


Self-Steering for Sailing Craft
by John S Letcher jr 

"One of perhaps 20 books published in the last 35 years that is considered a true 
modern classic for any sailing enthusiast. It is truly a book that should be in any 
comprehensive personal (or organizational) reference library. This extensive 
book features over 250 pages of detailed (yet practical) text, illustrations, photos, 
and diagrams"

"This is easily THE BEST boat engineering book I've ever read. John Letcher 
applies his considerable engineering knowledge and practical experience to the 
problem of boat self steering. He uses a systems approach to breakdown all the 
discrete elements that comprise an effective self steering system. He suggests a 
methodology of testing to develop each element in a prototype steering system 
before investing in more permanent materials. The reason for this is the 
variability in relative steering damping in each boat's design that every self 
steering system has to be adapted to, which also helps explain why many 
commercial windvane steering solutions with their "one size fits all" approach 
tend to work well only to windward in strong winds. He also gives several 
"cookbook" solutions that provide an effective design guide book, while pointing 
out the limitations of this approach. This book has a reputation as being the best 
book on sheet to tiller steering systems ever written and it deserves praise for 
this, but it is also the best book written for anyone that wants to design a self 
steering system for their boat or troubleshoot the flaws and improve the 
effectiveness of an existing windvane system"

John Letcher has been very generous and allowed his book to be available for 
download. This is on the understanding that it is for personal use only. All 
downloads copyright © John S Letcher jr

Many thanks to Len Hiley for converting John Letcher's book to pdf files and 
obtaining permission from John Letcher. 
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NATURAL COURSE S'l'ABIUTY 19

2-2. Bearing away) heel increases) causing boat to luff.

2-1. Balance of thrust and resistance in steady sailing _ close reach­
ing (view looking straight down).

the centers of these resistance and thrust forces, so heeling controls
a potentially very large turning moment. These forces and directions
are diagrammed in Figure 2-1. Omitted from the picture, for sim­
pli.city's sake, are the side forces orr hull and sails, which do not
hange very much with beeling. Now, if the boat bears away a little,

for any unspecified reason, she heels over more, making the thrust­
resiStance couple bigger (Figure 2-2) and so she has to luff. (Luff­
in!! means turning so the boat heads closer into the wind _ not neces­
s:ll"ily so close that the sails shake, but just in that direction. The
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wil1d

----.

SAILING TO WINDWARD

2 NATURAL COURSE STABILITY

This is the chapter that tells why some boats will steer some courses
by themselves. The subject serves as a framework for starting to
think about the forces that act on a boat, how they interact, and how
they change with a change in course. Also, it serves as an introduc­
tion to the general idea of stability. There is not a whole lot of
help with the problem of designing a boat for natural self-steering.
This is because it is so easy to use sheeHo-tiller or windvane gear
that the limited possibilities of natural course stability are not worth
a sacrifice in any aspect of the design.

TO WINDWARD WITH HELM FIXED

Most single-hull craft will steer themselves close-hauled or close­
reaching with the helm fixed in steady wind. ("Helm fixed" means
the rudder is immobilized, and there are any number of ways of do­
ing this. I would prefer the simple method, capable of continuously
fine adjustment, of lashing the helm or wheel with lines, over the
discrete adjustment afforded by a tiller comb or pin rail.) This in­
herent stability is primarily an effect of heeling, and this is a good
place to start thinking about the profound effect of heeling on the
steering of the boat. \Vhen the hull moves ahead through the water,
it experiences resistance - a force opposing the motion. If the for­
ward motion is steady, an equal and opposite thrust force must be
acting on tbe sails. Heeling determines the lateral offset between
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SAILING TO WINDWARD

2 NATURAL COURSE STABILITY

This is the chapter that tells why some boats will steer some courses
by themselves. The subject serves as a framework for starting to
think about the forces that act on a boat, how they interact, and how
they change with a change in course. Also, it serves as an introduc­
tion to the general idea of stability. There is not a whole lot of
help with the problem of designing a boat for natural self-steering.
This is because it is so easy to use sheeHo-tiller or windvane gear
that the limited possibilities of natural course stability are not worth
a sacrifice in any aspect of the design.

TO WINDWARD WITH HELM FIXED

Most single-hull craft will steer themselves close-hauled or close­
reaching with the helm fixed in steady wind. ("Helm fixed" means
the rudder is immobilized, and there are any number of ways of do­
ing this. I would prefer the simple method, capable of continuously
fine adjustment, of lashing the helm or wheel with lines, over the
discrete adjustment afforded by a tiller comb or pin rail.) This in­
herent stability is primarily an effect of heeling, and this is a good
place to start thinking about the profound effect of heeling on the
steering of the boat. \Vhen the hull moves ahead through the water,
it experiences resistance - a force opposing the motion. If the for­
ward motion is steady, an equal and opposite thrust force must be
acting on tbe sails. Heeling determines the lateral offset between
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SENSITIVITY TO WIND STRENGTH
Sailing to windward with the helm lashed only works while the
wind is steady, because a change of wind force changes the weather
helm required for a steady course, and this clearly can't be provided

21NATURAL COURSE STABILITY
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2-4. Wanderer III sailing to windward, with mainsail reefed and
helm completely free.

CLOSE-HAULED WITH HELM FREE

Eric and Susan Hiscock, before they had a windvane gear in Wan­
derer III, close reached many thousands of miles with the helm com­
pletely free (Voyaging Under Sail, Oxford Univ. Press, 1959, p. 63) .
The rudder and tiller should be viewed as a lever with the pintles
and gudgeons as the fulcrum. This makes it clear that if there's no
force applied to the tiller, there can be no lift or pressure difference
carried on the rudder blade (unless the mdder is perfectly balanced,
page 103). To balance out the weather helm the mainsail had to be
reefed according to the headsail used (Figure 2-4), but once the

by the lashed helm. If the wind increases the boat will tend to luff
and even bring herself about following a sharp puff; if it decreases
she will bear away and, with the helm lashed up, she can go right
on around and jibe. This is annoying. If you have to go on deck- to
adjust the helm for every change of a few knots of wind - or if you
are trying to sleep in a nice lee berth and wake up every ten minutes
to find the boat comfortably hove to on the other tack - then you
might as well be steering. But we will shortly see that an adjust­
ment to compensate for an unsteady wind can be automatically pro­
vided in a simple way, allowing very good use to be made of this
inherent stabili ty while close-reaching.

--
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SELF-STEERING FOR SAILING CRAFT

2-3. Luffing up, heel decreases, causing boat to bear away.

opposite of luffing is bearing away.) But if she heads above the
equilibrium course, she heels less, bringing the thrust more nearly
over the resistance and reducing the thrust-resistance couple (Figure
2-3) , so the less variable side forces provide an excess moment mak­

ing her bear away again.
A couple is simply a pair of equal and opposite forces. If they

don't act along the same line, they exert a torque (or moment) on

the body they act on.
Now this is obviously a gross simplification of a very complex

system. Really the magnitudes of thrust and lateral force vary as the
boat yaws; the centers of effort and lateral resistance do .shift a little
with angle of heel; the boat also changes speed as the thrust varies.
All these effects can be estimated quantitively, and the variation of
the thrust-resistance couple with heeling dominates all of them in a

monohull of normal stiffness (see Letcher, "Balance of Helm and
Static Directional Stability of a Yacht", Journal of the Royal Aero­
nautical Society, vol. 69, 'p. 24 1-7, 1965) .
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boat was balanced she continued to steer herself by the wind regard­
less of variations in the wind force. I can't be sure what was com­
pensating for the varying thrust-resistance couple in this case, but I
think I have a likely explanation. I believe Wanderer's rudder was
built of such heavy wood and metal fittings that its weight provided
sufficient increased weather helm as the angle of heel increased.

il(i. RSE STAnU .rf\'NATURA

There is a real opportunity here to use mass imbalance of tbe rudder
to compensate for much of the weather helm that necessariJy accom­
panies heeling.

BROAD REACHING

STABILITY CONCEPTS

If we try sailing helm-fixed on other courses it usually doesn't
work at all. The boat might go along for a few lengths, but then
some small disturbance puts her a few degrees either side of her
course, and instead of correcting she swings farther off, faster and
faster, until we must intercede to prevent her from jibing or flying
into the wind. This is typical behavior for an unstable system, ex­
exemplified by a ball resting on a convex surface (Figure 2-5) . The
ball can rest on the summit for some time, but if it ever gets the
slightest bit off center, it accelerates ever faster away from its equi­
librium position. Compare this with the prototype of stable be­
havior, the same ball resting in a concave surface (Figure 2-6).
The ball can stay happily in its stable equilibrium position at the
bottom, or can osCillate about this position with a certain period.
Somewhere between the stable and unstable systems there is a "neu­
tral" system, represented by the ball on a level plane (Figure 2-7).

CAUSE OF INSTABILITY

Remarkably enough, the key to the unstable behavior of a yacht
broad reaching is the same effect of heeling that produced stability
while close reaching. Figure 2-8 is a similar view looking straight
down on a broad reach. Again the lateral forces are not shown be­
cause they don't change much with heeling. Now, if the boat should
luff slightly, she would heel over farther (Figure 2-9) increasing
the thrust-resistance couple so she tends to luff more. On the other
hand if she should bear away a little, she would heel less (Figure
2-10), diminishing the thrust-resistance couple and allowing the
other moments from the lateral forces and the fixed rudder to turn
her farther and farther off the wind. Again, the picture has been

time
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2-6. Stable equilibrium.
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CA USE OF INSTABILITY
To complete this rather pessimistic chapter'on natural self-steering
qualities, we should take a look at runnin~ and understand why,

RUNNING

2-10. Bearing away) heel decreases) causing boat to turn farther off
the wind.

extremely simplified and there are lots of other things changing as
the boat changes course; but again, for monohulls' of all usual pro­
portions, the variation of the thrust-resistance couple with heeling
is the dominant effect.

Since heeling is the main reason for lack of natural course
stability when broad-reaching, stiffness of the hull (resistance to heel­
ing) and height of the sail plan are important determinants of the
degree of instability. If the boat is very stiff there are some ways,
explained below, that the sails can be trimmed to provide enough
stabilizing influence to overcome the heeling instability. However,
I have never seen a yacht steer herself with the helm fixed on a
broad reach, and I've tried it on quite a variety of boats.j e"eess

»tome.l'l~

tUl"nC;
bo~t

j
a.f'P~'YUtt
Wl'kd

wind

hel»t
ti~ed.

£LFSr£IiR.ING FOR. SA lUNG CRAFT:2IJ

2-8. Balance of thrust and resistance in steady sailing - broad reach­
ing (view looking straight down).

2-9. Luning up) heel increases) causing boat to luff more.
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ven when the sails ;)re placed well. forward, the boat won't foll.ow
her sails downwind except perhaps in light weather and smooth
water. Suppose we run twin jibs up the headstay, boom them out to
port and starboard, and tie the tiller amidships (Figure 2-11). You
would think she would have the decency to run downwind, wouldn't
you? But she won't. She gets a little off course, and that puts the
wind on the quarter so she heels a little (Figure 2-12) and that puts
the thrust off to the lee side and makes her turn farther off course.
She won't stop turning until the weather sail backs.

Only when the wind is lig'ht enough so the boat heels very little
will the forward position of the sails provide stability. Even then a
sea running will cause her to steer an irregular course, for as she
rolls the thrust is swung far off to one side .or the other and she
must respond to these yawing moments by swinging far off course.
The now classic solution for achieving course stability with twin
running sails - tying the sheets to the tiller - is a subject for the
next chapter.

NA'J.'U.RAl, COURSE !-l'J'AIUI.I'1')' ;/.'/

wind

2-11. Running with twin headsails) helm fixed.

S£LF·ST££KING FOI( SAILING CRAFT.I/O

INFLUENCE OF THE HULL

Two aspects of the hull that contribute to self-steering by any
method will be introduced here - one that is widely recognized and
one that is seldom mentioned in connection with boats.

LATERAL PROFILE

The first is the lateral profile of the hull. The belief is 'widespread
that a long keel is a desirable feature for self-steering because as
the boat turns (angular velocity about a vertical axis) the keel gen­
erates an opposing yawing moment. An aerodynamicist calls this.
property yaw due to yaw, or adverse yaw, or yaw damping. I think
the sailor will be more comfortable calling it yaw Teslstance, and I
hereby coin the term to mean any yaw moment that arises because
of yawing, proportional to the rate of change of the vessel's heading.

Consider a boat with a long keel turning about a vertical axis
and moving ahead at the same time. Let's catch her at the moment
she's on course but still. turning to port (Figure 2-13). Due to the

wind

~

2-12. Off COUTse) heeling causes yawing moment turning ha farther

off course.
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mbination of forward vel.ocity of the boat and sideways velocity
resulting from rotation, the forward end of the keel sees a flow corn­
ing from the port side and the aft end a flow from the starboard side,
IL is apparent that the lift forces due to these angles of attack will
be distributed so as to oppose the rotation - hence adverse yaw re­
sults. Note, too, that portions of the hull are effective in producing
adverse yaw in proportion to the squaTe of their distances from cen­
ter: the distance enters once in creating the sideways velocity by
rotation, and again because the force acts at that distance from the
center to produce yawing moments. So a short keel is veTy much
less effective than a long one.

But the keel isn't everything. If we had to use a long wing
(long in the chord direction) to make an airplane have sufficient
damping in pitch, we would have been a long time getting off the
ground with all that wetted surface. A small surface like the air­
plane tail, placed a long way from the center of the wing (Figure
2-14) , is a much more efficient way to achieve both control and ad­
verse pitch and was universally used until supersonic flight speeds

made highly swept, low-aspect-ratio wings necessary. Similarly wi th
the sailboat: from the hydrodynamic standpoint, it is more efficient
(equal lift and satisfactory control characteristics with less drag) to

divide the keel and rudder, so both can be relatively high-aspect-
ratio foils. Certainly it has been amply demonstrated that boats with
short keels and separate rudders can be made to steer themselves
quite adequately by windvane or sheet-to-tiller gear, so length of
keel for self-steering ability need not be a consideration in the choice
of the design of a voyaging yacht. But such boats are quicker to turn
off course when the helm is simply let go, and have less ability to
damp out oscillatory yawing that might be induced by a self-steering
gear.
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2-14 (a). Apparent angle of attack of airplane tail due to pitch.
sulting lift on elevatoT opposes pitching.
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2-13. AppaTent angles of attack at ends of keel, due to yaw (view
from below).

2-14 (b). Apparent angle of attack of separate rudder due to yaw.
Resulting lift on ruddeT opposes yawing.
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2-15 (a). CG located ahead of HC - resulting moment opposes
yawing.

CENTER OF GRAVITY LOCATION

Another feature of the hull that affects damping in yaw just as much
as the character of the lateral plane is the longitudinal location of
the center of gravity of the whole boat (CG) relative to the hydro­
dynamic center (HC). I avoid use of the familiar term center of
lateral resistance because it is used in yacht design with at least three
distinct meanings:

l. The geometric center of area of the lateral plane. This point
is easy to find but means very little.

2. The center of side pressures acting on the hull. This point
depends strongly on the rudder setting and so is not really a prop­
erty of the hull.

3· The hydrodynamic center. On a symmetrical shape like an
unheeled hull with the rudder centered, this is just the center of
side pressures at a small angle of yaw. When the shape has camber,
like a heeled hull, or one with the rudder turned, the definition is
more complicated - it is the center of additional side force due to
a small change in yaw angle - but experiments in the towing tank
indicate that HC varies but little over a wide range of yaw and heel

-15 (b). CG located behind He - resulting moment diminishes
yaw resistance.

angles and speeds. There are theories for calculating the hydro­
dynamic center but they are far from being proven or accepted.
(Figure 5-27 gives several rough ways to estimate HC position.)

The complicated dependence of stability on the relative loca­
tions of CG and HC has been explored but it is not yet clear whether
it can be exploited to improve the state of yacht design (see.J. H.
Milgram in Annual Reviews of Fluid Mechanics, 1972, vol. 4, p.
397-430; H. C. Curtiss in 2nd A.I.A.A. Symposium on Sailing, 1970,
p. 21-32; and J. Gerritsma in 3rd A.I.A.A. Symposium on Sailing,
1971, p. 10-29). The principal conclusion is that there is a limited
range of positions of CG ahead of HC for which the hull has direc­
tional stability of its own. This is a factor that is largely unknown
and is difficult to calculate for a particular design, and it can have
marked effects on the performance of a self-steering system. The
main use I put it to is as one explanation for the varying success of
identical vane gears when applied to outwardly similar craft.

The influence of the center of gravity location can be qualita­
tively understood by considering a boat traveling on a circular path
(Figure 2-15). The centrifugal force is outward, acting effectively
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distinct meanings:

l. The geometric center of area of the lateral plane. This point
is easy to find but means very little.

2. The center of side pressures acting on the hull. This point
depends strongly on the rudder setting and so is not really a prop­
erty of the hull.

3· The hydrodynamic center. On a symmetrical shape like an
unheeled hull with the rudder centered, this is just the center of
side pressures at a small angle of yaw. When the shape has camber,
like a heeled hull, or one with the rudder turned, the definition is
more complicated - it is the center of additional side force due to
a small change in yaw angle - but experiments in the towing tank
indicate that HC varies but little over a wide range of yaw and heel

-15 (b). CG located behind He - resulting moment diminishes
yaw resistance.

angles and speeds. There are theories for calculating the hydro­
dynamic center but they are far from being proven or accepted.
(Figure 5-27 gives several rough ways to estimate HC position.)

The complicated dependence of stability on the relative loca­
tions of CG and HC has been explored but it is not yet clear whether
it can be exploited to improve the state of yacht design (see.J. H.
Milgram in Annual Reviews of Fluid Mechanics, 1972, vol. 4, p.
397-430; H. C. Curtiss in 2nd A.I.A.A. Symposium on Sailing, 1970,
p. 21-32; and J. Gerritsma in 3rd A.I.A.A. Symposium on Sailing,
1971, p. 10-29). The principal conclusion is that there is a limited
range of positions of CG ahead of HC for which the hull has direc­
tional stability of its own. This is a factor that is largely unknown
and is difficult to calculate for a particular design, and it can have
marked effects on the performance of a self-steering system. The
main use I put it to is as one explanation for the varying success of
identical vane gears when applied to outwardly similar craft.

The influence of the center of gravity location can be qualita­
tively understood by considering a boat traveling on a circular path
(Figure 2-15). The centrifugal force is outward, acting effectively
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through the CG. To counter the centrifug<ll force, an equ<ll hydro­
dynamic side force acts toward the center of the circle, l"esulting from
sideslip - this acts effectively through the hydrodynamic center. If
HC is abaft CG, the resultant couple tends to straighten the turn
out (stabilizing); if HC is forward of the CG, the couple tends to
make the turn tighter and tighter (unstabilizing).

INFLUENCE OF SAILS

There are two aerodynamic effects of the sails alone that have
a bearing on natural course stability, as well as on self-steering by
any other method.

STABILIZING TRIM OF SAILS
Most multihulls and some very stiff monohulls heel so little in mod­
erate winds that the natural instability can be overcome by trimming
the sails to achieve a stabilizing effect. Here is where the ketch and
yawl rigs have made their reputation for superior self-steering abil­
ity. Slocum fitted a mizzen to Spray for this purpose, though he con­
tinued to call her a sloop. To realize this advantage, the mizzen
apparently must be sheeted somewhat freer than the main and head­
sails. Ignore heeling for a moment and look at Spray with the ap­
parent wind abeam (Figure 2-16a). If she should bear away, the
mizzen would fill more while the other sails, trimmed close to their
maximum drive, would experience little change in force from this
change in angle of attack, so the mizzen would make her luff back
onto course. If she should luff above her course, the mizzen would
luff, lose its drive, and allow the drive of the forward sails to restore
her to course. The method requires the mizzen to be working be­
low its maximum drive, and unless the mizzen is large or placed far
aft the effect is rather weak. It can only work under conditions
where the boat doesn't heel much at all. It doesn't really require
two masts; putting the jib out on a long bowsprit and flattening it
more than the main has also achieved self-steering on a broad reach
(Figure 2-16b). In sloops and cutters I have sometimes noticed that
trimming the headsails flatter than the main adds a- little stabiliza·

a.ppClrelltl\ true
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2-16 (a). Spray sailing:a broad reach, mizzen sheeted freer than other

sails.

wi.nd

2-16 (b). Broad reaching with jib flattened.
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tion and can make the difference between self-steering and not when
added to a self-steering system that almost works.

2-17. Yaw resistance of yawl rig - close reaching.
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2-18. Yaw resistance of yawl rig - broad reaching.
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SAIL YAW RESISTANCE

A divided rig (or any rig that is well spread out fore-and-aft) has
another stabilizing effect similar to adverse yaw. To see how this
works, consider a yawl sailing close-hauled (Figure 2-17). Suppose
she is on course at the moment but has a rate of yaw away from the
wind. A component of apparent wind due to this yaw increases the
angle of attack of the mizzen; the increased lift of the mizzen sail
makes a moment directly opposing the yaw. Similarly, if she were
yawing toward the wind, the mizzen lift would be reduced by the
wind component due to yaw. In either case the "length" of the sail
plan causes mOJUents opposing yawing much as the lateral plane
does. I will refer to this as sail yaw resistance. It combines with the
hull yaw resistance.

Figure 2-18 shows that the same effect is present when broad
reaching. Here a yaw away from the wind increases the wind veloc­
ity at the mizzen, so its drive is augmented and opposes the yaw.

Any sail plan has these effects to some extent, but they are much
more pronounced on sails that are located well away from the hydro­
dynamic center.

Notice that these two sail effects are different in kind. The
stabilizing effect exerts a yawing moment whenever the boat is off
course, whether she is turning or not. The yaw resistance effects
exert yawing moment whenever the boat is turning, whether she is
on course or not. They contribute to self-steering in quite different
ways.
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to reach the northeast trades, and then the twins would do the rest.
But Hiscock also diagrammed a few peculiar sheet-to-tiller arrange­
ments that had worked for particular boats on some reaching courses,
and the idea was with me that maybe sheet-to-tiller self-steering
could be generalized. An account of my passage to Hawaii will serve
as a convenient framework for showing the arrangement I worked
out and the wonderful success I had. As it turned out, I quickly
learned to make Island Cirl steer herself on any course in winds be­
low Force 6, and I averaged less than an hour a day at the helm, in-

cluding all the experiments.

Back in 1962, when ocean crossings in small sailboats were still some­
thing of a novelty, I was cruising the Southern California ,coast and
islands in my 2o-foot cutter Island Cirl) sometimes single-handed.
Naturally there were times when I wished I could leave the helm,
and so I discovered empirically many of the conclusions of the last
chapter - that the boat would go along with the helm lashed, or
sometimes free, in a steady wind somewhat forward of the beam, but
that on anything from a beam reach to a run it was hopeless. At
that time I had never heard of a vane gear, and it's probably a good

\.

thing, ,'for it's just the sort of idea I would have been delighted with
and would have ,wasted huge Clmounts of time on, making totally
un~eaworthy equipment and testing it in the harbor.

During that summer I was reading the classic voyage accounts
and gaining confidence in my boat, and at the same time tiring of
the limited cruising opportunities of Southern California. So my
thoughts turned often to the Pacific Islands and to the pleasure of
sailing day and night for weeks on end in the steady winds far from
shore. I received further encouragement and much guidance from
Eric Hiscock's inspiring text Voyaging Under Sail. I could see no
reason why Island CiTI would not be suitable for such offshore voy­
ages, so by early 1963 I was deeply involved in preparations for a
summer VOYClge to Hawaii.

From Hiscock, I learned of twin running sails, and I made a
large and a small pair (p. 63) and actually tested them once in Los
Angeles harbor, much to the Clmazement of the Sunday sailors. I
expected to have to steer by hand most of the first 800 miles or so,

36
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3-1. Elastic to supply weather helm: too sensitive to wind strength.

SAILING TO WINDWARD

LASHING HELM WITH ELASTIC
We left Los Angeles harbor in the mid-afternoon of June 6 and
close-reached toward the familiar outlines of Santa Catalina Island
in the fresh westerly typical of a sunny summer day. On the way
across I got out a piece of thin rubber tubing and tried out a method
I had dreamed up some time before, but never tested: simply stretch­
ing a piece of rubber between the tiller and the weather coaming to
provide weather helm (Figure 3-1). This was based on the observa-
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tion that the weather helm - the pull on the tiller - eases if one is
pinching (so the rubber would pull the helm up and make the boat
bear away) and increases if one bears away without easing the sheets
(so the rubber would stretch and let her come back up to her
course). No sheets were involved in this arrangement. But she
needed a lot of watching, and no matter how carefully I adjusted
the rubber she would only go for a few minutes before she started
luffing or running too far off - one or·the other. After a particularly
sharp puff the boat all but put herself about, and I realized it was
in the puffs that she luffed up and in the lulls that she bore away.
She was being even more sensitive to the strength of the wind with
the rubber tubing than with her helm lashed. The whole idea was
a failure, because the rubber provided less weather helm in the puffs
when the boat needed more. As I steered on by hand over the late­
afternoon sea, I mulled over a sobering realization - that any self­
steering system I devised, to be at all successful, was going to have
to correct for variations in wind strength as well as deviations from
course. Nevertheless, I got a good night's sleep that night, for we
were becalmed until late next morning under Catalina's lee.

CONVENIENT ADJUSTMENT FOR LASHING HELM

The second afternoon we had the same fresh westerly, again close
reaching, to pass the west end of San Clemente Island. I sat in the
cockpit watching how she steered with the helm lashed and trying
to figure out why. When the wind freshened, I was pleased to see
she did just as well under reduced sail. To simplify adjusting the
lashing I led a line through a block on the weather coaming and to
the unused sheet winch and a cam cleat, with stiff elastic on the lee
side (Figure 3-2). This effectively immobilized the tiller while al­
lowing easy, fine, one-handed adjustment. After dark we had a tire­
some beat against moderate wind and much current around the off­
lying rocks of San Clemente's west end. Those were the last dangers
of the California coast, and a little after midnight we had put them
astern. I was feeling tired and not a little seasick, and so I turned
in. But the westerly breeze came and went, and I must have been
awakened a dozen times by the clash of the blocks shifting over on
the travelers as she tacked or jibed herself. Then I would roll out

3-2. Convenient way to lash the helm) with fine adjustment.

and put her back on the southwest course and adjust to the new wind
force, and think a little about how to do it better.

MAIN SHEET SUPPLYING WEATHER HELM
By morning of the next day, seasick though I was, I had come upon
the close-reaching arrangement that has served me ever since, steer­
ing a variety of craft for me, at least 3,000 miles altogether. It essen­
tially capitalizes on the boat's natural stability close-reaching (p. 18)
and uses the mainsheet tension to adjust for change in the wind
force. The control line from the tiller passes through a block on the
weather coaming and then is bent to the middle of one part of the
mainsheet tackle, so it pulls a bend in it; this provides weather helm.
The pull of the control line has to be partly balanced by elastic to

the lee coaming as in Figure 3-3. (When bending a line to the bight
of a sheet tackle, it is best to use the bight at the standing end as
shown here-otherwise it's possible for the hitch to get jammed in a

block.)

OPERATION AND ADJUSTMENT
Now, if the wind is steady, the tiller is held in the same place and
the boat goes along by herself. When the wind eases, the elastic
can pull more bend in the mainsheet and let the helm go down a
little; when it freshens the mainsheet pulls tighter and puts on more
weather helm. The trick is to adjust the strength of the elastic and
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Island Girl driving to windward. Sailing from Honolulu to Sitka,
she punched 400 miles through the northeast trades in five days this
way. Except for reefing and setting sails, I kept dry below, reading
and sleeping. (Warren Roll photo, courtesy of Yachting)
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SELF-STEERING FOR SAILING CRAFT40

Island Girl, the 20-foot cutter in which the author made single­
handed passages from California to Hawaii and Alaska and return
in 1963-5. She is steering herself with the arrangement of Figure
3-3, with the sheets eased well of] and the wind almost abeam. The
poles for twin running sails are shackled to a shroud for stowage.
(Warren Roll photo, courtesy of Yachting)

3-3.
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ELASTIC FOR SHEET-TO-TILLER ARRANGEMENTS

STRENGTH OF ELASTIC
\Vhen you are using elastic, there are really two variables - the stiff­
ness and the relaxed length (or the position where the elastic re-

'1:\

Braitte geo...-

GENERAL RULE FOR ADJUSTMENT
It took me about 5,000 miles of sailing to notice that the proper
adjustment of elastic for any sheet-to-tiller gear, for any point of
sailing, seemed always to be with the relaxed length where the tiller
is centered or slightly to leeward. There is a good reason for this.
We want the arrangement to hold course over a wide range of wind
speed, hopefully including very light wind, when the sheets will be
almost slack and the helm will be very light. So the elastic will have
to be almost slack, too, and it better be slack (relaxed position)
with the tiller centered or a little alee, whatever is required in the
very light wind - certainly not far on either side of center.

laxes and stops pulling). Say you are using one piece of o/s" rubber
tubing between the tiller and a cleat. You can double the pull on
the tiller by (1) adding a second identical piece of rubber tubing
in parallel, or by (2) casting the single piece off the cleat, pulling
it tighter and belaying it again. But the results are not identical,
because the variation of force with tiller angle will be quite different
in the two cases - in (1) the stiffness has been doubled without
changing the relaxed length; in (2) the stiffness is unchanged but
the rubber won't stop pulling until the tiller is way over to leeward.

3-4. Two self-steering arrangements used on models. The maw
sheet tension supplies weather helm, balanced by elastic.

an -l'0intil1g tiller
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the alllount of bend in the mainsheet so that the amount of weather
helm provided is exactly the right amount for the changing wind.
This takes some time to work out when you first try. it. You just
have to set her up in one strength of wind and wait awhile for the
wind to change. Say it increases. If the boat still tends to luff, clear­
ly the arrangement needs to be strengthened, with more bend in
the sheet, and stiffer elastic. But if she tends to bear away in the
puffs, the arrangement is too strong, and both control line and elastic
need to be slackened. Somewhere in there is the right setting, where
the boat will take care of herself over a wide range of wind speed.
The first time it took me about a day to find it, but on the fifth
morning, with the wind still almost right ahead, I wrote in the log,
"She steered herself all night and I slept right through." I took notes
on the successful setting, and when we tacked several times that day
I was able to get the adjustment right almost on the first try each
time. Since then I have had many chances to try it in half a dozen
different boats under all combinations of reduced sail, in winds as
strong as I cared to sail into, and it has never failed.

MODEL YACHT ARRANGEMENTS

My independent discovery of this close-reaching arrangement came
a little too late for patent rights. At least 50 years before, model
yachts had been steering themselves by essentially the same method­
weather helm provided by the pull of the mainsheet, and balanced
by elastic (Figure 3-4). The aft-pointing tiller and the Braine gear
quadrant (which was used full scale in Sopranino) were just alter­
nate mechanical ways of coupling the sheet to the tiller. Experi­
menters had long ago found, as I was. now to find in my turn, that
this worked well enough with the wind on the bow but not at all
with the wind on the quarter.
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TYPES OF ELASTIC MATERIALS

There is a wide choice of elastic materials to use:
1. Shock cord or "bungee" (composed of a large number of

parallel rubber strands enclosed in a braided jacket). This is what
yachtsmen always think of first, but I have not found it particularly
useful. The jacket tends to chafe through or deteriorate quickly,
and even while it lasts its constriction gives the cord a peculiar "non­
linear" relation between stress and extension (Figure 3-5). This
characteristic might be useful for some jobs, but not usually for self­
steering.

2. Rubber tubing is my favorite. Of course, the properties of
rubber vary widely, but the more stretchy varieties are what I mean.
The amber surgical tubing, available in several sizes from hospital
suppliers, pharmacies, diving <lnd sport-fishing shops (used [or fish
spears), and hobby shops (used for slingshots and model-airplane
power plants) is excellent. It eventually perishes in sunlight, so keep
it below when not in use; but I have gone many thousands of miles
on a couple of feet of it. For me, %" a.D. has always been the most
useful size. Black rubber tubing seems to resist sunlight better than
the amber variety.

3. I usually have on board a piece of an old inner-tube. This
is useful for gaskets and big rubber bands, but I had poor success
using a strip of it in sheet-to-tiller rigs - it always breaks in a few
hours.

4. Metal springs are available in an infinite variety. Spring steel
is highly prone to rust, though, so some corrosion-resistant spring
alloy should be sought.

BEAM REACHING

MAIN SHEET CONTROLLING
On the sixth day out we had a fine fresh breeze from the northwest.
I found that, with all sails drawing properly, exactly the same ar­
rangement was working with the apparent wind almost abeam, pro-.
vided the control line was bent to the main sheet with a rolling
hitch so that it carried most of the pull of the boom (Figure 3-6) .
Here it is not so easy to explain the self-steering action, as the boat
was at best neutrally stable with her helm l'lshed on this course. In
some way the mainsail was noticing the change if the boat luffed a
little, and pulling harder to make her go back on course. If you
hold the main sheet and steer deliberately a little below, then a little
above, course, you can feel the change. You can also feel the strength
of the apparent wind change, increasing as she luffs and diminish­
ing as she bears away (Figure 3-7) - and this change in apparent
wind explains the strong variation in mainsheet tension. Of course,
the right sort of correction for wind force can be built into this rig
also, for stronger wind will provide more weather helm as needed.
Again, the right stiffness and length of elastic have to be sought to

balance out sensitivity to changes in the wind strength; but once
they are found they are easily remembered.
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3-5. Stress-strain curves for shock cord and rubber tubing. 3-6. Beam reaching with main sheet controlling.
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the block load over a foot or so of the shroud) and to the lifelines,
tied to the tiller and balanced with shock cord. This arrangement
worked so well that he scrapped his twins for downwind sailing,
preferring the reduced rolling of tacking downwind with main and
genoa. Evidently the inner staysail, sheeted to windward, usually
sets rather awkwardly, and I'm afraid it would bother me not to
have all sails drawing as well as possible. But for many it seems
this would be a small price to pay for a universal system serving all
points of sail. Frank Kibbe and 1 tried this out in his 30-foot sloop
Kitaru, using a 25 square foot (2,3 m 2

) and later an 18 square foot

P"'i~'lit'...
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3-9. Tony Skidmore's arrangement tor all reaching courses, used in

Mona Sally.

3-8. Beam reaching with torestaysail controlling.
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3-7. Strong variation at apparent wind with course changes on a
beam reach.

FORESTAYSAIL CONTROLLING
The northwest wind fell light and shifted more to the north on the
seventh day, with a long swell from the northwest. 1 tried the beam­
reaching arrangement especially for cutters suggested by Hiscock,
using a line led around the weather deck from the foreboom to sup­
ply weather helm, and balanced by elastic (Figure 3-8). That worked
all right as soon as 1 used an extra block to double the pull of the
tiny forestaysail. But it was almost disastrous. Having no lifelines,
I made the forward block fast to the starboard lower shroud about
two feet above deck. For most of a day the swell banged us about,
with every tug from sailor tiller flexing the wire, and after a day
of such punishment the shroud broke -lesson number one on metal
fatigue. But there's nothing wrong with the arrangement; the boat
stayed on course.

INNER STAYSAIL CONTROLLING
A related arrangement with no foreboom has been applied on a
sloop and found to work well on all points from a close reach to a
very broad reach (Figure 3-9). Tony Skidmore sailed his 24-foot
Mona Sally singlehanded from Britain out to British Columbia
using this arrangement exclusively. A 30 square foot (3 square
meter) storm jib was set flying from the stemhead on a spinnaker
pole lift, with the tack 3 feet (1 meter) off the deck. The weather
sheet was led through blocks seized to the lower shrouds (1
think this is safe enough if some wood or tubing is used to distribute
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duced me to carryon this spread of sail into the gathering dark.ness
was not knowing how to make her steer herself with any other sails
on a broad reach.

SHE.ET-TO-TIU.ER SEU'-STEERINC 4!J

JIB SHEET CONTROLLING
There was only that one day of broad reaching on that passage to
Hawaii, but on later voyages I learned some wonderfully simple
and successful ways to achieve self-steering, reaching with many dif­
ferent sail combinations. Basically, the jib sheet tension, balanced
with elastic, is used to provide the weather helm (Figure 3-11).
Here's how it works:

With all sails trimmed properly, the jib sheet tension is ex­
tremely sensitive to the apparent wind direction. If the boat bears
away a little, the jib loses drive by stalling and by moving into the
wind shadow of the other sails; also the apparent wind velocity de­
creases. (By the time the wind is about two points on the quarter,
the jib is empty of wind and the sheet falls quite slack.) Then the
elastic pulls the helm down to send her back on course. On the
other hand, if she luffs a little, the jib finds itself in clearer air, at
a more favorable angle of attack, with a stronger apparent wind,
and it starts pulling very hard on its sheet. So this hauls the helm
up and she has to go back on course. This action is so powerful that
in practice the course steered is very precise even in a considerable
seaway, and I am certain that any boat with a jib will steer this way.

3-11. Basic broad reaching arrangement - jib sheet controlling.
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3-10. Broad reaching - main and genoa controlling.

BROAD REACHING

(1,7 m
2
) sail, and were very pleased with the results, though I felt

it slowed her down a little close-hauled.

MAIN AND GENOA CONTROLLING

Light headwinds and calms plagued the second week of Island Girl's
voyage, and not until the twelfth day out, 600 miles [Tom the coast,
did I have need for an arrangement that would steer with the wind
much abaft the beam. The north wind made up light at first, and
we were sailing with our big genoa jib, which I had sheeted through
a block at the end of the main boom. Steering by hand, it was easy
to notice how the tension in the main sheet, which now carried the
pull of both sails, would increase when I sailed above course and
drop when I headed too far off. From that observation it was an
easy step to self-steering (Figure 3- 10). A tackle (fool's purchase)
was needed to divide the control-line tension in half. We ran all
day with this, in a building wind and sea. At dusk the wind was
fresh and we were fairly skipping along, just touching the high
Spots, it seemed, the whole boat trembling with the strain. She was
incredibly stable on her course over this whole range of wind force;
she could have been on rails. But I'm sure the only thing that in-
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As in most of the other arrangements in this chapter, correct
adjustment of the elastic is essential. As usual, the best adjustment
is always with relaxed length .near the centered position for the tiller,
so stiffness is the principal adjustment available. I have found broad
reaching requires stiffer elastic than the other points of sailing, but
obviously the elastic can be too stiff, so that the sheet simply can't
move the tiller enough. If the elastic is too weak, on the other hand,
wild oscillation can result, with the jib alternately empty and full
and the boat yawing over a quadrant or more. Somewhere in be­
tween is the right stiffness that gives a steady course and also pro­
vides minimum sensitivity to the wind strength.

WITH VARIOUS SAILS

Most of my offshore sailing has been singlehanded in Island Girl
and with my wife in Aleutka, the 25-foot cutter we built in 1967.
She has exactly the same rig as Island Girl, but no bowsprit. In both
boats the arrangement of Figure 3-11, using the whole tension of the
jib sheet, with our 7o-square foot (7 m 2) jib, works beautifully with
one, two, or three reefs in the mainsail. By adjusting the elastic, the
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3-12. Two ways of using jib sheet tension in larger boats. See also

Figure 3-24.

wind could be set anywhere from three points on the quarter to
nearly abeam. 'With the 160-square foot (15 m 2

) genoa jib tile ar­
rangement was just the same, but a fool's purchase was needed to

divide the sheet tension by two.
With bigger sails the sheet tensions can be so strong as to be

very inconvenient and dangerous to handle this way. In Frank
Shelly's Lapworth-36 Jo Too, we used the jib sheet for self-steering
by hitching a control line to the sheet midway between the winch
and the fairlead or turning block, pulling upward through a snatch
block at the top of a lifeline stanchion (Figure 3-12). It seems to

me that the adjustment of the length of the control line and the
amount of bend pulled into the sheet were very critical, and we had
better luck clapping a four-part vang tackle on the sheet and using

the fall for the control line.

WITH WEATHER TWIN
The addition of one of our twin sails (page 63) boomed out to
the weather side boosts our sail area about 40 percent; and this sail
scoops wind into the genoa so the useful range of courses is from
dead before the wind to about six points on the quarter, again de­
termined by the stiffness adjustment of the elastic (Figure 3-I~P)·

An alternate way of hooking this up, with the weather twin itself
controlling, steers just as well and has been used by others (Figure
3- 1 3b). Stanley Bradfield in D'Vaw, a wishbone ketch, and John
Goodwin in Speedwell of Hong Kong, a Vertue sloop, reported suc­

cess with similar arrangements.

BLOCKS AND TACKLES

MECHANICAL ADVANTAGE
A tackle is a simple machine that can be used to increase or de­
crease either force or motion, depending on how the blocks are ar­
ranged. I t is usuall y easi est to analyze a tackle in terms of force
(which is always in the form of tensions in the various parts of line) .
The key to figuring out the mechanical advantage (ratio of load to

effort) in any tackle, no matter how complicated, is to assume that
the tension is constant throughout the length of each line making
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RATIO OF MOTIONS

In any tackle the ratio of motion on the effort side to motion of the
load is the same number as the mechanical advantage (still neglect­
ing friction). If any tackle could be devised for which this weren't
true, it could be used to violate the principle of conservation of
energy. For example, with a mechanical advantage of 3, the effort
end has to move three times as far as the load; whereas with the
fool's purchase above, the load moves three times as far as the effort
end.

FOOL'S PURCHASE

Any tackle can be reversed to get a fractional mechanical advan·
tage. For example, Figure 3-14 (c) is the tackle in Figure 3-14 (a)
used in reverse, for a mechanical advantage of 1/3'

up the tackle. This is a good approximation if the friction in the
blocks is small enough. For example, the tackle in Figure 3-14a has
a mechanical advantage of 3: the constant tension T in the "effort"
line pulls 3 times on the movable block, so it balances a load of gT.
The tackle in Figure 3-14b has a mechanical advantage of 4.

3-14. Figuring the mechanical advantage of tackles.
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3-13 (b J. A lternative arrangement with weather twin controlling.
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FlUeT/ON AND WEAR

Friction harms the performance of any self-steering system. The
usual symptoms are sluggishness in responding to wind shifts or
errors in course, and a tendency to oscillate widely about the desired
course - as the boat has to wander far off course before the correc­
tive forces become great enough to overcome friction and actually
move the rudder.

In sheet-to-tiller self-steering, blQcks are likely to be the chief
site of friction. It is never wise to skimp on the size of blocks ­
either on the diameter of the sheaves or the clearance for lines to
pass through - and this is particularly important for self-steering.
since friction can make all the difference between an arrangement
working and not working. These blocks often will be under heavy
load, and will be almost constantly turning. so wear can be a prob­
lem as well. Roller bearings and nylon or Delrin bushings are avail­
able in blocks, though I have gotten good success and long life out
of the more plebeian Tufnol sheave on a stainless pin.

RUNNING - TWIN SAILS

At dawn of the thirteenth day we found the trade wind, a warm
moderate breeze from the northeast, and with the first light I was on
deck to set the big twin running sails. Self-steering was immediately
successful, and we ran the remaining 1,500 miles to our Hawaiian
landfall under twins in 17 days with no attention to the helm, ex­
cept for an afternoon of strong wind and one memorable rain squall.
I had to change to a smaller pair some days when the summer trade
came fresh to strong, but sometimes for several days in a row the
only work of running the ship was to trim a brace in or out once in
a while.

Many variations of twin running sails hav'e been used to achieve
successful self-steering downwind in all sorts of yachts. About the
only thing shared in common by all these rigs is that two poles are
used to boom out two similar sails on opposite sides of the mast.

Mile after mile and day after day, twin sails do the steering down the
sea lanes of the trade wind. (Warren Roll photo, courtesy of Yacht­
ing)
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WALLER'S RIG

Capt. Otway Waller, who crossed the Atlantic in Imogen in 1930,
is credited with inventing the rig. Each of his twin poles required
a topping lift, a fore guy, a downhaul, and a brace to hold the pole
in place, and the sails were set with jib-furling gear between the
pole end and the masthead, with the furling lines running inboard
along the poles (Figure 3-15). It must have been an operation to

get all this gear set up; I imagine h<: did it just once.
The "braces" are just the lines leading aft from the pole ends,

carrying most of the drive of the sails. Modern sailors would be
more likely to call them "sheets" or "after guys," but this is a nice
adaptation of square-rigger terminology, braces being the lines con­
trolling the trim of the yards.

57SI-IEET-TO-TILLER SELF·$'fEEIUNG

3-16. Twin set on special stays.

WAYS OF STOWING POLES
Most improvements on the twin running sail idea have been in the
direction of convenience, reducing the amount of special rigging,
and pole and sail handling required to set the sails. At least three
ways of stowing the poles more conveniently than on deck have
been used (Figure 3- 17): (I) The poles can be pivoted Iowan the
mast and raised by their topping lifts to stow vertically along it
(used by the Hiscocks in Wanderer Ill). (2) The poles can be
pivoted on a fitting which slides on a track up the forward side of

SELF·STEER.lNG H)R SAILING CR.AFT56

Stowage for twin poles: (1) topped up along mast) (2) with
sliding goosenecks and permanent lift) and (3) on fixed goose­

necks up the mast.

:!!

J-17.

3-15. Imogen's twin running sails.

TYPICAL TWIN RIG
In an adaptation used by many yachts, with no roller-furling feature,
the sails are set on two special stays either permanently or tempo­
raril y rigged from the mast to the foredeck (Figure 3-16). This rig
normally requires downhauls to the pole ends to prevent them from
lifting, as the braces leading aft provide little downward pull. vVhat
with shipping the poles and extra stays, hanking on sails, and rigging
downhauls and braces, it typically requires an hour to shift over
from fore-and-aft sail to twins in good conditions, perhaps much
more time in bad weather or darkness.
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POLE END FITTINGS

The outboard ends of the poles can be fitted with simple eye fittings
for shackling sails and lines, or with spinnaker pole fittings with re­
mote release. Another possibility which can simplify rigging and sail
handling is a sheave or just a smooth fairlead in the pole end, so the
brace runs through the end of the pole and on to the clew.

the mast. Each pole has a topping lift of fixed length. vVhen the
inboard ends of the poles are raised, the outboard ends swing in
and down; the poles can be stowed along the mast, or, much better,
outside the lifelines (originated by Wright Britton in Delight). (3)
The poles can be pivoted at a fixed position up the mast and be
pulled up to a more-or-less horizontal position by the high-clewed
sails as they are raised (originated by T.e. Worth in Beyond).

PROTECTING UNIVERSAL JOINTS

The inboard ends of the poles are ordinarily fitted with universal
joints, ,vhich are potential sites of mechanical breakage. If the pole
ever gets into a position parallel to either axis of the universal joint,
the next movement of the pole can apply tremendous leverage to
the joint. This problem can be avoided by having the axis which
is fixed to the mast oriented horizontally and at some moderate
angle aft. If the pole can never swing into a vertical position (be­
cause of the cabin trunk, for instance), then it is safe to have the
mast-mounted axis vertical.

&~Sll£ET-TO.'l'Il.LER SELF·.sT££KINU

SIZE OF TWINS - REEFING

The twin sails should have a total area at least as big as the working
sail area to be useful in I ight weather. For a masthead sloop, cutter,
or yawl this requires the pole length to be at least the average of the
main boom length and the fore-triangle base, and the sails to go all
the way to the masthead. These sails will be too big in anything
over a moderate breeze, however, so either some form of reefing or
a smaller, lower pair will have to be provided for stronger winds.
Ordinary jib-furling gear, with the sails rolling up on their own luff
wires, has been used successfully for reefing running sails in a variety
of arrangements. This has met with more success than attempts to
roller-reef fore-and-aft headsails, because the running sails are gen­
erally under less strain and their shape when reefed is much less
crucial.

as they could be, with the sails hanked to the headstays. If the sails
are to be set on special stays, or left up while roller furled, they will
have to be tacked down fairly far aft to allow tacking with the ordi­
nary headsails.

There is a theory that putting a gap between the two sails makes
the rig more directionally stable, and that letting the sails swing for­
ward to the magic angle of 23 degrees results in such directional
stability that the braces do not need to be led to the tiller. I set
Island Girl's twin sails this way once (set flying, not on stays) , with
negative results until the braces were led to the tiller, when she
steered herself all right. No doubt easing the braces forward SO the
sails assume a wedge configuration contributes to stability; but this
also sacrifices considerable driving power. I doubt that the stabiliz­
ing effects are sufficiently important to warrant either this sacrifice,
or giving up any area in the middle to provide a gap.

BRITTON'S ROLLER WINGS

A notable roller-reefing system is that worked out by vVright.Brittoll
in Delight, the 40-foot yawl in which he and his wife made many
voyages in the far north Atlantic. It would seem to be the absolute
last word for convenience. The two sails are sewed to a single luff
wire, and tacked down to a roller-furling drum in the middle of the

SELF·STEERlNt: FOJ{ Si\/I.lN(; eRAI'''!'58

POSITION OF TWIN SAILS

The twin s<lils have been tacked down as far forward a's the stem
or bowsprit, or as far aft as the mast. The disadvantage of placing
the tacks too far aft is that the lee pole cannot be braced aft (to sail
with the wind on the quarter) withollt the pole hitting the shrouds.
This is a panicular problem with the modern single-spreader rig
with forward lower shrouds. On the other hand, with the tacks too
far fonvard, it is easy to envisage the weather sail bellying too much
as the weather pole is eased forward to bring the wind on the quar­
ter - though in fact this has never been a problem in Island Girl
or Aleullw, where we have normally put the tacks as far forward
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3-18. Delight's roller-reefing and roller-furling twins. 3-20. Self-steering with twin running sails.

3-19. Trekka setting a parachute spinnaker above her twins,

deck about a third of the way from the mainmast to the stem, This is
far enough aft tha't the furled twins can be left up even when work­
ing to windward with a genoa, Using the self-stowing poles men­
tioned earlier, the only running rigging needed is the two braces,
which lead through sheaves in the pole ends, and so can be left on
when the sails are furled, Setting these sails means only lowering
the poles into position, releasing the furling line, and sheeting the
sails home. (Figure ;)-I8) , In strong winds the sails are partially
rolled to reduce the area as much as desired.

SPINNAKER ABOVE TWINS

One alternate way to achieve a large sail area for light winds is men­
tioned by John Guzzwell (Trekka Round the World, Adlard Coles,
London, 1959). In the 20-foot yawl Trekka he sometimes set a para­
chute spinnaker above the twins, with its head at the masthead and
its two sheets led through blocks shackled to the pole ends (Figure
3-19). As in its usual setting, the spinnaker balloons upward and
presents a projected area much larger than any flat triangular sails
that could be set between the spars, It is also high, where the wind
is stronger. In this way Guzzwell made excellent trade-wind passages
with a relatively small pair of twins, finding the self-steering worked
just the same with or without the spinnaker.

SELF-STEERING ACTION OF TWINS

Twin running sails might have come into use even if they did not
provide self-steering, for they are proof against jibing, the ever-pres­
ent bogey of downwind sailing since the ascendancy of the fore-and­
aft rig. The self-steering action is achieved by leading the braces
through quarter-blocks and tying them off to the tiller (Figure 3-20)
If the yacht goes off course, the weather sail pulls harder than the
lee sail, so it pulls the helm to windward and puts her back on
course, How accurately the downwind course is maintained varies
considerably, Most yachts using twin running sails report a good
deal of rolling, and of course this means rapidly varying yawing
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moments from the thrust-resistance couple, and in general the self­
steering system has a busy time keeping up with them. Friction in
the heavily loaded -quarter-blocks is a frequently mentioned problem.
When the wind picks up and self-steering reliability starts to de­
teriorate, I have often gotten instant improvement by easing both
braces out a little - this reduces the thrust a little, and takes out
some of the friction.

SENSITIVITY TO WIND STRENGTH

Naturally, if the rig is made highly symmetrical, the boat will steer
straight downwind regardless of wind strength, up to the point where
she becomes overpowered. Small asymmetries, though, can have a
pronounced effect. Using diffe~ent kinds of rope for the two braces,

Aboa'rd Aleutka, running down the northwest coast on her 1967
maiden vOy4ge to Hawaii. A metal pin thTOugh the tiller is used for
tying off braces and other control lines. The pouch in the footwell
keeps elastic, blocks, etc., handy for making up sheet-to-tiller gears.
The vane gear shown here was a failure, for a vaTiety of Teasons.

or sails of slightly different size, or slightly different locations for
the quarter-blocks - even the topological impossibility of tying off
the two braces in a completely symmetric way - all can make the
course sailed sensitive to the wind strength. Careful attention to
symmetry (or perhaps just the right piece of elastic to one coam­
ing) will take care of this.

WIND ON QUARTER

By easing one brace and trimming the other, some deliberate asym­
metry can be introduced which will make the yacht run with the
wind somewhat on the quarter. The degree to which this can be
done with satisfactory self-steering varies a great deal from one yacht
to the next - sometimes as Ii ttle as two pain ts (1 1~ degrees per
point) , seldom more than four points. (These are directions of the
apparent wind, and the range of courses relative to the true wind
is narrower than this would indicate.)

TWINS FOR ISLAND GIRL AND ALEUTKA

When I fitted out Island Girl with twin sails in 1963, I never thought
of roller-furling, but adopted a relatively simple system worked out
by T.C. Worth in Beyond. The poles were pivoted on universal
joints near the lower spreaders, so they could be stOwed by just lash­
ing them to the upper shrouds. With la-foot poles and a 25-foot
hoist, I could get 250 square feet in the big twins, slightly more
than her working sail area. I made the big sails of 1.25-ounce spin­
naker nylon, with dacron rope and tape sewed in the luffs, and lf4­
inch dacron rope ill the leeches to help support the poles. The
small twins, totalling 150 square feet, were of 4.5-ounce nylon (actu­
ally sail bag material) with luff wires and again Yt-inch dacron leech
ropes. The sails are cut flat; there is no need to build in shape. I
fitted twin headstays so each sail could be set on its own stay, but
the hanks were staggered a little so both sails could be bent on one
stay if necessary. vVe have always raised them both at once on the
jib halyard, and the only pole rigging is the pair of braces, which
are left on the poles and rove through the quarter-blocks all the
time at sea.

In practice this has been a very convenient and effective rig.
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The vane gear shown here was a failure, for a vaTiety of Teasons.

or sails of slightly different size, or slightly different locations for
the quarter-blocks - even the topological impossibility of tying off
the two braces in a completely symmetric way - all can make the
course sailed sensitive to the wind strength. Careful attention to
symmetry (or perhaps just the right piece of elastic to one coam­
ing) will take care of this.

WIND ON QUARTER

By easing one brace and trimming the other, some deliberate asym­
metry can be introduced which will make the yacht run with the
wind somewhat on the quarter. The degree to which this can be
done with satisfactory self-steering varies a great deal from one yacht
to the next - sometimes as Ii ttle as two pain ts (1 1~ degrees per
point) , seldom more than four points. (These are directions of the
apparent wind, and the range of courses relative to the true wind
is narrower than this would indicate.)

TWINS FOR ISLAND GIRL AND ALEUTKA

When I fitted out Island Girl with twin sails in 1963, I never thought
of roller-furling, but adopted a relatively simple system worked out
by T.C. Worth in Beyond. The poles were pivoted on universal
joints near the lower spreaders, so they could be stOwed by just lash­
ing them to the upper shrouds. With la-foot poles and a 25-foot
hoist, I could get 250 square feet in the big twins, slightly more
than her working sail area. I made the big sails of 1.25-ounce spin­
naker nylon, with dacron rope and tape sewed in the luffs, and lf4­
inch dacron rope ill the leeches to help support the poles. The
small twins, totalling 150 square feet, were of 4.5-ounce nylon (actu­
ally sail bag material) with luff wires and again Yt-inch dacron leech
ropes. The sails are cut flat; there is no need to build in shape. I
fitted twin headstays so each sail could be set on its own stay, but
the hanks were staggered a little so both sails could be bent on one
stay if necessary. vVe have always raised them both at once on the
jib halyard, and the only pole rigging is the pair of braces, which
are left on the poles and rove through the quarter-blocks all the
time at sea.

In practice this has been a very convenient and effective rig.
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Twin running sails are a wonderfully chafe-free, stable rig for down­
wind sailing. Here the braces are led to the sheet winches (Figure
3-21) for easy adjustment. A few inches in and out on opposite braces
would change course a whole point, and the apparent wind could be
brought four paints on either side. (Warren Roll photo, courtesy of
Yachting)

Because it only takes five or ten minutes to change over (with one
of us steering to keep her before the wind), it has been useful not
only in the steady trades but anytime the wind is astern. Sometimes
we have shifted ITom working sail to twins and back again three or
four times a day. No time is lost in these changes, as the twins are
hoisted before the main is lowered, and vice versa.

Single-handed, changing to twins was more of a scramble. As
soon as the jib was down, the boat wouldn't steer herself broad reach­
ing, so I would lower all sail. Then she would lie in the trough
and roll badly, and the twins would tend to blow off the deck and
bowsprit to leeward. When the sails were all bent on I would lead
the halyard aft to the cockpit and steer downwind with the tiller

Setting twin sails single-handed can be quite a scramble, as the yacht
won't run downwind by herself and the sails tend to blow off the
deck and foul themselves. The best system I found was to tie the
braces off to the tiller (Figure 3-20 or 3-21) before hoisting the sails,
lead the halyard to the cockpit, and hoist them a little at a time while
steering downwind. (Warren Roll photo, courtesy of Yachting)
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3-21. Arrangement of bmces for self-steering in Island Girl.

11-/

Aleutka setting Island Girl's old twin running sails. She could use a
larger pair} but these have given us many days' runs of 120 miles or
more. We often leave the forestaysail set under the twins, as it seems
to help her keep the wind on the quarter. (Patricia Letcher photo)

between my knees while ralsmg the sails. Still I doubt if it ever
took more than 15 or 20 minutes to change to twins, after the first
few times.

These twin sails always steered Island Girl} and later Aleutka}
satisfactorily as long as the wind was not overpowering. I generally
think the big twins should come down at about Force 4, but in
building winds we have carried the small pair for many hours of
hard driving in Force 6. Occasionally in these .conditions a bigger­
than-normal sea will cause her to broach to, with the lee sail rattling
like thunder for a few seconds, but she quickly recovers and runs
off again. This rig has been more successful than most in running
with the wind on the quarter. Only one or two inches hauled in on
one brace and let out on the other is enough to change course by

a point, and in moderate weather she runs quite nicely with the
apparent wind a full four points on the quarter. (It see!l1S to help
to leave the forestaysail set under the twins, with a preventer.) The
strain on the weather pole and the tendency to broach are increased,
though, so in stronger winds it is more comfortable to run off than
to brace her around too much.

The only damage I have ever suffered with this rig was in a
squall on the twenty-third day of Island Girl's passage to Hawaii.
I had grown accustomed to the trade-wind pattern of fine weather
interspersed with brief squalls of rain and fresher ,vind, so I paid
little mind to the clouds building up to windward during lunch,
and left the big twins up. At this time I had rigged up a handy way
to lead the braces to the winches for easy adjustment (Figure ;)-21) .
This one squall struck with such ferocity that Island Girl caught
the first wave and surfed wildly down it, just hanging on the edge
of a disastrous broach. I scrambled out and grabbed the tiller to
assist the steering gear, and the helm was so heavy for the next few
minutes that I had no chance to run forward to the halyard, though
I was able to ease the braces out quite far. Still she was hard pressed
in the furious wind and finally broached-to, breaking the windward
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pole across the headstay. Thereafter, I considered the small twins
the working rig and saved the big ones for settled light weather.
There is something to be said for belaying halyards back within
reach of the helm when sailing short-handed, though I must admit
I have never gone to the trouble. There's already enough stuff in
the cockpit without all the halyards.

With the pole repaired we ran on under twins to a dramatic
landfall on the high volcano Haleakala at dusk of the twenty-ninth
day. On the last day, though, self-steering failed me, as the trade­
wind became strong and I had to steer by hand the entire twenty­
four hours under very small sail. So all my projected improvements,
left to the last day, went by the board, and we entered the yacht
basin at Honolulu after dark on the thirtieth day - unshaven, un­
shorn, unbathed, and looking about as tired and weatherbeaten as
befits the single-handed sailor.

SPECIAL EQUIPMENT FOR SHEET-TO-TILLER
SELF-STEERING

Though I have emphasized the possibility of making up sheet-to­
tiller gear out of spare parts, naturally if it is used day in and day
out some special items at equipment turn out to be handy.

The only permanent hardware I installed in Island Girl and
Aleutka for self-steering was a wood or metal pin athwanships
through the tiller about 6 inches (15 centimeters) from the end, to
facilitate tying off lines there; and a small jam cleat suitable for 5/16
inch diameter (7.5 millimeters) line outboard of the cockpit coam­
ings each side in way of the tiller.

Good big quarterblocks are required for twins, and they have
to be positioned with a clear lead to the tiller; so they are useful
for leading sheets and control lines with other arrangements as well.
On Island Girl these were shackled through the mooring cleats on
the quarters. In A leutka we found a neat solution in the oarlock
sockets on the rail outboard of the cockpit, whose primary purpose
is auxiliary propulsion. The blocks are shackled to a spare pair of
ring-type oarlocks, shipped in these sockets.

1\

In the category of loose gear, there are two items that we have
found very useful (Figure 3-22). We always have handy a couple
of tail blocks, which are just single-sheave blocks to which are spliced
S-foot (Iso-centimeter) rope tails. These are used for making up
tackles and for temporary leads of control lines. The second is an
elastic assembly having two or three parts of rubber tubing, rope
grommets to slip over the tiller, and a rope tail to belay to a jam
cleat. This overcomes the difficulty at securely belaying stretchy
rubber tubing.

There are two ideas in the special equipment line that I have
no experience with, so they are put forth only as ideas. Wheel steer­
ing would seem to preclude sheet-to-tiller arrangements by defini­
tion. Of course the possibility of shipping an emergency tiller should
always be provided with wheel steering; but perhaps this would be
inconvenient to put in place whenever self-steering is desired. It
might well be sufficient to fasten sheets and elastics to appropriate
points on the rim or spokes ot the wheel. If this provides insufficient
rotation of the wheel, a drum could be used at the hub or on the
axle of the wheel for a control line to pass around.

The second idea applies to headsails and perhaps twins on UOLItS
over about 30 feet (9 meters) when sheet tensions are just too pow­
erful to take directly on control lines or on the tiller. "\Vinches are
often provided to assist in handling these sheets, and a novel way
of mounting the winches could provide helm forces of the right mag-

~ toil blO~::::::::::'>i'Wzzz
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3-22. Special gear for sheet-to-tiller steering.
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of tail blocks, which are just single-sheave blocks to which are spliced
S-foot (Iso-centimeter) rope tails. These are used for making up
tackles and for temporary leads of control lines. The second is an
elastic assembly having two or three parts of rubber tubing, rope
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3-22. Special gear for sheet-to-tiller steering.
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3-23. Special lever winch base for sheet-to-tiller coupling.

nitude with a lot more convenience and less friction than setting up
fool's purchases. The idea is to mount each winch on a special mov­
able base rather than directly on the deck or coaming (Figure 3-231'
The winch base then is attached to the deck at a pivot or fulcrum,
so that it acts as a lever, with a long arm to supply the reduced helm
forces. The closer the winch is to the pivot, the greater the reduc­
tion. Of course, the winch base has to be built and attached to the
deck just as strongly as you would attach a winch, and with as little
friction as possible.

A less permanent piece of equipment that can serve a similar
purpose is a portable lever designed to be clapped on a sheet, to

bend a jog in it (Figure 3-24). The tension in a control line lead­
ing from the top of the lever is then a small fraction of the sheet
tension.

THE GENERAL APPROACH

My passage to Hawaii was the beginning of a series of offshore voy­
ages in small yachts now totaling over 25,000 miles. During most of
that distance I have not had a windvane gear on board. Instead I
relied on sheet-to-tiller self-steering - essentially the arrangements
described in this chapter - and these have done the steering about
95 percent of the way, very seldom with any sacrifice of speed or
course. I don't attribute this success to any characteristics of the
boats. They have all been small, light, single-masted craft with short
keels, not particularly well balanced when heeled, and tender enough

w,~: t,tiII'"l 'h~
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3-24. Portable lever for taking off a proportional part of sheet ten­

sIOn.

to heel most of the time. Rather, I have come to the OpJIllOn that
sheet-to-tiller gear can satisfactorily steer any yacht of moderate size
in most conditions.

I'm not claiming that all you have to do is hook up the exact
arrangement diagrammed and sail away into the sunset. Perhaps
some of these will work on your boat just as shown; I think most
will work with no more change than increasing or reducing the
mechanical advantage of a tackle. Even so, success with a particular
boat is going to require a period of experimentation on each point
of sailing and with each sail combination. It is likely to require
some patience, and perhaps some inventiveness. My attitude has al­
ways been. when faced with the necessity of steering. that I may as
well pass the time at the helm trying to get her to steer herself, and
almost always in a short time my efforts have been rewarded.

The possibility of this does not seem to be generally known.
People think of sheet-to-tiller arrangements as singular and special­
ized, dependent on particular qualities of hull and rig; and so the
recurrent theme in voyage accounts in the magazines: "On the fifth
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night out the vane gear broke, arid after all our efforts to fix it failed,
we had to set watches and steer the rest of the way" - as if hand
steering were the only alternative to vane steering. Considering the
reliability record of vane gears, experimentation with sheet-to-tiller
gears should really be part of the preparations for any long passage,
so that the principles are grasped and some useful arrangements are
already work.ed out before the need arises. All that is required, be­
sides spare line and blocks, is some form of elastic. As in any experi­
mental program, it makes sense to keep detailed notes in a perma­
nent notebook that will be kept on board for future reference.

4 so YOU WANT "fO TRY A
WINDVANE

COMMON FEATURES

Looking back over all the arrangements for self-steering with fore­
and-aft sail the following common features stand out:

1. Some part of the running rigging is led around, with or with­
out mechanical advantage, to pull the helm to windward. The choice
is based on finding a line whose pull increases when the yacht luffs,
and slacks \vhen she bears away. I have always found a sheet to serve,
but I imagine a downhaul, an outhaul, a vang, or a guy might some­
day be called into service.

2. The windward pull is more than the weather helm requires,
so the excess is balanced by elastic. Arranging the sheet to pull to
windward, the elastic to leeward, guarantees that increased weather
helm will be provided when the wind freshens.

3· The elastic should always be positioned so it becomes slack
when the tiller is centered or a little to the lee side. Sensitivity to
wind strength is then adjusted out by experimenting with elastics
of various stiffness.

If it doesn't work, don't give up; figure out why it doesn't work.
This kind of thinking seems always to lead to some idea for an ar­
rangement that will work better.

Windvane self-steering for model sailboats goes back at least fifty
years, and Marin-Marie used a windvane gear on his 1936 Atlantic
crossing in the motor yacht Arielle. But it seems that the first uses
in full-sized sailboats came in 1955 when Ian Major made a vane
gear for Buttercup and sailed her across the Atlantic, and Michael
Henderson made a different type for Mick the Miller and won the
Junior Offshore Group championship racing with it. These successes
opened the door for all the developments that have come since.

We could look a long way before finding a better example of
a vane gear than lvIick's. Henderson's achievements with this first
effort are truly remarkable; twenty years have not made it in any
way obsolete. So just in case the reader is not familiar with the basic
workings of windvane self-steering, I will use this simple and elegant
example as an introduction (Figure 4-1) .

The windvane is a piece of thin plywood pivoted so it is free to
turn and weathercock into the wind. vVhen the course-setting clutch
is engaged, the windvane turns one arm of a simple slotted-bar link­
age, and the other arm turns the shaft of an auxiliary rudder. The
linkage reverses the rotation. The windvane ordinarily would not
have the power to turn even this small rudder, but the rudder is
hydrodynamically balanced with part of its area forward of the axis,
so only the bearing friction needs to be overcome to turn it.

Now with the boat on course and trimmed out, the main rudder
can be fixed to supply most of the weather helm. The windvane is
allowed to line up with the wind and then the course-setting clutch
is engaged (Figure 4-2). (In order to make the vane and auxiliary
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