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A HITCO Carbon Composites, Chief Operating Officer & Executive
Vice President; 4 2 Years

A The Boeing Company, Senior Business Manager, 32 years
Military Service
A Colonel, U.S. Army Retired
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Presentation Theme

GROWTH MANAGEMENT & CONSTRUCTIVE

A Major new program start -ups have accelerated the
development and usage of aerostructure produced parts via
carbon fiber reinforced plastics (CFRP) solutions

A International and national program management models are
evolving with increased complexities

A Transactional costs and new production processes driven by
technology have significantly impacted program execution
and operating profitability

A400

F-35

Zumwalt Class Destroyer and Littoral Combat Ship
Constellation Space Transportation System
Boeing 787

A Tier 11 Suppliersd manufacturing

A DoD, NASA, and Commercial new programs remain in an
Engineering Manufacturing Development (EMD) state
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A Technology and Marketing Base
d Overview Challenge from the Past to Present
d Transaction Costs Driven Supply
d Production Processes Driven by Technology
d DoD vs Commercial Models

A Market Assessments & Products

A Business Trends and Challenges

A Major Business and Economic Drivers
A Risks and Summary

A Sources
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f Overview

Commercial Model

A In the 1943 movie version of the Titanic directed by Werner
KI'ingler, It opens with Mr. J. Br uc
Managing Director, addressing the stockholders.

A Ismay states: | called this meeting of the White Star Line to
inform you of the following: (1) We have built the Titanic,
the largest ship in the world, (2) There have been
unforeseen incidents and unexpected difficulties, (3)
Construction costs have escalated month after month, (4)
We were forced to stretch our finan
what 06s more, take out substanti al I
share price I s plummetingéitds out

A The rest is history.
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Overview

GROWTH MANAGEMENT & CONSTRUCTIVE

DoD Model

A In the 1957 movie of The Bridge On the River Kwai directed
by David Lean, the commanding officer (Alex Guinness), is
addressing his key staff officers.

0 How would you get it underway?

0 Woul dndt build it hereé[l ocation is everyth

0 How would you use the men?

0 Current operations
t

i s chaoséuncoordinated a

[
teamwor késome of he parties are actively v
0 We have a problem on handéWe now are in con
0 We have to restore order and disciplineéWe
organi zationénot going to be easy.
0 We have the o0Bridged to rebuild and restore

A The rest is history.
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Carbon Fiber Overview and Advanced

p—— Composites Structures as a whole

Evolution of Materials and Applications _
1700-2009 Use of Carbon Fibers PAN & Pitch: Carbon Fiber

Precursors Composites
l, Glass Fiber .
" - —— Composites
1200 - % 1800 1850 1900 1950 2000
Thomas Rayon: .
Edison First Precursors Plastics
Stone &

Concrete

~a— Commodity metals

Advanced Matzerial&—»ﬂ.:"f

Value of Shipments

T 2l
1970 1990 2010 1970 1990 2010

Source: Teal Group
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Carbon Fiber Overview and Advanced

Composites Structures as a whole

GROWTH MANAGEMENT & CONSTRUCTIVE

3/15/2010

Thermoforming

Mandrel wrapping

— A Precursor required to produce Carbon Fiber (sold in the market in the
Approx 22 lbs form of a tow/yarn to make composite materials: Small Tow & Large Tow
of PAN A Precursors (such as PAN/PAN Pitch/Rayon) & Resin Matrices
!Osr‘:‘gglrjgd o 7 d Prepregs / Composite Materials
A Fabrics
produce A Unidirectional (Unitape )
9.9 Ibs of _ A BMI ( Pe) Acarbon Fiber
carbon fiber 5 Manufacturing Processes Reinforced Polymer /
A Direct C 9 . Plastics (CFRP) is
Irect --onversion produced following the
0 Pultrusion . .
&  Filament Winding conversion of PAN into
d Carbon Carbon Composites (CCCs) Cart_)c_’n fiber & _
A Intermediate Processes addition of Resin
0 Textiles (Bi -directional, Unidirectional, 3D, Braiding, Matrices
ganUfac_tured and Multiaxial) -
omposites 6 Prepregs AMajor costs in the
supporting d Moulding compounds manufacturina of
Aerospace & — A Moulding Technologies CFRlIJD utlh 9
Defense, Space, 6 WetHandlay -up are the
Industrial and d Vacuum bagging precursor and energy
S . d Resin Transfer Moulding (RTM) consumed in the
ports & Leisure 0 Resin Film Infusion (RFI) stabilization and
6 Autoclave carbonization of the
0 Compression .
0 Injection fibers
)
)
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Carbon Fiber Market Applications

GROWTH MANAGEMENT & CONSTRUCTIVE

Aerospace & Defense Industrial Sports & Leisure

Production risers
Choke & kill lines

AStrategic & Tactical Missiles
AJet Engines

AcCivil Aircraft AAutomotive AGolf Equipment

T Commercial Aviation T Brakes ARacquets

T Regional Aviation T Frames, hoods, fenders — ASki Poles and Snow
T Business Jets T Drive Shafts Boards

T General Aviation Sector T Body Panels & Seat Backs AFishing Rods

T Commercial Freight Aircraft ACivil Engineering ABicycles

AMilitary Aircraft: Fighters, T Concrete/cement Reinforcement AMarine

Cargo, Bombers, & Tankers T Retrofitting of Bridges/tunnels T Americads Qup
AHelicopters T New building construction T Hyper Yachts
AUnmanned Air Vehicles (UAVs) T Cables T Spars and Masts
ASpace Systems  (Including AOffshore Oil & Gas T Gur i C-Baat
Launch Vehicles and Satellites) T Drill risers Yacht

[

T

AMarine T Auxiliary lines

ADefense Vehicles & Armor I Tendons/ Tethers

AU.S. Naval Surface Fleet APressure Vessels (Bulk Storage,

, = Hydrogen)

Awind Energy

AOther Industrial (Medical, Centrifuges)
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ransaction Costs Driven Supply &
New Production Processes Driven by

Technology

A The greater the technological achievements and adaptations
of composites into aerostructures, the lower the production

1,480 @ $39.5M
1,000 projected
E/ FOs @ $5°¢

1,920 @ $30M . Projected 100

A o4 @ $112M
& Projected 438
210 @ $143M

712 @ $38M

P 4500 @ $20M Projected 4,000+

U.S. & Foreign
@ $83M

Projected 135
21 @ $737M
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ransaction Costs Driven Supply &
New Production Processes Driven by
Technology

F-117
F-22
F-35

F-18 E/F

ow Observable (LO) Driven
arbon Composites: BMI

F-18

F-15

F-16

F-14

A-10

F-8

F-4

$4,000 $5,000
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Transaction Costs Driven Supply

GROWTH MANAGEMENT & CONSTRUCTIVE

A Organizational Structures
d Original Equipment Manufacturers (OEMS)
O Tier | 0s
O Tier 11 06s and I 11 06s
0 Material Suppliers
d Associate Contractors

A Transactional Drivers
0 Supply Partnerships/Design Responsibilities
Industrial Teaming Agreements
Manufacturing Licensing Agreements
Joint Ventures
Devel opment & Cooperation Agreemer

A Oligopoly and Monopsony Countervailing Forces

A Government Authorities affecting Certifications
Growth Strategies. Change Management
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Transaction Costs Driven Supply

A Industry Supply Curve for X relates the quantity supplied to the
product price for given Independent Variables.

A Short -run Cost Curves:

0 Dependant Variable to Total Costs: Output (Law of Diminishing
Marginal Product) [Movement along the Supply Curve]
A All other independent factors remain in effect, i.e. no changes in the Short -
run cycle

A Long -run Cost Curves [Shift in the Supply Curve]

0 Key Independent Variables:
A Price of Labor
A Price of Materials and Tooling

A Production Baseline: Current production and manufacturing capability as to
output

Price of Plant and Equipment Investments: Capital
Price of Technology: Research & Development
Price of Human Capital Improvements
Transaction Costs

> > > D>
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GMC2 & Transaction Costs Driven Supply

GROWTH MANAGEMENT & CONSTRUCTIVE

S ADecrease in Supply
2 due to significant increases in
S 1 Transaction Costs

AAggregate Demand
Decreasing

ARevenues Decreasing

along with increasing cash
demands due to protracted
qualifications

wU~U U0
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Transaction Costs Driven Supply

GROWTH MANAGEMENT & CONSTRUCTIVE

A The 1991 Nobel Prize in Economics went to University of
Chicago Professor Ronald Coase, who showed:

0 Traditional basic Microeconomic Theory was incomplete because it only
included production and transport costs.

0 Transaction costs must include the costs of entering into and executing
contracts and managing organizations.

0 Transaction costs account for a considerable share of the total use of
resources in U.S. Economy.

0 Analysis must include the rights to use goods and factors of production
instead of the goods and factors themselves.

0 Property rights among industrial entities or individuals involving ever
increasing complexities of contracts and specific clauses can determine
economic decisions and their outcomes.

0 Institutional driven legal rules by courts and legislators can impact
transactional costs outside of the contractual baseline.

Growth Strategies. Change Management

3/15/2010 15




Transaction Costs Driven Supply

GROWTH MANAGEMENT & CONSTRUCTIVE

A The 2009 Nobel Prize in Economics went to University of
California at Berkeley Professor Oliver Williamson and
Elinor Ostrom, an Economist at Indiana University, were
recognized for their insights into workforce issues as
empl oyee contract s, bonuses and o0Ou

0 Resources are shared and better managed among various groups rather
than by central government or through complete privatization.

0 How and why and when employers look to contract for services outside
of the firm.

A Special economic and legal relationship exists between employers and employees, and there is
risk when a company breaks that relationship by outsourcing its work.

0 Work as a Financial Transaction vs. System embedded in law and

authority.
0 Specialized investments regarding skills and training: internal vs.
buying those services in the market via 00u

0 Companies who have significantly outsourced complex and unique
business processes have historically incurred cost overruns and decisions
to bring it back in -house.

0 The need to ensure specificity in advance so as to mitigate changes later.

Growth Strategies. Change Management

3/15/2010 16




GMC2 & Transaction Costs Driven Supply

GROWTH MANAGEMENT & CONSTRUCTIVE

A Key elements of transactional costs:
d Search and Information Costs
0 Bargaining and Decision Costs
0 Policing and Enforcement Costs

A Existence of Transactional Costs depends on:
0 Bounded Rationality
0 Opportunism
0 Asset Specificity

A Technological and Organisational Innovations have
increased the governance structures of the Firm.

Growth Strategies. Change Management

3/15/2010 17




GROWTH MANAGEMENT & CONSTRUCTIVE

Received
Contract
Authorization
to Proceed

Establish
control
accounts

Issue work
release order

Contract - What is it? A mutual agreement on:

Startin -
house work

+ What Technical Work
to be performed
* When Delivery —

requirements

* How == Administrative =
requirements

* How Price

much

csow/
CS

Schedule

Terms &
Conditions

Price &
Payments

Transaction Costs Driven Supply

|SSU6

subcontractor
SOW, IWA,
material
required to
start work
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GROWTH MANAGEMENT & CONSTRUCTIVE

Transaction Costs Driven Supply

Plan

1. Define the work

5

5 oS o

2. Schedule the work

e—
)
]

3. Allocate budgets
| 00 |
& |

[0 |
o0 |

3/15/2010

Execution Change Control

At (EAC) Flow

¥ In 000"

PMB = Performance
measurement baseline
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Production Processes Driven by

e Technology

A Technology -driven innovations most likely originates in
scientific discoveries validated in a multitude of national
and private laboratories & wind tunnels and combined with
decades of accumulated technical know -how and validated
with Manufacturing Engineering Development.

A Materials development has made significant achievements
in the production of qualified carbon composites
applications within manufacturing processes of key
aerostructure platforms:

0 B-2

F-117
F-22
F-35
A380
B787
A350

Qr Ox Ox Ox Ox O«
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m?ﬁ” ‘ DoD vs. Commercial Models

Key Transactional Elements Commercial

AConcept Definition
AEngineering Manufacturing
Development (EMD)
ALow Rate Initial Production X
AFull Production X
AProgress/Advanced Payments X
AType of Contracts
V Development (NRE) Cost Plus Fixed Price
V Production Fixed Price Fixed Price
AFunding Limitations per FY X
AFly before Buy X
AExternal Production Authority X FAA
AOwnership of the IP Government Private
AExport Controlled DoD Commerce

OE MO s
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e Market Assessments & Products

[NASA'S NEW CREWED SPACECRAFT]

A CONSTELLATION OF COMPONENTS
The: go:s‘xdhmn space transportation system will be able to carry out multiple tasks—space station resupply and moon
Littoral Combat Ship (LCS)

missions, amang others—using some shared and minimally modified elements. o educe risks and save costs, many of the
components were based on existng technologies.

Orion crew exploration vehicle

Fout liquid fueled engines for landing.

Earth departure stage

Strap-0n so8d fueled
pace shutth)
Five liquid-toeled RS.-68.
(itad ety e
7 12X engine
‘

STEPHEN C. HARTMAN

LCS 2, General Dynamics

Composite
Deckhouse and Apertures
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?g’ ‘ Market Assessments & Products
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The Netherlands

PHM Consortium
Fokker - EImo

Dutch Space

TNO NLR SP Aerospace
Sun Electric : S Braoks
Dutch Axxiflex

Denmark
Systematic are Engineering
GPV Terma
k Logistics
orena

IFAD
HiQ Wisi
Danish Aerotech
Bruel & Kjaer

Samputensilli Italy

Cusinetti
Mecear

Datamat
Marconi Sirio Panel

Oto Meleraia
Marconi Seleni Logic

Segundo Mona Magnaghi

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
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Fokker - Aerostructures
Thales Cryogenics Thales Nederlands

United Kingdom
' BAE SYSTEMS

Hamble Structures

Goodrich Services
Production Parts

U. S. Firms
ARockwell Collins
AMcCormick  Selph
ALM Space Systems
ALM Aero -Palmdale
APacific Scientific
AGKN

ANG

AMarvin

AMoog

ARaytheon

AParker Aerospace
ANorthop Grumman RS
AHoneywell

AviaSat

ABall

ALM Aero -Ft. Worth
AEaton

AGeneral Dynamics
AHarris

ASmiths Aerospace
AEDO

AGoodrich

ABAE

AGE

ARolls Royce
AHamilton Sundstrand
ALsI

AEssex

ABoeing
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Market Assessments & Products

GROWTH MANAGEMENT & CONSTRUCTIVE

F-35 ( JSF) Astarted in 11/1996. Two competitors selected:
— - - Boeing (X-32) and Lockheed Martin (X -35).
U.S. Buy Projection @ 2,443 V Each Competitor awarded $750M

Foreign Buy Projection @ 1,600 V $38M vs. current projections of $83M

AEMD award announcement was made 10/2001.
ALockheed Martin awarded EMD under a ~$20B
V Cost Plus Award Fee Contract.
ALRI P6s under Fixed Price I ncent
AProduction to be contracted via FFP.
AComplex Transactional Cost Model

Al S i i ST V Tri -Service Managed with rotational commands

' Britain (
" Tier 2 Partnerstitaly($1bitfiomy:Fhe Netherlands V Three Variants: CV, STOVL, CTOL

Cora Paiers: anada ($150M), V Multiple Contracts: EMD and LRIPs (I 01V=63F -35s)

V Multi -National Involvement: Four Tier

V Complex systems with an array of Global Suppliers

V Enhancement of new production processes involving ATL and
AFP, especially with controlled surfaces, nacelles, and inlet
duct systems.

V Limitation of FY Funding and schedule constraints

AF-15/F -16 traditonvs. F  -22/F -35 [fewer/higher costs]
,. - s AProgram is already costing 84% more in EMD than
Source: http/.defenseindustrydailv.comVF ) -35 -Joint Si;e -Fighter -Events - Orlglna”y planned ReStrUCtU re pendlng

Contracts  -2009 -2010 -updated -05126/#contracts
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GMCZ Market Assessments & Products

GROWTH MANAGEMENT & CONSTRUCTIVE

APlatform gap betweena C  -130& C -17

ADeveloped to take overall market share from
Lockheed Ma-130i nd6s C

AMulti -national and some 137 suppliers in
Europe, North America, and Asia

AComplex structure of between Organization for
Joint Armament Cooperation (OCCAR) and
Participating Countries

AEuropean customer nations offering
ORestructured6 ar e: Bel gi u
France (50), Germany (60), Luxembourg (1),
Spain (27), and Turkey (10)

A180 Orders vs. original plan of 196 signed in
12/2001, Current Program Value of $40B.

AFirst Flight 12/11/2009, 3+ years late

AKey technical & financial issues
V Overweight by 12 tons (air speed, range, payloads, runways)
V Ability to airlift 32 tons
V Overrun by approximately $6.8B. Price at ~$196M.
V TP400 -D6 Turboprop Engines delay
V First Delivery 2012. Severe Delivery Penalties.
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Market Assessments & Products

A40006s first f
26 years after European

Air Forces released the

Initial RFP
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Market Assessments & Products

ZUMWALT DESTROYER
COMPOSITE DECKHOUSE
SUPERSTRUCTURE : STERAL STROCHNE

Zumwalt Destroyer Class

Mission : Provide naval gunfire
Support and next  -generation
Air defense in near  -shore areas.

Astealth = $3B to $5B per ship = 32 to 7 Ships

AKey Industrial Members of General Dynamics,
Northrop Grumman & Raytheon

AProtracted Enginering Manufacturing Devlopment: $10B

V Vacuum assisted resin transfer molding (VARTM)

V Pultruded sandwich panels under study

V S|gn|f|cant number Of mate”al Stud|es Sources: http://www.carbonfiberguru.com/2010/02/08/the -navys -carbon -fiber -composite -stealth -warship/
) . http://www.defenseindustrydaily.com/dead -aim -or -dead -end -the -usas-ddg1000 -zumwalt -class -

V Concept Design initiated August 1998

program -02574/#more
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Market Assessments & Products

Trimaran Variant = R OT e " Industrial Model
s £5 0y g The General Dynamics LCS core
= - 1 T mission systems team includes BAE
" > " Systems, Inc., Rockville, Md.; CAE
USA, Inc., Marine Systems, Leesburg,
Va.; Northrop Grumman Electronic
Systems, Baltimore, Md.; General
Dynamics Armament and Technical
Products, Charlotte, N.C.; and General
Dynamics Canada, Ottawa, Ontario.
BAE Systems is responsible for the
ship's internal and external
communications systems , as well as

* topside antenna modeling and mission
LCS 2’ General Dynamlcs module interface coordination. CAE

LCS 1, Lockheed Mar\tin

USA Inc., Marine Systems, is

Mission : Operate in coastal areas of the globe, the ship will be fast, responsil ot s auomatr
highly maneuverable and geared to supporting mine Grumman Electonic Systems s @«
detection/elimination, anti -submarine warfare and surface warfare, Management System (ICWS). Geners
particularly against small surface cratft. Products i responibl oral o the
ACompetitive RFP to Build 10 Ships issued 1/26/2010 Dynamics Canadais responsible for

the above - and below -water sensors.

AStealth & Speed = $.7B, 55 Ships projected, $25B+ Program
V Complex Program Structure. Overrun & Schedule delays.
ALockheed Martin vs. General Dynamics
AProtracted Engineering Manufacturing Development
V Swappable mission modules
ANorthop Grumman well postured with manufacturing

technologeis from LCS, Zumwalt Destroyer, and DeepWater. Sourees: : :
. . i . p://www.mshipco.com/news/in_the news/2010/article_011710.h
V Manufacturing License signed with Kockums/HDW i cefenseindustrydy. com/2s-L G5+ 1ands2
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Market Assessments & Products

GROWTH MANAGEMENT & CONSTRUCTIVE

Constellation Space Transportation System

AAres | is the crew launch vehicle being developed by NASA as
a component of the Constellation Program.

AAres | was originally known as the Crew Launch Vehicle (CLV).

ANASA plans to use Ares | to launch Orion , the spacecraft being : o
designed for NASA human spaceflight missions after the Space Q
Shuttle is retired in 2010.

AAres | is intended to complement the larger, unmanned Ares V, - S
which is the cargo launch vehicle for Constellation. ’ the compgsit HEy

i 3/1/10,
[NASA'S NEW CREWED SPACECRAFT]

A CONSTELLATION OF COMPONENTS

The Constellati bl

y out multple tasks—spa

, many of the 400

‘missions, th ing hared
components were based on exsting technologies. Saturn V
Orion crew exploration vehicle

Ares V
| Ares |

300

Fout liquid-fueled engines for Landing
200
Earth departure stage : Space Shuttle

: ,
contrel -
's .~ '_
- > 3 —
&
“ &
= oy <« } Stre 508d-fueked
h.,w;i?
i m_‘ on ‘ pace shutthe)
e
s o L e - B
:
;
. v
i .

ph=

Feet

230

. —
T e g e

Obama Administration has targeted the
Constellation program for cancellation in FY 11

Source: http://www.scientificamerican.com
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Market Assessments & Products

GROWTH MANAGEMENT & CONSTRUCTIVE

Constellation Space Aries | 8 V Development and Production:

Transportation )
System Xt O energtlon
omposites

Obama Administration has targeted the

Constellation program for cancellation in FY 11
Payloag
Shroud

Solid Rocket Boosters (2)

fTwo recoverable 5.5 -segment PBAN -
fueled, steel -casing boosters (derived from
current Ares | first stage

Earth Departure Sta

$One Saturn -deri
(expendable)

$10 m (33 ft) diamg

FAluminum -Lithi

T Composite structu
Interstage

T Primary Ares V a 3N RS368B

Engines (6)

fAluminum -Lithium (Al -Li) tanks
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