg
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Aerospace & Defense Markets

A380 Composites
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Aerospace & Defense Markets

2007 2008 2009 2010 2011 2012 2013 2014

787 

Build 

Rate

5 5 5 30 50 70 90 120

Carbon

Fiber

(Tons)

149 149 149 893 1,488 2,083 2,680 3,575

A380 

Build 

Rate

5 12 14 20 25 30 35 40

Carbon

Fiber

(Tons)

130 305 355 510 635 762 888 1,015

Source: The Carbon Fibre Industry

Worldwide 2008 -2014 by

Tony Roberts
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B 777

B 777 Design Changes

To make use of more 

Composites, B 777 Light?  

Composite 

Floor Beams

Composite 

Stringers

Composite 

Wing -to -body

Fairings

Aerospace & Defense Markets
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Aerospace & Defense Markets
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Global Hawk

Reaper (Predator B)

2,400 U.S. Buy

1,600 Europe

BAMS

UCAS-D

USS Stiletto, 

Entirely from CFRP


