HARD SAILS

By Wally Ross

Frobably everyone will agree that o significant part of
the pleasure of sailing lies in walking abaur sailing. “1n that
ralk, however, agreement stops, There will probably never
be. a timie when any two racing sadors will agree com:
pletely. Theories flow like wine, bur confirmation of any
one of them is-rare. The proof of the pudding, of course,
is suiccess in racing, bur so many factors contribute to the
sucéess of a’champion that it is impossible accurately to
ﬂl‘.ﬂlydl’.’ t"“fil' I‘.'Id.tl\"l:‘ ['lnT_'lUl't-aT!I:L.. f.L'H C‘K.ln'.lplt.:. MmOy OLE
can’ say with  certainty the extent to which sails are re
sponsible fora specific victory, but no one can deny that
they are 'a wital facror.

The inability to assess precisely the relavive effect and
importance of boat, sails, weather, trim, tuning, ete, is one
af the happy frustrations on which the sailor thrives. Take
awiy the sailor’s post mortems at the bar and vou will
have swelled the ranks of the golfers.

The uncetrainty is infinitely compounded by the facr
that each: of the more general factars, boat, sails, weather,
ete., is in wself a subject of substantial scope. Sails alone
present anaimost inexhaustible supply of marerial for
speculation and debare. The location and amoune of draft,
the kind ‘of material, the method of cutting and roping
and a hundred other details affect che final p]nduct To
the racing skipper, whose principal aim is winning, many
of these factors are of interest as topics of debate, but to
the sailmaker; whose job is wo produce winning sails for a
variety of skippers on a variety of boats, all of them are
vital. The sailmaker must attempt. to find wm]c[ng ANSWELS
to all of the many problems Ijl'(‘ﬁf‘nl’?‘d and 1 s ability. to
do so s the measure of his success.

The Fact that some of the probléms do noclend chein-
selves toprecise mathematical solution dees nor justify
reliance solely vpon trial and errof. Synthetic materials
are highly stable, a property which makes 1t passible to
determine in advance the shape they will dssumie with any
given cut” True, the advance determupation . may’ nat
be absolutely perfect. in terms of inches of deaft or belly
it a given point in the sail, but it will be very close and
atse highly accurare in terms of ‘the relarive ‘draft o be
Feund at one part of the sail as compared with anather
ar inone sail as folnpar:d with another. Thus, if careful
zecords are kept, realistic and useful tests of performance
can be made, and the causes of success or failure more
;.[1::11."!3.' understoad.

(f cobirse, measuring and producing a sail of given
shape s only part of the task. Of muoch greater mnportance
5 determining the optimum shape. Most racing skippers
are genetally aware of the forces which ‘drive a boat
weather. Briefly, the wind Howing along the sail produces
a pressure differential between the leeward and weather
sides. This differential results nior only From an inerease

vin pressute on the weather side, but also; and
of many, more significantly from a3 decresse in pressure
on-the leeward side. The decreased préasure on the lee:
ward sideiis greatly affected by the action of the jibiwhich
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if properly vut and trunmed can add substantially to the
total {otce ‘produced,

The force ‘produced by the pressure differential on o
close hauled boat acts largely o leeward, cavsing heeling,
and slightly forward, causing motion. In additdon, the
air passing along the sail is impeded by friction, producing
a force acting astern, Gsually called drag, These forces
will be: discissed in more detail, bur ir is abvious thar the
vptimum shape is ane which produces the gredvest forward
Force with the smallest heeling foree and drag.

Although some important medifications in the shape
of a sail are made by adjusting the tack seam and leech
seams, the shape is principally controlled by thé amount
of curvature, known as roach, which 1s cur on the Iuff and
foot, If a ‘sail ‘were cur withour foor and {uff roaches it
would ‘be strerched sightly between the mast and boom
aver its entire surface and assume the shape of 3 barn
door. The roach is the source of the extra cloth which
allows the sail ro belly to leeward. That roach can be
ral'r:fu“y meastired and controlled and., of course, con-
trolling the reach controls the shape and set of a sail; For
that tedson, careful measurement and painstaking wiotk.
manship are of vital importance at the cutting stape of
satl construction.

Every step, however, is imporane, Nawrally' the selee
tiin of the material s the first step. Egyprian- cotton was
introduced about 1850 and for neatly a century following,
sailinakers and sailors had grown used ta the Variamons
atid ramificatons of cotwon. Suddenly, within a few' short
yieacs, three new synthetic sailcloths were introduced, Frrs,t
\rjrin::-n then Otlon; and Dacron.,

The advent of one synthetic sailcloth forced  changes
in_both sailmaking and handling, bur three compounded
the conbision. Nylon, becanse -:.[ its stretch; 15 sull wsed
primarily for spinnakers and other light _.-,,-u[_.,, Howeyer,
Dacron, the most stable of the syntherics, has now gained
the widest acceptance for all other sails. ;

Paradexically, Bacron has made sailmaking both easier
and harder. With s3ils cur from corron, small errors ‘did
not show up, as the cloth was mobile, and the shrinkage
ard strerch rended 1o nl'ilif} 1:E1per!rctlur‘u However, the
F.uggmr hanc‘!rap witly cotton was the facr-thar it reqmnz-::

“breaking in” process which was not ar all consistent,
.'tl1d made it impossible either 1o duplicare a 3ail, or I‘l’!'-'t‘
it set exactly ‘as designed.

Dacron corrected this problem with s stability bur,
m turn, created new problems, of which the foremost is
the: facy thar this. stability made precision methods ol
design and cutting m_a::damr}r. Small errors i eutting do
shaw o and’ remaii in the sail, mak_jng Diacron VEry
sensitive ro small changes in design. On’ the cradit side,
Diacron's ‘stability ‘makes "breaking in” unnecessarv. A
Dacron sail can be tested or raced immediately upon com:
pletion.

Dacron, therefore, has a combimaton of assers making
it an ideal saileloth. First, its stabiliey perinits drafe falous



lattons to much fner tolerances, which justifies more tune
spent in detailed designs. Secondly, the shape of the
[Dacron sail will remain constant for a long period of
time. This is a very important point, as it is the shape of
the sail thae is the 1 factor with which we are concerned.
Onee the correct shape 1s attained, the finer tolerances and
more detailed designs also allow the highest detail of
duplication.

The third hig asset 15 the smooth surface. This curs
down surface friction, which s definitely a drag or
negative force. Surface friction is important in all airs, bue
it incteases in importance as the wind inereases. Anything
that can be done to a sail to cut down its negative Forces,
ot drag, will naturally make a sail faster.

Once the material is selected, the next step 5 the actual
cutting of the sail. As mentioned before, the shape of the
sail 1s attained through the luff and foor roaches of the
main, and the lufl roach of a jib. Therefore, the resultant
shape would depend on the shape and depth of these [ufl

roaches.

Surface friction is a property of the sailcloth irself, bur
the other forces of a saill ({orward drive, heeling action,
and some of the drag) resule from the shape. The objec-
tive, therefore, is to produce luff and foot roaches that
will produce a shape in the sail with the maximum per-
centage of forward drive, and the minimom percentage of
heeling action and drag.

The shape of the sails, therefore, is concerned with the
resultant {orces, and apparent wind. As an example, if a
mainsail had 6070 forward drive, 2077 heeling action, and
209% drag, it would have to be faster than a sail with,
say, 409 forward drive, 3077 hecling action, and 30
drag Since the resultant forces are obrained from a
pressure differential from windward to leeward of rhe
sail, which is tn turn created by the mawimum differences
in wvelocities between 2 windward o leeward flow, the
effeet of the jib is a major consideration. The maximum
optimum effect is also a function of the shape and trim
of both mainsail and jib.

The acrual plotting of a sail for these forces starts wath
the apparent wind angle. As the boat speed mcreases, che
apparent wind goes further and further forward. There-
fore, the apparent wind depends on rhe peinting angle
of the boat in relation to the true wind, the boar speed,
and the wind velocity. The apparent wind angle is less
than the true wind angle but the velocity of the apparent
wind is grearter,

The shape and resultant forces of the jib are purely
dependent on the apparent wind ang!r:._ whereas the shape
and resultant forees of the main depends on the apparent
wind angle, plus the increased flow from the jib. There-
fare, for a given apparent wind angle the shape of che
sail can then be drawn so that the fullness of the sail {or-
ward will not be so greac thar it will [uff. The remainder
of the cross sections can be drawn with the maximum
curvature, consistent with keeping the resultant forces
acting in a forward direction, Higher cross sections of
the sail have a freer flow than the compound curves that
are attained near rhe boom, particularly near the tack. Be-
cause the sail is artached to the boom, it is impossible to
have all the forces positive near the foor, particularly near
the leech. This is the main reason why a sail cannot he
made with 100% forward drive force. The “twist” of the
mainsail also affects the percentage of forward drive and
will be discussed later.
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After the draft roaches are plotted, the sail s then laid
out an the floor and cur. From rthis point on, until the
sail is finished, workmanship plavs an extremely important
part in making the sail come out as designed. While on
the floor, the sald has to be marked so thae it can be sewed
together with all seams perfectly parallel, and the ovetlap
of cloths exact. The placement of the headboard, seam
adjustments on the leech, and the roping are all critcal,
and directly affect the final product. The design is made
to very fine tolerances; poor workmanship can ruin it

The raping is an exrremely critical poine. The rope
is not put an evenly, but is hand sewed on with increased
rension near the tack, and with decreased tension near
the head and clew. This 15 accomplished by marking the
bolt rope to the sail. If the bolt rope were put on evenly,
the draft would be higher and further afe in the sail than
designed, so that the bolt rope serves the purpose of hold-
itg the draft where it is intended to be. Very small differ
ences, even | or 2 millimeters, in the marking of the bolt
rope to the sail can change the placement of drafs, This
is the reason why the mechanics, or benchmen, who do the
roping are very highly skilled and require years of exper:-
ence to do this job coreectly.

The shapes and {unctions of spinnakers are in a state of
rapid change. Many of the early experimentations were
done on single luff spinnakers. The parachute spinnaker
af today is a relarively newer type of sail in comparisan
to the standard mainsails and headsails.

Gradually, information has been atrained rhfﬁugh the
explanation and proof of rtheories, experimentation, and
constant testing of new ideas. In analyeing the older



BILL COX'S past record in other classes shows him to be one of the finest sailors of our time. His skill was
demonsirated during 1956 when he won his District Lightning Chompionships with three straight 1sts, then
continved on to win the Lighining Internationals by 18 peints with three Tsts in five starts. We are indead
proud thot Bill's choice for his sails has been Scientific Dacrons by HARD.

R Phota—courtesy COURIER-EXPRESS
Hill Cav leading et in rthe fr?:l'-’-rrl.-_:zinru{ls,

SEJENTIHC Dacron sails by HARD wre made b;f ia) plotting ideol cross sections for maximam
ol percentuge of forward drive combined with minimum percantages of heeling action and
drag; (b} then translating these cross sections into the construction of your sail. While these
methods do take longer, yau gef o more foithful reproduction of ideal cross sections—hence o
“faster” sail,

_T:he %wTaper-pa-nell'ed. ﬁi'l-'Pl.ll'puS.ﬂ., Spherical by Hard

Bolr Crane's "J'Im?r:n" — Winmir of the {heop
Snieih Hﬂguun i Savaraul with eron striight
Lsee: el drdd an the Midweiniers.

After tha three rm:.es in_Savannch, the twao 'I'U';":i-_j :,-,-'..
roces dnd the five roces of the Mid-winters in 5t
Petg, Bob Crons reparied the rrsulti of '!19 fEw
spinnaker oy Follows:

1. Qutzide ‘of “freak conditions”, of logist 2 for 3 hoats wers pm;r_-d on 3. Complete combination effect. Spinnoker pulled away fram athar boaats
cach leeword leg, whereas no bost passed thim, L on deod leeword legs in both heavy ond wery light <ond.lu:ans i

BT DT SRR high' reaching angle —1:md e e cdditian 16 the fosfer spesd on recches.

riad gliove beam wind when mast othei spirnokers were not used.. 4 Ease of hasdiing—spinnoker stayed full with mq-'slml.rm of ilanr}lmg
X aird Préd o high' resistance fo eollopsing.

BATET HARD SAILS, INC. o sunper 150
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studies, tagether with the new informanon developed
this winter, there are three conclusions that can be stated
with reasonable assurance,

First, the flow of air in a spinnaker goes from luff
leech in any reaching angle, and from the center of the
spinnaker ta hath leeches on a dead run. whereas relatively
litele wind escapes off the foor.

Secondly, a very full cut spinnaker is not the most
ideal shape even for leeward work, as there is a rurbulence
{a section that might be called almost "dead air™) at the
deepest poine, This air is not rapidly replaced, thus de-
creasing any forces acting on the surface of the spinnaker
in that area.

Third, as a result of this “pocker”, air moving across
the spinnaker from luff ro leech has a tendency to take
a "short cut” and bypass the deepest point located gener-
ally in the upper third of the spinnaker,

[n some of the testing done on the low of air through
holes cut in spinnakers, the result has been thae very little
air flowed through the holes until they were made quite
large.

This effect 15 caused by this short cut of fow and the
resultant "pocket”, together with the direction of the
Aow acrass the spinnaker.

As in the case of the mainszail and jib, the most effective
spinnaker would have the cross sections similar i shape
from head to foor. The foot, however, 12 flarter than the
upper section of most spinnakers so the desired effect
would be to Hatten the upper part of the spinnaker 1o a
similar shape but held to a point where the valuable lift
component is not destroyed. This would decrease the tur-
bulence and cause a greater How of air across the spin-
naker, increasing the resultant forces acting on the sur-

tace.

A

Also, under proper construction, another valuable
asset can be ereated, On a leeward leg, when the wind 1
extremely light, the flow of air "splitting” out ar the
center, combined with the weight of the cloth, allows a
“center collapsing”’ action—a condition that will take
place when the wind is not strong enough ™ All out any
full sized spinnaker. This center-collapsing action shrinks
the size of the spinnakers in the center only, leaving the
leeches exposed and drawing. This action grves the spin
naker working area even in extremely light air and then
will fll our readily if the wind increases, with no change
in trim. These assets in leeward work, plus the flarer cor
which 15 valuable for maximum prrfurm.‘-mct'. in reaching,
give the spinnaker a full combination effect for both
reaching and running in both light and heavy aies

Because there are disturbances in air flow near the
mast and rigging of a boat, and a blanketing effect 1o Lee-
ward of the main, it is advantageous to get as much of
the spinnaker as far out to windward of the boat as possi-
ble. The spinnaker will thus work m a stronger, steadier
air, and will function heteer. The flattened center will
take arvea from the deep center and creare a greater ex-
posure, parccularly in the “shoulders”, causing the luff
to stand further to windward m better air.

Tn all winds, except heavy airs, the maximum girth
dimensions naturally are required for maximum area.
Haowever, the middle high girth dimension is more critical
than the lower girth dimension. A spinnaker starts at a
fixed poine at the end of the spinnaker pole and continues
its oueward curve o windward, and then back o the
head. A longer foor will not allow the spinnaker o ser
any furthet to windward, but along the free curve of the
luff the maximum limitation in the girth dimensions will
have cansiderable effect in getting the working area
further into the berter air o windward. Naturally, the
maximum foot dimension 15 also desived for grearer area,
but we just wanted to poine out that, of the two, the middle
and upper girth dimensions are critical.

Tn the derils of construction of a spinnaker, with the
described effects, it has also become evident that perhaps
the maximum conrral in the shape can be attained through
totally horizontal construetion. Thus the shape 15 con-
tralled in the same direction as the flow of air across the
spinnaker from luff to leech,

i ® -3

So far we have discussed sail shapes without the intro.
duction of ourside variables. The variables of mast shape
or trim can alter the shape and drafr of the main and jib
to a wery larg-: drzgree,, and it is therefore important thar
they be discussed m detail

Firse of all, let’s consider the effect of the mast {Tuning
is extremely important, and in some cases underestimated
in its importance. However, tuning is mainly a funcrion
of the balance of the boat and helm, and is another
scparate study aside from our main subject.) We will,
therefore, concern ourselves mainly with the profile of
the mast.

The construction of a Lightning beom is quite rigid so
that in most cases it will not bend.

We said earlier that the shape and draft of a sail is
contralled by the leff and foot roaches—curvature cut in
excess of the straight line luff and foot. We also pointed
out that snall variances in the drafr and shape of these
roaches creates variances in the drafr and shape of the sail.



The. same variances and decrease of contrals is created
by curvatire of the mast. If the mast were bent to the
same’ shape as the luff roach. the sail would, in effect,
be the same as not cutting any luff roach dn a sail for
steaight spars. However, T think we can safely say thar
the asi curvature never doplicates the exact curvature
of the luff rvach, thus creating an unbalance of ‘tensions
i the wail, usually resulting in somé hard :lines.

Lightnings were not designed. for & controlled ‘bend i
the spar such as vou would find; by comparison, in: a
Star. The fully controlled mast bend. can be changed by
maovable step and deck partner, adjustable hacksrays, plus
full control of the jibstay and headstay. A popular
opinion is that a big bow, or bend, 1 the mast will flatten
the sail. This is not enwirely correct, The jhstay at the
mast is a fixed point and the mast can rake two relatively
separate bends, one from the jibsay to' the deck, or step,
and the other from the jibstay up. The low bend from
the jibstay down decreases the draft, whereas the high
bend from the jibstay up effects mainly the leech of the
sail, and guite often will produce a hard line in front of
the battens, particularly the lower barten. The action of
2 bending inast is shown in diagram 2.

Hs the top: of the mast falls aft, the measured [eéch
dimension of 24'6" between the head and thie clew rémains
constant, but the aft bending will move this: whole leech
dimension downward so that the clew and :the  entire
boom drops down to a lower position. As the leech area
and boom drops down, the span’ of sail {rom the fixed
point of the mast at the jibstay cannot move down to the
lower position of the boom without producing inercased
tension on the inner span. In other words, the dimension
of the leech remains ar 246" between the head and the
clew, whereas the line between the jibstav and the boom
parallel to the leech, will cover a span anvwhere from
Lo g 27 lnngtr than the span with' a btra.'ight mast, This
change causes a hard spot or a line of unbalanced tension.
Below the jibstay, with a smooth even bend, the different
spans’ frém- the mast to boom parallel to the leech, are
air]},r prupurtmnaﬂ: to- one Anﬂthf‘r, so- that there would
]'H" o SEVEre un:‘nalanct‘ ]:'LJ" ra!l‘.lfr el g'adudl ﬂdtteni‘lg’
as the mast bend increases,

We do not advocate mast bendsan a Lightning because
the duplication conrral decreases so- greatly. TF 2 sail
were ettt for a bent mast, the exact dimensions of the
tnast curve would have to be taken so that the cut of the
sail-would allow for the bend. The Dacton zail, being
sossensitive, will set wp diffecéntly with every vatianee

in mast ‘bend and in all probability notwo mast bends

would be identical, A straight suiff spar creates the maxi-
tiuin contral so thar if the sails are buile idéntically, they
¢an be set up on the boat more nearly identically, thus
making reproduction a great deal easier. The features
of the bending spar should be used only o self-defense,
such as correcting a hard leech or H-xttcmng a sail that
is too Fally Bue at the first chance have the sail corrected,
vather than sailing with a bending spat.

There can be some advantages i a flexible spar, par.
ticularly in: widening the range of ‘a sail.’ However, the
reasaoniit s not practical on 2 Lighwming is that he ad-
vantages are only greater in 2 boat designed for a con-
trolled bend, such as a Star, where bends up to 12" can
be cteated, and the sail has beett cut to accommodare
these bends. However, upon examination, it is. harder
tor ke good sails for the boats with bending spars ithan

for boats with' a straight spar, simply because of the in.
crease in variables, In many classes that have controlled
bends, full adjustments are allowed durning a race. Flow-
ever, it does fequire 4 full understanding of sails to make
any proper. changes;

The jib is complicated by the fact that it 1s suspended
on a sagging luff wire. Diagram =3 shows three different
Jibs, i
The first. drawing shows a straight luff wire; the second
a slight sag in the luff wire, and the third = severe sag
in the luff wire; As the luff wire sags aft, the sections of
sail from the foct to the leech parallel with: the luff wire
also sag back, increasing the draft of the jilv, There is s
counter-foreée from the head to the clew and from the
tack to the clew, in which any curve of the leech and
foot under  tension, tends to assume  a o straight hne:
Therelote, as excess draft is created from the sagging
[ulf wire, instead- of  wotking back on the luff ahd foot
alse, it is held by the tension of the trim:

In the third drawing, with the maximun sdg, the dis-
tance from To#f to mid leech, and luff o mid  foot; i
shorper than with the loff wire tight, and the excess cloth
just: goes jnto excess draft working afr m the jib, gener-
ally just ahead of the battens, forming a hard leech.” The
obvicus cure would be to have the jib luff tighter and
tighter as the wind increases from very light ait to pre-
vent this condition.

Two points are important. First, to keep the luff as
tight as: possible. The halyard should be stamless steel
wire and the end locked ar the mast when raised. The
tack shoald have a wire downhaul leading aft to o crank

turnbockle so that the downhaul can be dghtened as thé
wing increases, -

Secondly. many jitis made for medium or heivy aic do
not have maximum roach dimensions on the lécch, The
maximum roach will stand properly mn light airs when the
trim: tensions are not great along the foor and leech, In
the ‘medium: and heavier airs the excess roach cteates an
increased tound diat can be forced toward z:straight line

Conthe oot and leech under heavy trim teiisions, thus
- creating an even-harder leech than without the roach.

* * * o #

The next unportant item effecting the efficiency of sails



is the trim of the main, and bolt rope tensions. First of
all, there has been controversy about how haed 1o pull
the bole ropes on a Dacron sail. This could be a hang.
aver from the cotton sails which were not supposed to be
pulled out hard when new. However, since the Dacron
sail does not need any breaking in, it can be ser up and
raced the first time it is used. The synthetic bolt ropes
have some resiliency, more so than the Italian hemp used
on cotton satls, and therefore do require a greater force
to pull them out. The sail will be fatrest with the bol:
rope pulled aur right and added draft can be creared by
slackening the bolr ropes.

As a usual procedure in very light airs, if a sail requires
extra draft, the outhaul can be eased abour 17 and che
downhaul raised 17 o 27. In light to medivm air range,
the draft can be flartened by rightening the bolt ropes as
the wind increases. In all medium and heavy airs, the
bole rope should be pulled out as tight as pessible to
maximum dimensions. In spite of the extra sirain re-
guired to pull most synthene bolt ropes, there is very
lictle chance any harm will be done by pulling hacd in
case the sail does not come out easily.

The tension of the bolt ropes also comes nta play
the proper shape and trim of satls. Trim is a very complex
subjece and pechaps cannor be covered adequately in a
short article. However, we will cover the most important
poines thar have ro be taken into consideration. The shape
or drafr af the sail is closely dependent on trim, so hoth
points can be discussed together because of the close
inter-relationship,

First of all, the following would be some of the im
portant considerations m  determining  the shape and
proper tritmn,

l. Tn very light air {0 to 2 knots] a slightly tghe leech
15 sometimes advantageous. In rhis range, the wind s
more “flexible” and not steady so that the usual rules
of sail shape do change for the very light conditions.
The proper shaped maximum draft is the most importan:
consideration in this range.

2. As the wind increases over the very light air range,
the leech should be in a flar plane with the least possible
amount of negative force; ie. curving back to weather.

3. The maximum resultant forces are created from the
maximum pressure differential, i turn creared by the
greatest difference in velocity of How between the wind-
ward and leeward sides of the sail. The most efhcient
sail would have maximum draft and ver have an angle
of attack within the apparent wind angle.

4. The resultant forces within the apparent wind angle
should have the maximum possible forward drive, and
the least amount of heeling action and deag.

5. The efficiency of a sail increases if the shape or
cross sections are similar from the foot to the head.

Each one of these points is generally restricted by an-
other one of the points, which 15 why 1t can be compli-
cated.

We also have ro recogmize two other factors thar are
imporeant.

First: Maost mainsails usually have whar is referred 10
as a "twist” or “fall off” in the upper part of the sail.
This causes the lower partion of the sail 1o have different
cross sections than the upper part of the sail.

Second: The jib WVentun action can cause deviations
from fgures calculated from the drawn apparent wind

a8

o

angle, the effece, naturally, being on the leeward side of
the mainsail. The change would be relatively small with
the correct Wenturi effect or even a decreased Venturi
effece as caused by a slack leech on a jib. However, o
tight leeched jib would have a very derrimental effect in
changing the How of air directly inte the mainsail, closing
the slot and camsing the mainsail to luff Too soft a leech
@ poor because it reduces the Ventun effect. A jib alse
has a higher angle of attack because of rthe absence of
mast interference, and the luff of the jib is the only part
of hoth sails that 15 working in the absolutely free ap-
parent wind.

The first drawing shows a slack jib leech that has very
little squeesing effecr therefore producing very litle m-

creased acceleration on the leeward side of the main.

The second drawing shows a full, hard leeched jik
causing the flow into the main which causes the main o
fuff and also decreases the flow of air in the "sloc™,

Dirawing three shows the proper shaped flac leech re-
sulting in the maximum squeezing effect causing increased
acceleration of the air on the leeward side of the main
withour luthng the main,

The "twist” or "fall off” of the upper part of the
mainsail can be the fiest step o lead o the full dis-
cussion of trim and shape of a mamm. In many cases the
twist of the mainsail has been treated in the vein tham
nathing can be done about t. However, this is not true,
Many top sailors have found the secret of trimining the
mainsail toward the quarter and down hard as the wind
increases. IF the sail s trimmed to the center of the boar
in heavy air. the sheer has to be eased slightly to avoid
heeling action and drag forces caused by the leech
curving i rowatrd the center line, the decreased rtension
berween the head and clew and results in the twist of the
sail. Theeefore, the frst object would be 1o decrease the
negative forces m the lower part of the szail and snuil
eliminate as much of the twist as possible, particularly as
the wind increases, so that all the cross sections will ser
as similar as passihle by having the entire leech set in a
“far plane™. It is important here to mention more can
be done to eliminate the twist in medium and heavier
airs when a strong tension on the sheer trim is required.
A sail should not be teimmed hard in very light airs, bur
in those conditions the twist is not as great and not as
much a detervent factor. This 15 one example of why we
mentioned that very light 2ir conditions have o be treated
differently,
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Trying o describe trim with varying cross sections
would naturally be very involved, which is the purpose
of ‘discussing it in terms of similar cross sections’ or the
average cross section at the pofne of maxonum  deafe,
These are the cross sections that are shown in diagram Z£53.

We mentioned before thar as the ‘boat speed. increases
through the water. the apparent wind angle becomes more
and more acute. Since changes in the wind dnd waves
concnually alter the boar speed, the apparent wind is
contintally changing, so that no boar will probably ever
sail 2n entire windward leg with the same apparent wind
argle. "For this reason we have shown several different
apparent wind angles in the diagrams to show what hap-
pens if sail shape, trim and apparent wind angles vary.

In the: first diagram, the infer cross Secton {751)
shows this sail rimmed to apparent wind angle "A”. The
forward part would not luff as it is within the apparent
wind atigle; 'but being trimmed to the cenrer of the boat
{ot to center line as shown in the diagram} the sail from
about one-third of the way afr: o the leech would have
all negative forces. By trimming the sail off the gquarter,
a large percentage of the negative forces of heeling ace
on, and. drag, are changed into forward drive This. is
because the surface of the sail that was formerly aft of
the perpendicular has been changed to 4 force forwacd
of the perpendicular, The first cross section from -ap-
parent wind "A" would have approximately 3070 forward
drive 2007 heeling action, and 50% deag.  Whereas, the
Ind cross section would have almese 307 forward drive,
abour 1397 heeling action, and 207 drag. This leaves a
balance of 139 which is beyond the apparent wind angle
and therefore will luff slightly; However, the sail is sull
more efficient as the resultant forces have a great per-
centage of Ferward drive, and the negative forces are at'a
much” more favorable angle. only being curved very
slightly toward the center line. {The drag forces would
‘beproportionately increased as che angle of the leech
curvesl toward the center linej  This is-one possible ex-

planarion of why many sailors have found some sails to
be at their fastest point when they barely start to fuff near
the mast, 3

Again, however, this is where shape is important. In
this trim position, if the forward part of the sail were
flattened slightly into a working area, it would further
increase the percentage of forward drive.

Apparent wind angle "B” has the same effects, but i
would alse cut down the amount of forward drive 'in
both cross sections, making the sail even less efficient.

The second diagram shows a shape thar might con-
ceivably be used in extremely light airs from drifring
conditions to. slightly above. In these conditions. it is
usually not possible to attain the highest pointing angle
and the boar speed is at 2 minimum, thus opening the
apparent wind “angle’ very wide, sometimes as wide i
apparent wind angle "A”. If the breere freshens slightly,
the boat speed mereases, the boat points higher, and the
boat will be working nearer apparent wind angle YB”. Ag
it approaches maximum hull speed and maximum point-
ing arzle, the sail will then be working in apparent wind
angle "C".

It is necessary to have maximum draft o ger a4 boat
from a stopped position into motion, bur as the boat in-
creases its speed through the water, drafe has to be de
creased. Thereforé, a very full sail of this shape has rwo
bad features. First, its efficient range is limited to just
the drifting conditions and very slightly above. 'Secondly.
as the wind increases, the resultant forces of the sail can-
not be improved: radically by trimming the sail toward
the quarter. ‘In the apparent wind angles af B and
UC7, with inereased boat speed, no matter where the sail
is trimmed, a large percentage forward will uff, and a
large percentage of the remaming sail will have resultant
regative forces with only a small portion of the sail
having a forward drive force. In heavier airs; this is the
sail shape that could cause the boar usiig a common
expression; to. "lay over and wallow™,

The 3rd diagram would show shape apd trim angles
tor heavy air.  Cross section 2, trimmed toward the
guarter; would have a majority of forwaed drive forees
and 15 forward shape would remain within the apparent
wind angle "A”. As the boat speed increased to maxi-
mum, only a slight amount of the sail would Iuff forward,
with thie remsinder of the sail still maintaining 1is greates
percentage of forward drive forces. Cross séction 1.
wrimmed to the center line of the boat, has a greater
percentage of negative forces. Tt is also tou Far within
the apparent ‘wind angle,

There are two points abour these cross sections that
;ih"-'-l'l.l]d be answered: First, when the sail should be €
med near the center. and when the sail should bie trimmed
off the quarter. Second, how to trim off the guarter
attdin similar cross sections with the flar plane leech.

Fitst of all, in other classes boats with travelers, the
traveler setting generally starts with the cénter of the
boat i light air, to the furthest outhboard athwartships
position in heavy air. There is no exact seming that can
be listed due to many variables. However, the diagrain:

show how the forces on the sails change through the

varigus trim. positions and, as mentioned before, the
draft or shape can also be changed by slackening or
tightening the bolt ropes. ;

Since d Lighthing does not permit a traveler, the only
possible mobility in the mainsheet tom oo be arained



through the Croshy mamsheer rig which starts at the
boom, leads to a check black on one quarter, across the
deck to another block on the other quarter, then back
ap to the boom and forward. When the sheet is pulled
in hard, with this Crosby sheet trim, the boom ean be
pushed manuvally toward the guarter where it will stay,
This is opposed to permanent center trims m which the
boom will go toward the quarter only by slackening the
sheer, thus decreasing over all control of shape.

The jib trim also changes slightly as the shape of the
main varies and the trim of the main varies. An average
starting point would be an 117 angle from the rack of
the jib to the average of the fixed end and block of the
sheet. In other words, a majority of sinall one design
boats will trim at an approximate 117 angle, Experimenta-
tion is required varying from this 117 angle to maintain
the greatest Venturi effect. The fore and afr placement
should start ac a line drawn from the uff of the jib
abour 3" above the mitre, bisecting the clew. This line
is easier to actain with a single jib sheer than wirh the
double sheet of the Lightning so that an average has 1o
be taken between the two leads.

In addition to the spinnaker the trim of the mainsa:l
on a leeward leg is also very important. On the wind the
trim of the main sheet creates a tenston from the head
to clew, which holds the leech and roach of the sail in 2
firm position. In reaching and running, the main sheet is
let off and therefore decreases irs head to clew tension,
allowing the leech to become slightly slack and form a
slight *5” shape, as shown mn diagram =6.
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fragram Noo 6

The boom vang will maintain the leech slighely and
help cure the sitwation. However, additional steps can be
raken to further increase the efficiency of the mainsail

Gil

tor reaching and running. First of all, slackening the holr
rope of both luff and foor will add draft to the main,
which will, 1 rurn, partially relieve the ™57 shape eross
section, Generally it is dithcult to change the clew posi
tion duting a race withour a special rig, but if it can be
done, it is helpful,

Changing the [uff tack position 15 considerably easier
and wery effective. If the boom 15 raised and locked
anywhere fram 3" ta 6" above its normal position at the
tack, it relazes the luff tension and adds more drafr in
the forward part of the sail. Then, if the boam vang i=
rightened, the tack will not come down as it in o
locked position and all the pressure from the vang is
rransmitted in a downward action at the end of the boom,
or at the clew. This hardens the leech of the mainsail
allowing the remainder of the sail ro have added draft
and a resultant shape much faster for leeward work.
These points should be taken in a gradual process from
a close reach to a dead leeward leg. In other words,
through these methods, the draft of the main would be
increased by letting up the downhaul further and further
as the boat approaches its downwind angle. If the bolt
ropes were slackened too much on a close reach, the sail
would be too full and the resultant forces in the aft part
of the sail would be predominately negative.

is

On 2 broad reach, the mainsail is our far enough
that no angle of the surface of the sail would be in a
negative force.

=Lk

There is one other poine thar has an important bearing
on the shape of the sail. This is rthe placement of the
tack pin and the clew pin. If the bolt rope of the luft
goes straight to the tack pin without breaking afr, and
then straight our the boom to the clew pin, the resultant
deaft in the sail will take its full corvature and effect
from the luff roach. Tf the tack pin 15 moved aft along
the boom, the luff rope maves afr with the pm and the
distance from the 1st slide above the tack to the cut luff
roach decreases, as the change of angle of the bolt rope
is approaching the cur draft in the uff. It is also quite
evident that the tack angle has been increased, both
factors decreasing the draft near the tack and decreasing
the over all draft of the sail. If the tack pin is mowved
back severely, all the steain will be placed on the first
slide above the tack pin so thar the drafe will originate
ar the slide, and the remainder of the draft from the
slide up will be decreased. It also puts great added
tension on this first slide causing hard lines from thar
point. If the tack pin is higher than the projected straight
line of the foot belt rope, the strain is created at the
first slide on the foot behind the tack, and the same
principle applies at the clew, causing an unbalance of
tensions in the leech area.

The two tmeasures aof correction are either to measure
the position of your tack pin when ordering sails, or
change the position of the tack pin (ot clew outhaul)

after vou receive the sail, so that the bolt rope remains
in a straight line to the pins. If these "cut backs” are
put in by the sailmaker, then the tack or dew pin should
be left as measured.

The maximum distance between the tack and clew pins
15 very important and for most sails the tack pin should
he about 17 aft of the face of the mast and *4" up from
the top of the boom. The outhaul pin should be approxi-
mately 154" above the top of the boom. On the standard



| I :
§ 5, :
irj 5,
!i Il \'-. -
ih \'. | § b
i LY H
\ ' el
-,; H v i
-'I ¥
1 ¥
i
[4]
k|
il :
i i e,
T Z 3,

outhaul ‘fitting the pin is approximately 3" in from-the
aft end of che ftting. Therefore, af the end of the our-
haul firting goes to the very end of the boom the distance
from the tack pin to the clew pin would be approximately
0= I the distance between pins is less, the rension
on the bolt rope and tabling along the foor could be die-
creased so’ that the bolt rope would ace between slides.
The slack tension could cause vertical bines in the foot ar
each slide; The above measurements are taken foc . the

average sails but the important factors being here is that
the sail will ‘wet smoothest when the tabling along the
bolt rope is pu”ud. simooth and raut.

The adjustable halvard lock and the dowshaul allow
iare mobility. on pin to pin measurements along the luff.
For mazitnum loff tension the sail should be raised as
high as possible wirhour hitting the backstay and then
pulled down on the downhaul to the black band.

In conchssion, we would ke to stress thiac the inforna-
tion i this asticle is intended to serve as a starting point
for your own experimentation. Two identical sails will
oul}r set up the same when both are put n the same boat;
i the same wind, and sailed by rhe samc skipper. From
boat to boat there will be changes in the shape of the
mast, the tension of the jibstav, the trim of the sheets,
the touch at the helm, and over-all tuning. These require
different ad justments from boat to boat befove the tulles
efficiency  6f the sail can be attained.

We recall a recent article by Carleton Mitchell in ‘which
he wrote the {ollowing:

"Sailing . is an endless challenge. MNever can afl
the lessons be leamed. The man who has crassed
aceans makes discoveries whenever he drops the
MOTng for an afterncon sail. Each. boat' has
her own wiys, combination of wind  and
vides is never guite the same, there are itew
messages i the sky and on the surface of the
sea. A Lifetime:is all too shorr; you learn a
Little, and: 2 little more, until haally by some
standards vou -know a lot, and then you keep on
learning until you discover the greatest lesson
of all—haw little you really know in relation o
what there s to be learned.”
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CAN THE PAINT ON YOUR BOTTOM
HELP YOU WIN MORE RACES THIS YEAR?

We think so! We base our belief on numerous letters we have on file from skippers of
“Lightning” Class and other racing boats telling us about the excellent results they have
had with “Vinelast” Anti-Fouling Racing Finish. Tests ot sea have shown that a sleek,
smooth “Vinelast” bottom substantially reduces both surface tension and skin friction.
This added measure of “slip” can really help in a pinch! As one skipper put it, "By rub-
bing down the final coat of Vinelast the next day after application, | get a piano top
smoothness which results in that last exira fraction of a knet in speed.”

NEW! Woolsey Anti-Fouling Hard Racing Finish is the answer to racing skippers whao
prefer o bright, colorful, highly lustrous bottom. Available in
Red, Blue, Green and White. Ask your Woolsey Dealer.

Write for free “Vinelast'” leaflet. Include 25¢ in coin
for 40-page “How to Paint Your Boat” boollet ond
new Waoolsev " Nauticolors” color clurt,

C. A. WOOLSEY
Paint & Color Co. Inc.

DEPARTMENT: LC
New. York 17, Mew York

205 East 42nd Street
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