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FREEDOM YACHTS MAST CRACKING
CAUSES AND THE CURE
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INTRODUCTION

Freedom Yachtandtheir freestandingmastswere built by TillotsoAPearson Inc. (TPI) from

the late 1970s to about the mid 1980s in Warren and Portispi®iu The earlier boats were
outfitted with aluminum mastsut from about midl980 on, the mastsere built of carbon

fiber. | was hired as a staff engineer at TPI in March, 1980, and at that time the company was
doing thedesignengineering and tasg for the new carbon fiber masts. By July, the chief
engineer left the company, and | became the new chief engineer to carry on with mast
developmentor the Freedom Yacht lindn the course of time, the Freedom Yacht masts
experienced circumferentiatacking in the exteriosurface Usually, this cracking is cosmetic
only and not of i mmediate concern. However,
talking years, here) the cracking can open up and lead to more serious cracking withinghe mas
This paper descrilsg¢he nature of the circumferential surface cracking and preageocedure

to cure the problem.

THE CAUSE

TPI also built composite flagpoles and lightpabesa rather unique production lirend the new
masts were manufactur@da similarway on thissameproduction line.The flagpoles and
lightpoles also experienced the identical type of circumferential surfaddrayawhich, in my
opinion, lel to the demise of the business because the cragtobiemwas nevecorrected
The company spent a lot of money making replacement poles under warranty.

Thecrackscome from the way the mastveremade. The masts (and poles) were made on

tapered aluminum tubes called mandrels. The mandrels were positioned horizontally on
carriageswhich held them at the ends, and they were driven by electric motors that turned the
mandres$ during layup and cure First, these mandrels were wrapped with Mykdease tapso

that the laminate would not stick to the mandrehe Very first layein the layup was winding

around the mandrelf stranded Eglass (regular fiberglass)hich was wet out with polyester

resinby an automatic impregnatoiThen carbon fibeunidirectional tapes weilayered on in a

precise patterragain going on wet usinghather resin impregnatofFinally, a last layer of glass
circumferential windingsvas wound ormver the carbon fiberThese glass windings comprised

a band of 12 strands that weiretota,a bout 11 0 wi de. The winder act
revolution,soher e was a 1 0 overlap of the-ondayarsands fr
both inside and outside, did not have any longitudinal strands to hatdagether. The last

exterior winding exerted enough pressure on the carbon fiber matestahfmacit and help

with wettingthe resin througbut the laminate.
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Thewet-out mast washenslid under some cabd heaters (like the electric elements on a stove)
and heated for abo@0-30 minutes, slowly rotatintp cure the resinAfter the resincured, the

masts were extracted from the mandrel with a hydrgadiclike extraction device, and then

placed horizontally on a gelcoating rack. The mandrels were recycled back to make the next
mast or pole. fie mastsvere thercoated with daricoloredgelcoatto cover the glassAfter the
gelcoat curd, the mastsventthrough a multbelt sanding machingith coarse, medium, and

fine grit beltsto smooththe surface.This process ground ofibout half the gelcoat and any

other excess resin nodules that migatpresentDirectly after sanding, the mast®ntstraight
through the paint booth for painting. After that, the hardware was installed and they were sent
off to mate up with their respective boats.

The circumferential cracking occurs over time with Working of the mastBecause therare

no crossfibers through théayers of glass windings, the gelcoat cra@tghe boundary between
the gelcoat to the fiberglass windingshey startright betweenndividual fibers of the glass
windings and becausthe gelcoat is a relatively brittle matemaald at the surface where bending
stress is the greatesie cracks work their way to tloeiter surface of gelcoat and through the
paint. In the vast majority of cases, thecradke n 6t g o © theystaptatithe surfasea y
of the carbon fiber layer underneatliiyou stick a knife blade inta normalcrack, you will see
that it won't go invery far,hardlyat all, infact. So the cracks are not deep and they do not
penetrate into the structural carbdvef below. So a few minor cracks are of no concern and the
masts should be just fine.

The following photographs show what circumferential cracking looks like, as provided to me by
a Freedom 39 owner

Photo 1. Minor cracking on a Freedom 39 rﬁaSt,pg about an inch apart.
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Photo 2 Same Freedom 39 mast near the gooseneck where the bending is more and so the
cracks are more numerous and more closely spaced.

THE CURE

In Photo3 on the next pagex Freedom 21 mast was accidentally dropped dusrsiapping

onto the boat, and where the mast hit the deck edge, the gelcoat was chipped and damaged. |
show this photo only to show what the surface looks like under the gelcoat, and how thick the
gelcoat can be. Howevdrhave seen instances in whittetmasts have been heavily used or not
well maintained, and the cracking is qusevere and looks pretty deep. The gelcoat can be
chipped off with a knife, similar to how this looks.

If the cracking looks bad, thehe masts should be pulled from thehtripped of their
hardware, the surface gelcoat ground off down to the outer glass windings lay®ro sesy
layers of fiberglass and epoxy laminated over the mast for a fresh new sUifféees then
sanded down smooth, filled, faired, @hé mass can beepainted.This cures the problem
entirely.

At the end of this document@sdrawing that describes how to repair a Freedom Yacht carbon
fiber mast. This was drawn fonawner who had the original wraground sails on his 1982

Freem 40, and he wanted to convert the masts so the ghgt®nfiguration on sail tracks.

The cracking had to be fixed first, and so | adapted his drawing for the repair to include in this
paper. In this instance, | specified fiberglass socks whicteadkly available and may make the
glass laminating process be a little easier to do. Alternatively, if the glass socks are not available
or for some reason cannot be used, then alternately | have spiecthiedrastwo layers of 10

0z/sq.yd. fiberglass cloth. Thi f abr i ¢ can -3bée wioduen dt aopne iwr a2pop e d

mast, or in fabric broad good draped around the mast.
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Photo 3. Impact damage on a Freedom 21 mast, showing gelcoat and underlying glass.
REPAIR EXAMPLE

The owner of the Freedom 39 wasdkenough to allow me to show some his photographs of the
repairs to one of his masts. These show what to do following the same principles in the repair
drawing at the end.

If using the fiberglass sock, the fabric is put on dry and wet out with remrager at a time.

Let each layer cure. If using cloth, either as tape or as broad good, the mast may be wet out first
and the dry fabric wound on, wetting it out again as it goes onto the mast. After the first layer of
fiberglass is on, and if the nding surface is still relatively smooth and still in green cure (after
exotherm but not fully hardened) the second layer may be laminated on right away. If the first
layer is fully cured (overnight or after at least 24 hours), then the first new gtéssesshould

be sanded with coarse grit sandpaper before putting on the second layer. After the second layer
is on and cured, the mast may be sanded entirely again, the surface filled and faired, and then it
may be primed and painted with any good quatarine paint system. Twgart polyurethane

paints are recommended, as are lighter colors rather than darker colors.



Photos 6 & 7. The mast ground down through most of the gelcoat to the glass, but not all the
way through. The glass sock put on. This owner used a tube fabric from Giant Leap Rocketry:
http://giantleaprocketry.com/products/components_composites.aspx



http://giantleaprocketry.com/products/components_composites.aspx

Photos 8 & 9. Wetting out the glass with epoxy, with a clageof the layup. This owner
bought epoxy from Progressive Composite#p://www.epoxyproducts.com/

. X o
Photos 10 & 11 Painting and installation back on board. The paint was a meaited
polyurethane fromhttp://www.porl5.com/CHASSKEOAT-BLACK/productinfo/CHG/
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