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l_ament winding & pultrusion processes
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® A look at budgets and costs for specific
filament winding and pultrusion examples
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SN the United States, abeut 1.7 millien
LONSTOIF COMPOSItE Products are
menRufacturedleach year.




-

-

sEImpae —.1In the
1900, million tons of steel are pr Jrocm each year

[

- |

ol

SORMES Iarger thanithe composites industry:

7

L St i =
ey - L~

—




2 78 pulllliggReelgis off
imbEer are produced
vsl(“Jf ear

24 \times larger
-than the composite

\

_'“ mdustry



| ~ — ) - o
separe %ﬁ,&erus-f;

S LNHINIGN teNS of un-
Einiorced plastlc are
r)rorJler ‘each year

J__Z_:l- mes larger
- gl the composite
--mdustry

=




spInpare —

SRRNIIoN tons o
gIlmIAUMIare
PIOEUCEM each year
®i6.5 times larger

-
T

= than the composite

- -
i =

~ industry




SEIParE = LI
6 million; tons

yCar

Bbout the same weight
)3 fJ” f the US composite mdustry output'




——— e -

Corrlee e_s Indu§ﬁ'ﬂ/
Plarfey f__-@r Growl

T Plastic Aluminium

16% 5%

Composite
<1%

Steel
44%
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IE Global CompositesiMarket ™

. Europs

North America

Total 4.6 million tons — Source Owens Corning
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Composite Market Segments Growth

1400 — Aircraft
1200 — Appliance
0 1000 - Construction
@ 800 -
] 500 - Consumer
§ 400 - — Corrosion
200 —E&E
O7_=¥_HH\HHHHHHHHHHHHHHHHH\ _Marine
L 8 Q ¥ Q —Transport
22 2 2 &  Other

From the CFA
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Fonle - The Comp05|
MEIKEL, Small%ut Stl

JDJQF" 50 GroVt a5 ave 5
SNEreWLh rate has slowed in the 1990's — only
43956

SREGrecast for 2003 — 2.8% growth

— .,;Next 5 years about 5%/year - with Asia &
= Europe greater than the US

- » Since 1960 there have been six cycles of
downturn and recovery — currently in a new
downturn

® Composites growth has been much larger
than growth in the GDP ~2x

owing
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\r)r)ro,q 2000 cejgs
ther hS~
SREEA as 900 members worldwide

0 0)j éompanles in the CFA
-=: . “Nine companies have sales over $75 million per

__-' ._-_._.__._

== = year — about 1%

= ':_ -.h'-'-'_- ‘e 270 have sales under $2 million —
about 30%
¢ \/ery few public companies whose primary
business is composites
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Cornlee te_Fagfators

> J\/Jrlr\ 0)f sc'“"f dart
colpp anies that are not composite
cofpanies

'jontmumg Innovation in composite
e '- -fmaterlals and fabrication methods leads
= to new products

® Dispersal of knowledge leads to new
producers
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a8 BOITIPOE ite Fabricato
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SVOSUASIIE Cigol
SAVIBstly low to medium  © Innovative

VOILmE ¢ Moving to new
r\lmm tall are private processes & materials
IPaIes ® Beginning high

nie

_7@nservat|ve volume production
--'-‘_‘{ ’O'Pmprletaw ® Entering the main
-® Fewer new products stream
and companies ® Consolidating

(becoming larger)
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WiYRUISEr composite

J P@rforrr ance per weight
2 C orroJJr i resistance
5 Sabl|lty

_--\_-

—_— ‘Gm pine multiple parts into one

,__:' Com blex shapes
- e Aesthetics

e Electrical, magnetic and thermal properties
¢ Combinations
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gu atlons & Bureaucracy

T

,__"= _-: of support infrastructure

ver selling — Under delivering
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2 C ‘omr)oj"'ﬂ ‘costs'are “Front end loaded™
J rlie er Material costs

J rlie H er'fabrication costs

= IHigher design costs

== | |gher gualification & certification costs
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. Must justify or recover these costs to be
competitive
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E0IOSItes cost less!7as

o Lowes W“ CV/Clel Costs
J el J(“"G ‘maintenance
J |on' ife

[
.
==

J-L;_» ar- cost to install

Tweﬂts due to lower weight, higher
performance aesthetics, etc.
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REgulations and Bureaucrac (o]
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JrJJr g COdEs
ac wregulatlons
Jmc

— uﬁ oId boys network — hard for new
, = comers to break in

- Established solution providers will actively
fight to exclude new solutions — protect
their turf
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Sl [3c ~-of trained labor — fabrication,
= ‘_"‘_-JﬂSta”athn and design

~® [ack of experience and training in
maintenance & repair



Whyais the Composite IndustryAso...

Stifall? —— —

PR — —

NeOmposites have only a narrow! niche
WhErethey are cost efficient

SNoIsignificantly broaden the composite
= nal ket costs must become lower

-Comp05|tes can't compete in markets

~ Wwere there are “good enough” traditional
solutions unless the cost is significantly
lower
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s | ng Lerm growth of 3- 5%
mited by slow down in innovation
) i‘oﬁsolidation

:-*" Eewer companies making more parts

e
— e
— =

= e less opportunity for small companies

%" » Tnnovation
e Most of the easy things have been done

e More money, research & development
required for new products now
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SAETOWL arem

J \/\/Jnr—rr PIa@Es;

sN@liFshiere applications — risers, choke and Kill
ines, tethers etc.

BREOWE Jr poles and towers
J E!W application areas — need innovation

: ﬁw and steady
= -*‘_‘?,f_'. o Automotive

o Marine

o Construction
¢ Over sold

o Infrastructure
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Composite Fabrication Mﬁh_- ods,

SAVELEES tial lISEInatERRaIS I
REErMEdIate Or' preprocessed’ forms
J Pr regs — includes resin

' Preforms

== . \Woven fabrics

= Non-woven fabrics and mats
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— e Knit fabrics

' o Stitched material
e Braids

o Compounds



gomposite Fabrication 1

YEWOAS thial USE materials in the most
IES|CHONT
SIROVING
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Composite Fabrication ngj O3S
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J J\/J*"- In I‘@fﬁedlate Form ;

JFIJQ“\’—\(“CC'C—"E' el ”-‘GG
) ) Sheet Molding Compoeund - SMC \

UIk Molding Compound - BMC j

o Lay-up

= e preforms, stitched, braids — RTM, VARIM

=/
L —

e ————

~— % Prepreg - Low Pressure Press
e Prepreg - Vacuum bag / Autoclave

=
e Filament Winding with prepreg tow
e Fiber Placement with prepreg tape / tow
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—
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COmposite Fabrication M *
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SV BterialsynsBasichorime- —
J HIJJ usion

J rJ]rJ ent Winding with wet roving

> | C“ iop Spray — Robotic spray / Mold

hop Spray — Hand spray / Roll out
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Composite Fabrication M@@ﬁﬁ"g‘
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Mdrerm INRtermediateForn
J A_-1Volume Production

J 'J" er Performance Parts
_1gher Cost

= .-
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{_"'_' #Typlcal when performance and quality
-are the drivers



SOmposite Fabrication

—

AIMELENIIS T BasICl Form
) Med]u_: f—_'(to high) Volume Production
SIeWer Performance Parts

. :)_-IZ‘ a1

“#Typical when cost is the driver
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IHEE ceptlcrrf!ee the rule

JJJVJ(“ ) fealatEeNormm™=

JIP because of the high speed, quality,

Cessablllty and reliability: of
rocessmg (closed mold) it is used

- --xtenswely for medium to high volume

-1' = production of parts — especially for

~  automotive, bus and truck panels and

Interiors

e [t is relatively inexpensive to convert
raw materials to SMC/BMC

m——




COMmE te Fabrication M heds
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-
M estcligentianicabion MELNeMS nave
pEEN developed forlow / medium volume
orejcltigefe)g

44 'W methods and materials being

| m—.

._ =’ volume of production

— Higher speed — faster process, faster cure
e [ arger volumes — boxed product, bulk resin
e | arger parts — bigger presses, machines




MEstE CompositerProd uct
SUlll -oyv Trechnology” =

= About 65% 0
ol all composites
produced use
glass fiber and
polyester or g
vinyl ester resin,
via the open :
molding ‘ 4
method.

Source CFA
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J / s by Industry

e Markets by Fabrication Method

Data from CFA and others
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i Aircraft

1%

‘Consumer
-:'1\*.‘--"7%

Transport
28%

Marine Construction
11% 20%

By weight



An o?m stimate oF thwm _&.
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Fiber-reinforced plastics use, 2002

> Automotive ~ Consumer products
> Construction —~ Appliances

> Marine - Aerospace
= el . Al B

{2 28 billion pounds)

Source: BCC Inc., Norwalk, Conn.

Piastics News graphic by Anrets Mirous |



e "
posite Market S

"

U.S. reinforced plastics demand

Construction
> Motor vehicles

Plastics Mews granhie by Soaff Merrpsaaiher

Btons in 2005

e

~ & Total 16.6%

2000: 3.6 billion pounds

> Producer durable
equipment

> Marine
= Other

- Source: Freedonia Graup Inc.. Cloveland

2005: 4.2 billion pounds
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MANtemotive Composite Usens
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Automotive composites market

in North America’
Composite type/process

Plasfics News praphic by Soott Mermyweather

Heinforced reaction
injection molding

= Liquid composite molding
Structural RIM
Resin transfer molding

2002-model-year total:
384.3 million pounds

*Includes componants for heavy trucks

Source: Autormotive Compositas Alllance, Rochesier, Mich



seMstruction — about 20%) e

SESEnItany. ware, pools, architectural
j‘\—‘rjl‘l l—k SEELlenl|fz OB ORNERNTSTIE

'/
WIRAOW! frames, panels, etc.




e personal
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watercraft)
are built in
the US every
year
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S‘tructu ral
® Panels



USiEomposite Market
gyAEarcationtMetnoe

Filament
Winding
7%

Autoclave
(Advanced
Composites)
2%

ultrusion &
- Laminates

13% Boats
; (Open Mold)
12%
- Sanitary, Pools
— e & Spas
:'___-.,.- — SMC & Other (Open Mold)
: —— Closed Mold 14%
— 25%
Other Open
Molding

27%




Tihe nced@b%
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s

- Fiberglass

- 98% Advanced

Composites
2%

_Includes carbon, aramid, boron and other
advanced fibers
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Advanced
= Composites
i "= 20%



@emparison of Costs for _
_d_Ft~iqn Etnoas

~ Dollars per 1000 Ibs processed

' 3

S B Other
S J O Labour
= [J Machine
— —
~ 100 — |
0 I I

Commercial Chop Spray Pultrusion
FW
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B and
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J IQW cOSU ManUiic |
,_\I- . ated
J eatable
st for cylinder shapes
—~ . Best for bottle shapes
’i: ‘s Good for figures of revolution
- o Uses fibers in the best way

¢ Produces balanced laminate
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- Pressure
20% Aluminum

Lined
Vessels
5% High
Pressure
S Pipe >100
_.- 2 Eow psi
= 23%
— Pressure
- Tanks & Low
VZSSSOZIS Pressure
Pipe <100

psi
24%
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iBhRressure Plp‘g__ﬁ

AJOHF/g Juojf
tr]e fwa arket
Silsed in the oil
Jkasryfbr
*line pipe and
= ' *dﬁwn hole |
~ tubing ]\ ﬂh
¢ Up to 4000 psi
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HighiPressure Pipe "

SMEIIEL 300,000 joints (30 ft sections) of
r)JI)Q allie produced in the US each year
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% of the FW market




J HQ"g s e Water

J D d S| for:
e —-ventllatlon
— ._-_..-_-_e Exhaust pipes and
- stacks
® Pipes for corrosive
gases and liguids

o Cond u |tS F FipE nsl:allaﬁnn:




IBWARriessure Vessel“’-’

SVAOULE 25% ofi the EMV market
S0 gasoline storage
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IGWARressLre Vesselw

BSall tanks fr ater conditionine
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rJUJ' Sressure AIumlnum

lgment winding
i arket
¥ About 340,000
~ oylinders are
= produced each
year in the US

e SCBA, CNG, other
cylinders
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ROGKELS &

@iner High Pl’@-';“csure essels

J Onl\/ 517061 O tIE I
ilement winding
Tigket
o' Rockets

= Reverse
~ 0smosis tanks

e Filter vessels

e Chemical
reaction vessels
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Jr)o bing goods — golf shafts, sticks, rackets
RO lers, bearings, bushings

,'_—:[_ectrlcal Insulators & components

'_:-'_:. b

= 8 Pressure vessels, cylinders for pistons

o~

e Utility poles, structural columns, architectural
® Filter elements — fiber only
¢ Bladders — elastomeric matrix
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o rllejanCosin Al

J ckets and aerespace
s gh pressure vessels including alum liner
. CNG tanks — carbon fiber

3 Other carbon parts

-y —
-.-.-—
"
_-- —

*""'_.'-’r_,.

== Low Cost / Lower Value — Polyester
- e Low pressure pipe

e | ow pressure vessels

e Corrosion components






WiYAPUItrusion?.

PRVETY h-OSt faprication method

o e erlrﬂ ble;, highly: automated

) B ﬂ_r ‘constant cross section profiles
S5t for tension products

= jl?lust include mats or fabrics to get
- transverse strength

e e -._._._

2
=



S uitrtisionyMarnket
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Application Areas of Pultrusion

_ther
17 %

Electrical
FRecreation G

e

Incustrial

17% Trarsport Building &
109, Coretruction

7%
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Mejerpultruded produ

Asulators — cable tray
I'shapes
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| hle strength members
= 3a'dcler rails

..-I'

o Window & door lineals
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: '_ C’omposte processing only part of the
~~ manufacturing process

® Costs are highly dependent on part
complexity, post processing and part
volumes
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lhe Filament Winding P

| __X— : - ~
rJOv\/ ic | c“c'”*"' 0)S) "".‘ '-‘-
3 CNG pottie, or some new: hot
uct?

.__

e
- =
.-
e e

| | __:This IS a common question from
- potentlal fabricators

e Well....... it depends!



o VI TElerers slffder ipla deiS el

oftthie filament windingl machine
ssiNUmber of parts per year
& e Part shape and complexity

—

= e Raw materials — type and form
~ e Mandrels and tooling
| e Curing and extracting
e Finishing and testing

o Certifications and standards testing

J“TI lament Wlncwne_g_s,.

filament wound part = Not just the cost



FTI lament WII‘ICWEE_&,.

2 J1fF] ufacturlng ume
SN OMBEr off Parts Per ver)
\Size of partsi— range of sizes

s'NUmber of machines — multiple spindles
= Degree of automation

'_' ‘s Number of mandrels required

‘o [ransport — raw materials, mandrels, parts in
process, finished parts — storage

e Extent of curing and post processing
e Factory layout

—;
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flhe Flament Winding Prosess...

JPFJ';J‘F': 2NE COME ::/- ._ —— ————
SWIndINg Maching size and NUMDEer of axes

50 axes, for pipe

"8ilUp to 6 axes for complex shapes

Computer control — software pattern generation




jie Filament Winding Process,.
. ey *

PERESI NSy stems
/\ -;_Wlndlng Or' prepreg

siResin behavior — temperature control of part,
= resm bath and delivery system, gel time

— - - e Glass — inside pull, outside pull
e Carbon — outside pull, dust containment
e [lensioning system
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dihe Filament Vlﬁdin

=

o Yziplelre
imple to very complex
ieap to very expensive
d ‘y'to Impossible
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flie Filament Winding Processi.

—

o emmm |
-l -

— B —

XU CLION —— P——

*-Tiype of mandrels
J 5]-/'* mandrels
J (“e plex mandrels - very time consuming to
- xtract and to prepare



flie Filament Winding Processi.

— il
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——— = _ g— e —— e N

L Osiprocessing
sViandrel cleaning and assembly
SPart cutting

J ﬁ?ﬁ*ﬁ = mlshlng

| j IT estlng / Certification

__:_—:,.. tShlpplng

—_
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IhEN2LItrusion Process

_ _'._,__ﬁ___r —
SIS that affiecl thecostic
SRVIGErals — rresin, roving and fiabrics
ZENOfpalt = Size of pultrusion machine

guired volume — multiple machines and/or
iltiple cavities, die plating, material handling

= ~1ne speed — resin additives, resin heating, cooling
. CompIeX|ty of part — die complexity

e Amount and kinds of mats and fabrics

e Resin bath or resin injection

e Post processing required — drilling, painting, etc.

e 0 @
~ ~t

~td 4
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SVhigtiare the factors that inﬂuence cost?
J mrrrur cture required

J erl ‘tlon off the trade offs

SHHigh y dependent on the anticipated

- - ._—H-
—

Dlume of production

' 1



HIgIME mdlng Project
~ Pollg forpg@mami
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TDE elasitiffnle OWrangle

J F(JrEG

SAigh tolerances — very straight & round
giclbding the OD)

5118 feet long

= e S|x different dia. from 4 inch to 14 inch

= 1,000 parts of each size per year

® 6,000 parts total per year — 24 per day




Peper Folds PI‘O]EC’C_J’

,_\JQIJI‘ 1700"t0" 2230 otrs to Wit
r\ver" ge wmdmg time plus prep 2:00 hr
24 ol s per shift per spindle

: __Jﬁ 24 parts per day

= % Need multiple spindles, machines or shifts

*_'”' o Or faster winding......




2apERRoller PrOJect J’

E r

F"G'C de)/iplels

J

J Ejle sed creel required for carbon fiber
J -' i tensioner ~$4000
— — se 48k tow - 4X more pounds per hour
-~ “® Multiple spindles for small diameter

_-- o Awkward for larger diameters

e Use 2 spindle machine — up to 32 parts
per day



jtinuous oven more expensive
—= atch OVEN requires more mandrels
= -f s Continuous flow — 4 of each part per day

o _._.1_

~ e Batch process oven
® 4 mandrels for each size
e Oven large enough for 24 parts
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Fx'rrar*"r(' fe)enllelpalzlnlela
'_'/<r)r SIVE

2 |J[z] ) drel preparation — clean, prepare,
P eheat

= -Storage for mandrels — extra mandrels

g _.."In. —

*_-— = & Must process 3 parts per hour
e Part and mandrel transportation — crane

Or Carts



PEI; r):r"?J er PI’O]EC’C_J:'

. / —cut to Iength

' Expensive

_. Iéss grinder (sanding machine)
. " ] é expensive

"Surface finish — paint, gel coat

-8 Must process 3 parts per hour

® Finished part storage

B
'-.Flr
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lndﬂ‘g%

JASEres o trade offis
DrveEn; y Volume and potential volume

o e Jm dependent on part complexity, raw
Siidtenials, size and product mix

__.m *Wlndlng can be a small part of the cost
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Windingi\Wizard ¥
F and
‘Pultrusion Calculator
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SOIIIPOSILE f-@_ﬂgy.ltantW

S IYASEIPOSIHESCONSHILANTS:COM

Miaonline resources for composite
IIIESE Sionals

= Cate gorized listings of consultants and
..f- JEF resources

-‘@nllne tools for Filament Winders and
Pultruders

e Published by Skinner Creative, Inc.
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WinREing Wizard™

@ Copiposiias Copsulizgrs - Windins YWisard - Milerosufi Jniarn=ze Eenloray

Eile Edit Wi Faworites Tools Help F ‘.'
] | EAlE ‘w1 U search <'F Favorites W Media £ - &a < @ by 8

Address El htep: fivaway composikesconsultants . comytoolsMwindingwizard windingwizard, php

éDMFDEITES YOL
ONSULTANTS

Winding Wizard™ - Filament Winding Calculator

COuaantity of

Each Fowin TEX Density FPrice
Roving SROILE gilkm afom3 $ikg
Trrpe

1
z
3

| F.esin Formula Calculator | Ees=in
1 File Status
TTse Eesults i
[ Open ] [ Sawve ] [New] [ Band & Fepeat Calculatar ] [ Calculate ] [ Help ]
Fiber Fraction Band
Volume %o Weight %o ANdth 3 Pagtagt
Fiber i 1 Thickness 1 mm
Eesin C (@ Cross Section = mrn s
ot esite Density = gfcm= Lineal "Weight = gitmn
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PNATION ng alculator for filament winders

y Onlme d a base of materials
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’E§I’ﬁ Formulas
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eMARONRIINE progiani to caIcuIate material
sosisiandl time to fabricate for filament
WelnG products
2 USES ‘material properties — density, cost,

= yolume or weight fraction — to calculate
,-;_f_j[patenal cost

_® [Jses number of rovings and winding
speed to calculate winding time
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Winding Wizard™ —

5 Callovlziiasezoielegie iz s i e
gigleifor a pressure bottle

2 G _"r'lates number of circuits required
I 01 coverage

Eélculates pattern repeat, K and
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- Fractional M value
® Pattern number for Cadwind patterns
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) 0 inches long
> |( inches in diameter
-;2-‘f 4 degree winding angle
: _-__—_*--4 =" 0.5 inch wall thickness
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— ‘e 11,600 cubic inches of composite
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» How much does each part cost and how
long does it take to wind?
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J FJ'JEFQJE_ POXY: Pressure Vessel
J SOmrr oIe OPENnIings

OQJ‘F 1 diameter
-~ 5KG fmlshed composite weight

_“" HDW much does each part cost and how
long does it take to wind?
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SNViEnafspeed boeils down to pounds (or
MIPEamS) per hour

J F:urr-i" ‘roving speed

J *\L\' er and thicker bands

#J-D’ltlp]e spindles

~® Multiple machines
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PHlLrtsion: Calculator

SMATINGTIINE Lol to calculate pultrusion
PelicmEtersiand costs

BN@nline database of materials

SiCalculates fiber fraction given materials
= fand die cross section or the die cross

—

- section required for a given fiber fraction
® Calculates cost and weight of end product
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