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Introduction

The Hying Dutchman dass has been conddering alowing carbon fibre mads
sgnce a least 1994, and this was a topic of animated discusson at the competitors hearing
and the secretaries meeting at the 2002 FD World Championships in Tavira The case for
and againgt was presented in Bulletin 146 (January 2001) “Carbon Spars 2000°, and that
for adoption “Millennium Mast” by John Bedt, who had been saling with a carbon mast
obtained from Ken Blackwdl of SuperSpars. However, a that time only a minority of the
class was in favor of experimenting with carbon masts Tony Lydl has snce been saling
with a carbon Proctor Selden FD mast and enthusiagtically recommends it.  During the
competitors hearing in Tavira Frank Havik suggested it was time for carbon madts to be
dlowed and this led to a discusson in which John Best (GBR382) and Tony Lydl
(GBR 385) presented the case for adoption, while Hans Peter Schwarz (GER 87) was co
opted to present the case againgt, and | moderated the discusson. A number of factors
were brought forward on both sides and will be presented below. It was suggested that
the cos of cabon mads is dowly coming down while that of auminum spars will
eventualy rise, dthough actuad 2002 cods remained to be ascertained. The question was
therefore put tha it is not so much “if” the FD should dlow carbon madts, but “when”
should we alow carbon spars? The technicd questions regarding the drength, qudity
control and effect on performance can probably be definitivdly answered by saling trids.
However, the effect of such a change on overall membership of the class, on participation
and growth, are more difficult to gauge and requires feedback which | hope we will get
via the internet. It would appear that class opinion, as expressed in Tavira, IS now
changing. A draw vote a the competitors hearing had 35 in favour vs. 24 againg
alowing carbon masts by 2004.

A number of cdasses such as the Internationa 14 and many of the new
manufacturer’s classes such as the 49er are usng carbon spars and more and more dinghy
clases are adopting them, most recently the Contender. The manufacturing and qudity
control issues of the past have been essentidly mastered. The dmost exclusve use of
carbon masts by high performance offshore yachts would confirm this conclusion.



Current Situation

The current class rule 112 “Expensve materids’ dlow cabon fibre as a
reinforcding materid in hulls, rudder, centerboards, booms and spinnaker poles, but not on
madts (including spreaders) and sails.  Although in the past many different types of mest
wee used, current FD sdlors primaily use duminum masts manufectured by
SuperSpars, Proctor Selden and Goldspar (44%, 33% and 23% respectively in Tavira
2002). The firg two of these companies are in the UK, while Goldspar is in Audrdia
Thus FD salors outsde the UK and Audrdia have to import medts, and for many regions
the transport, duty and dealer costs add prohibitively to the cost of a mast. Carbon tubes
and masts are made by manufacturers throughout the world.  SuperSpars actualy imports
their tubes from New Zedand. Furthermore, carbon masts are generdly made in two
sections making them much easier, and hence cheaper, to ship.

Technical considerations

In order to underdand the ramifications of dlowing carbon fibre maedts it is
important to outline some of the differences in physcd propeties of duminum and
carbon spars. The following is ashort introduction to the technicdities.

Weight and Center of Gravity

Tablel
Mast Weight and CG above band 1
Manufacturer Aluminum Carbon Fibre
Wt. Rigged | CG | Weight Bare | Wt. Rigged | CG
(kg) mm (kg) (kg) mm
SuperSpars 10.9 2975 49 8.8 2898
Proctor 11 4.5 9-10
Selden

What are the physicd characteristics, which determine the performance of a mast?
The weaght and its digribution are dealy important.  The weight, and how high it is
adversdly affects the righting moment when heded, and dso the pitching response in
waves. Thus in order to ensure masts of adequate drength, FD rule 58 specifies a
minimum rigged weight of 11kg and that the center of gravity (CG) be shdl be more than
2500 mm above band 1 (the deck). These redrictions are equivdent to a minimum tip
weight as used by some other classes.  Although tapering of the mast tip is primarily done
to produce desired bend characteristics and reduce windage, it dso reduces weight aoft
and hence together with light mesthead fittings and Spreaders reduce the height of the
mest CG. The moments of inertia of the mast about the pitch and roll axes dso affect the
sling qudities However, as it is difficult to dgnificantly change the moment of inertia
without affecting other properties of the mast, and because it is difficult to measure, the
mast moment of inertiais generdly not controlled by classrules.

Present duminum FD mads can be built weighing less than the 11 kg, however,
ther CGs are wdl above the minimum height. Carbon spars of amilar strength and bend
characterisics can be built with a weght which is hdf tha of an duminum spar,



however, by the time one adds the spreaders, gooseneck, and shrouds etc. the weight is
about 8.5 kg, a saving of only about 2.5 kg. The heght of the CG of the carbon masts is
about the same as tha for present duminum FD masts. The bresking strengths of modern
high tech lines are comparable to those of comparable wire, thus the rigged weight of
ether type of mast can be further reduced by usng spectra (or other modern high tech
line) for the trgpeze wires as is common in other classes (Hideo used spectra as the |uff
wire for his Genoa in Tavird). Many competitors are using Spectra (or other modern high
tech aramid line) for the under deck part of the forestay which is technicdly illegd (Rule
62) but the rule may be changed to allow such spectra forestays.

Table2
Breaking strength of SSwire and Herzog Lightning line
Dia Strength Dia Strength Stretch at
(mm) (kg) (mm) (kg) 30% load
7 X 7 SSwire 2.5 510 3.0 900 0.9%
Lightning 25 635 3.0 950 1.2%
Line

While on the subject of the weight of the rig one can dready reduce it by
replacing the duminum boom and spinnaker pole by carbon spars. The present FD rules
do not control the weight of these spars. However, few sailors are taking advantage of
this while ressting the addition of even small correctorsto ther hulls

Bend Characteristics

The datic bend characteristics of a mest ae dso vitdly important to its
performance in a variely of wind conditions and with varying crew weghts For a
homogeneous materid such as duminum dloy, the datic bend characteristics of a tube
are determined by the Young's modulus (i.e. eadticity) and the arid noment of inertia of
the tube cross section. It is more difficult to bend a large diameter thin waled tube
(Proctor F) than a thick walled smdl diameter tube (Old DeHavilland masts) of the same
weight. As soon as one gets away from a circular cross section one has to separately
congder the fore and aft bend and the athwartships bend. This is especidly true of the
unsupported magt tip with its varying cross section (recdl the Elvdom masts with ther
flat top sections). The tips of some duminum mads are tapered by cutting away part of
the tube and then bending it closed and welding. Unfortunately, unless the correct heet
treetment is used, the welding can change the temper of the dloy, i.e its Young's
modulus, and hence the bend characteritics. There are dso cross terms in the bending,
i.e. the bending can induce atwigting of the section.

Ancther property of the mast materid, which affects its dynamic response, is the
internd damping or hysteress. If you clamp a hacksaw blade at one end and displace the
free end, it will oscillate back and forth (Smilar to a tuning fork). Even in a vacuum, the
oxcillation will eventudly die out because the energy is eventudly transformed into heet
within the materid. This damping or converson of the energy into heat occurs a
different rates in different maerids, i.e the oscillation of a fiberglass sl batten will not
last as long as that of sted hacksaw blade. The recovery of the magt tip after a gust will



be different for duminum and a carbon fibre magt for this reason, even if they have the
same datic bend characteristics.  This, together with the reduced weight, contributes to
the different sailing characterigtics of carbon and duminum madts.

Cabon fibre, however is a quite different materid to duminum dloy and is
neither isotropic nor homogeneous. The drength of the carbon filaments (and there are
different grades, some of the high performance types being very expengve) is in tenson.
Thus, the fibres are embedded in epoxy resin to hold them in place. The performance of
the resulting materia depends on how draight, pardle the carbon fibres ae, and the
ability to support compresson loads depends on the bond between the epoxy and the
carbon, with any voids serioudy degrading performance. Hence, most manufacturers use
prepreg carbon filament, i.e. carbon filament that has been wetted with resn to ensure
uniform wetting. Clearly any cutting of the carbon fibres, such as a a hole, weakens the
materid. It is dso clear that the properties of the materia in a direction dong the carbon
filaments are quite different to those at right angles to this direction.

This dlows great vaiety in the enginesring of masts made of cabon fibre.
Superspars masts are fabricated from cylindrica carbon fibre tube with the carbon
filaments primarily running pardld to the axis of the tube. The bend characteridics are
thus uniform dong the tube and determined by the indde and outdde diameters of the
tube. In contrast, Proctor Selden use a winding machine to wind the carbon filaments
onto a mae mandrd, which can be of anty cross section the designer chooses.
Furthermore, the angle tha the filaments make with the axis of the mast can be widdy
vaied and can change dong the length of the mast, thus changing the bend characterigtic.
This dlows the bend characterigtics to be talored to the luff curve of the sal. A third
technique for mast making is to lay the carbon fibres into two femae hdf molds. The
two hadves are the glued together . This dlows masts of an aerodynamic shape, which
can vary dong the mast and including a sail track to be made. The disadvantages are that
it is not easy to get the carbon fibres straight and that the two halves have to be joined
aong the length of the mast.

It should be born in mind that the FD mast is supported by the upper shrouds and
goreaders as well as the lower shrouds. The tuning of these dtays to a large extent
determines how that part of the mast which is below the hounds will berd. A stayed mast
is therefore very different to a free standing mast, such as that in the Finn and Europe
dinghies. In their case, the find bend characteristics are essentiadly determined during
manufacture.  Furthermore, these classes use rotating masts (forbidden in the FD, rule
57) s0 they ae a quite different technological problem. The Finn and Europe class
experience, which in any case has been during the period of initid development of this
technology, is therefore not necessarily agood indicator for FD masts.

The addition of extra materid in high dress areas such as the spreaders and the
gooseneck etc. mean that the overdl carbon mast section can be made lighter in
comparison to a uniform section duminum mast.  Furthermore, by bonding additiona
materid, or shaving it off, the bend characterigics can be fine tuned, rather as one did in
the days of wooden madts. For example, many carbon dinghy masts are made in two
sections with the deeve area reinforced. The masts are only assembled after ddivery,
and can in fact be left unglued. In principle, this could dlow one to change top sections
to suit the wind conditions, only replace the top section if it bresks and will make for
much easer trans-continenta shipping of boats.



One other technica congderation is that carbon fibre is dectricdly conductive as
compared to other composites and this together with the differing thermd expangon
enhances the corroson of aduminum fittings in contact with carbon fibre.  Thus fittings
for carbon masts have to be carefully chosen, and mast manufacturers have developed
cusom pladtic fittings for this purpose. The dze and type of drills for making holes in
carbon fibre dso have to be carefully chosen and the edges of holes seded. A new type of
pop rivet has been developed to reduce the point loads and these should be used for
mounting fittings.  Therefore amateur condruction, dthough feedble, is only to be
undertaken by those who use the correct materids and techniques, hence mast
manufacturers are generdly unwilling to supply mest kits.

Suggested FD Mast Rule changes

The current FD rules (rules 57-64) specify the mast weight and dimensions, and
are gppropriate for auminum masts. A large pat of the advantages of lighter carbon
masts would be negated under the present rules and so the FD class should reduce the
minimum mast weight when carbon masts are permitted. The Finn class decided not to
reduce the minimum mast weight and thus essentidly dl carbon Finn madts cary lead
correctors (which now have to be vigble). If we do not reduce the minimum mast weight
then we may get masts filled with epoxy loaded with lead shot or other counterproductive
devices. It remains to be seen a what the minimum weight a strong carbon FD mast can
be built. However, based on the present carbon masts the minimum weight could be
reduced to 8.0Kkg (rule 58). In order to dlow 11kg duminum meds to reman
competitive a temporary trangtion rule requiring carbon madis to carry correctors at the
spreaders could be written, so that it is invoked by the Notice of Race. Eventudly, when
the mgority of the class has switched to carbon masts these correctors could be removed
and such arule no longer be invoked.

One of the reasons that the Finn carbon masts became so expensive is tha they
have rotating masts and dlow a large fore and aft dimenson. This led to expensve
development of wing mads. Rotating masts are not dlowed in the FD (rule57) and to
further discourage experimentation in this direction the maximum dimenson of 100 mm
fore and aft (rule 60) could be reduced. Present duminum FD magts (and both present
FD carbon masts) are dl well within this limitation (Goldspar 62.6 mm dia, Proctor 57 by
72 mm) which could therefore be reduced to sy 80 mm. Ancther dternative , which has
been proposed by the OK dinghy class to avoid wing masts, is to is to redrict the
fore/aft to 9de to Sde dimendon to a ratio of less than or equd 1.7 (including the sall
track) a any point dong the length of the mast.

All present duminum measts have CGs which ae wdl aove the minimum of
2500 mm from band 1 (rule 58). For example, the CG of a Superspars M5 is about 2975
mm above band 1 and that for their carbon spar was 2900 mm. In order to avoid
experimentation with weight reduction of the tips and spreaders of carbon masis the
minimum CG height could again be rased to say 2900 mm without affecting any present
duminum masts. This would dso prevent competitors from just putting a lead plug into
the hed of the mast to bring it up to weight.

A number of classes have redrictions on the bend characteristics of their madts,
the FD only prescribes that the mast not be permanently bent (rule 57). In order to limit
experimentation it would be possble to introduce a mast bend rule smilar to the



equipment rules of saling (ERS) F.12.3. However, again | fed tha this would not be in
the spirit of a development class, and would therefore not recommend such an FD rule.

Advantages of carbon masts
What are the main advantages for the FD classif it dlows carbon fibre masts?

The mast will be ggnificantly lighter and/or sronger. This reduces weight doft and
the moment of inertia, which improves performance in waves.
The dynamic response of the carbon tip to gusts make the boat esser to sall in heavy
wind.
This ds0 dlows a wider range of crew weight to be competitive. Hepful for lady
crews.
The reduced weight of the mast will make the boat much easier to right after a capsze
and reduce the tendency to turtle.
The reduced tendency to turtle will mean fewer breskages when saling in shalow
waters.
In contrast to auminum masts, which are generdly not reparable, carbon masts can
be repaired with negligible effect on performance, but repairs are probably better left
to aloca mast shop.
Many carbon masts are made in two sections and joined at the hounds. This means
that only the tip would need to be replaced if it is broken.
A two section carbon mast could be used with different tip sections for different crew
weight or wind conditions,
A two section mast can be disassembled for initid transport, and even after use for
trangport in a container asit is not necessary to glue the joint.
Carbon magts can be home built from tube stock by skilled amateurs a locd yards, if
commerciad masts are not available.
Stress points such as the hounds, gooseneck etc. can be localy strengthened so the
overal weight of the mast can be reduced.
With the reduced weight, it will be much easier to step and unstep the mast.

Disadvantages of carbon masts
Needles to say, there are dso a number of condderations which might make it
advantageous for the FD class to maintain the present ban on carbon madts.
- The cost of carbon mast is presently about twice that of duminum FD meast and this is
likely to remain so.
The introduction of carbon FD masts will possbly obsolete present duminum masts.
The different tip bend characteritics may require mansals with a different [uff
curve.
The posshility of developing carbon masts with  bend characterigtics which can be
vaied dong the length of the maest, may eventudly lead to a new round of
development of the mast-sal combination, thus possbly requiring the purchase of
more that one new mast to reman competitive. This of course was the case in the
early days of metd madts.
The saling technique with carbon mads differs from that for duminum spars and will
require anew learning period.



The FD cdlass has a in my opinion undeserved, reputation for being expensve and
carbon sparswill only enhance this reputation.

Cabon spars require careful drilling with tungsten drill bits, seding of the exposed
edges and custom fittings and fasteners. Problems may arise if a salor tries to use the
old fittings from his duminum magt and transfers them to a carbon tube.

A chaacteridic of the powerful rig of the FD is that it is a boat in which the larger
and heavir sdlors have an advantage upwind in heavy winds, while being a a
disadvantage downwind and in light airs.  If the carbon spars alow lighter crews to be
competitive upwind the heavy crew has no advantage a al and the FD would have to
compete with many other classes for “average’ dze salors.  Presently we have a
niche market for large sallors.

Other considerations
There are a number of other consderations which need thought when the class
makes a decision about carbon masts:

The FD is a devdopment class that has been a the forefront of development in
dinghy salling. Most modern dinghies now have carbon spars and in order to attract
young sailors we need to be up to date.

If the FD class is consdering ways to upgrade the performance, in order to remain up
to date, then perhaps other developments may be more cogt effective. Fully battened
mylar mainsalls, such as that keing tested by Hideo Tayama would be one possihility,
dthough after seeing what happened to some of the 505 sails in Durban, | hesitate to
suggest this.

The Internationd 14 class now uses essentidly only carbon masts thus suggesting that
auminum madts are no longer competitive in that class.

The Fireball class has decided againgt carbon masts for the time being and the 505
have established a committee to make a recommendation to their class AGM.

Cabon masts ether have a dsignificant advantage or they do not. If they are better,
then everyone will eventudly need to invest in a carbon rig, and that is expensve.
Alterndtivdly, if cabon and duminum meds have amilar performance then there is
redly no advantage to adopting carbon masts. This is somewhat of a catich 22
gtugion.

The FD, with it's powerful Genoa, and smdl ked to deck partner dimenson requires
a differ mast than mogst other sailing dinghies and thus the advantages of carbon spars
may be less pronounced than in other classes.

Carbon nasts can be tailored to closely reproduce the bend characteristics of present
duminum meds thus exiging mansals should Hill be fas with a cabon mest.
However, the ability to fine tune the bend characteristics may in the future lead to the
development of new mast-sal combinations, which are fagter. This of course is dill
possble with aduminum measts, however, a present there seems to be little
development effort in this direction.

If the FD dass is to eventudly dlow carbon masts then it shoud be done as soon as
possible, so that sallors who are consdering a new mast now, can avoid buying masts
which may become obsolescent.



Cabon gpas ae sendtive to UV degradation and therefore require an anti UV
coating and more care, however, experience in other classes indicate that this is not a
ggnificant problem. The prepreg carbon tow used by Proctor Selden has a UV
inhibitor so needs no further protection.

The qudlity control of carbon mast production has, in the past, left something to be
desred. However, the manufacturing techniques have now dggnificantly improved
and this is no longer an issue  The experience building carbon masts for the
International 14, Merlin Rocket, Contender, Musto Skiff and many other dinghy
classes means that mast manufecturers have invested in the equipment required to
produce carbon masts of consgtent quality. In this regard, the 505 class was
experimenting with carbon masts in the late 1970s, o this technology is not exactly
new. In 1982, the 505 class deemed carbon masts too expensve and banned them.
They are currently consdering lifting this ban.

Companies such as Composite Spars and Tube in Audradia produce masts for many
skiffs and the International 14. They are developing a mast for the 505 and would be
very interested in producing one for the FD.

Cabon rigs ae essentidly universd in the salboards.  Ther rigs have been
continuoudy developed and are date of the at. Some of their experience can be
gpplied to dinghy mast production.

Although dlowed, few FD sailors have adopted carbon booms or spinnaker poles
despite their free weight saving, and greater strength.

For duminum magts, the cod is in the labor, as the materid cods ae only a smal
fraction of the total. For carbon madts, the materid cods are sgnificant and likdy to
reman s0. The cost of a carbon mast is therefore unlikely to come down sgnificantly
in the near future.

A number of modern manufecturers classes have masts with duminum bottom
sections and carbon tips.  Both mast manufacturers consulted suggested that this
option would be as expensve as a full cabon mast and not have the benefits. It
might be possble to fit a carbon tip to an exiding duminum mast and get the gust
response characteristics.  However, the deeve joint would have to be custom
engineered and SO may negate any cost savings.

In order to remain attractive the FD needs to be able to compete in speed with other
classes in open regattas. The FD has the reputation of being the fastest two man
dinghy and must therefore continue to develop in order to maintain this reputetion.

When a FD is saled upright on flat water, i.e. on lakes, there will be little or no speed
advantage to a cabon mast. Thus, duminum masts will not immediately become
obsolete.

Cost

On my return from Tavira | contacted both Ken Blackwel of SuperSpars and
Chip Howarth of Proctor-Sdden as well as a number of other dinghy carbon spar
manufacturers. However my Internet search was not exhaustive, and | am sure there are
other manufacturers who would quote on carbon FD masts.

A Superspars M5 duminum mast with fittings is £450 compared to a carbon FD
mest a £880 and a st of rigging including lowers and low dretch shrouds is £115. A
Superspars carbon boom is £200 plus £30 and £12 if the track and kicker strop



respectively are fitted. A 38 mm OD carbon spi pole tube only is £67.50. All these prices
areexcduding VAT.

The Proctor Selden carbon mast is £800 plus tax, while the rig package including
T wires is £150 plus tax. The 88 mm diameter carbon boom including track is £330 plus
tax while the Proctor carbon spi pole including end fittings is £86 plus tax. The bare mast
tube wound with dl local strengthening is about £560 plus tax.

The SuperSpars and Proctor Selden masts are made in England while the
Goldspar is produced in Audrdia For FD salors in other pats of the world the
trangportation costs and duties are a very sgnificant part of the totd cost. Carbon masts
have a mgor advantage in this regard, as they are shipped in two sections and assembled
localy. It is ds0 possble that other manufacturers in New Zedand and the US, to name
just two countries, would produce competitive masts 0 that competitive masts become
avalable worldwide. It is dso possble to “home build’ carbon spars with the cods of
materias and duties being much less than for a complete madt.

Timeline

It is now about a decade since the firsd carbon dinghy spars appeared in
competition and the FD technical committee fird studied ther possible adoption by the
FD cdass. Two members of the class have used carbon masts on their FDs and sailed in
regettas & which they were given pemisson to do so. Thee is a vey lesst an
enthusagtic group of FD salors who fed that the time has come for the FD class to dlow
cabon magts. In the interest of those FD salors who are considering the purchase of a
new mast in the near future any changes in the FD mast rules should be clarified as soon
aspossible.

However, even if the class made the decision to alow carbon spars now (October
2002) it would have to be ratified at the ISAF meeting in November 2003 and would
only come into effect in March 2004, i.e. dmost a year and a hdf from now. The
deadline for submitting rule changes to ISAF for rdification is in September each year,
S0 we have a least a whole sailing season to conduct further tests and to debate this issue.
This dso gives the executive time to decide on a mechaniam for ascertaining the will of
the class on this subject. National secretaries should make their members aware that this
question will be debated at the European Championshipsin Italy in 2003.

Transition strategies

In order to make a trangtion to carbon masts less traumatic and to alow FD
sdlors to continue to use duminum masts, without suffering a red or imagined handicap,
anumber of dternative trangition strategies suggest themsdves.

The most obvious advantage of a carbon mast is the reduced weight (8.5 kg). In
order to counteract this advantage the class could introduce an equipment limitetion rule
amilar to rule 113, which can be invoked by the Notice of race, to the effect that carbon
masts must carry corrector weights a the spreaders to bring them up to the present
minimum weight of 11 kg. Carying the correctors on the spreaders would maintain the
CG a a height, which is comparable with the present duminum medts (well above the
minimum as specified in rule 58). These weghts would be dearly visble, and dthough
required for regattas, which invoke this rule, would be easly removable for regattas
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which do not invoke the rule. In time as more competitors sal with carbon masts this
rule would become obsolete.

The primary drawback to carbon masts is ther ggnificantly larger cost.  This
could be reduced by making arangements with the mast manufacturers to buy a bulk
order of say 100 masts, and both suppliers have suggested they would be interested in
such an arangement. However, | do not think that the class organization should get
involved in the commercid aspects of FD saling and | do not see any other organization,
which would be willing to make the investment.

Alternatively, the class could limit the supply of carbon masts to one, or perhaps
two suppliers for a trangtion period. This would give this mast manufacturer a monopoly
for an initid period, so that they could achieve some economy of scde. Agan, | fed that
limiting the supply of masts is not commensurate with the philosophy of a deveopment
class. It would dso increase the cogt to FD salors outsde Europe who might otherwise
have aloca supplier or home build their madts.

It has been suggested that the class redtrict the cross section to being circular plus
a sal track. However, it can be seen above that this does not reduce the price (Superspars
are circular while Proctor-Seldens are a custom cross section).

Summary

| hope that the above materid will give FD salors information on some of the
points which need consderation when the class makes a decison on carbon mads.
Modern carbon masts can be talored to the class, and can ether be much stronger and/or
lighter than present duminum meds, which have smilar bend characterigics. They ae
ggnificantly lighter and have a superior gust response. This makes hem easer to handle
by a wider variety of crews but may require a change in saling technique. Their reduced
weight will make for much esser recovery from capszes with less breskages from
turtling. Thefact that they can beleft in two sections makes transportation much easier.

However, they are about twice as expensive as duminum meaedts and are likey to
reman so. For the FD it is not clear that there will be a Sgnificant incresse in
performance.  The class is fortunate to have two members who have experimented with
cabon FD masts and further trias are planned in 2003. These two boat trids should
provide data on which the performance can be evaluated and it is hoped that a number of
regattas will alow the use of carbon masts for evauation.

The primary decison that the FD class has to make is however in my opinion not
a technical one. Raher the class has to evauae the benefits and drawbacks of this
decison on the present and future class members. Is this the time to go ahead or can we
wait until the price of carbon masts comes down? Will the FD class attract more new
members than it looses? | hope that this question can be aired on an Internet chat room
90 that dl members of the class can have input.

| would like to acknowledge the help | have receved from Chip Howarth of
Proctor Selden and Ken Blackwell of SuperSpars who supplied their technica and cost
daa. Ali Mdlor's 505 webgte gppreciation of carbon spars was dso a fruitful source of
idess. Ladt, but not least John Best, Tony Lydl and dl the FD salors with whom | have
discussed carbon spars. Please e-mail any comments and opinions to me.
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Some carbon fibre spar links

Other classes:
|SAF site. www.salling.org
505 class, www.int505.org/2001A GM - CarbonSparsl ssue.htm
Internationa 14. www.i14.0rg
OK Dinghy. www.okdia.de/building carbon.htm
Finn. www.finnclass.org
Europe. www.europe.org

Carbon dinghy mast manufacturers:

Waterat Sailing Equipment. e-mall lary@waterat.com.
Built multiple carbon fiber 505 mastsin 1981

Superspars, Ken Blackwell, www.superspars.com/carbontechnica.html

Proctor Seldén, Chip Howarth, www.seldenmast.co.uk /DatasheetsCarbon.htm

Composite Spars & Tube, www.compositespars.com

Composite Solutions Inc. www.csi-composites.com

Carbospars- www.carbospars.com Carbon masts for Finn, racing and cruising

CompoTech, www.CompoTech.com Filament wound structures

Fibre Glast Developments Corp. www.fibreglast.com - Fiberglass,Carbon Fiber
materid suppier.

C-Tech Ltd. www.c-tech.co.nz 14 foot Skiff masts - high-qudity carbon fiber and
composite components for the marine indusiry

Sail Center (Marstrom). www.sailcenter.se

Applied Composite Technologies. www.composites.com.au

Chipstow carbon fibre and dinghy products. www.chipstow.co.uk

Composite Engineering Inc. www.vanduesenracingboats.com

Hall Spars, www.hallspar.com. The hal brothers are ex FD sailors

Do It Yoursdf Links;

Building Carbon Masts from the Cherub Web Site.
www.sailingsource.com/cherub/masts.htm

Technicd articles:
The carbon case by Phil Draper, Yachts and Y achting October 26 (2001) p.27-31.



