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Foreword

For some strange reason, most cruising sailoropnally dislike steering by hand. The
prospect of spending hour after hour at the heled s deter most people from long-distance
cruising. This is undoubtly the main reason whytjlualatively recently, the number of
sailing boats venturing far afield was very smadleed. However, all that changed with the
advent of automatic pilots specifically built foaghts plus the development of efficient wind
operated self-steering devices. Suddenly, the abidnand-steering was a thing of the past
and long ocean passages could be a pleasure -eew@&chts with the smallest of crews.
Having made one circumnavigation of over 70,00@swith an Aries and another of some
40,000 miles with a Hydrovane, | could not be aedusf exaggeration if | state unreservedly
that one of the most important pieces of equipro@rdny cruising yacht is a wind-operated
self-steering gear.

Unfortunately, and surprisingly, this view is nbased by many cruising sailors. This is
primarily because as most of us have grown up teithnology around us, we tend to take the
push-button mentality with us to sea. Steeringvamgicourse is easy to achieve by setting a
compass course and pushing a button on the autogmd, nowadays, this is what most
sailors prefer to do. It is usually on the firstrmag with flat batteries that the love-affair
with their favourite toy comes to an abrupt endvidg been forced to listen to countless
heart-rending stories on this very theme at theaétde ARC or similar trans-ocean rally, |
managed to persuade Peter Férthmann to come tBdlass before the start of the ARC to
talk to our participants about the pros and corsetitsteering. His talks and workshops
became an instant success, not only because heskh®isubject better than anyone else in
the world, bus also because he always speaks galteabout both wind-operated self-
steering gears and electronic autopilots. He niiezt to sell his own products and, in this
way, enjoyed the interest and confidence of hiseange.

| am therefore pleased, not only that he took mycadto write this long-overdue book,
but also that he managed to do it so fairly anécibjely by giving all his competitors an
equal opportunity to make their products known.eMisting systems are described in the
following pages, allowing the reader to make updws mind. Many sailors agree that
Peter's Windpilot is currently the best gear avddaBeing both the inventor and
manufacturer of this ingenious device, Peter hdsed shown that his name should stand
alongside those of his great precursors: BlondigétaMarcel Gianoli, Nick Franklin. This
book confirms Peter Férthmann’s standing as thédaarthority on wind-operated self-
steering gears.

Jimmy Cornell



Preface

Whoever would have thought that the world couldng®aso much in a single
generation?

Yachts which were so recently state of the artsadeenly dated, their technology
surpassed. The range of instrumentation and equipavailable to the sailor has expanded
beyond all belief; on-board GPS, EPIRB, INMARSATNad plotter, radar, and Internet
access are now all but taken for granted. The m&ok@autical books has also been very
fertile. Every topic has been explored, every hithenysterious subject laid bare. Hard to
believe, then, that the scheme of this book has heglected for a hole generation!

A book on self-steering systems has long been oeerthat, at least, was the feeling of
Jimmy Cornell, whose encouragement finally convihigee to take up my pen. It was a
decision not lightly taken, for there can hardlysbeore sensitive topic for a manufacturer of
windvane steering systems. But, equally, thereheadly be a better one, since few topics in
sailing are as logical and intuitive. All self-stieg) systems rely on the same physical
principles; here there is no wizardry and no impeite mire of theory.

This book, | hope, will cut through the tangle ohflicting opinions and contradictory
hearsay surrounding the subject of self-steeringshves you the disappointment of a self-
steering failure and the exhaustion of hours ah#im in cold, dark and stormy seas, it will
have achieved its aim. If it exposes gaps in youteustanding, or flaws in your own self-
steering solution, take heart; it is far betteseée your mistakes now, safe in harbour, than
half way across the ocean. Once at sea you meswvith the hand you have dealt yourself;
cold comfort as with heavy arms and tired eyestyon the wheel once more and stare of into
the distance wishing that you did not still havelsa long , long way to go ...

I would like to give particular thanks to the follong people: Jimmy Cornell, whose
words ,you sit down and start writing’ | can stikkar today! Jorg Peter Kusserow, my friend
and business partner without whose illustratiorstitbok would be a great deal poorer. Chris
Sandison, who found a way to translate my languimageurs. Janet Murphy of Adlard Coles
Nautical, who kept on smiling as the mountain gigracontinued to rise.

And a final thanks to you the reader, if you fihistbook leaves you wiser as to how to
make your sailing easier — without staying ashore.

Peter Christian Forthmann



Introduction

Throughout human history people have been takirigeavater in sailing boats, be it for
trade, exploration or war. Not until the twentiedntury, though, did the idea first surface
that a sailing boat might be able to steer it3elthe heyday of the tall ships, and even well
into the modern era steering meant hands on thelw@esw were plentiful and cheap, and
all the work on deck, in the rigging or with thecanr was performed manually. Where brute
force was insufficient there were blocks and tacg&sgo runners and, for the anchor, the
mechanical advantage of long bars and a capstame 8bthe last generation of tall ships,
engaged in their losing battle with the expandiegusiship fleet, did carry small steam-
powered engines to assist the crew, but steeringrtieeless remained a strictly manual task.
There were three steering watches and the workhass- even lashing the helm with a warp
helped considerably. The great square-riggers fiiedceans without the help of electric
motors or hydraulic systems.

In the early part of the twentieth century, redaad! sailing was the preserve of the elite.
Yachting was a sport for wealthy owners with lacgews, and nobody would have dreamt of
allowing the ‘prime’ position on board, the helm,lte automated.

It was only after the triumph of steam and the ergstapid increase in international trade
and travel that the human helmsperson graduallgroeainnecessary; the first autopilot was
invented in 1950.

Powerful electrohydraulic autopilots were soon pathe standard equipment on every
new ship, and although the wheel was retainedvit came to be positioned to the side of the
increasingly important automatic controls. Comnarships and fishing boats quickly
adapted electric or hydraulic systems to just alkeaty task above and below deck - from
loading gear, anchor capstans and cargo hatchoteidrwinches for net recovery and
making fast. Before long ships had become complstems of electric generators and
consumers, and as long as the main engine wasgititere was power in abundance.

Today, the world’s commercial and fishing fleets ateered exclusively by autopilots - a
fact that should give every blue water sailor pdos¢hought. Even the most alert
watchperson on the bridge of a container ship &rei®s is powerless to prevent it from
ploughing ahead a little longer before gently tngio one side. A freighter on the horizon
comes up quickly, particularly since the heighegé on a sailing yacht is virtually zero.
Collisions between sailing boats and containersstap immortalised in the cartoons of Mike
Peyton, prey on the mind of every sailor. Horrarists appear time and again in the yachting
magazines, and in almost all of them the sailingtlemds up with the fish. Sometimes the
sailors are rescued and the story has a happygnihe tale of one solo sailor whose yacht
inadvertently turned the tables on the merchaet thg steering a fish cutter while he was
sleeping caught the attention of the daily prelsaraund the world. As sensational as it is
unique, this incident involved the courts as well.



It is tempting on these ground to condemn singledied sailing as highly dangerous —
after all, this skipper has to sleep sooner orl#k too easily overlooked, however, is the
fact that commercial vessels the world over arelegty entrusted to a lone pair of eyes on
long night watches ... And if they should fall shiie end result is same: A ghost ship and
great danger for any unfortunate seafarer who sirdg the wrong place at the wrong time.

The human helm’s time at sea is just about uppnbttireless and more reliable, but often
more competent as well, the iron helm is makingh#éwed on the tiller all but superfluous.
Even through the narrowest straits of the coaSvegden, Stena Line’s large ferries navigate
every rock and shoal at full speed with only aropilivt and the Decca pulses of their
purpose-designed software at the helm. All thataiemfor the sailor is a supervisory role — a
role which, of course, you can only carr‘}/ out agylas your eyes stay open!

Steering the Russian square-rigger
Sedov
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The history of self-steering

Shorthanded long-distance sailing started with guigtw hardy pioneers - Joshua Slocum
was one of the very first with his legend&pray It is said he could keep the boat on a fairly
steady course using an ingenious sheeting arrangemsimply by lashing fast the wheel.
This manner of self-steering willingly sacrificed@rtain amount of sail power to free up a
portion of the sail area just for steering trim.g@tirse Sprayhad a natural tendency to sail
straight, as her keel was almost as long as herlived.

Hambley Tregoning described in a lettelyiachting Monthlyn 1919 how the tiller of a
boat could be connected to a windvane. Upon puibicaf his letter, owners of model boats
rushed out to fit their craft with wind-guided steg. They found they could achieve
admirable results with even the most simple medahwonnection between the tiller and a
windvane. This type of system did not transfer \&rgcessfully, though, since the forces
generated by a windvane are too small to moveilteedf a full-size vessel directly.

The first windvane steering system

The first windvane steering system, rather iromycavas installed on a motorboat.
Frenchman Marin Marie used an oversized windvanaected to the rudder by lines to steer
the 14 m/ 46 ft motor yacltrielle during his spectacular 18-day single-handed angssi
from New York to Le Havre in 1936. His windvaneestag system is now on display at the
Musée de la Marine in Port Louis.

British sailor lan Major toolButtercupsingle-handed from Europe to the Antilles in 1955
using a small windvane to control a trim tab modrdga the main rudder. This was the most
common system in the early days of windvane stgetirwas also in 1955 when Englishman
Michael Henderson fitted a personal creation, miakied “Harriet, the third hand”, to his
famous 17-footeMick the Miller. His approach was to centre the main rudder aadhes
windvane to move a small, additional rudder bldde system was a complete success and
was able to handle more than half the steeringeguBernard Moitessier also chose a trim tab
for Marie Thérése lin 1957, and used a simplified version of the sagsem ordoshua
from 1965 onwards. In this second version, the wamg was fastened directly to the shaft of
the trim tab.

The starting gun of the first OSTAR (Observer Sahginded Transatlantic Race) in
Plymouth on the 11 June 1960 signalled the reahbety of the windvane steering era.
Without some form of self-steering, none of theefparticipants - Frances Chichester,
Blondie Hasler, David Lewis, Valentine Howells ailehn Lacombe, could have reached the
finish.

Frances Chichester’s first windvane gear, christéiiranda”, consisted of an oversized
windvane (almost 4 i 43 ft?) and a 12 kg / 26,5 Ib counterweight, and was eoted
directly to the tiller via lines and turning blockdowever, the giant windvane turned out to
have anarchic tendencies, and Chichester was sooteroplating a change to the
windvane/rudder proportions.

AboardJester Blondie Hasler was using the first servo-pendugear with differential
gearing. David Lewis and Valentine Howells bothdusenple trim tab systems driven
directly by a windvane. Jean Lacombe used a tring&ar, developed jointly with Marcel
Gianoli, which had a variable transmission ratio.



Hasler servo-pendulum systemonan S & S 30

Hasler and Gianoli, an Englishman and a Frenchmvarg to play a significant role in the
development of windvane steering systems. The iptes they established are still used
today, and we will consider both their systemsrlate

The second OSTAR was held in 1964. Once againhallcompetitors used windvane
steering systems, six of them opting for servo-pé&md gears built by HASLER, who had
already undertaken a small production run. Windvsteering gears were virtually standard
equipment for the 1966 and 1970 Round Britain Rasesvell, for electric autopilots were
still banned.

The field for the 1972 OSTAR was so large thatdiganisers had to set an entry cap
of 100 boats for the 1976 race. Electric autopile¢se allowed, but could not be powered by
inboard motors or generators. By now, many of thdigpants were using professionally
built windvane steering gears. There were 12 fro&ASHER, 10 from ATOMS, 6 from
ARIES, 4 from GUNNING, 2 from QME, 2 electric, 2 aliary rudder gears, 2 from
QUARTERMASTER and 1 HASLER trim tab.

The rise of the great solo and short-handed bluerwaces, none of which would have
been feasible without the windvane gear, stimulateel professional development and
construction of a wide range of different system&mngland, France, Italy and Germany. The
early pioneers are still familiar names: HASLER, IER, ATOMS, GUNNING, QME and
WINDPILOT.

Several factors contributed to the rapid spreadwisfdvane steering systems, in
particular the economic miracle of the post-warrgeéhe increasing number of series-built
sailing boats and the shift in boat-building awagni one-at-a-time construction in wood
towards mass-production with modern materials.ir®pilvas no longer a sport for obsessive
loners or the elite, and its popularity was growing
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The first companies producing professionally destgrand built windvane steering
systems appeared in Britain, France and Germah968, and soon after in the Netherlands.
Windvane steering systems and the year they wanelheed:

1962 Blondie Hasler Hasler
1962 Marcel Gianoli MNOP
1968| John Adam Windpilot
1968 Pete Beard QME
1968 Nick Franklin Aries

1970 Henri Brun Atoms
1970 Derek Daniels Hydrovane
1972 Charron/Waché Navik

1976 Bostrom/Knddsg  Sailomat

The first cockpit autopilot

The first electric autopilots on non-commercial sads probably appeared in the United
States. The first TILLERMASTER, a miniaturised auitot developed for small fishing
boats, was produced in 1970.

British engineer Derek Fawcett, formerly employed Bewmar, launched his
AUTOHELM brand in 1974. AUTOHELM soon dominated twerld market, with its small
push rod models being particularly successful. Siistems were manufactured in large
production runs by a work force which quickly exdad to 200.
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2

Windvane steering
systems versus autopilots

Our aim with this book is to investigate the funoing and the pros and cons of the
various systems, and to help the reader decidewibimost suitable for his or her particular
needs. The two main categories of self-steeringeaysare the autopilot and the windvane
steering gear. Autopilots are electro-mechanicsiesys that obtain their steering impulse
from a compass, whereas windvane gears use wind/ated power and obtain their steering
impulse from the apparent wind angle. We will cdesieach in turn.

A sailing yacht generates all its drive from theigon of the boat and the orientation of
the sails with respect to the wind; trim the spid®rly and there will be no drive. This simple
relationship explains why a windvane gear is saliffer steering a sailing yacht. The wind
angle it uses is exactly that which gives the lobake; set this angle once, and drive is
assured. The benefits of steering to the apparigrt angle are particularly pronounced when
sailing to weather. Even the slightest shift inwied is immediately translated into a course
change and optimum drive is ensured - a degreersitsvity beyond even the best human
helm.

This 65 foot Koopms i strd both opilot and
windvane gear.

Why autopilots?

Put simply, autopilots are compact and discreeteiMhcomes to buying a self-steering
system, probably the largest single factor courgigginst windvane gears is their
incongruous appearance. They are generally largdalky - hardly the ideal transom
ornament. Not only that, but some are also ratheieldy and heavy and tend to get in the
way when manoeuvring in harbour under engine.

Autopilots, by contrast, are virtually invisible ihe cockpit and may even be completely
concealed below deck. Once installed they are sinpbperate, only requiring mastery of a
few buttons. Cockpit autopilots are light and gaiigiinexpensive and they steer a compass
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course. For some sailors this argument is compgglantopilots were programmed to
succeed.

Over many years the sailing world polarised into tamps. In the 1970s windvane
steering systems became a common sight on blue yatbts, where they were
indispensable. Only in exceptional cases were thdye seen on holiday and weekend boats
(and some of these can almost certainly be put downshful thinking!).

There has been heated debate over the last 25hgtarsen advocates of the two different
systems. One patrticular bone of contention wasdpeated insistence by some that vessels of
several tonnes or more are ‘easily’ steered wish fiactions of an ampere. Views today are
more realistic. There is no getting around the lafyshysics: every desired ‘output’ (steering
force) requires a certain ‘input’ (current/energiho could forget the ‘Conservation of
Energy’ law so familiar from school physics lessbns
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3
Autopilots

How they work

Autopilots depend on a compass. A steering imppilsduced by the compass actuates an
electric or hydraulic motor which extends or retsag rod or hydraulic cylinder, moving the
rudder so as to bring the boat back on course.cbhgass carries out a desired/actual value
comparison and continues the steering operatiahthatvessel is back on the desired course.
There is a direct relationship between

the steering force;
the speed with which the steering force is exered;
the current consumption.

The physical constants between these factorsyeed,fso the only relationship that matters
on a sailing yacht - steering performance (outpaetrrent consumption (input) - is always a
compromise. It is never possible to obtain maximatgering performance using minimum
power.

This gives rise to a dilemma, since an electricanotin be geared to produce either a lot
of power slowly or a little power quickly (this e¢es to a car managing a steep gradient
slowly in first gear, but not at all in top gear).

Autopilots are distinguished by motor capacity. sTeutomatically fixes the relationship
between the force applied by the push rod andpked of operation. Virtually all autopilot
manufacturers rely on this proven arrangement,systems with variable speed motor drives
are very seldom seen. Such pronounced gearing-dbthe force from the electric motor (to
produce more force at the push rod) is not prdcéicgway, since the corrective movement of
the rudder would then be effected too slowly tmprihe vessel efficiently back to the desired
course.

To identify the appropriate autopilot it is necegstirst determine the maximum rudder
torque for the boat in question; the critical fastbere are rudder size ( length and width ),
counterbalance ( distance from the centre of tddeupost to the leading edge of the rudder )
and speed potential of the boat. The rudder torgre either be calculated or worked out
empirically, that is by actually measuring the ®mn the tiller or wheel. If the maximum
load on the rudder exceeds the maximum torqueeoflitive unit, failure is inevitable. Choose
a low power consumption model for a relatively hebwat, and the steering performance will
be less than wonderful. Choose a system whichbeiltonstantly at its limits and it will need
replacing long before an overdimensioned one. Ghagsowerful autopilot, and no battery in
the world will be able to meet the power demandhauit regular recharging. Every
compromise has its price!
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Cockpit autopilots for tiller steering

Push rod systems, in which an electric motor isneated via a transmission directly to a
push rod, are the most straightforward form of piibd. The push rod is extended or retracted
to move the tiller.

Simple cockpit autopilots consist of a single medwhich includes the compass, the
motor and the push rod. In larger cockpit modéls,dontrol unit and compass are separate
modules which may be linked to other external taers via a data bus. Autohelm indicates
its network-compatible instruments with the ‘STeéH alk) prefix and Navico uses the
‘Corus’ badge.

Tiller push rod systems are not particularly powkrénd are therefore only suitable for
smaller boats. They use relatively small (powelirggvelectric motors whose force has to be
multiplied by major gearing down before it is apglito the push rod. This makes them noisy
and the sound of a cockpit autopilot in operatisrguite intrusive. Cockpit autopilots are
relatively frugal in normal operation but, undegtiloads, consumption can approach 3
amps. They tend to be rather ponderous in theiremewts.

—

—

== ) “ = e S
NG . “ The following systems are available:
' - AUTOHELM 800
AUTOHELM ST 1000
AUTOHELM ST 2000
AUTOHELM ST 4000 Tiller
NAVICO TP 100
NAVICO TP 300

The AUTOHELM ST 800 Tiller autopilot

Cockpit autopilots for wheel steering

Wheel steering autopilot systems are similar tos¢hdescribed above, except that the
course corrections are effected by a driving beldithed belt or toothed wheel acting on a
pulley attached to the vessel’'s wheel. Cockpit jildits for wheel steering may be linked to a
data network.
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The following systems are
available:
Autohelm ST 3000
Autohelm ST 4000 Wheel
Navico WP 100
Navico WP 300 CX

Navico WP 300 CX Wheel atopilot

Inboard autopilots

Inboard autopilots use push rod or hydraulic systewth powerful motors which are
connected to the rudder post or quadrant and hemain rudder directly. It is also possible
to replace the mechanical linkage and shaft withydraulic system in which a hydraulic
pump provides oil pressure to drive a hydrauliendgr which in turn moves the main rudder.
This type of system is suitable for larger boatss3&ls over 21m / 60ft in length with sizeable
hydraulic rudder arrangements use constantly rgnpumps controlled by solenoid valves
for the autopilot.

The three modules of an inboard autopilot

Control unit

The control unit is used to call up all the funos of the autopilot and any other
modules linked via the data bus. It is usually epst via push buttons (Autohelm) or turning
knobs (Robertson). Display sizes vary and, notrsingly, larger displays are generally
easier to read. Modern high-contrast LCD displaisfade if exposed to excessive direct
sunlight, so they should ideally be mounted vellycand never flat on the deck. It is usually
possible to fit additional control units wherevieey are needed, so the operator is not
restricted to the main cockpit. A hand-held renaastrol unit provides even more freedom to
move about the deck. Joysticks offering direct mardf the autopilot drive unit are also
available.

Central processing unit

The central processing unit consists of. coursepeaear, compass, rudder position
indicator, windvane transducer, and peripherals.
Course computer

The course computer, installed below deck, is nesiate for processing all commands and
signals, for calculating the rudder movements reangsfor course correction and for
actuating the drive unit. In short, it links softwaand hardware and converts signals into
actions. There are two kinds of course computers:
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The manual version which is adjusted and set ujn&wser and/ or installer;
The auto-adaptive version which learns from reopetrations and from recorded
data.

Both have their advantages, but sailors may wellgoithe ease of the auto-adaptive black
box. Aside from seeing to a few basic decisionsdenaf gain, auto tack, compass or
windvane), the user has only to sit back and wetahthe software carries on doing its job.
The overriding aim is to combine high performanétweduced power consumption and
neither option is perfect: factory programmed uarits never properly set up for real
conditions, and manually-adjusted units are aldikely to deliver their full potential unless
the user is a professional.

Compass
Compasses work best on land. Once afloat, the le@itarts: pitching, rolling, heeling,
acceleration and deceleration all make thingsadaiiffifor a compass. The course computer
needs a clear, readable signal from the compassntool the drive properly — an autopilot
course can only be as good as the steering impolsethe compass.
The position of the compass is very important. @tershe following points prior to
installation:
The further the compass is from the boat’s cetiteegreater the number of
movements which will have to be filtered out.
Any variations in local magnetic fields will prevesm accurate signal. The compass
should be kept well away from electric motors, panpgenerators, radios, TVS,
navigation instruments, power cabels and metalotdje
Compasses prefer constant temperatures; avoidesipesed to sunlight or heat from
the engine, cooker or heater.

Below deck near the base of the mast is a goodfgpatost cruising designes, provided
they do not have a steel hull. The most stabletmrirmore extreme modern yachts is further
aft, normally about one third of the way from thers to the bow. On steel boats there are
different ways to get proper steering signals. Amragement in which a magnetic compass
with course dectector is fitted under the compase bletects changes in magnetic fields and
has been use most successfully by Robertson on ecrrahfishing vessels. Other
manufacturers position their fluxgate compasses@bleck or even in the mast, not always
the ideal location because of its accentuated moGareful installation and thorough
calibration of the compass are particularly impotian steel boats ( a fluxgate compass
cannot be used below deck on a steel boat ).

The distance from the compass to the course comglibeld be kept as short as possible
to minimise the problem of voltage drops. The larbes distance, the thicker the cables that
will be needed. One final point to bear in mindaxelyng installation: the compass should
ideally be easily accessible in its final position.

There are three types of compass to choose fraim#gnetic compass, the fluxgate
compass and the gyrocompass. Fluxgate sensors sdipgiy the course computer with
electronic course data are standard with nearimatufacturers. Steering performance in
testing conditions can be optimised by installirgpacial fluxgate system. Autohelm uses a
‘GyroPlus’ transducer while Robertson has a noyet tof compass in which fluxgate signals
are translated into frequency signals whose vanatcan more easily be monitored. Further
optimisation measures include fluid damping andtet@ic averaging. The quality of the
final signal for actual steering actions is dirgctlated to the price and quality of the sensor
unit. You really do get what you pay for, and utdioately the price range, which starts
around 200 for an ordinarily fluxgate compass ar&0 for a magnetic compass and course
detector, extends the way up @000 for a high-tech gyrocompass unit.
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Rudder position indicator

The rudder position transducer is arranged onutlder and informs the course computer
of the position of the rudder. It can be fittedidiesthe drive unit ( protected from errant
footsteps ) or externally at the rudder post (marieerable).

Windvane transducer

A transducer attached to a windvane or to the reasitipasses information of the apparent
wind angle to the course computer.
Peripherals

Signals from other navigation equipment such axBeGPS, Loran, radar, log and depth
sounder can also be fed to the course computevecagditional data to aid precise steering.

soom ¢ B
X

The modules of an inboard pilot; a
Brookes & Gatehous example

Drive unit
There are four alternatives.
1 Mechanical linear drive unit

An electric motor operates the push rod mechanyiwél a transmission. These drives are
similar in principle to cockpit autopilots, but arensiderably more powerful. The electric
motor can be constant speed ( simple and chegpolagr-hungry ) or variable speed ( more
efficient). The mechanical linear drive is more rgyeefficient than its hydraulic linear sister
but is also more susceptible to mechanical ovenoatkr extreme conditions. Wear and tear
on this kind of mechanical drive also increasedperating noise of the unit under load, so it
will get louder as it gets older and could everjuiatitating. Depending on the particular use
and the size of the system it may be advisabls¢éonetal for the transmission components
since plastic is not always able to withstand thavy loading associated with extended
operation. Autohelm offers the ‘Grand Prix’ packagean upgrade for its linear drive units;
Robertson and almost all other manufacturers ftahteansmission components as standard.

A hydraulic linear driving unit needs more instala space than a simple mechanical unit
to accommodate the balancing ram which protrudss the back. Mark Parkin of Simrad
UK has observed that quite a number of naval actst'forget about the bigger space
required by hydraulic rams’ and so end up havinfit @ linear drive.
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Autohelm mechanical linear drive unit
aboard the 18m/ 60ft ULDB Budapest

2 Hydraulic linear drive unit

The push rod is operated by a hydraulic pump. Hyldréinear drives appear on large
yachts with particularly high rudder forces. Thevds may be supplied either by separately
installed hydraulic pumps (Autohelm, VDO) or by pasrdirectly incorporated into the push
rod system (Brookes and Gatehouse, Robertson).riRohealso offers ‘dual drives’, in which
two linear drives double the force applied. Hydiadkives are protected against mechanical
overload by an overload valve, which opens abower&in oil pressure, and by the inherent
‘oil cushion’. A hydraulic linear drive produceg fi@ss operating noise than a mechanical
linear drive and will remain smoother and quieserd hence more pleasant to have aboard,
throughout its life. Hydraulic linear drives alsst much longer, an important advantage for
long distance cruising, and only a replacemenbfséals needs to be carried as spares. As
mentioned, hydraulic linear drives have a balancamg which protrudes from the back of the
unit. They therefore need to be mounted higheoyprévent the balancing ram striking inside
of the hull.

3 Hydraulic drive units

These electromechanical hydraulic pumps tap dyréatb the existing wheel steering
hydraulic system. A constantly running pump maybed to supply the force required to
steer boats of 25 tonnes or more. The constargly piiessure introduces sudden high loads
into the steering system with every rudder movememd the resulting noise has earned this
type of drive the name ‘bang-bang pilot’.

Robertson hydraulic linear drive units
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4 Chain drive unit

An electric motor operates the main rudder viaarchChain drives are preferred where
space is limited or where the rod-operated or geatesel steering on an older boat precludes
the use of other drive units. Whitlock steering elhdrives offer the option of an installed
mechanical motor which taps into the system’s rassion below deck. Only the cpu and
control module than remain to be fitted.

The drive unit has to be connected to the rudddr ascomparatively short arm either via
its own small tiller or at the quadrant itself. Batlternatives demand very strong mounting
on the side of the hull, and structural reinforcataeavill often be required.

The existing wheel steering should be mechanichigonnected when the autopilot is in
use to reduce inertia. This can be done using:

a) A mechanical pin clutch (Edson),

b) A mechanical pin lock (Alpha),

c) A solenoid activated mechanical clutch (Autohelar),
d) A solenoid activated hydraulic bypass

If the manual steering arrangement is not propgidgonnected, the autopilot will operate
with a delay and consume more power. Equally, wherboat is being steered manually, the
drive unit should be disconnected or bypassedftwchbetter sensitivity on the helm and to
allow the full range of rudder angle, which is natiy limited under autopilot. Reducing
interia for manual helming also means less worklerhand on the wheel.

When mechanically disconnected, the drive unit esting arm should be fixed in
position to prevent it from bouncing around. The stops of the drive unit must be within
the maximum limits of the rudder itself to prevém autopilot from driving the hydraulic
ram into the rudder stops.

It is absolutely essential that every autopilot faimgmergency stop switch within easy
reach of the helm in case the system runs intacdiffes or manual steering suddenly
becomes necessary. This switch should never bevigdok. The distance from the helm to
the nav-station or circuit breaker panel is sintply great in an emergency where the delay
could result in damage to the autopilot or worsegh&ttson autopilots all have such a switch
included in every deck display unit.

It is extremely unwise to attempt DIY installatiohan inboard autopilot. The procedure is
very complex and there are far too many potentraire for the inexperienced yacht owner to
make. Robertson, for one, refuses outright to pl@any warranty for DIY systems.
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Blue Papillon, a 29m/ 95ft Jongert
steered by a Segatron autopilot

Integrated systems

Until a few years ago it was generally the caseltbat owners acquired their instruments
one by one. Depth sounder, radar, compass, witidiment, Decca, GPS, plotter, boat speed
indicator and autopilot might easily be individyalhstalled stand-alone units from several
different manufacturers.

The situation today is very different, with a fevajor suppliers offering complete systems
from which the sailor can choose as few or as niastyuments as desired. Essential to this
advance was the development of a specialised datard a data transfer protocol: functions
such as the steering performance of an autopilatubeccan now be optimised in more
demanding systems by connecting a dedicated coarsputer. An autopilot steering a boat
between two waypoints obtained from a GPS interéarethus correct for cross-track error
caused by currents running perpendicular to thé&oaurse.

The changing role of companies within the induftoyn instrument manufacturers to
system suppliers explains the current extreme carateon of the market on just a few major
players.

Autopilots may be divided into three groups:

1 Stand-alone systems which operate solely ondbis lof a windvane or compass signal
(e.g. Autohelm 800);

2 Systems which are linked to other modules viata us (e.g. SeaTalk from Autohelm,
Robnet by Robertson) and/ or an NMEA 0183 interface

3 Systems in which individual modules are linkedlesively by the manufacturer’s data
bus (B&G).
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Today most autopilots operate as one module waldamplex system. NMEA (National
Marine Electronics Association) interfaces offeg ffrospect of expanding such a system to
include instruments from other manufacturers. Tlagrcthat instruments from different
system suppliers could communicate with each atberg the same interfaces seemed rather
optimistic at one time. There were as many saharge already discovered to their cost,
several standards in existence even for NMEA iat&$, and of course no instrument
manufacturer was to blame for any incompatibilgrious communication problems are
always the fault of the instrument on the othee ifithe interface! These problems have now
for the most part been resolved. Company-specé#ta duses do still tend to work much
faster than NMEA interfaces, however, and the irtgrare of speed cannot be exaggerated.
The delay in the transmission of a steering impfrs@ one sensor unit to another can never
be too short.

Provided with a fluxgate compass / gyrocompassasigptimised by integrated navigation
modules, an autopilot is perfectly capable of steea boat from waypoint to waypoint —
assuming, of course, that the wind decides to @raip.

Navigating down below with the
AUTOHELM NAVPLOTTER 100
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The windvane transducer

Almost all autopilots can be linked to a windvaransducer. This enables them to
take the apparent wind angle signal as steeringlsepThe signal comes either from the
masthead unit or from a small windvane at the stéeither alternative produces particularly
satisfactory results in any kind of swell, since thovements of the masthead unit caused by
the motion of the boat, the effects of upwash ftbemmainsail or the confused readings of the
stern-mounted unit caused by disturbed air havetoonsiderably damped and processed
considerably to obtain a useful signal. The smaé# sf autopilot windvanes often contributes
to such problems.

The volume of data required to produce precisepaadticable course commands for the
steering module when using the course computealtulate the apparent wind angle is
substantial: rolling, pitching, speed, accelergtiwimd angle and possibly also true
parameters (true wind angle etc.) must all be s When sailing, the autopilot should
always be set to steer to either the windvane diases or the compass signal, and never to a
navigation instrument or waypoint. The importantsailing to the apparent wind angle
cannot be understated; ignore it and the boat laisés drive.

Power consumption

The power consumption of an autopilot is determhinet only by the rating of the
model chosen but also by the following factors:

Length and displacement of the vessel. The moretheee is to move, the greater the

power consumption.

Type of rudder: A keel-mounted rudder requires nforee because it is impossible to

balance. A rudder on a skeg can have a balancempdelow the skeg and is therefore

easier to steer. A fully balanced spade rudderowitla skeg is lightest on the helm.

Speed with which corrective rudder movements mashhde: This depends on how

well the boat holds a course, and is thereforeialeenced by its shape below the

waterline.

Sail trim, weather helm: Poorly trimmed sails andtmuous weather helm are always

more of a drain on the autopilot than a well-baéghboat.

Sea conditions: Bigger seas and increased yawmqgreemore frequent steering

interventions by the autopilot.

Desired steering precision: The more exactly thessmmust be held, the greater the

amount of work there is for the autopilot.

Software / manual precision: The more refined therse computer algorithms, ie the

better suited they are to the particular boat #reysteering, the lower the power

consumption will be. The power consumption of angaly adjustable unit depends

to a considerable extent on the sensitivity ofdbietrols and on how easy it is to set

them up properly.

Conserving power

Optimising the vessel with respect to the aboveatsaian considerably reduce average
power consumption. Once this has been done, theremaining measure is to reduce the
frequency of course corrections. This amounts &tfice to increasing the angle by which the
boat may deviate from the set course before thepdat responds, in other words allowing
the boat a greater range of movement between atieeing interventions.

All modern autopilots are autoadaptive, that ig/thee programmed to recognise certain
regular patterns of yawing. This helps them shatteir operating cycle and reduce the
length of time for which the motor is running. Is@enables them promptly to correct the
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course early on in a recurrent motion, so avoidnage vigorous rudder movements later on.
Unfortunately we have now reached the end of #tefipower saving measures.

The manufacturers base their average power congumfgures for cockpit autopilots on
a 25% operating cycle. This assumes in terms oBaealtopilot running time that per hour
the boat is actively steered for 15 minutes ands$iself on course with no action at all from
the helm for the other 45 minutes. These figureg se@m just a little optimistic; actual
power consumption, therefore, will often be higher.

Fitting out for an extended voyage really bringsieahe gulf between the theory and
practice of power consumption. Energy managemeggdgential here since all the power
consumed on board must first be generated on bdhaldifference between the
manufacturers’ rated average power consumptiorttamectual autopilot motor running time
can be enormous; real situations are never ‘avesagethe actual power consumption is
always higher.

A boat equipped with just a depth sounder, a hdddBES, paraffin cabin lights, a
windvane steering system and without an ice bdat is to say a vessel whose power
consumption is reduced to the minimum - will harelser run its batteries close to
exhaustion. This boat does not, however, bear meggmblance to the average passage
yacht. The ARC fleet which passes through the Gamavery Autumn shows a clear trend:
in the last 10 years alone, the average lengtlaxigpating yachts has grown to around 13m
|/ 44 feet while the number of sub-33 footers hamdigd to barely a handful. The boats are
generally equipped to a very high standard as wah, most carrying navigation instruments
such as GPS, plotters and radar, short wave, S8®ER radios, refrigerator, pumps, water
maker and interior and exterior lights.

Combining the 24 hour average power consumpticeaoh of these appliances for a 44
foot boat in warmer latitudes gives a total of H2Gpere-hours (Ah) - even without an electric
autopilot running. This example clearly illustrathe care needed in budgeting for energy
aboard a sailing yacht. The impact of an automitothis energy budget is very substantial,
particularly if the system has been chosen fanigg performance rather than low power
consumption. There are whole books devoted sobellpe subject of energy management on
board: pay too little heed to this complex issu@igeyou cast off and you can count on a
nasty reminder somewhere out at sea.



Navigating on deck with
AUTOHELM

The manufacturer’'s recommended autopilot for oengxlary 13 m / 44 foot boat draws
between 2.7 and 6 A per hour, which means thainifoontinuously it will push up the
vessel's total power consumption by at least andif@o over a 24 hour period. We should
also bear in mind here that some units in the Vesslectrical system will fail if the voltage
falls below 10.5 V. Against this background a sewgtyi large battery capacity of 600 Ah
begins to look less impressive.

Wind, water, wave and solar generators can helg\en these (depending on the
conditions) are no guarantee against a few houesfofrced motoring every day (as well-
known circumnavigator and race organiser Jimmy €lboonfirmed after debriefing skippers
at the end of his EUROPA 92 race). Whenever ortbeofidditional generators malfunctions
or fails, increased engine running time inevitatggults. Without good sound-proofing, the
iron sail can rapidly become an unwelcome intrusinda life aboard. The extra heat from the
engine is often a bonus as well, just right to easeafternoon chill in Bermuda...

Energy matters are of course less critical on basgsl mainly for weekends and holidays,
since this kind of sailing normally involves plerdfymotoring and shore power is always at
hand for recharging.
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Range of adjustment of an autopilot: Autohelm 6000/ 7000

1. The rudder gain, which has nine settings, spedifaag much the rudder should be
moved to return the boat to a desired course. @asiag will result if the angle is
set too high; understeering if it is set too low.

2.  The Rudder Damping function has nine positionsserdes to damp yawing
motions.

3. The rudder amidships position in the rudder refeedransducer has an adjustment
range of -7 to +7 degrees.

4. The Rudder Limit function prevents the autopil@aieing maximum lock at full
power, which could cause mechanical damage.

5. Boat Turn Rate determines how quickly the boatgwvhen the autopilot makes
course corrections.

6. The autopilot can be set for an average Cruisedpeanywhere between 4 and 60
knots (sailing boat or powerboat).

7. The adjustable off-course alarm sounds when theelsscourse deviates from the
desired course by more than a set maximum (in dsyfer longer than 20 seconds.

8. There are four Trim settings. This function cordrifle additional rudder movement
necessary to counter off-centre thrust (e.g. whpsraiing a propeller mounted to
one side, only used when motoring).

9. The Joystick has two settings, but these are mtitpkarly relevant for sailing
boats.

10. The control unit can be set for linear or hydradiive.

11. The response angle function has nine positioredtires that the response of the
autopilot is appropriately delayed if there is Elac play in the steering system.

12. Compass deviation taken from a chart can be input.

13. The adjustable Northerly/Southerly Turning Errom@ensation feature is used in
areas where the orientation of North is uncertaiertsure the compass receives an
accurate signal.

14. There are three settings for the reaction spedéecdutopilot; the higher the value
set, the greater the steering precision and, colesely, the power consumption.

All the functions mentioned are initially set aétfactory. Each one can be adjusted on
board, though, and it is essential that they attevidually matched to the characteristics of
the vessel.

To summarise, each model of autopilot gives a neleael of steering performance that is
dictated by its range of technical features antd¢hanot be improved. All that is left once the
autopilot is correctly set up is to increase theetbetween steering corrections, and hence
save power, by ensuring the boat is balanced anddifs are properly trimmed. It should be
obvious that selecting a greater degree of steacdungracy will lead to more frequent rudder
movements and increased power consumption.

The limits of autopilots

Even the very best autopilots struggle when bgatito a shifting wind. This is
because they do not detect small changes in wiedtthn (the sails back). The only solution
is to set a lower course which, unfortunately, nsdaring distance to windward. It is
possible to connect a windvane to the course coenjbuit, as we discussed above, this does
not always produce satisfactory results.

Blue water sailing though means winds from astéhe passage routes around the world
are universally known; every long-distance saileads straight for the all but infallible
trades, dreaming of pleasant sailing before thelwlins therefore imperative that autopilots,
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and indeed any type of self-steering, can holdfathe-wind course. No experienced sailor
expects miracles of the autopilot: a steering asoupf 5° in the trades with a big following
sea just is not realistic. Equally, it is no gobgaur autopilot follows the general course with
occasional 100° excursions - you may still arrinat, probably not where you intended.

The only way to be sure of good steering from amssisted autopilot is to buy a fast and
powerful system. While nothing else will be ablegtearantee adequate steering performance
in all wind and sea conditions, this solution doevitably lead us back again to questions of
power consumption. Ultimately each skipper hasaade, in the light of energy budgets and
daily power requirements, which answer best sus®hher particular needs.

Issues of power consumption often tempt a skippeisk a slightly undersized autopilot.
There is no avoiding the loss of performance susystem will suffer as conditions
deteriorate. With no reserves of speed or powerdet the increased demands it will
eventually be overwhelmed, reacting too slowly waiitth too little force to keep the boat on
course. Mechanical overload is likewise a threauoh circumstances. Chuck Hawley of
West Marine, one of the world’s largest autopilealérs with its own service centres and
more than 400 outlets in the USA goes even furttating in the company’s very
comprehensive catalogue that a cockpit autopildt hveed repairs’ on a longer trip. He
continues ‘we do not recommend that you use a ¢balgpopilot for long distance sailing
unless one of the following applies:

1 You have a back-up autopilot in case the firg fails.

2 You have a wind vane and are not dependent sotetlie autopilot.

3 You love steering by hand for long hours.’

The rated operating speeds and drive unit thrdstseovarious cockpit autopilot systems
are a good indicator of the steering performaneecan expect.

Electromagnetic Interference

Electromagnetic interference originating from onfgolaigh-frequency transmitters and
receivers was once a common problem, causing aote®pd make sudden anomalous course
changes. The European CE (Electromagnetic Comliigdit8tandard should prevent this
kind of disruption of the autopilot in future. E&ig electronics systems can best be protected
by ensuring that all power cables are well insalate

Extreme Sailing

d Autopilots are unable to steer in areas where
North is uncertain. Oceans sailors in races lilee th
BOC and Vendée Globe run into problems in the
high latitudes of the South Pacific with the aulofpi
suddenly cutting out after losing its fix on North.
Nandor Fa, skipper of the Hungarian yacht K & H
Bank in 1992 Vendée Globe (singlehanded non-stop
around the world) received the following answer
from the manufacturer of his Robertson system after
faxing for help with his confused autopilot: “Pleas
perform three complete circles in calm water within
a few minutes - this will enable the compass to
reorient itself”.

VAR,

Nandor F o board K & H Bank
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Given the chaotic sea conditions in the Southersa@s this was not the most practical
piece of advice. Only after several days of steelbiy hand did Fa come upon the idea of
removing the compass and rotating it as gentlyogsiple in his hand. Since then he has used
Autohelm systems, which now have special GPS-supgaoftware to help the compass
maintain clear steering signals even when Nortnigertain. The close collaboration between
manufacturers and ocean sailors in events likME and Vendée Globe ensures continued
development of the systems. Virtually all the boatthese races are now steered by
Autohelm.

One result of this collaboration has been the agraknt of stronger drive components for
blue water use. Autohelm introduced the ‘Grand-Ripgrade package for its
4000/6000/7000 series in 1996. The standard D@itastic) load-bearing components in the
drive are replaced with metal equivalents. Plasscseveral long-distance skippers have had
the misfortune to discover, sometimes fails to measp to the high stresses placed on drive
components. However, for holidays and day saikviggn extreme loads are rare, plastic
components are perfectly adequate. Hydraulic systamimmune to overloading problems
of this nature as they have no mechanical drivepmrants (Autohelm 6000/7000 with
hydraulic or hydraulic/linear drive, B&G NETWORK YDRA 2, Robertson, VDO, Cetrek,
Navico, Coursemaster, Silva, Alpha, W-H).

Autopilots for different purposes

Holiday and weekend sailing

Most sailors use their boats primarily at the weeker for holidays, which partially
explains the rapid spread of electric autopilotsy& consumption is not really an issue on
one-day trips and the quality of steering perforogeais also relatively unimportant since it is
always possible to steer by hand if necessaryc8editions rarely impair steering quality as
the majority of weekend sailors do not venture mtposed waters. Taking the helm in any
case forms part of the fun for the average saslothe autopilot is really just a convenience.
It sees to the tedious work (steering while unchgyiree) and gives the crew the freedom to eat
together, for example. Autopilots, at least thekpitomodels, are also within the financial
reach of the average sailor.

The significance of a yacht’s autopilot grows wiitle length of the voyage. There will
generally be no problem finding volunteers to steern shorter trip, but on a longer trip
manual steering becomes tedious and the autopilodwentually be called into action. The
average weekend and holiday sailor has a good itattbpt makes relatively little use of it.

Autohelm has devoted far more effort to the weekamdl holiday sector than any other
manufacturer and is the world-wide market lead®anks in particular to its cockpit-mounted
range, the company has captured around 90% of dnleetn

Coastal sailing

Coastal sailing in unprotected waters normally lags longer voyages. A small crew soon
tires of steering and it is here that the steeguajity of the autopilot starts to matter. Sea
state and factors such as tidal streams, shallvavepw channels and winds from forward of
the beam all impair the performance of autopilBisugh seas make life difficult for them and
as the waves increase in height and frequencyrttis lof a particular system quickly become
apparent. Not surprisingly, intelligent and adapsystems cope better with trying conditions
than factory-set units that cannot be adjusted.

The general standard of equipment in this typeadiing) is very high. The importance of
good steering performance means that powerful irbpidots connected directly to the main
rudder are much more common; underpowered systesoan exposed on the open sea.
Although more powerful autopilots are inevitablyniguer, this rarely leads to battery
problems since coastal sailing includes fairly tagmotoring.
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Blue water sailing

An autopilot stands or falls on its blue water parfance. An underpowered system on the
ocean reacts too slowly, too weakly and with toacindelay to keep the boat on course, with
increased yawing the result. The fear of losingrstge, of rounding up into the wind or worse
and damaging the rig or boat, gives every sailghtmnares. If your autopilot is untrustworthy
in a sea you could find yourself at the helm feeay long time.

The choice of autopilot becomes a survival issuehort-, double- or singlehanded
sailing: a thousand miles at sea is more than éntugeveal the gulf between theory and
reality, and choosing the wrong system could jedigarthe whole voyage. This is evidenced
by the large number of would-be passage sailors véminded of the enormous importance
of good self-steering on the initial leg of theayage, stop off at Vilamoura, Gibraltar or Las
Palmas to fit back-up systems, buy spare partda@aavindvane gear to supplement their
autopilot. It is no coincidence that companies kkglrovane and Windpilot deliver so many
of their windvane steering systems to these st@tgropean jumping-off points!

Although autopilots are standard on blue water tgdhe limitations of the different
models (underpowered system, mechanical failuretd that they do not in fact steer
continuously. A certain amount of manual steergtherefore unavoidable, something that is
not always pleasant for the person on watch anddibaupts life aboard. The performance of
electric autopilots drops sharply as wind and waneiease, so heavy weather steering often
falls to a human helm as well. He or she of coheethe advantage of being able to see (and
hopefully avoid!) breaking waves.

Jimmy Cornell, organiser of races for long-distarexeational sailors, established in his
debriefing after the EUROPA 92 round the world rdw automatic systems steered for only
50% of the total time at sea. Manual steering watepred the rest of time, either to improve
speed and carry more sail area or because selirgfaystems just were not able to cope with
the conditions. Some crews simply did not trusirttechnology. Almost all the skippers used
the autopilot when motoring through calms evehéytchose to steer by hand when there
was enough wind to salil.

The combination of off-the-wind sailing and londléaving seas characteristic of blue
water passage making sets the stiffest challengay@utopilot. The need for quick and
forceful corrective rudder movements drives uppihet’s power consumption and saps away
at the vessel’'s energy budget. This once agairligigh the fundamental importance of
responsible energy planning for any vessel intemtbrrely solely on an autopilot. The
average power consumption of the autopilots usédereUROPA 92 race was
approximately 4.9Ah (average boat length 15-18mb@2t).

We must add at this juncture that the electromechéareliability of autopilot systems still
leaves something to be desired, particularly utizeiconditions likely in blue water sailing.
This means in practical terms that sooner or kery autopilot is going to fail completely
and manual steering will be unavoidable. The AnzeriSeven Seas Cruising Association
(SSCA) reported following a recent owner survey tha average autopilot serves for about
300 hours before failing. A major study in Amerfoand that autopilots normally have useful
life of about five years before they have to bdaegd. This means that in the US alone
thousands of units expire every year, a soberiagght even though the survey does include
sail, power and fishing boats. The prospective lager sailor should find one look at the list
in the Las Palmas ARC office of the skippers retjngsautopilot repairs enough to trigger
deep concern.

Not surprisingly, bigger electric circuits witha¢er number of components are more
susceptible to gremlins, and the failure of a nghy component can be enough in some
cases to cripple a whole system. Moisture is amath&llenge: conditions aboard are always
damp, even below deck, and some units are not espaof as they could be. Overheating
can lead to problems as well. Autohelm’s choicelatk for its cockpit autopilots is
particularly problematic in tropical climes sin¢etcolour causes thermally-induced
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operating temperatures to rise to the point whauit$ can occur. The sailor’s only remedy
here is a tin of white paint!

It is striking that those who live aboard their tsond to revert in the end to the most
basic level of equipment, dispensing with any ueseary gear and reducing clutter aboard;
that a good self-steering system still merits aghlanderlines its importance. One-time
pharmacist Lorenz Findeisen has been roving thiokzan with his Westerly 39 for years.
His answer to the question of how his level of pquent has evolved was as follows: “Most
of it broke a long time ago, but I'm not really heted. As long as the anchor tackle, cooker
and my windvane gear keep going | can carry ommsgil

Autohelm is the market leader for inboard autopil®obertson has considerable
experience as a system supplier for merchant \&easelis probably second. B&G, which
concentrates mainly on precision transducers fangaboats, supplies quite a few of its
NETWORK and HYDRA 2 systems to boats in this sector

Racing

For our purposes races fall into two categories:

1 Fully crewed boats

These are nearly always steered by hand. Thisespipliall races, from round-the-
buoys to the most famous of all, the Whitbread Rotihe World Race. Whitbread
boats and others for the same kind of racing atrem e in all respects: extreme in their
ultralight construction (ultralight displacementat® or ULDBS) which allows them to
surf at great speed; extreme in their rigs, whiehaversized and infinitely tweakable;
and extreme in their aim of constantly maintairatgolute maximum speed. Extreme
racing is an exhausting sport which pushes crewlsetio limit and, in the biggest races
where expectant sponsors demand success and pyldftén beyond. When autopilots
are used on boats of this nature (on delivery gessdor example), only computerised
systems with ‘intelligent’ steering measure up (888G Hydra/Hercules, Autohelm
6000/7000, Robertson AP 300 X).

.
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Racing with a large crew



Start of the Vendée Globe in November 1992

2. ULDBs in singlehanded races
Competitors in the Vendée Globe, the singlehanaedstop sprint around the world
which starts from Les Sables d’Olonne in Franceefaur years, rely exclusively on
electric autopilots. The race, which includes 50 &0-foot classes, is viewed by
autopilot manufacturers as the ultimate test; #rshrest conditions are guaranteed and
the use of windvane steering systems is virtuallyas the question (se@cean racing
section). Some older, slower vessels in the BOGRsiaglehanded around the world in

stages) carry windvane steering systems as badiutipere too autopilots do most of
the steering.

60 ft ULDB Charente Maritime -

ULDBs, which rarely have any kind of engine, retygenerators, solar cells or wind
generators to maintain the power supply. The boatseach speeds of 25 knots, so only the
most powerful, ‘intelligent’ computerised systems atrong and fast enough to keep them on



-32-

course. Autopilots are installed on every boat steér most of the time. Although
competitors in the long singlehanded races teridllmv a

10 minute waking/sleeping cycle, they never for ore@ment stop thinking about safety
and boat speed. Nandor Fa lost about 12 kg in @mel®&e Globe and knows only too well
how the effects of this kind of deprivation endure.

Autohelm has a very big presence on the extreniegacene. The company has devoted
particular attention to this area and has earrseslitcess by maintaining a continuous
presence before, during and after races, by malangiderable service efforts and by
cultivating its close relationship with the panpiants.

Choosing an autopilot

Cockpit autopilots lose effectiveness rather qyi@d the size of the vessel increases. The
manufacturers specify their most powerful modetdbfmats no heavier than 9 tonnes and even
this can seem optimistic in more taxing operatiogditions. Cockpit autopilots also become
relatively power-hungry at higher loads and ithierefore unwise to select a unit for which
the boat in question presents the very limit ofréited operating range.

The chief decision with regard to inboard autogilistthe type of drive unit to install. The
choice between mechanical linear, hydraulic lireeat hydraulic drives depends essentially
on:

- Boat size

- Existing main rudder steering arrangement
- Capacity of batteries

- Intended use

Although mechanical linear drives draw less cureard are often more convenient for
smaller boats, they tend to lack sufficient powsridoats of 12 m / 40 ft or more. Hydraulic
linear drives are better for bigger boats withitiegher rudder loads and larger battery
banks. So hydraulic drives are well suited for bagith hydraulic main steering, and a
continuously running hydraulic pump is the best@pfor maxis and bigger.

The autopilot operating speed necessary to kegptigydar boat on track has to be
calculated. Long keel, long distance cruising beats manage with a powerful boat more
slowly operation system; about 5-6° of rudder mosetiper second (no load) will generally
suffice. A light-built 30 footer with a fin keel dra balanced rudder will need something like
15-20° (no load) but the force applied at the ruddé never have to be very high.

Yacht owners will normally require the manufactigdrelp to calculate the specific needs
of their particular boat. A high level of suppontteservice from a manufacturer at this point
bodes well and will inevitably help to win over awner. For power boaters who rarely take
their vessels beyond the reach of service mechahiegonsequences of an error of
judgement at the decision stage are frustrationammadyance. For a blue water sailor they can
be disastrous: days on end at the helm with nefreli

A final consideration when choosing an autopilot] ane which you ignore at your peril,
is comfort below deck. A noisy drive unit can makeotherwise desirable cabin almost
uninhabitable.
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Windvane steering systems

Windvane steering systems obtain their steering isepiuiom the apparent wind angle.
The advantage of this is that a sailing boat lilsengenerates its drive from its position
relative to the apparent wind. The advantage afiththat a sailing boat likewise generates its
drive from its position relative to the apparenhdi Once the sails and windvane have been
set at the appropriate angle to the wind, the Watontinue to steer this angle indefinitely
and the sails will always be properly trimmed.

Wind direction is the key consideration when plaignany voyage. If the wind blows from
astern it is possible to set the rhumb-line coarstenjoy a comfortable trip from A to B via
the shortest route. When the wind is on the nas&gher, tacking is unavoidable and a
compass course is useless; the direct route thaajuickest if the sails are backing.

The three elements of a windvane steering systertharwindvane, the linkage and the
rudder. We cover each in turn below:

The Windvane

The steering impulse in a windvane gear comes flewindvane. The vane takes its
energy from the apparent wind flowing across it$age at the angle set. There are two types
of vane, the horizontal vane and the vertical vane.

The Vertical Vane
How it works

The Vertical or V vane rotates about a verticakg#e same principle as a weather vane).
It always points directly into the wind, so theegffive windvane area (the area actually
subject to the action of the wind) is never very. When the boat strays off course the
windvane is deflected by no more than the amoudemgrees of the deviation. The steering
impulse generated by this deflection can only @elevlimited amount of force since a V vane
generates little torque.

Adjustment

Adjusting a V vane to the wind direction could Hgulde easier: when free to rotate, it
always points exactly into the wind and requirespecial setting. It can be adjusted for
different wind strengths just by moving it in ort@long its mounting bracket. Increasing the
distance between the vane and its shaft (longer)euves increased power for light airs.
Reducing the distance (shorter lever) helps togedibrations in the vane gear in heavier
airs when power is not a problem.

Shape

Air flow across a vertical windvane is always laarnnso aerodynamic sections or wedge-
shaped designs with flow separation edges are s efficient shapes. Not only are both
alternatives heavy but they are also complex apemsive to build, so almost all
manufacturers prefer simple flat designs.



Fig 4.1a VV vane
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V vane V vane, Windpilot Atlantik auxiliary
rudder system

V vanes need to be quite large in area (up to
1n? / 10 Y% ff) to enable them to deliver
satisfactory steering impulses as well as the
necessary steering force. They take up a quite alot
of space on the transom owing to their size and
turning circle, so permanent backstays, mizzen
masts and davits can easily get in the way.

Wedge-profile V vane, Saye’s Rig

Counterweight

Because of its substantial size and weight, a \é\&ould be perfectly balanced by a
counterweight. This is particularly important iretlight air position since otherwise steering
impulses can be generated by the heel of the lesiess critical in the heavy air position
when the vane is up against its shaft becausdrbeger winds will exert enough force to
counter any disturbance from the motion of the boat

Avalilability

The following use vertical windvanes: Halser, R\&aye’s Rig, Schwingpilot, Windpilot
Atlantik/ Caribik.
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The Horizontal Vane
How it works Fig 4.1b H vane

A horizontal or H windvane rotates about a
horizontal axis. When it is pointing directly intioe
wind it stands upright. When the wind strikes arfr
the side, i.e. when the boat is off course, i tidt one Sy
side. What distinguishes this type of vane isféu s
that when a course deviation occurs the wind strike ]
it over the whole of one face rather than just glon T~
the leading edge. As a result it has a substantiall
larger effective windvane area. H vanes are thesefo |
able to exert considerably more leverage than V I
vanes and are said to be about 5.6 times as efficie .

Adjustment T —

Almost all horizontal vanes have adjustable fore s
and aft inclination. The upright position offers =
maximum effective area for the wind, which is
desirable in light air. Inclining the vane aft, awa T —
from the wind, as the wind strength increases higlps |
reduce lateral swinging movements, allowing the
gear to operate more smoothly.

Shape

Because a horizontal windvane obtains its force
from the wind striking the side of the vane, thisre
nothing to be gained by using anything other than a
flat section.

Mounting and removal

Many of today’s horizontal vane systems use
plywood vanes fastened to some kind of mounting
bracket. Plywood is a relatively soft material so t
prevent damage in strong winds there should ideally
be a large contact area between the mounting krackegg”
and the vane. The vane should also be easy to emov
as the lazy skipper will otherwise be tempted &wvée
it fitted even in harbour, leading to unnecessaegamw :
or breakage when it is not even in use. Many ARIEH vane, Windpilot Pacific Plus
vanes have been left in place for years once the double rudder system
skipper realised removal entailed disassembling the
entire locking device. The Sailomat 601 gear has th
windvane inserted into a slotted aluminium tube, an
arrangement that provides very little contact area
between the mounting bracket and the vane. Monitor
vanes are removed by undoing a pair of bolts. The
Windpilot Pacific mounting bracket provides a large
contact area with the vane and has a slot which
allows quick removal of the vane once the locking
device has been loosened one complete turn.
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Counterweight

A horizontal windvane needs to be perfectly baldrimga counterweight to prevent
spurious steering impulses caused by the motidheoboat. In practice this means the
counterweight should be very slightly heavier (le#w 10-30 g / 1/3-1 0z heavier is normally
sufficient) than the vane it is intended to balar®&me sailors attach rubber bands to the
counterweight on traditional servo-pendulum systémtselp restore the windvane to its
neutral position. While this measure can offsetdiestantial inertia of the push rod, it does
not increase the sensitivity of the system.

Area

Because of its considerably greater efficiencyiHarane can be much smaller than an
equivalent V vane. It is possible to change varesraing to wind strength, but this only
works if the counterweight is changed at the same.tin any case, modern servo-pendulum
gears are sensitive enough that one vane is adefuahe whole range of wind strengths.
Almost all manufacturers specify an H vane are@.d¥ nf for servo-pendulum gears and
0.25 nf for auxiliary rudder systems.

Plywood has several practical advantages as aialdterH vanes. It is light, cheap and
robust and a plywood vane can easily be replaced tsols common on most boats. Be
prepared to replace the vane. Weigh it and noteethdt - every replacement vane must
weigh exactly the same. A plywood vane can be déightl simply by sawing a piece off. If
you must have a larger windvane especially fortlagts, the weight can be kept down by
cutting large holes in the vane and covering theth spinnaker cloth.

Tip: A strip of spinnaker cloth (approx. 2.5 x 80
cm) stuck to the upper aft corner of the vane works
wonders in light airs. Its fluttering action acasstes
the movements of the plywood vane, which can
otherwise become a little lethargic in very light
conditions.

A horizontal windvane generally offers a smaller
effective working surface to the wind and is easily
handled and removed. H vanes also require relgtivel
little operating space. They generally have no
problem with yawl and ketch rigged yachts and even
davits rarely interfere.

P

A strip of spinnaker cloth stuck to the vane works wonder in light airs.

The linkage

The steering impulse from a windvane is transmittegthanically to the rudder blade of
the gear. Depending on the type of system, the sadéblade may be linked by simple push
rods, by levers, sheathed cables, lines or toathé@vel gears. We will deal individually
with the different linkage transmissions and hoeytiwork later on.
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The rudder

The auxiliary rudder or pendulum rudder of a wintkvgear effects the course correction
either

a. directly (auxiliary rudder system), or

b. indirectly (servo-pendulum and double-ruddetays), the deflection of the windvane
in the latter case causing the pendulum ruddewiogsout sideways and, in turn, pass this
motion via lines to the main rudder, where it egasrout the corrective movement.

Auxiliary Rudder

An auxiliary rudder is an additional
steering rudder which makes steering
movements independently of the main
rudder. Auxiliary rudders may be up to 0.27
m?/ 3 fin area. The ratio of main rudder
area to auxiliary rudder area should be no
greater than 3:1. Bear in mind here that the
main rudder area has to be sufficient to steer
the boat even under engine. The auxiliary
rudder, on the other hand, is only called upon
to make minor corrections. It does not have
the same steering function as the main rudder
and can therefore be smaller.

The ratio of main rudder area to auxiliary
rudder area is ideally 3:1

Pendulum Rudder

A pendulum rudder generates servo forces by
swinging out to one side. These forces are
transmitted to the main rudder. The amount of force
produced is determined by the length of the
pendulum arm from its pivot point to bottom end of
the pendulum rudder. This distance, known as the
power leverage (PL), is usually somewhere between
150 and 200 cm / 60-80 in. Pendulum rudders are
about 0.1 rfiin area.

_— i
Pendulum rudder to main rudder
proportions: the lever effect is the
key to this system
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Trim Tab

A trim tab pivots sideways to move the trailing eadd the rudder to which it is attached.
Trim tabs are normally less than 0.08/0.85 ffin area and can be attached to main or
auxiliary rudders or pendulum rudders.

Pre-balancing the rudder

Prebalancing a rudder blade, which involves
moving the rudder shaft to a position about 20%
aft from the leading edge, reduces the force nee
to turn the rudder. This effect is the same as the
sudden increased weight on the tiller when a
dinghy rudder pivots up after touching the botto
As soon as the rudder drops back into its verticalgs
position, the balance is restored and the loaden
tiller drops to almost nothing again.

Almost all modern yachts have a pre-balancec
rudder blade. This is a bonus for all types of
windvane gears because a more easily turned
rudder allows the gear to work properly with
weaker windvane steering impulses. The obviougs
result of this is better light air performance.

If the pre-balancing procedure is overdone an
the shaft is positioned between 22 and 25% atft, t
rudder blade will be unsettled and will tend to
swing out. In extreme cases the rudder blade mz
end up turning the windvane instead of the other .
way around. -

Trim tab to main rudder proportions:
this system type can make
reversing under power awkward.

Damping

One of the first lessons of helming a boat is é@sts little as possible. Vigorous use of
the tiller or wheel to correct the course tendsdaneffective because the boat always turns
too far, immediately necessitating another couosesction in the opposite direction and
leaving a snake wake trailing astern.

An experienced helmsperson, with greater awaresfdse behaviour of the boat, keeps
steering movements to a minimum, following onevad tmental ‘steering programs’:

1. He or she tries to steer the optimum upwind coarsgiven another point of sail,
precisely hold a desired compass course. A piafioencentration, our experienced
helm studies the wind direction indicator, thesail the compass closely, giving
almost continuous small, occasionally larger, stggmpulses to keep yawing and
course deviation as small as possible;

2. he or she prefers a more relaxed attitude at time, lo®rrecting the course rarely and
with small movements; the course varies over atgreéange of angles.

How a boat responds to the helm is determined lghgfdesign; a long keel boat will
always be more sluggish than one with a fin kedl abalanced rudder.
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Experienced helms develop an internal ‘damping ramogwhich ensures that, almost
without having to think, they are sparing in these of the rudder. Rudder movements not
only turn the boat, they also brake it, so minimgsthem preserves boat speed as well.

A windvane steering system lacks the wisdom of ggpee and, unless damped, will
always turn the rudder too hard, too far and forltmg, i.e. oversteer.

Damping must therefore be designed into systeragace its clumsiness with the gift of
delicate steering and enable it to equal or everexkthe steering performance of our
experienced helm. This can be done.

Principle 1: More damping equals better steering (althoughalsly not to the point where
the system is so well damped that it does not nabadl). Conceiving and building a system
which properly balances damping and steering isabghest challenge before any windvane
steering designer. Systems must be powerful but delser their power in a controlled way.

Principle 2: The less damping there is built into the systém,more additional measures
the helmsperson will have to take to offset theeehg deficit and cajole the system up to a
level where it can cope with a particular boat.sTémtails not only maintaining perfect salil
trim but also reducing canvas early to cut thersigalemands placed on the windvane gear.
Poorly damped systems make particularly hard wérkeaching and downwind courses and
often surrender full control to the elements.

Principle 3: With no damping at all, self-steering is only pbksif sail trim and sail area
are so perfectly set that the boat steers straiggdad entirely of its own accord. Of course if
your boat tracks along a straight line all on issoyou might as well jettison the windvane
gear altogether. Completely undamped systems ean gtoperly at just a few specific wind
angles and are only really suitable as an aideteristg.

A well-balanced windvane gear will always put up thost satisfactory steering
performance; it is best equipped to steer the bodér all sailing and weather conditions.
Indeed, a good gear of this nature inevitably stbetter than even an alert helmsperson
because the continuous damping of all rudder mowésrieeeps yawing angles permanently
small and with a windvane, optimum heading wittpezs to the wind is guaranteed all the
time. Such a gear can be rated as providing effestieering.

The term ‘effective steering’ is used to indicdte tange of a particular windvane steering
system. What use is a gear which can manage oftyof@iven conditions or courses if it
always retires precisely when manual steering dppeast, i.e. in heavy weather!

Squeezing satisfactory steering performance frgoarly equipped windvane gear means
extra work for the crew. Eventually it makes mosase to steer by hand than keep running
round the boat tweaking everything to prop up tharg

Damping can be provided:
at the windvane;
at the linkage;
at the rudder.

Damping at the windvane

V vane:

AV vane rotating about a vertical axis (weathee/grnciple) is deflected very little by
the wind, at most by the amount in degrees of theation from course, and there is almost
always wind flowing along both sides of the vankisigives a high level of damping.
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H vane:

An H vane rotating about a horizontal axis canuigect to extreme deflection by the
wind, in some cases through as much as 90 degvbescupon it hits its lateral end stops.
The wind acts on one side of the vane only, anétheunt of deflection is determined by
wind strength rather than wind angle. The resybiosr damping, since the windvane only
begins to return to its centred position once thet s back on course and the wind can reach
the lee side of the vane and push it back uprighe. vane therefore continues the steering
impulse for too long, i.e. is damped too late. imaly the horizontal axis, i.e. bringing it
closer to the vertical axis, reduces the sengjtivitthe system; the magnitude of the course
correction signal declines because flow reachetethside earlier and more quickly, slowing
the deflection of the vane.

The indispensable contribution of Marcel Gianofigaf the pioneers already mentioned,
to the development of windvane steering was totitjeR0 degrees as the optimum angle of
inclination for the horizontal axis.

Characteristics of the three types of windvane

H vane V vane H vane, 20
degrees

Force Large small moderate

Travel Large small moderate

Position in the Unsettled stable moderate
wind

Space Large large moderate
requirement/

turning radius

Sensitivity High low moderate

Damping Slight great moderate

w0
(=]

Fig 4.1 An H vane rotating about a

precisely horizontal axis can be deflected

up to 90° to one side before wind reaches

the other side of the vane to slow or

damp the lateral movement. The steering

impulse is too strong.

A V vane rotating about a vertical axis

can be deflected by no more than 10°, ie

the amount in degrees of the deviation

g from course. The steering signal is too

weak.

An H vane rotating about an axis

inclined by 20° strikes the optimum

kg ot oo o b balance between good steering and good
| damping.

H-vane ¥ = arctan(tand/sinf)

Deflection angle y

0 10 20 30 40 50 60 70 80 90°
Angle of inclination [

Virtually all H vane gears make use of this featUieere are two principal categories:
1. H vanes which are fixed in this 2position (Atoms, Fleming, Monitor, Mustafa,
Navik, Cap Horn, Sailomat); and
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2. Hvanes which are freely adjustable, permittingrtiie be matched to different wind
strengths in the interests of better steering,reaye upright in lighter winds, more
steeply inclined in heavier winds (Aries, BWS, Hydane, Windpilot Pacific).
Adjusting the angle of the windvane changes therksye available to the wind, so an
upright vane gives a stronger signal for lightairaccount of the longer lever, and an
aft inclined vane gives a weaker signal on accoiitite shorter lever. The leverage
exercised by the windvane declines as it is indiat.

Damping at the linkage

The steering impulse from the windvane is trandl&ga gear or rod linkage into a lateral
rotation of the rudder.

Damping or manual adjustment:

1 Auxiliary rudder with V vane

No additional measures necessary since the inhéaemping of a V vane is sufficient.
Steering force can thus be transmitted via spursgarstoothed wheels in a 1:1 ratio
(Windpilot Atlantik/Caribik).

2 Auxiliary rudder with H vane

Essential, as the rudder angle set by the windigadunction of wind strength rather than
wind angle and can thus become excessive, prodog@gteering, in heavy air. The rudder
angle can be changed and reduced manually at #tbageto cut back the power of the H
vane (Hydrovane).

3 Trim tab

Desirable, but complicated by the need to tranimitsignals to an additional, remote shaft
(trim tab shaft). The restoring forces producedhsyauxiliary or main rudder to which the
trim tab attaches usually furnish adequate dampitagnual adjustment of windvane to push
rod signal transmission makes setting up the systsier (BWS).

4 Servo-pendulum gear
(see Yaw damping, Chapter 5)

Elaborate damping using a bevel gear in a step-datimof 2:1. This kind of damping is
designated automatic damping because every staermgse causes the pendulum arm to
swing out in a precisely defined manner, the pamduiudder simultaneously being brought
back parallel to centreline (Aries, Monitor, FlemjWindpilot Pacific). There are four main
approaches to servo-pendulum gear design in thece.

Bevel gear - segment gear which only needs to cavairly limited range of
operation between the two steering line guide tulmesinted on both sides at the
bottom of the gear, which restrict the lateral #&leof the pendulum arm and make it
impossible to raise (Aries, Monitor, Fleming).

A 360° degree bevel gear - complete gear in whiehgearwheels mesh over a
pivoting range of 270 degrees, allowing the penciudum to be raised up laterally out
of the water (Windpilot Pacific). 2:1 bevel gearikdages are now standard with all the
major servo-pendulum system manufacturers (Ariemibddr, Windpilot Pacific). The
2:1 transmission doubles the force of the steemmquise from the windvane while
halving the lateral travel of the pendulum arm.

Systems using other mechanical arrangements toottimé movement of the
pendulum rudder (Cap Horn, ATOMS).

Systems in which the linkage performs no dampimgtion.

5. Double rudder systems
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These rely on the damping of the servo-pendulurtesyshey incorporate. The categories
are:
Servo-pendulum systems with automatic bevel geardamping and angling of the
pendulum rudder shaft aft by 10°, in combinatiothwihe inherent damping of the
auxiliary rudder (Windpilot Pacific Plus);
Servo-pendulum systems damped by angling the penduidder shaft aft 34
combined with the natural controlling influencetibé auxiliary rudder
(Steger/Sailomat 3040).

Damping at the rudder

1 Auxiliary rudders steer directly and are reset/damped by the preséuine water
flowing past.

2 Pendulum rudder:

Angling the pendulum rudder shaft aft achievesraplag effect in the water similar to
that of an H vane in air. Given this angled shéag, pendulum rudder can only swing out a
certain distance before the force of the watetsstarpush it back in.

The alternatives are:

vertical shaft and bevel gear linkage (Aries, MoniFleming);

shaft angled aft by 34or damping, no bevel gear linkage. These systeqpsire
manual adjustment of windvane to push rod sigmalsmission characteristics to
properly set the proportional relationship betw#enH vane steering impulse and the
lateral pendulum rudder movement (Sailomat 601);

bevel gear linkage, shaft angled aft by {Windpilot Pacific).

3 Double rudder:
see previous section

A windvane gear with properly balanced damping proes will always turn the rudder by
exactly the amount required, preventing overstgeriime feedback between the position of
the rudder and that of the windvane ensures tlegistepressure is only increased until the
vane signals that the boat has begun to reactetachrto course. As the vane begins to move
back towards its upright position the pendulum rerd@duces the steering force on the main
rudder and returns to the centre.

This may seem rather complicated on paper, butriately it is not necessary to
understand the science to appreciate the pertsatisg) a well-damped windvane gear will
bring to your boat. Such a gear will also be vesistent in its criticism of your sail trim - if it
never seems to be centred and is always workingpafhe side, you can be sure that
something needs attention.

Every crew will realise sooner or later that it pag act on these hints: correcting sail trim
or adjusting the main rudder to relieve the penttiutudder not only appeases the gear, it also
improves boat speed. Systems with bevel gear ledkagll on the main rudder with gradually
increasing force until feedback via the windvartenes the pendulum arm to its central
position; oversteering is impossible.

A less well damped windvane steering system demandstentive crew, particularly in
changeable or worsening wind conditions. The stgesystem will have to be helped along
by reefing early and reducing motion (staysail)e@ping a system of this kind is taxing,
especially for those with only limited knowledgetbé processes at work in a servo-dynamic
steering system. Such systems do not provide aféesteering.
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5

Types of system

Windvane-only systems

The steering impulse and steering force from thedwane are transmitted directly to the
tiller via lines and there is no servo or additionalder blade.

Steering impulse = wind
Steering force = wind
Steering element = main rudder
Power leverage (PL = 0Ocm

This type of system was originally developed ford@loyachts. It is not very efficient and
generates too little force to steer a sailing lnoail conditions.

Francis Chichester’s first self-steering geaMiranda was a windvane only system with
a4 nf/ 43 ffvane and a 12 kg / 26 ¥ Ib counterweight. Thisesgstas not particularly
successful, as we mentioned, since it was unalgenerate sufficient steering force to
control the tiller properly.

Windvane only systems can be used on smaller lfopt® 6 m) to help with upwind
steering. Off the wind and in any kind of sea thieés generated by the vane are too low.

Windvane onlyQME, NORDSEE |
Production ceased on systems like this many yeprsTdey are mentioned only to give
the reader a complete picture.

Auxiliary rudder systems

An auxiliary rudder system is a discrete steerinij which steers the boat independently
of the main rudder. The windvane turns a ruddedélan a rigid shaft directly via a linkage,
maintaining the corrective rudder movement ungl tloat returns to the desired course.

Steering impulse = wind
Steering force = wind
Steering element = Auxiliary rudder
Power leverage (PL = 0Ocm

The main rudder is fixed in place and used to fime the gear. It counters weather helm,
allowing the auxiliary rudder to concentrate justaxtual course corrections. Auxiliary
rudder systems are only effective if the ratiord &irea of the main rudder blade to that of the
auxiliary rudder blade is no greater than 3:1. Tai® is easily calculated for any known
main rudder dimensions using the auxiliary ruddadé dimensions given in the
specifications of the individual systems.
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The steering force produced by auxiliary ruddetesys is limited by the lack of any
servo-assistance, and they are unable to providetieke steering on larger boats. Windpilot
auxiliary rudder systems of the NORDSEE and ATLAKTanges were used successfully on
boats of up to 11 m/ 36 ft, but beyond this theyld function only as an aid to steering. For
this reason Windpilot retired them in 1985 and ntbwe to other systems.

Hydrovane auxiliary rudder systems were recommefalesteering boats of up to 15 m/
50 ft. The cut-off point with respect to ‘effectiggeering’ was probably somewhat lower than
this though, because the systems were not servgteaband the ratio of auxiliary rudder area
to main rudder area on a larger boat would have bet@er unfavourable.

Fig 5.1 V vane only. Fig 5.2 H vane only. ,-F\\
|
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V vane only, on board a 5m/16ft Van de H vane only, QME windvane. This acts
Stadt design more as a steering aid than a full
selfsteering system
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Fig 5.3 V vane auxiliary Fig 5.4 H vane auxiliary
rudder system. i rudder system.

M
/ /
{ / 2
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This Windpilot auxiliary rudder The Hydrovane auxiliary rudder

system is suitable for boats up to  system: the H vane generates
11m/36ft in length. more power than Atlantik V vane

Effective steering

We referred to this term briefly in the previouspter. It is used here to express whether a
windvane gear is capable of reliably steering & bba particular length in virtually all
sailing conditions or is just an aid to steeringaia certain wind strength, sea state and range
of apparent wind angles. As a rating of the caiadslof a windvane steering system it is of
fundamental importance; a steering gear which dagmdts job properly is no good to
anybody.

Any rating of a steering gear should of coursedmesitlered in the context of the type of
sailing the gear is likely to be used for. A systehich is only reliable for upwind sailing, for
instance, might be perfectly acceptable to the eeeland holiday sailor. The priorities
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aboard blue water yachts are rather differentristgdy hand for days on end will often
exhaust a small crew and bring a premature enetedyage.

Categories of auxiliary rudder system

Auxiliary rudder with V vane

The vane in a V vane operated auxiliary rudderesgdie.g. ATLANTIK) turns the rudder
directly via opposed toothed gears in a ratio &f The damping characteristics are good.
Systems of this type are suitable for boats ofouplt m / 36 ft.

Auxiliary rudder with H vane

These systems (e.g. Hydrovane) have less effedéinging than V vane operated
auxiliary rudder systems. To resolve this, theyehaveduction gear which provides three
options for the amount of turn transmitted to theder. They do, however, produce rather
more effective steering force than a V vane andtlcarefore be used on larger boats.

The Hydrovane linkage has
step-down gearing for better
damping

The advantages of auxiliary rudder systems

Because the auxiliary rudder functions completetiependently of the main rudder it
makes an effective emergency rudder. This is aulsafety feature, particularly on modern
fin keel yachts where the balanced rudder has ag skprotect it. The additional lateral area
of the auxiliary rudder right at the very back lo¢ tboat not only helps to calm the motion of
the boat in heavy seas but also reduces weathar hel

The simple, solid construction of auxiliary ruddgars gives them a long working life.
They can only really suffer serious damage if thaths rammed hard from astern - and even
then there is the consolation that steering gemssmuch less to repair than the transoms they
are mounted on!

Operating procedure
- bring the boat onto course,
fix the tiller in position,
turn the windvane to face into the wind,
connect the windvane to the auxiliary rudder,
fine tune the course using the main rudder.
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The disadvantages of auxiliary rudder systems

Nobody ever stood up on the harbour wall and pnoed the beauty of their auxiliary
rudder gear. The systems are tall, bulky and heawy the extreme end of a boat, particularly
a small one, is not the ideal place to add 30kgtb666 — 100 Ib of extra weight.

The limited steering force obtainable without apywe-assistance means that this type of
system is unable in practice to provide effectie®sng for longer boats (see above).

The auxiliary rudder is generally fixed amidshipgsen not in use. Here it impairs the
vessel's manoeuvrability and increases its turgingle. Curiously this apparent drawback is
actually a bonus for some: the additional lateraadehind the main rudder makes boats with
long keels more obedient to the helm when reversetguse it partially offsets propeller
throw which tries to push the stern sideways.

The large windvanes of auxiliary rudder systemsesakem awkward to operate on ketch
or yawl rigged boats when the mizzen is in use.

Installation

Auxiliary rudder systems can be mounted eitherhancentre of the transom or offset to
one side, for example to avoid a swim ladder. As\Mikings discovered a long time ago,
mounting the rudder to one side has only a veryomgffect on steering performance. The
rudders on their longships were always mountederstarboard side and the helmsman
steered with his back facing to port.

Considerable lateral forces act on the auxiliadder in certain sea conditions so its
attachment to the transom must be strong and sokadlitional overhanging transoms will
require the gear to be supported at the bottom\»shaped bracket. An angle flange at the
bottom is sufficient for modern forward-raked transs.

The auxiliary rudder should be at least 20 - 30 &r- 12 in behind the main rudder (this
can be a problem on modern open-transom boats teeredder is positioned far aft). Any
less than this and the auxiliary rudder blade lallin the turbulent wash of the main rudder,
which prevents it from bringing its full force t@ar and consequently impairs the efficiency
of the system.

Offset mounting next to
a swim ladder.

The Viking ships also
had their steering
system positioned to
one side.

Off-centre mounting on boats with an outboard nmadder is only practical if the lateral
distance between the main and auxiliary ruddeas isast 30 cm / 12 in. Such a large offset
reduces the efficiency of the system going to werabiecause some of the auxiliary rudder
area will lift out of the water on one tack wheee thoat heels.
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This BWS-Taurus system would Offset mounting next to an

better with a V-shaped bracket at  outboard rudder. The minimum

the bottom distance to the main rudder is
30cm/12in.

Auxiliary rudder systems function best on tradiibhoats with long keels and big
overhanging transoms. The auxiliary rudder is sdé&hnind the main rudder in boats of this
design that it encounters hardly any turbulent walbwing it to achieve maximum
efficiency. The large distance from the main rudaleo gives it considerable leverage.

Auxiliary rudder system manufacturers:
Windpilot and Hydrovane.

Trim-tab-on-auxiliary-rudder systems

How they work

The steering impulse from the windvane is passedttion tab attached to the trailing edge
of the auxiliary rudder. As the trim tab is pivotedt to one side it pushes the trailing edge of
the auxiliary rudder to the opposite side. The moset of the auxiliary rudder effects the
course correction. The main rudder is fixed in pland used for fine trim in the same way as
with a simple auxiliary rudder gear.

Steering impulse = wind

Steering force = water

Steering element = auxiliary rudder

Power leverage = approx. 20cm/ 8 in
(PL)

Trim tabs are very small, normally no more than 2tf%he area of the auxiliary rudder
blade.
There are two advantages to diverting the steenpgiise from the windvane via a trim
tab on its way to the auxiliary rudder:
a. Since the trim tab it has to turn is very smal tindvane can also be small
b. The distance between the trim tab axis and thdiankrudder axis generates a servo
effect which gives this type of system more steppower than a simple auxiliary
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rudder gear. This is analogous to the way a smiallteb on the trailing edge of an
aeroplane wing is able to turn the whole flap aeersthe plane.

Length of lever = servo force

The separation between the axis of the auxiliadglen and the axis of the trim tab
accounts for the leverage which creates the sdfegoteThe distance between the two axes is
usually about 20 cm / 8 in, so the maximum achikvabérvo effect with this type of system is
relatively small. The servo effect can be enharioacertain extent by prebalancing the
rudder, but the achievable steering force will méneevery large because the trim tab is
unable to turn the auxiliary rudder any more thiaous 10%.

Trim tab operated steering gears represent an targatevelopment in the evolution of
the windvane steering system. Using the trim tadnplify the force generated by the vane
was the first step towards smaller windvanes agtédristeering forces. Today this type of
gear is outdated and, as we shall see, windvaedargggechnology has moved on.

Advantages and disadvantages

Advantages:

Smaller windvane but somewhat greater steeringfdunctions independently of the
main rudder; can be used as an emergency ruddese Bystems also have all the advantages
of simple auxiliary rudder gears.

Disadvantages:

Even larger, bulkier and heavier than simple aarglrudder systems. A particular
disadvantage of these systems is that they makeeunaring under engine even more
difficult; an auxiliary rudder with a trim tab isare or less impossible to fix in place, so
motoring in reverse is no fun at all. It is note&sfit a yaw-damping device to systems of
this type, so most sailors manage without.
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Fig 5.5 V vane auxiliary rudder

; z Fig 5.6 H vane auxiliary rudder
with trim tab system.

[ with trim tab system.
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An RVG V vane auxiliary rudder A Mustafa H vane auxiliary rudder
with trim tab system, fitted on the  with trim tab system — the
10m/33ft glassfibre Sy moored in  dinsosaur among the vanes.
Palma de Mallorca
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V vane trim-tab-on-main-rudder H vane trim-tab-on-main-rudder
system, custom-built for a 10m/32  system, Windpilot Pacific custom-
ft Olle Enderlein design. built for a Danish Kaskelot.
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Fig 5.9 V vane trim /7] w— Fig 5.10 Saye’s Rig V
tab/servo-pendulum R \ vane trim tab/servo-
hybrid system. ‘ | pendulum hybrid
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Installation

Auxiliary-rudder-with-trim-tab gears need to be mtad on the centre of the transom.
Some sea conditions can place substantial loa@i®tbnthe system and the transom and the
mounting must be very robust to support the comalle weight of the gear. V vane systems

have a relatively large turning radius so H vamdsch are more easily kept clear of mizzen
masts, are more suitable for ketch- and yawl-riggedats.

Trim-tab-on-auxiliary-rudder system manufacturers
V vane: RVG,

H vane: Autohelm, BWS Taurus, Mustafa.

Trim-tab-on-main-rudder systems
How they work

The trim tab is mounted on the trailing edge ofrie@n rudder, moving it directly.
Steering impulse =

= wind
Steering force = water
Steering element = main rudder

Power leverage (PL = 30-50cm/12-201in

Popular in the early days of windvane steering toinfiguration did well on boats with
long keels and an outboard rudder and was suifabBlY construction. Bernard Moitessier
used the simplest of all trim tab gearsJashua The trim tab was connected to the trailing
edge of the main rudder and sat on an extensitimeofertical windvane shatft.
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Fig 5.11 '\.,I These systems are prone to oversteering and gigneral
Windpilot Pacific: | have no yaw damping, so they will only work well @m
1 Windvane is \ 7 : optimally balanced boat. Trim must be close to gurf

deflected by wind

and gives steering so that the boat can be steered with very small

Szigvrl}gll-i T movements. Under some circumstances this can mean
I 2, . . . .
s drastically reducing sail area to enable the stegeri

system to stay roughly on course.

The absence of yaw damping on most gears of this
type makes them hard work. As a result even France,
once a stronghold of trim tab systems, has seeova m
towards modern servo-pendulum gears.

Trim-tab-on-main-rudder designs have many
drawbacks: providing them with yaw damping is
difficult, the trim tab causes problems with manaew

pendulum rudder.
3 Water flowing
past pushes
pendulum arm
out to one side;
lines connecting
the arm to the
helm transmit the
steering signal.

4 Attachment

of lines.

5 The vane under engine and any kind of mass production ibwl|

st impossible because the key parameters vary so much

througha /7 [T from boat to boat. Virtually every yacht design has

full 360°. \N 7 unique main rudder with its own rudder post angie a
[[#3 balance proportions and each one consequentlyresqui
a unique trim tab. This system has all but disapgzka

=7 b now.

Trim-tab-on-main-rudder system manufacturers:
Atlas, Auto-Steer, Hasler, Saye’s Rig, Windpilot

The Saye’s Rig is a hybrid pendulum/trim tab systenvhich the power leverage (PL) is
increased by a bracket attached directly to thexmaider.

Servo-pendulum systems

Since this is the most popular system today wd dgleabte the next few pages to a
detailed look at its various features.

How they work

The windvane rotates the rudder blade via a link@ge rudder blade is mounted on a
shaft which is able to swing from side to side kkpendulum (hence the name). When the
rudder blade is rotated, the force of the watewithg past pushes against it and swings it out
to one side. The shaft on which the pendulum ruddemgs is connected to the tiller (or
wheel) via lines, so the lateral movement of thader blade is translated into a pulling force
on the tiller (or turning force on the wheel) whietfects the course correction. Once the boat
is back on course, the windvane returns the penduldlder blade to the centre.

Steering impulse = wind
Steering force = water
Steering element main rudder

Power leverage (PL up to 200 cm /80 in

The enormous power leverage of the servo-penduksigd compared with other gears
clearly reflects the considerable steering andcstances it is able to generate.
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Fig 5.12 V vane servo- f/ ] Fig 5.13 H vane servo- ™

pendulum system. / pendulum system. [

This Windpilot Pacific V vane The traditional Monitor H vane

servo-pendulum system MKI servo-pendulum system.
(1969), is made of sstainless
steel.

The servo principle

Imagine you are standing at the stern of your doatg 6 knots holding a 2 m / 6 ft long
wooden plank in the water. Align the plank direaity centreline and you can just about hold
it with 2 fingers. Rotate it slightly, however, aindgwings powerfully to one side (your
shoulder joint represents the pendulum axis).

Using this principle the hydrodynamic force of thater flowing past can be harnessed to
generate a tensile force of up to 300 kg / 660 His explains how servo-pendulum systems
are able properly to steer large, heavy boatsonlytdoes a bigger boat require more steering
force, it also inherently produces greater hydrauahyit force for the steering gear to exploit.
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Torgue in kpm

1500

Fig 5.14This figure shows how

1200 —

400 —

800 —

300 —

Formula: Mp = Ag"[R +R)i2

whare  Ag= (2T (R -R'c, gy =2"Pl'sine
Mp = torque-at the pendulum arm in kpm

Ap = buoyaney in kp

p =dansity of the medium = 101.7 kgs¥m®*

v = boat speed In mis

T =dapth of rudder profile = 0.12m

A = greatest disiance from the axis = 1.90m

R; =smallest distance from the axis = 1.00m
€, = buoyanecy ceraction valus = 0.66

ULDB 80

Oyster 45

HR 352

the torque at the pendulum arm
of a servo-pendulum gear on a
displacement boat reaches a
natural limit defined by the
maximum speed of the boat.
ULDBSs have no such limit
because the boat speed can rise
rapidly during surfing. The
formula is applied here to a
Windpilot Pacific gear with a
12x90 cm/ 4.8x36 in rudder
blade and a standard power
leverage (PL) of 190cm/ 76 in.

I I ] I I ]

| 2 3 4 5 6 7

8

Wind strangth

Yaw damping

A sailing yacht with nobody at the helm is an irdrgly unstable system, as it will

immediately turn towards the wind until the saitgyf A sailing yacht with a
helmsperson/autopilot/windvane gear in control $¢adle system. The difference between
these two states, which amounts to nothing mone tt@ load on the rudder, may be very
small or very large depending on sail trim, weatt@rditions and the characteristics of the
boat. Sometimes a couple of fingers on the wheeéaough to keep the boat on course, but
on other occasions the helm can be strenuous work.

Deviation from course &

Limit of wingvane deflaction

Pandulum arm angle
40°

Rudder angle

Fig 5.15 Windpilot Pacific: Rudder
angle and pendulum arm angle as a
function of deviation from course for a
windvane rotating about a 20° inclined
axis.

A deviation from course of 10° causes
the pendulum arm to swing out 27°,
which turns the main rudder by a
maximum of 13°. The servo-pendulum
gear oversteers only slightly ( 10°
deviation, 13° main rudder movement ).
This explains the good steering
performance of such systems.

The enormous potential force of servo-pendulumgesaalso their main problem:
unless the force transmitted to the main rudderbearegulated in some way, there is a
danger that rudder movements will be too largeorrolonged, leading to oversteering.
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Consider how an experienced helm steers. He ckrstwes that delicate rudder
movements are sufficient for course correctionsvaodld never steer with big or vigorous
tiller movements. Abrupt, sweeping movements oftteken make it very difficult to judge the
boat’s exact course and consequently cause ovengielot only that, but unnecessarily
sharp rudder movements are also bad for boat speed.

Alternatively, consider the blade of a folding
‘ S propeller (eg Max Prop), which, in its sailing gas, is
stationary in the wake of the keel. If it receiaes
3 mechanical impulse, it begins to spin endlesslyiago
{1 the shaft, stopping only once it has been resehi$n
L — analogy, the propeller blade represents the pendulu
] rudder, the prop-shaft is the pendulum rudder anes
), - the windvane provides the mechanical impulse.
T AR e e If the steering impulse from the windvane was
| e, transmitted directly to the pendulum rudder withanoy
kind of braking at all, the pendulum arm would sgvin
out too far to one side, possibly even lifting otithe
\ / water, until the wind delivered a steering imputséhe
\ / opposite direction. This wide a range of movement
N would require excessively long lines to transmd th
correction to the main rudder and would turn theder
too far, resulting in oversteering.
, Yaw damping in a servo-pendulum gear basically
< amounts to limiting the lateral travel of the peluh
arm. A balanced system combining a damped windvane
' and a bevel gear with a step-down ratio of 2:ble
do this. There is also a second, more criticalaedsr
, limiting the lateral swinging range of the pendularm:
\ \ the maximum heeling angle of a sailing boat is abou
X

30°, so the maximum possible working range of the
rudder has to be no more than about 28° to enkate t
the combined effect of heel and a large rudder mMmeve
does not lift it out of the water to windward. Mdung a
servo-pendulum gear offset to one side would olshou
accentuate this problem, further reducing the usefu
working range, and is therefore not at all adviedbee
S Fig 5.16). Most course corrections involve the peuch
—a | rudder swinging out to windward; this is the moveine

Fii5.:96 Working range st 3/servos which directs the main rudder to bear away, andiiga
pendulum system with bevel gear away is by far the most commonly required course
inkage.. . correction.
a) noincline — pendulum rudder in . . . .
water The steering impulse from the windvane swings the
b) inclined — pendulum rudder in pendulum arm out no more than 28°. Every time the
water .
&) inclinad) offsetimounting = pendir- windvane rotates the pendulum rudder blade, the

lum rudder lifts out of water pendulum arm is pushed out to one side, simultasigou
rotating the rudder back parallel to centreling @uas

to remain offset laterally from centreline). Thisaamgement keeps the maximum steering line
travel down to about 25 cm / 10 in and effectivelgvents oversteering.

The state of the art in servo-pendulum gears taglayhorizontal vane, inclined by 20
(see Chapter 4), acting through a bevel gear watep-down ratio of 2:1. Aries, Monitor,
Pacific and Fleming use identical configurationshis respect.

A servo-pendulum system with a bevel gear provpefect steering and always delivers
precisely the force required to bring the boat tacdke desired course. If attitudes to sail
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trim become more relaxed, the gear automaticalhegges greater pressure on the main
rudder which is then adjusted more forcefully.

Servo-pendulum systems which do not have
yaw damping are demanding of the crew, placing
undue emphasis on balance, sail trim and the
idiosyncrasies of the boat. Wind and sea
conditions can also provoke an unacceptable
deterioration in steering performance.

Windpilot Pacific 360 degree bevel
gear linkage ratio 2:1

The push rod

The steering impulse from the windvane is transdittia a vertical push rod to the
linkage where, after being amplified by the beesg it effects the lateral adjustment of the
pendulum rudder. The forces encountered here arera@éy quite moderate, and the key is to
ensure that the impulse is sensitive, prompt aliabte even in light air. Manufacturers have
tended in the past to overestimate considerabljot#s on the push rod and consequently to
overbuild it. Aries use a chunky cast push rod Wwhieighs in at over 1 kg / 2 ¥ Ib and
Monitors component is 450 g / 1 |b; the more mod&indpilot Pacific manages with an 8 x
1 mm stainless steel tube which weighs only 143 @Z and has proved its strength on
thousand of boats over the last 12 years. Not sumgty, two such different designs give
very different steering performances.

RememberThe push rod is one of the factors which deteentigiht air steering
characteristics; it must be as light as possibteranstronger than absolutely necessary.
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The Windpilot Pacific (left) and Monitor are
indentical in design, but have substantially
different dimensions of pushrod, pendulum axle
diameter and pendulum carriage.

Steering force transmission

Lines are used to transmit the force generatethé&péndulum rudder to the boat. The
steering lines in a conventional system (Aries, Kwohare attached to the pendulum arm
itself and start at the bottom of the gear. Froardtthe two lines (one on each side) are each
guided through 3 blocks up to deck level, whered2zenblocks each lead them to the tiller or
wheel. These systems therefore require 10 blocksamespondingly long steering lines.
Modern designs, in contrast, have the pendulumexttended upwards, enabling the steering
lines to start at deck level. The number of blodauired is reduced from 10 to just 4, and the
steering lines are also correspondingly shortere Gaust be taken with modern systems to
ensure that the steering lines from the pendulumaae initially led parallel to the vessel’s
transom. Although a certain deviation from parabeblerable, the effective line travel will
be reduced if the transmission angle is too unfeadtle. Larger boats in particular need the
full line travel.

Steering line routing on
a double-ender
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To facilitate the use of this type of system onl@letenders and extreme ‘sugar-scoop’
sterns, the Windpilot Pacific design includes assrmember with fastening points at each
end for the steering line blocks. This option i$ aailable with the Sailomat 601.
=l | A servo-pendulum system will only
work well if the force from the gear is
transmitted smoothly to the main
rudder. Arrangements with shorter
transmission paths (line lengths) and
fewer turning blocks accordingly
deliver better steering results. Put
another way, the longer the
transmission paths and the longer the
lines, the greater the transmission losses
will be. Slack or stretchy lines and
stiffness in the main rudder reduce the
efficiency of the system. A servo-
pendulum system is only as good as the
quality of the force transmission.

Short transmission path to the tiller with the
Windpilot Pacific. The steering lines start at
deck level.
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Steering line travel
The amount by which the steering lines move ag#a goes from lock to lock, the
maximum line travel, is only about 25 cm / 10 in doservo-pendulum system with bevel
gear yaw damping. Ineffective force transmissidexcls stretchy lines or excessively long
transmission paths can quickly eat into this fig@a/en a combination of factors, it is not
inconceivable that the maximum line travel coultittaas low as 10 cm / 4 in. A gear with
this restricted a range will demonstrate its impogeat the slightest opportunity; sooner or
later the rudder will lose control. A good servaigelum gear can generate up to 150 kg
: e - . = g v of steering force - enough to keep
Qw ; anything up to a 60 footer happily on
v : course. The key to actually achieving
| e good steering performance from a
: servo-pendulum system is, quite simply,
the quality of the force transmission
arrangement.

The 25 cm/10 in steering line travel
demonstrated here on an Aries, but indentical
on both the Monitor and Windpilot Pacific.

Tip: The effective line travel, and hence the magmtaticorrective rudder movements the
gear can make, can be increased by moving theecepaisition of the windvane more to
leeward (which is easy to do by adjusting thertiff@unting or wheel adaptor). This method
relies on the fact that almost all windvane gearse corrections are bear-away movements.
It may be the only way in extreme conditions ofiaeimg sufficiently large rudder angles.

Transmission to a tiller

Boats with tiller steering provide ideal circumstas for the transmission of the steering
forces. Aft cockpits allow the transmission paihdé¢ kept short and the attachment point of
the steering lines on the tiller can be moved adoameven, as is found on some lighter or
faster boats, be mounted on an adjustable trackstdering lines are preferably attached to
the tiller by a short length of chain, one linkvdfich latches between the two teeth of the
tiller fitting. Some systems use an arrangememthich the lines are fastened to the tiller
with comb cleats, but this is not a particularlggircal arrangement.
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The tiller fitting is mounted at a point about six-
tenths of the way along the tiller, i.e. just dftloe
area normally held for steering. The path of the
steering lines out to the blocks at the side of the
cockpit is angled aft slightly so as to follow the
turning radius of the tiller. One advantage of tkis
that the lines always assume the correct tension
when the chain is latched into the tiller fittingda
the gear engaged.

Tiller fitting and chain link,
Windpilot Pacific

The lines used to transmit the steering force rbagirestretched rope. They should not be
set too tight, however, as this causes excessamngefriction in the turning blocks and
reduces the efficiency of steering force transrais$o the tiller. Bearing friction can be
countered by using ball-bearing blocks on the sigdmes. Other factors which adversely
affect the efficiency of transmission include toany turning blocks, stretchy or excessively
long steering lines and stiffness in the main rudde

Braided, pre-stretched 8 mm diameter rope makesgayd steering lines. The breaking
strain is well above the loads the lines will atijube exposed to, so stretch is minimal. It is a
good idea to end-for-end the lines every so oftefoager voyages so that the wear from
turning blocks etc. is not always concentratechengame spots.

Fine-trimming with tiller steering

The chain latch arrangement makes it easy to finethe boat’s course when the steering
gear is in use, and also enables the crew to dswbnt instantaneously if necessary (e.g. for
emergency manoeuvring). Once the chain has beeardliected from the tiller the gear has
no influence on steering, and just follows alongibd the boat like an obedient dog. Since
the gear does not disturb the helm at all, ther®iseed to remove the windvane.

Transmission to mechanical wheel steering

The transmission of steering force to a wheel meswhat less efficient because the
transmission path - from the gear to the wheelfeord there via the wheel-steering
mechanism to the rudder quadrant and the rudasf its longer. Obviously transmission
losses are higher, so the effective line traveldi2y 10 in) is reduced. Practically every
boat over 11 m / 35 feet now has wheel steering.réason for this is that the main rudder is
too large to be managed comfortably by the helnsspewithout some kind of step-down
gear. That said, many boats have wheel steeringlgipecause it has become fashionable.
Wheels take up more of the cockpit, and many behtsh have them would be better steered
with a tiller.

Modern wheel-steering systems transmit the stedoirag mechanically to the rudder
guadrant through sheathed cables. The average Wagel diameter of about 60 cm / 2 ft and
goes from lock to lock in approximately 2.5 turAfmost all servo-pendulum system
manufacturers design their wheel adaptors arousdtandard. Wheel adaptors are, with few
exceptions, around 16 cm / 6 %z in in diameter §reund 53 cm/ 21 in in circumference).
Given these dimensions it should be clear that ewmeler perfect transmission conditions
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with no loss at all, a steering line travel of 2B £10 in amounts to slightly less than half a
revolution of the wheel.

/) Transmission / ) Fig 5.17 Steering line

| / transmission: the four

/ alternatives for a servo-
WA pendulum system.

Transmission
to tiller /o ratio 1:1 /

Transmission Transmission
ratio 1:2 ratio 2:1

All wheels are designed assuming the same amougtéefing force input by the
helmsperson. This means that larger diameter wigeglsrally go from lock to lock in fewer
revolutions, so a wheel adaptor on a large dianvetieel has to exert more force with less
line travel.

There are three main alternative arrangementsdosmitting force from a servo-
pendulum gear to a wheel steering system. Theistelares may be reeved as follows:

directly, i.e. 1:1,
doubled up, i.e. double the line travel for ha# tbrce,
running blocks, i.e. half the line travel for doelthe force.

These systems all provide adequate steering pesfuzenif installed appropriately.
Nevertheless none can touch the quality of transionspossible using a tiller with its
adjustable attachment point and transmission eattbmuch shorter transmission path.
Windpilot introduced an infinite transmission for@gjustment facility on their Pacific model
in 1997, giving it the same range of adjustmerd &aler.

Tip: Running both the steering lines to the wheel tatagdong the same side of the cockpit
keeps access free on the other side. The fourilmie cockpit (two leading from the gear
and two for connecting these to the wheel adagtimeasily be mixed up in this
configuration, so the pairs which belong togetheutd be clearly marked. It may also be
useful to fit 4 snap-shackles as connectors foingi the lines.

Slack and stretch are most easily cured in thengement by positioning an additional
turning block on one of the lines between two eéxgsblocks and moving it up, down or to
one side to tension the steering lines. When tli@iadal block is released, the slack returns
and the connectors (snap-shackles) joining the tgethie wheel adaptor can be opened easily.
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Steering lines led on one side,
connection point with snap-shackles

Steering lines can be tensioned
easily using an additional block.

The factors highlighted as being detrimental tagraission efficiency with tiller steering
also apply to wheel steering. Deficiencies in tbatls own steering system (e.qg. stiff rudder,
slack, poor transmission) can further reduce efficy, so not all of the original 25 cm /10 in
steering line travel (se®teering line travglis ultimately available for turning the main reatd
and steering the boat.

The Windpilot Pacific (1998 model)
has an infinite transmission force
facility.
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Setting the wheel adaptor

Most wheel adaptors conform to the same basic de$tye various models do, however,
differ substantially in their technical features,vee shall now explain:

1. The fixed drum - no adjustment possible Fig 5.18 Steering line |
(Sailomat Cap Horn). Both steering lines transmission/ adjustment ~
have to be disconnected from the adaptor ‘:’t;f;;,t“‘o‘;“‘ed Wwheel f,/ )
and shortened/lengthened in order to fine- i /
trim the course. This is not a oy S Cor Car i / / -
straightforward procedure and fine trim is N o, V)
often ignored, resulting in less efficient ' f‘\g‘zﬁg\ o],
sailing. Providing sufficient scope for such STS x\}
adjustments also means that the lines have /;//-j X
to be longer and additional turning blocks //’Z{{’/
may be needed. = T el

2. Adjustable track adaptor (Monitor). A N —— A
spring-loaded pin engages in a hole in the ~N V|
track to hold the drum in the desired ;________1\_--;-“”?\ '.
position. Fine trim involves pulling out the = N h PL
pin and rotating the drum until the pin | | ,z.l‘.
aligns with a hole in the new desired | VA
position. e U &

3. Gearwheel adaptor (ARIES). The adaptor is Lo
mounted via a finely-toothed gearwheel and
is engaged/disengaged using a clutch. It
must first be disengaged for fine-trimming.

4. Disc brake style infinitely adjustable
adaptor (Windpilot Pacific). The adaptor is
mounted via a disc on which it can be
rotated and then fixed in place with a
locking brake. The locking brake should be
tightened no more than necessary to hold
the adaptor in place. The adaptor is then
able to slip on the disc when overloaded,
for example in a sudden squall, preventing
damage to the transmission components.
This type of adaptor is very simple to
adjust, a little slack in the locking brake
while the wheel is repositioned being all
that is required.

5. The fixed drum - no adjustment possible
(Sailomat Cap Horn). Both steering lines
have to be disconnected from the adaptor
and shortened/lengthened in order to fine-
trim the course. This is not a
straightforward procedure and fine trim is
often ignored, resulting in less efficient
sailing. Providing sufficient scope for such
adjustments also means that the lines have
to be longer and additional turning blocks
may be needed.

6. Adjustable track adaptor (Monitor). A
spring-loaded pin engages in a hole in the
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track to hold the drum in the desired
position. Fine trim involves pulling out the
pin and rotating the drum until the pin |
aligns with a hole in the new desired >
position. LS
7. Gearwheel adaptor (ARIES). The adaptoris
mounted via a finely-toothed gearwheel and "
is engaged/disengaged using a clutch. It
must first be disengaged for fine-trimming.
8. Disc brake style infinitely adjustable
adaptor (Windpilot Pacific). The adaptor is
mounted via a disc on which it can be
rotated and then fixed in place with a
locking brake. The locking brake should be
tightened no more than necessary to hold
the adaptor in place. The adaptor is then
able to slip on the disc when overloaded,
for example in a sudden squall, preventing
damage to the transmission components.
This type of adaptor is very simple to
adjust, a little slack in the locking brake
while the wheel is repositioned being all
that is required.
The mounting diameter of a wheel adaptor may beblem if it clashes with the
mounting diameter of an autopilot already present.

Three wheel adaptors (top to
bottom):
Monitor, Aries and Windpilot.

Three wheel adaptors (left to right):
Aries, Monitor and Windpilot.

Transmission to an emergency tiller

It is possible with almost all wheel steering bdatfit an emergency tiller to ensure
steering if the wheel system should fail. Do notdrapted to try and improve the
transmission efficiency of your system by simplygecting it to the emergency tiller! It will
not work because the tiller will also be tryingtton the whole steering mechanism from the
wrong end. The effect resembles trying to turndteering wheel of a car by sitting in the
road tugging on the front wheels.

The benefits of tiller steering can only be hadcbynpletely disconnecting the wheel
steering mechanism from the rudder quadrant. Wimiggactical for weekend and holiday
sailing, this is a perfectly realistic propositifum blue water yachts. The windvane gear
handles most of the helming duties on a longeramnywvay, so losing the use of the wheel
may be a small price to pay for the advantagesretutransmission to the tiller. This
solution is only expedient if the following conditis are met:

1. The emergency tiller must be long enough for mastesdring.
2. The emergency tiller must be within easy reacthefitelmsperson; under no
circumstances may it be outside the cockpit oraftexdeck.
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3. The emergency tiller must be tightly clamped tortider post and there should be no
play in the connection.

If you are planning a new boat, good emergencyeuttdnsmission can be built into the
design (se®uilding a new boat,

Transmission to hydraulic wheel steering

Hydraulic steering systems are installed on bo#isre/the rudder pressure is too high for
a mechanical system or where, for convenienceydlae can be helmed from more than one
steering position. Steering force transmissionughoa system of hydraulic pumps and
cylinders is always indirect. The wheel takes coasably more turns to go from lock to lock
than with a mechanical system, and this is oneoreagy servo-pendulum gears are not
really practical on boats with hydraulic steerififge second reason is that there is a degree of
slippage in most hydraulic systems, caused byakihg out around bad seals (for example
around packing rings). A servo-pendulum gear reguine rudder amidships position of the
wheel always to be the same, which is seldom tee wéth hydraulic steering.

Transmission to an emergency tiller

This tempting alternative is only workable if thé@ele hydraulic system, including the
main hydraulic cylinder, has been disconnected filoenquadrant. Unless this is done, the
emergency tiller will be trying to operate the steg hydraulics in reverse ( as discussed
under mechanical wheel steering ).

The main source of resistance in the steering sysalways the main hydraulic cylinder,
so installing a bypass valve will solve nothingthie end, it is better just to disconnect the
hydraulics and give the servo-pendulum gear a ehamsteer properly than to spend the
voyage steering by hand or experimenting with o#fparoaches.

Overload protection
A. In the transmission components

The steering lines of a servo-pendulum gear shalweys be pre-stressed rope and should
have a diameter of at least 6 mm Y4 in or betteByatm 1/3 in. Lines of this nature have
breaking strains well above the maximum steerimge® (300 kg / 660 Ib) they are likely to
encounter so they will stretch little in use.

If the rudder suddenly loses control or the boditi®y a gust, a servo-pendulum gear will
exert its full force on the steering lines andrieen rudder. The force in the steering lines can
be enough to bend the stanchions or pushpit tohathie steering line turning blocks are
bolted. A good safety measure in this respect imdke sure that one block on each side of
the boat is fastened to the rail with just a cartyard which will break if overloaded and
protect everything else.

B. In the rudder shaft

The rudder blade of a servo-pendulum gear tradiogg in the water could hardly be
better for catching kelp, fishing nets and genffoddam, and overload protection should
therefore be regarded as a priority. Here are phierms:

1. A designated emergency breaking point betweenutiger shaft and the pendulum
arm is incorporated in the form of a notched tubRIES). The breaking parameters
are difficult to determine: the total leverage a¢adrby the rudder can be quite large,
so it is hard to know at what stage the breakingtpaeill give way and at what stage
the whole gear will rip out of its mountings. Thenplulum rudder should be tied to
the mounting with a safety line so that it is ragtlwhen the shaft breaks.
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2. The connection between the rudder blade and tHeishmaotected by a spring-loaded
catch which releases if the blade strikes anyttd@NITOR). This design
effectively protects both the rudder blade andntimeinting against collision damage.

3. The rudder blade is held in the forked end of tineftsoy a rubber band (CAP HORN)
or splint (ATOMS) which gives when the rudder blasleverloaded.

4. The rudder blade is kept from pivoting up by lat&& bolts (SAILOMAT 601). The
force required to shear an M8 bolt is often togéain practice to prevent damage to
the gear mounting.

5. The rudder blade is retained in a large area $biftoy friction. As long as the bolt
which closes the fork is not overtightened, thederccan pivot up fore or aft in a

collision (WINDPILOT PACIFIC). The rudder blade ihis design must be positioned

carefully to ensure it is balanced. Subtle chamgdéise balance increase or decrease
the sensitivity of the gear.

Overload protection (left to right):
Aries, Sailomat, Monitor, Windpilot
Pacific (old), Windpilot (new)



- 68 -

Tip: The rudder blade of a servo-pendulum
system should not be fully immersed until the boat
speed is approaching hull speed, i.e. until the
system needs to generate maximum force. This
means that when the boat is stationary the top of
the rudder blade will be a certain distance out of
the water. The stern wave on some boats,
especially those with more traditional sterns, can
rise surprisingly high above the level of the
surrounding water, so the exact distance will
depend on the type of boat. If the rudder blade is
too deeply immersed, the shaft will drag through
the water, causing unnecessary turbulence and
slowing the boat. This is easily avoided by
mounting the system higher on the transom, which
also improves the operation of the windvane.

The Windpilot Pacific cuts smoothly
through the water causing little drag.

The pendulum rudder: material, buoyancy, shape and balance

A pendulum rudder should react as sensitively asipte to every steering signal from the
windvane. A balanced shaft design and buoyanclyarridder blade improve the sensitivity
of the gear, and the shaft and rudder blade shdeally be no heavier than absolutely
necessary. The loads on a pendulum rudder andatsare for the most part only moderate;
even pounding through waves is unlikely to damagegear in its protected position at the
stern. Nevertheless, the force generated by theéubem rudder does make significant
demands on the axle on which the pendulum arm swiRgs is reflected in the visibly
stronger construction employed in modern systeragqi@at 601, Windpilot Pacific). The
common servo-pendulum gears have the following plemad arm axle dimensions:

Aries 25 mm,

Monitor 22 mm,

Sailomat 40 mm,

Windpilot Pacific 40 mm;

and the following material thickness for the pemnttulrudder shaft:
Aries STD aluminium tube 38 x 6.5 mm,

Monitor stainless steel tube 41.3 x 1.25 mm,
Sailomat 601 aluminium tube 60 x 6 mm,

Windpilot Pacific aluminium tube 50 x 5 mm.

The pendulum rudder does not need to have a pilcfdetion because its maximum angle
of attack is inherently very small. Every time thimdvane rotates the rudder blade and
increases the angle of attack, the blade swingtoaurte side and immediately reduces the
angle back to approximately zero. The angle otkftevhich is a function of the rudder
pressure required (to bring the boat back on couneeer exceeds 3 5Such small figures
effectively preclude flow separation, and the trotlthe matter is that in an emergency even a
simple wooden slat can function as a pendulum nublidele, assuming it can be fastened to
the shaft (no problem with the forked shaft of B®lomat 601 or Windpilot Pacific).

The balance proportions of the pendulum rudderctyrénfluence the sensitivity of the
whole system. If the gear is to deliver good stepperformance in light air, for instance,
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even a relatively weak steering signal should saffo effect a sustained deflection or
rotation of the pendulum rudder. A pendulum rudslgh a large or variable balance
proportion is inherently easier to rotate than wheh is completely unbalanced.

Ultimately, steering performance is determinedh®y¢ombined effect of all the various
parameters involved in the functioning of the wiade steering system. Refining each
parameter in turn takes considerable practical mxpee and testing, so it is unsurprising that
the major manufacturers all go their own way irs ti@spect.

The rudder profiles (width and depth of section) aalance proportions of the most
common servo-pendulum systems:

Aries STD 170 x 50 mm| balance proportionbuoyant - rigid foam
19.4 %

Monitor 170 x 48 mm | balance proportionbuoyant - rigid foam
20.0 %

Sailomat 601 170 x 25 mm  balance proportiomot buoyant -
20.6 % aluminium profile

Windpilot Pacific | 120 x 19 mm| balance proportionbuoyant — wood
22.5 %
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Setting the windvane to the wind direction

V vane

The setting procedure is the same as for an apxiiglder gear with a V vane. The
windvane can be isolated completely from the systerthat it swings freely in the wind
totally independently of the steering. Once set@mthected, the gear can be fine-trimmed
using an endless worm gear. The V vane can be miowadout on its mounting to
compensate for different wind strengths in the sammg as with an auxiliary rudder system.

The infinite remote control, with its scale in
degrees, its easy to read on the Windpilot
Pacific

H vane
There are four alternative approaches:

1 Manual: The locking device is released, the \vamport is positioned by hand and the
locking device is then tightened again (SailomB&f)s method involves a crew member
working right at the stern, which may be unpleasargven dangerous at night. There is no
scale to indicate the position of the vane relativeéhe wind.

2 Toothed wheel and chain: The vane is positiorsaagua toothed wheel and chain
arrangement similar to that on a bicycle. This radthllows infinite adjustment and can be
adapted to allow remote control (Monitor). Againstale is provided.

3 6° increment toothed wheel and latch: The varljgsted by rotating a toothed wheel
into the correct position before engaging a latetes). The wheel turns in increments of 6°,
which is often far too coarse going to weather, tagdwhole arrangement is heavy and fiddly
to use.

4 Worm gear: The vane support is positioned usmgralless worm gear (Windpilot
Pacific). This system is easy to operate and l@sdk to remote control. An additional
advantage of a worm gear is that it can be fittét @ scale to show the angle of the vane to
the wind, making it easier to set the course.

The vane can be adjusted for different wind striesigis explained in the H vane section.
Remote control is handy not only for conveniencedtso for safety — nobody enjoys
dangling off the back of the boat in the middlgha night trying to make course adjustments.
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Ease of installation

Installing a conventional servo-pendulum gear
is a substantial project. The major complication is
that, as transom designs are so different, most
boats will need the mounting components tailor-
made - something of a headache for the DIY
skipper. Faced with an outboard rudder or extreme
sugar-scoop stern, the classic mounting
arrangement of a traditional Aries or Monitor has
little to offer. An elaborate and heavy tubular
construction is the only solution, although the
actual forces acting on a servo-pendulum gear
transom bracket are surprisingly small (as we shall
discuss later on).

Conventional éro-penulum
systems often require the mounting
components to be customised

Modern systems come with a variable mounting flamgeeh can be adjusted to fit a wide
range of transom angles without any special adapodering installation much more
straightforward. It should be borne in mind in respof boats with a forward-raked transom
that most servo-pendulum gears only function prgpeith the pendulum arm vertical; the
system may have to overhang aft by some distaneedore that the rudder shaft clears the
bottom edge of the transom.

Servo-pendulum systems with a vertical  In the raised position, the pendulum
pendulum arm may need extended rudder of the Windpilot does not stick out
mounting brackets on modern forward- beyond the stern because of its angled
raked transoms. shaft
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The overhang, of course, adds further to the weight
of the gear. Almost all servo-pendulum systems have
vertical pendulum arms. The only exceptions are
Windpilot Pacific and Sailomat, on which the
pendulum rudder axis is angled aft by &dd 25
respectively. The significance of this for forward
sloping transoms (by far the most common design) is
that even with the system mounted close against the
transom, the pendulum rudder shaft will still clda
bottom or aft edge. Mounting the system right up
against the transom also means that when the
pendulum rudder is pivoted up out of the wateit n
longer sticks out beyond the aft edge of the transo
This is a considerable advantage for manoeuvring in
tight harbours or landing stern first in the
Mediterranean, as no part of the gear sticks oy
the outline of the boat.

Release one bolt, remove the
system and the swim ladder is
ready for use

Installation position

It almost goes without saying that the only plamed servo-pendulum gear is the centre of
the transom. Symmetrical mounting is essentiatfoooth operation, and offset mounting,
for example to avoid a swim ladder, never yieldss&ctory results. All boats generate slight
weather helm as a function of design, so windvaagare almost always called upon to turn
the boat away from the wind. The inherent geomety servo-pendulum gear dictates that
the pendulum swings out to weather, i.e. towardshigh side, in order to bear away. If the
system is mounted to one side the pendulum arm@gndsuch further out of the water when
that side is the high side and will come right oluthe water during a big course deviation.
Extending the pendulum arm merely transfers thélpro to the other tack, when the rudder
shaft will be submerged along with its blade, drepiore drag.

The big misconception

Servo-pendulum systems operate on the basis af-slgmamic force. Essentially, the
mounting at the stern only has to withstand theddransmitted through the steering lines to
the main rudder and support the gear itself. Hogld$, such as pounding waves, do not as a
rule reach the gear, and breaking waves are maly lio knock the whole boat to leeward
than force the pendulum rudder out of its positiothe wake. A swell which catches the boat
side-on acts on not only the pendulum rudder Isd #ie main rudder, causing both to rotate
slightly and absorb some of the force of the wa¥e connecting lines from the gear to the
main rudder thus act as a kind of sliding clutdlovang the steering system as a whole to
damp every movement.

Notice how the Pacific gear is fastened (4 botighe heavy gaff-cutter shown in the
cover photograph. Despite its fragile appearaneartbunting already has eleven trouble-free
years of service behind it including plenty of bluater mileage. This should not really seem
so surprising: the pendulum rudder follows the lasagffortlessly as a gull behind a trawler
when the steering lines are disconnected, so #teda the mounting amounts to nothing
more than the weight of the gear. Reconnectingtdering lines adds only the force
generated by the pendulum rudder to turn the malder and effect the course correction.
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An offset mountedservo-pendulurﬁ
system will not function effectively

_—

This mounting for a Windpilot
Pacific on a 25 tonne gaff cutter
has worked well for 12 years.

Experience, of course, is the real test. If wave
action really could bring damagingly large forces
to bear on a trailing pendulum rudder blade and its
mounting, we would expect to find at least a few
instances amongst the thousands of Aries and
Monitor systems in use of the pendulum arm being
bent against the steering line guide tubes which
extend at the bottom of both these systems. This
type of damage turns out to be all but unheard of.
The configuration of the bevel gear linkage in both
systems ensures that the pendulum arm is always
brought back into parallel with the keel, i.e. is
damped, before it can travel so far sideways. This
remains true regardless of wave action or even
capsizes.

Wooden, steel, aluminium and solid laminated
GRP hulls need no extra reinforcement on the inside
of the transom. Only on sandwich construction hulls
is it recommended to fit additional wooden blocks o
aluminium plates rather than sandwich material at
load bearing points.

The apparently greater load distribution provided
by the larger number of bolts (up to 16) on
conventional servo-pendulum systems (Aries,
Monitor) is not technically necessary and the mass
of bolts contributes to the visual pollution of the
stern. The loads may simply have been
overestimated by the designers at the time these
traditional servo-pendulum systems were conceived.



Mounting on a 20 tonne Colin Mounting on a HELMSMAN 49
Archer

Ease of use

Removal

The ease with which a servo-pendulum gear canrheved seems fairly irrelevant for a
blue-water voyage. In other situations, for exanifpéeprotruding gear is likely to be hit or to
prevent theft during winter storage, it is helgfuhe system can be removed without too
much trouble. With the Pacific and Sailomat 600 sisdhis can be accomplished by undoing
just a single bolt. Most other systems are retaimeseveral bolts.

J,_?
PP

Operation

Pare

A good servo-pendulum system should be simple
to set up and, most importantly, should permit the
user to raise the pendulum rudder up out of themwat
very quickly. Operation should be straightforward
enough that a helmsperson will engage the system
even for short absences from the helm, for example
during a quick trip to the nav-station. Along with
their visual drawbacks, the difficulty of operating
conventional servo-pendulum systems is probably
the main reason why many sailors initially opt &or
autopilot.

A pendulum rudder cannot be prevented from
moving around. Consequently, unless raised before
motoring in reverse it will interrupt the manoeuvre
as soon as the flow from astern is sufficient to
deflect it.




Rudder blade not in use, Aries Lift-Up Rudder blade not in use, Navik -



Space requirement of a Monitor Space requirement of a Windpilot Pacific

Modern systems allow the pendulum rudder to bexdagsmasily whenever necessary, the
only proviso being that the boat must be slowedrdenough to ensure the force of the water
flowing by does not hold the pendulum arm in pla@enventional systems, in contrast, have
a catch on the rudder which must be released b#ferpendulum rudder can be raised in the
shaft fork or swung up to one side.
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Dimensions and weight

Over the years the bulk and sometimes considevedilght of servo-pendulum systems
have driven many potential buyers to look elsewh&nese handicaps have now been
consigned to history: while a conventional servagadum gear might once have weighed
around 35 kg / 75 Ib, a modern system tips theescatl a mere 20 kg / 45 Ib - and is also a
good deal stronger in the most important components

Advantages and disadvantages

The outstanding feature of all servo-pendulum systes their huge servo force, strong
enough given a good transmission arrangement éo stats of 18 m / 60 ft and 30 tonnes.
Under normal conditions a servo-pendulum gearhalbble to steer the boat as long as
forward progress is being made and the flow pashthil is sufficient to push the pendulum
rudder one way or the other. Servo-pendulum geamsrgte several times the force of a
simple auxiliary rudder system.

One drawback of this type of gear is the care reguio set up the steering lines properly.
Poorly arranged steering lines reduce efficienay@mn even disable the whole system.
Because line travel is limited to 25 cm, longensmission paths unavoidably impair steering
performance. If the system keeps no line traveégerve during normal operation, it is
inevitable that the rudder will eventually lose tohin demanding conditions. Transmission
is always worse with wheel steering; the degregetérioration depends on the characteristics
of the system in question.

Practical steering force transmission to a cenbiakgit wheel is very difficult because the
transmission paths are so long. The use of staiskesl| wire offers some improvement here,
but entails other problems (e.g. turning block wear

There is no way of using a servo-pendulum geaefioergency steering: it is impossible to
fix the pendulum arm in place, and in any casetleer blade lacks sufficient area to
provide acceptable steering in difficult conditioAs0.1 nf / 1 f pendulum rudder blade
could not possibly be up to steering a boat in seagh enough to break a main rudder.
Servo-pendulum gears are not normally designe@mallle the loads associated with
emergency rudder use, so any system which is mtesis recommended by its manufacturer
for this purpose will need substantial structuesthforcement to stabilise the pendulum arm.

The Sailomat 601 has to be fixed in place usingsliat the sides which are tied to the
pushpit. The shaft and rudder are strengtheneddore that the rudder does not break away
when the lines are in place, but this reinforcenme@ans the rudder and stock are heavier for
self-steering operation (s&ensitivity.

The pendulum rudder on a MONITOR gear can be repladth a larger emergency
rudder, the shaft then needing 6 lines for latstatbility.

V vane servo-pendulum systetdasler, Schwingpilot.
H vane servo-pendulum systems

a. bevel gear yaw dampindvries, Fleming, Monitor, Windpilot Pacific;

b. other forms of yaw dampin@ap Horn, Sailomat 601, Navik, Atoms.
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Double rudder systems

How they work

A double rudder system combines the advantagepoWarful servo-pendulum system
and an auxiliary rudder which is independent ofrtteen rudder to give the best possible
steering performance. The main rudder is fixedlate and used for fine trimming the set
course, leaving the double rudder gear to undetakese corrections free from any weather
helm.

Steering impulse = wind
Steering force = water
Steering element = auxiliary rudder

Power leverage (PL) = upto200cm/80in
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System suitability

This type of system is particularly suitable in@RS g 5 19 1 vane double
. rudder system. /
where:
1. the boat is too large or heavy to be managed by /x
a simple auxiliary rudder; s N

2. the transmission paths are too long for efficient
use of a servo-pendulum gear (especially on
boats with a centre cockpit); ! A

3. the planned voyage is long, the crew smalland |~ = T
consequently the very best steering . : |V \
performance is sought; SN

4. the presence of an emergency rudder is S
considered to be important, for instance on
boats where the main rudder is not protected by
a skeg;

5. the boat has a hydraulic rudder system - double
rudder systems are the only form of self-
steering which can be used on such boats (see ~~_|
remarks on hydraulic wheel steering).

Worldwide only two double rudder systems have
ever gone into series production:

¥
P

——— - . P "_z

Y f i

Windpilot Pacific Plus fitted on
Hallberg Rassy 36.
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SAILOMAT 3040

This unit was originally designed for boats betw86rand 40 ft long (hence the name
3040). An H vane passes the steering impulse sndyum rudder whose shaft is inclined by
30°. The shaft has an upper extension which is atthtthéhe auxiliary rudder so as to exert a
force in the opposite direction to the movemerthefpendulum rudder blade. The inclination
of the shaft provides yaw damping.

This gear was produced between 1976 and 1981 ahdds a particularly compact
linkage housing, the top and bottom of which alswe as the bracket for mounting the gear
on the transom. The small size of the bracket méeighe loads from the gear are
concentrated in a very small area.

GRP boats consequently require large-scale reiafoent work at the stern to support the
very high loads generated by the auxiliary rudder.

The fastening points of an auxiliary rudder systamg hence of a double rudder system,
should ideally be spaced well apart to ensure doad distribution on the transom. The upper
and lower regions of the transom naturally posgesater dimensional stability than the
centre, so spacing the fastening points aparualeliminates vibration as well.

ST Law . . o i

B - aside from expense, is that it is rather complatate

for everyday use. Removing the pendulum rudder

involves releasing its fastening and then dropjting
out of the bottom of its shaft - an awkward openati
to perform every time you need to manoeuvre in
harbour. The nature of the design restricts therdt
swinging range of the pendulum rudder arm to 20
degrees in each direction. Any further than thid an
the top of the shaft hits its end stops in the lp@ar
This can be a real problem in big seas: Naomi James
worked her way through a good handful of
replacement rudder blades in the course of her
remarkable circumnavigation witbxpress
Crusader

- = U™ The chief drawback of this particular system,
LT

Sailomat 3040 fitted on a HIIberg
Rassy 352.

Windpilot Pacific Plus

Windpilot’s Pacific Plus has been around since 1986 probably the only double rudder
system in the world to have been series-built dutivat period. The design reflects all the
progress made over four decades of windvane stgdewvelopment. The steering
characteristics have been optimised and the sysseia bevel gear linkage for yaw damping
and a horizontal windvane inclined by 20°. An esdle/zorm gear provides remote operation.
The pendulum rudder can be raised when the systafieiand the auxiliary rudder makes a
good emergency rudder. The design aesthetics alemmand the modular construction
makes installation of the system and removal ofpgredulum components a simple task. The
positioning of the auxiliary rudder right at thé ahd of the boat also provides optimum
leverage and, as a result, particular effectiverstg. These are the effective auxiliary rudder
areas.
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Pacific Plus | 027 M/ 23 ft
Pacific Plus Il 0.36 M/ 32/3ft
Pacific Plus Il 0.50 M/ 5% ft

Fig 5.20 Windpilot Pacific Plus: 1
Windvane is deflected by wind and
gives steering signal. 2 Via linkage, it
turns the pendulum rudder. 3 Water
flowing past pushes the pendulum
arm out to one side; a linkage (4)
connecting the pendulum arm to the
auxiliary rudder (5) transmits the
steering signal. 6 The vane mounting
can be rotated through a full 360°.

The pendulum rudder sits immediately behind theli@auny rudder. This means that the
two elements can be connected directly, eliminatirgtransmission losses (due to slack,
stretch or bearing friction) typical of servo-pehdu systems, where the steering force
reaches the main rudder via lines. This linkageveen the gear’s two rudders originally
comprised a novel ball-and-socket joint. Once thiédocket in the tiller part of the auxiliary
rudder had been loosened, the connection couldlbased, allowing the pendulum arm to be
swung up out of the water. The pendulum ruddehereguivalent Sailomat unit, which
lacked this feature, could only be removed by diogjit out of the bottom of the system.

Starting with the 1998 model, the Pacific Plus @8 a bevel gear rocker segment
connection between the pendulum and auxiliary rudd@s ‘Quick-in, Quick-out’ linkage
can be released with one hand even under loadeé&iaevice ensures that the auxiliary
rudder remains centred when it is out of use aag#ndulum rudder is in the raised position.
The Pacific Plus also has a facility which allows wvindvane to be fixed on centre. Engaging
this feature prevents the pendulum rudder frontistato swing around as soon as it is
lowered into the water. Once the bevel gear linkaagebeen reconnected, the windvane is
released and the system begins to work. A retaipindor connecting up a tiller autopilot is
also standard on the current model.
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Use with hydraulic steering

Double rudder systems only function properly witlditaulic wheel steering if the flow of
fluid in the hydraulic system can be completely aglthbly blocked. Any leakage, however
slight, makes the main rudder susceptible to defledy wave action or water pressure and
therefore renders it useless for fine-trimmingdbarse and countering weather helm. Double
rudder gears rely on the lateral surface areaeirthin rudder; they can only steer the boat as
long as the main rudder stays in its set position.

Hydraulic systems sometimes incur damage and deVe#dks while underway. The only
solution if this happens on an extended voyage i& the emergency tiller and then lash it in
place with lines, either above or below deck, tlwhbe main rudder in place.

~ o

e 1998 Pacific Plus has ‘Quick-in, Quick out’
linkage between the pendulum and auxiliary rudders

Above right and Iefté Th
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Fields of use

Double rudder systems are used mainly in blue v&atiéing since this is the arena in
which their excellent steering qualities are pattdy telling. They are also particularly well
suited to the centre-cockpit designs increasingWpfired by yacht manufacturers such as
Hallberg Rassy, Oyster, Westerly, Moody, Najad, d&amper & Nicholson and Amel. The
auxiliary rudder is something of a handicap whemoeavring in harbour, which reduces the
appeal of this type of gear for weekend and holskilors.

A typicl cenre-cp ruisg ‘sailing
around the world.

For a small crew on a long trip, however, the stegperformance of a windvane steering
system can never be too good. Inadequate steeeigardless of the cause (poor choice of
system, transmission problems in a servo-pendultstes), always manifests itself in
difficult wind and sea conditions when manual stegrs at its most unpleasant. Double
rudder systems represent the very best in windsteexing force and performance. They
combine the advantages of auxiliary rudders angbseendulum gears (with none of the
attendant transmission problems): the connectitwdsn the pendulum rudder and its
dedicated auxiliary rudder is direct, and the aawlrudder, relieved by the main rudder of
any basic steering functions, effects course ctioes with maximum leverage thanks to its
position at the very aft end of the boat.

A theory surfaces from time to time which suggéisét a pendulum rudder should provide
better steering through a boat’s main rudder bexthesmain rudder has a far greater area
than any auxiliary rudder. This reflects a misustinrding of the interactions between the
elements involved in steering. The main ruddeesighed to cope with all potential steering
tasks. The rudder angles required for course diorecthough are always small. The
relatively short line travel and ever-present traission losses (weather helm, stretch, slack,
play, wheel steering and its transmission to thenmadder quadrant, friction in the main
rudder bearings) anyway restrict the amount by wkhe pendulum rudder can turn the main
rudder.
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The ultimate limits of windvane steering

When there is no wind there can be no steeringakipat a sensitive windvane system
will start to function as soon as there is enoughdvo fill the sails and set the boat moving.

A servo-pendulum gear needs about 2 knots of siieedgh the water before the water
flowing past the hull can generate the force reglin the pendulum rudder blade and
steering lines to turn the main rudder. Unfortulyatieis all presupposes a calm sea. If the
sails are collapsed by left-over swells, the ba#itlese its drive and the windvane system
will have nothing left to offer. The only remedyrbés an autopilot.

T e S T
ULDB Budapest just after launching Slovenia, June 1996

Stronger winds generate a stronger steering imgrdse the windvane and improved boat
speed increases the force available from the panduldder. If the boat is perfectly
trimmed, i.e. the steering force required is ldwe pendulum rudder will swing out just a
small distance and exert only moderate force omtaie rudder. Not until the boat requires
greater rudder pressure does the system bringllitseserves of power into play. To meet the
need for more force the pendulum rudder swinggwther from centreline, thereby
increasing its leverage and generating considerabhe steering force. This illustrates how
proper and effective damping gives servo-penduleargsuch an advantage in terms of
range of conditions and power reserves: steeriadjtggenerally increases as wind strength
and boat speed increase.

This trend holds until breaking seas make manea&lristg compulsory. A windvane
steering system cannot see breaking waves andgusts on steering right through them, a
potentially dangerous habit for both vessel anavcBlind South African Sailor, Geoffrey
Hilton Barber who crossed the Indian Ocean fromdaarto Freemantle in seven weeks in
1997, even trusted his Windpilot Pacific in a 6%tkgale under bare poles.
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20

Spead In knols

Oyster 45
HR 352

n] 1 2 3 4 5 B i B
Wind strangth

Fig 5.21This figure uses the same formula as Fig 5.1hbr# it is boat speed rather than
torque which is plotted against strength.
The pendulum rudder rotation angle assumed heyés Bftentionally on the high side in
order to illustrate the tensile forces theoreticalbssible. Rotation angles of 0-3° are more
realistic as the tensile forces required at thenmadder of a properly trimmed boat are very
much lower. In principle, the poorer the trim, tiigher the tensile forces that will be
required at the main rudder; thus the greaterdtation angle needed at the pendulum rudder
before the feedback from the windvane signalswameb the desired course and the
pendulum rudder/ pendulum arm is restored to ceftris automatically entails a larger
yawing angle. The faster the system reacts, the@#rmothe course will be.
For boats whose maximum speed is limited by dessga function of length along the
waterline, the curve plotted in a figure ands wtienboat reaches hull speed.
For boats whose maximum speed is much higher or enimited (ULDBs, catamarans),
the curve continues appropriately. A windvane seesystem has to give up going to
weather if the acceleration of the boat when actally bearing away (rudder or swells) is
So great that it pushes the apparent wind angleaiat to the point where the windvane can
no longer tell what is happening; the apparent veindle on the faster and lower course.
What generally happens is that the boat falls saaeoff wind, accelerating sharply, and
the windvane detects no difference and institutesarrective rudder movement (see The
ultimate limits of windvane steering systems).

RemembeWindvane steering systems cannot be trusted tageplanning boats, since the
principles outlined above preclude a reliable stggmpulse. The danger of a crash-gybe is
ever-present once the windvane becomes confusgdthenmost irresponsible skipper
would risk losing the mast just to save some tititae helm.

Ocean racing

Experience with ultralight displacement boats (ULd)Bf all sizes has shown that the
speed potential of these flyers is just too gredte effectively entrusted to windvane
steering. Every change in wind speed aboard swsgonsive boats produces a change in
boatspeed which, in turn, changes the apparent angte. The acceleration and deceleration
of the boat through puffs and lulls causes the agmavind angle to move forward or aft. A



- 86 -

windvane gear steering to a particular set windeamguld as a result have to head up or bear
away every time the wind speed changed in orderdimtain the set angle.

Most monohulls, and virtually all cruising boatsg #imited in terms of speed as a function
of their length along the waterline and do not ssrege fast enough to provoke significant
changes in the apparent wind angle. Monohull ULDBge no such restrictions on speed.
Bow, hull shape, keel, displacement and sail arealaconceived to promote surfing even in
fairly moderate winds; the design encourages trelmes acceleration, inevitably
accompanied by tremendous fluctuations in the appavind angle.

This type of sailing is quite simply beyond the ahitities of any windvane gear. The kind
of wild course produced by any system relying pucel the apparent wind angle would bring
the rig down sooner or later, for example in a sndcdrash gybe. Things do not necessarily
look any brighter on upwind courses. Even withsh#s close-hauled, the smallest deviation
to leeward (in a swell or a yawing movement) catisedoat to accelerate rapidly, in turn
pushing the apparent wind forward. A windvane hasvay of telling whether the boat is
travelling slower on a very high course or fasteiaaeeper course, because the apparent
wind angle is identical in both cases. This redthgs represent the end of the line for
windvane steering, since there is no way of edngaiwindvane to distinguish between
different situations which generate the same playgiftects. Autopilots offer the only
effective solution here.

Off the wind, and to some extent even upwind, plgnjachts are beyond the scope of
windvane steeringCruising Worldagreed in its 9/95 edition regarding the use ofdwane
steering systems in the BOC that, “... the curberatts accelerate and decelerate at such
extreme rates that windvane steering gears appef@moand conservative boats only.”
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Choosing a System

Materials

The materials used to manufacture windvane stesgistgms are normally determined by
their production method. Most hand-made system$atrgcated from stainless steel.
Aesthetic impression tends to be subordinate leehenictionality, and such systems bear
much of the blame for the reluctance of many sailor(dis)grace their beautiful transom with
a windvane steering system.

Another consideration is accuracy of constructidéand-made systems are almost always
built within certain tolerances; tubes bend, foample, when they are welded. The counter-
argument to this, that tubular stainless steel itsoale easier to repair, fails to stand up in
practice: few boats will carry the tools necesdarstraighten a collision-damaged system.

Industrially produced systems are generally coogdiin aluminium. The use of sand or
die casting and CNC machine tools permits veryipeasmanufacture of identically
dimensioned components. This method of manufaetiseegives the designer considerably
more freedom to consider appearance.

Aluminium is not just aluminium. The majority oftahinium windvane steering systems
are built in AIMg 3 grade alloy, although AIMg 5hweh is completely resistant to salt water,
is better: aluminium ships, for example, are builAIMg 4.5 grade alloy, a material which is
able to resist the action of seawater even ifuettoated. Windvane gear components are
either coated (Sailomat) or anodised (HydrovanesAWindpilot Pacific) for surface
protection. Windpilot would be the only manufactuusing high grade AlMg 5 as standard.

Bearings

Ball, needle and self-aligning bearings are sugtdbt use in heavily loaded environments
such as winches, genoa car blocks, rig and maiterutiounting. The loads involved in
transmitting a steering impulse from the windvaméhe linkage are tiny, so mountings here
can be quite simple. The bearings mentioned carséeé for the main bearing and the
pendulum axle bearing, but fitting a shaft segratect them against ingress of salt water or
crystals impairs their smooth running. Unprotediatl bearings begin to seize as salt crystals
accumulate and require a degree of maintenanceeto them running smoothly.

Anybody who has ever been driven by curiosity aedom to take a windvane gear apart
will surely have been shocked at the amount offdbrn the air and water which manages to
accumulate in the bearings even in just one yest.c8/stals are easily removed at sea just
by pouring on a little fresh water, but if your bbas spent a while moored downwind of a
large town or city, you can expect to find much ensoublesome deposits of oily harbour
water in the bearings. Stripping down a bearin@ragody who has tried it will confirm,
takes steady hands and strong nerves as well@sdangemory to ensure there are as many
ball bearings at the end as there were at the biegih

Sliding bearings, made from PE, POM, DELRIN or PTHE-LON achieve their good
sliding properties by absorbing a certain amounhoisture (air/water) and tend to be slightly
larger. The sliding properties are barely affedigéiccumulated salt crystals or dirt in the
bearing. Sliding bearings are more reliable andllerin long-term service and are easier to
replace.



Maintenance

The times when maintenance for traditional ARIEStesyns meant regularly oiling the

b.

C.

o

This series of photographs shows
the manufacturing procedure for
sand-cast aluminium

a.

Model and core of the
Pacific Light in wood
Model assembly on the
moulding plate

Model impression in sand
with cores inserted
Removing the sand mould
The result

sites marked with a dab of red paint are gone d@dgno sailor would put up with it

anymore. Windvane gears are robust, durable andeasily satisfied. Wear is absolutely
minimal, and assuming they avoid any close encosintéh the harbour wall many systems

can soldier on for 30 years or more. WINDPILOT eys$ often come back after a

circumnavigation showing hardly a trace of weagreafter one or two knock-downs on the

way.

The minimum acceptable in terms of maintenance atsdo cleaning the bearings and
checking all the bolts and screws. The windvaneradder blade will also need recoating

from time to time.
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A word of cautionoiling or greasing sliding bearings can leadtmbtems caused by
gumming or chemical reaction with salt water, cimggthe good sliding properties. There
are still some sailors who refuse to concede thei, vaseline and silicone spray have no
business getting into a sliding bearing, and aee urprised when their gear starts to stiffen

up.

Tip: Fittings in the rig and on the spars, indeedwaennections of any type, will remain
unseized for years if coated with lanolin. Lanobnwool wax, is the substance that keeps a
sheep’s fleece waterproof in the rain. Every bbaugd have a pot of lanolin on board - it
also makes great hand cream! Another way of inhipiany kind of electrolytic corrosion
between different materials is to coat the corsiaea with Duralac jointing compound

DIY construction

Twenty years ago the subject of home-made windste®ring systems merited a whole
chapter in books like this one. But also, 20 yeas, of course, the average boat in need of
windvane steering was small enough to make DIYqutgja practical alternative. The
average length of today’s blue water yachts is@ggting 12 m / 40 ft, and even much larger
yachts are not uncommon. Most owners have condilyebatter financial resources now as
well, and with the general standard of fitting betng so high the home-made option seems
less attractive.

The Bibliography lists older books on the subjddbuailding your own windvane gear for
any sailors of more moderate means who mightli@lto save some money this way. You
should be aware, however, that there is a thriggmpnd-hand market for good windvane
systems for smaller boats. Older systems that@tenger in production have been included
in the market summary in Chapter 11 to help wittosd-hand purchases.

We can only advise you, in the strongest posséi@ag, to ensure when planning a long
trip on a small boat that you choose a capablepanekn system rather than relying on a
home-made system which falters when things getiroNgver loose sight of the bottom line:
if your gear fails, you either steer by hand ohgme early.

Building a new boat

When surveying the considerable number of new bbats production models and one-
offs, built for long distance sailing it is apparémat many errors are made with respect to
self-steering equipment. When buying a brand naméygtion yacht many sailors simply
rely on the competence of the broker. The boat émgnes with a whole host of complex
electrical and electronic systems and only latedoes the owner discover how important (or
unimportant) individual items are. Indeed thereearen a few larger boat builders who
simply refuse to install windvane systems or offfset swim ladders as a build option on
their blue water yachts because this disrupts mtoalu There is also perhaps an assumption
here that somebody in the process of buying a reawwill be too preoccupied with other
things to get around to requesting relocation efaWwim ladder, even though it would create
very little extra work for the builders. Of the rigumber of Hallberg Rassy yachts currently
steered by Windpilot, fewer than 5 had the geseditluring production!

Sailors do however seem to be increasingly awaenviluying a new boat that the ideal
solution to all self-steering problems is a welltaieed autopilot and windvane steering gear,
a subject we shall return to in the Chapter 7.

If you plan your self-steering requirements catgfitlis worth considering fitting a
relatively small autopilot for operating the maudder in addition to a windvane gear. Each
system will then be in a position to cover diffearamnd and sea conditions and the total
expense will be lower. Boat builders usually ingpawerful autopilots, but these may well be
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inappropriate alongside a windvane gear becausautiopilot will be used predominantly in
calms and for motormg

Self-steering gear is standard on these yachts moored at Las Palmas
November 1995

An important design consideration when buildingha-off for long distance sailing is the
fact that once at sea steering will belong almgslusively to the ‘iron helm’. The operating
characteristics of the planned self-steering eqaiftirfor example a windvane gear, should
therefore be reflected in the design: tiller stegiis always best for a servo-pendulum system
(see Tansmission to tiller steeringJeven large, heavy ships can be designed witr till
steering if required. Some sailors will still prefeheel steering, either as a matter of personal
taste or because they are planning a centre codktinherent inferiority of wheel steering
with regard to force transmission from servo-pendufears can easily be overcome by
routing the steering through the emergency tiNdany French wheel-steering boats feature
an arrangement in which the force from the whephissed directly to the emergency tiller
via lines rather then passing through the deckdoaalrant: free the tiller of the lines running
from the wheel and it is ready for connection seavo-pendulum gear. This makes an
expensive double rudder system unnecessary.

Not only does tiller steering outshine wheel stagin terms of reliability and simplicity, it
also indicates errors in trim or balance (for exkEngb the need to reef) much more clearly.
The tiller strains visibly when weather helm is essive.

Sometimes a hydraulic rudder system is essentialdsign reasons, for instance if the
boat has more than one steering position. Servdigem rudders are only compatible with
hydraulic steering given certain preconditions (dgdraulic wheel-steering systenms61),
so it is usually necessary to go with an auxiliargder or double rudder system. A reliable
means of blocking the hydraulic system and keefliegnain rudder stationary is absolutely
critical here; if the main rudder is subject to thuences of wave action the windvane gear
will be functionally useless. It may eventuallyrecessary to physically fix the main rudder
in place using the emergency tiller, which makesrapon laborious because the emergency
tiller has to be released every time the main ruttita is altered.

The main rudder should ideally be well balanceds Kieeps the required steering force
low, enhancing the sensitivity of a windvane stegsystem and saving power with an
autopilot.

The deck layout aft should reflect the fact thatiiad vane works better upwind the less
turbulence it encounters. Seats, liferafts, dodgarthe lifelines, high cabin tops close to the
stern, etc. reduce the sensitivity of a wind vé@8m@ay hoods and other projecting structures
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further away from the stern cause no such probkEnt® no boat sails much closer than
about 35 degrees to the wind and from the wind ¥hiseangle encloses nothing but open
sea.

The bolts supporting a windvane steering systemldraways be accessible from the
inside of the boat. Care must be taken not to obstiem when working down below at the
stern, for example when fitting out an aft cabfrydu are fitting a system on a finished boat
and the aft cabin has wooden panelling, the bastads to drill the bolt holes right through
the hull and panelling from the outside and thetnagvay the wood around the bolt holes from
the inside using a circular cutter. Once the systambeen mounted the holes can be covered
with wood, leaving the bolts concealed but readidgessible.

The desired transom form is also of key importamben building a new boat. Modern
transoms with an integrated swim platform (sugaopg are ideal for the installation of
windvane steering systems as long as the platfa@s dext extend too far aft, as this entails
extra mounting work. Double rudder systems may deeimstalled with the auxiliary rudder
part protected within the platform, either by insey the shaft of the auxiliary rudder through
the platform or, better still, by integrating atsiuto the back of the platform. The pendulum
rudder part in any case remains clear of the swatiggm and can easily be swung up out of
the water.

Another consideration for owners eyeing up thecaltin as the owner’s cabin: autopilot
drive units operating on the rudder quadrant diyagtder the berth can be quite noisy and
have been known to drive sailors out of their bukechanical linear drive units are much
noisier than hydraulic linear drives.

Too many sailors wait until the very last minutédse deciding to fit a windvane steering
system. By this time, with departure imminent, skexn is already fully loaded and the
ensuing tide of compromises required to find sgacéhe vane gear causes sleepless nights
for both owner and manufacturer. The fault doesahways lie with the owner, however.
Some boats have particular features which necessixdra mounting work and additional
(heavy) supporting structures. Worst of all aresthwith a platform at deck level whose
design all but precludes the installation of a wisnte gear. Often the only solution is a set of
additional heavy mounting brackets below the ptatfca proposition which tends to send
owners into shock. The moral of the story is: la€koresight with regard to the layout of the
aft end of the boat is very difficult to rectifytéa on and the requisite compromises habe a
tendency towards the aesthetically offensive.



Sugar scoop of a Carena 40 fitted with a Windpilot Pacific Plus ready
for an Atlantic Crossing in November 1996

Sugar scoop of a Taswell 48
showing a Windpilot Pacific Plus
system with the pendulum arm in the
raised position.

Types of boat

Choosing a boat can be anxious work. There areasty pitfalls and so many potential
mistakes that can be made which only become applaten, out at sea or in specific
circumstances, mainly bad weather. The followingfldiscussion of the basic types of boat
should help to anticipate some of these pitfalls.
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Long keel boats

This classic form dominated yacht building for mamars. The long keel promised good
course-holding abilities and great seaworthiness,ovided a sound structural backbone
for any yacht. The rudder hung at the aft end efiibel. S frame construction combined with
V shaped frames in the whole bow section ensuremtnpassage through the water and a
calm and comfortable boat.

The courageous rescue missions of Norwegian Sadbn Archer, who took his
unmotorised double-ended cutter out into the NAttantic to rescue imperilled fisherman
even in hurricane force winds, live on in legendusrd the globe. His experiences spawned
innumerable new designs and are synonymous withally unlimited seaworthiness. The
CA mark is familiar to sailors the world over.

Bernard Moitessier was also a fan of the long kaeekelected for hidoshua This was the
boat he was racing around the world when he fargasste up victory, dropping out and
setting sail for the South Seas. The design idstilt under the name “Joshua” in almost the
original form.

Relevant to our purpose are the steering charattsrimparted by long keels. Boats of
such design hold a straight course very well, bilitay should get away, the unbalanced
rudder makes the steering force required to biwegobat back onto course quite substantial.
They require servo-assisted windvane steering syséad reasonably sized autopilots.
Manoeuvring these boats in harbour requires stna@mges and a cool head at the helm (or a
couple of large fenders!).

Whether long keel boats are safer and more seayvitréim boats with an shorter keel and
a separate skeg-mounted rudder is a common toielate. The fact is that the relative
stability in a sea at the same time makes rapidiegaction, for example to avoid breaking
waves, considerably more difficult. The large latesurface area of the long keel means that
leeway is only slight in heavy weather, which irages the danger of capsize. The protected
position of the rudder behind the keel and itsdsattachment from top to bottom, however,
could not be better from the point of view of sgfet

Fin and skeg

The Sparkman & Stephens design office turned gueat many yachts in the 1960s and
1970s that are now considered to be classics.l&lbwan yachts had a long fin and the
rudder mounted separately on a robust skeg. Theefgattern was similar to that of the long
keel designs and V shaped frames were used herella® ensure comfortable sailing, gentle
motion and peace down below. These boats were ileetremendously seaworthy, but faster
on account of their smaller wetted surface areabatietr behaved under engine - even in
reverse.

A long fin is fairly easy to steer since, althoubk boat can be brought back onto course
with less steering force, the keel still has sudfit surface area to keep the boat heading in a
straight line. The steering forces required ars festhis design than a long keel because the
rudder blade has a balancing portion below the.dkimgand skeg boats are equally well
suited to autopilots or windvane systems.

The fin and skeg configuration is clearly the predd choice of the fleets of sailors
passing through the Canary Islands bottleneck exemy en route to warmer climes. All the
classic cruising boats from Hallberg Rassy, Moddigjad, Nicholson, Oyster, Amel and
Westerly fall into this category. The very firsbgnding, collision with flotsam or storm is
enough to convince every sailor of the significaot#hat strong skeg retaining and
protecting the rudder.
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Deep fin keel and balanced rudder

This configuration offers greater speeds and imgdawanoeuvrability in harbour and is
widespread today. The hull frames are trapezord#ie bow section and wide and flat
towards the stern, a design which is good for ledpng the waterline (and hence speed) and
that promotes surfing, but that reduces comfob@ard. These boats do not carve through
the waves but rather bang hard against the walbey @re noisy and uncomfortable to sail,
but since the difference in comfort only becomegsaapnt on extended voyages the average
sailor is unlikely to notice.

As far as the small contact area between keel athéiind the completely unprotected
rudder are concerned, it seems astonishing thag s@ippers are prepared to set out on
extended blue water voyages without even an emeygeider on board.

Fin keel boats are easily steered by windvane syste as much as the boats are very
responsive to the helm and steering impulses arefttre converted to course corrections
promptly and quickly. The same applies to autopjlatthough the more rapid yawing of
some fin keel boats can test the intelligence efelectronics to its limits.

Extreme yachts that are designed to plane are tmh of a handful for windvane systems
(seeThe ultimate limits of windvane steerjqy78): only the highest specification autopilot
motors and hydraulic pumps have the power and speeessary to keep them on course.

The hull lines of this Sparkman
& Stephens guarantee
comfortable sailing

The
seaworthiness
of classic
Colin Archer
yachts is
undisputed;
Hans
Christian
moored in
Chesapeake
Bay in 1996




A Concordia
from Abeking &
Rasmussen at
Rockport Marina,
Maine in 1996

Centre-board or internal ballast

Boats of this design, in which the ballast is higie, derive their basic stability from their
width. They are consequently wider than other desand more sensitive to trim. Increasing
heel is almost always accompanied by increasingheeaelm, which creates more work for
either self-steering option.

The hull is generally of trapezoidal cross-sectibthe bow, which suggests a less
comfortable ride at sea. A number of boats on tieaé¢h market feature a small trimming
rudder in addition to the internal ballast andeasier to trim as a result.

The hull lines of a modern yacht with a balanced rudder: fast, but not
particularly comfortable
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The keel and rudder of these Dehler 36 are very susceptible to
damage during grounding

Boats with internal ballast perform
well off the wind. a second centre-
board makes trimming easier. This
French Via 43, Octopus, went round
the world with a Windpilot Pacific.
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Multihulls

Catamarans

Catamarans have a relatively long length alongviterline and no ballast at all, and
consequently hold a straight line very well. Thegsure on the rudder is relatively low as
well, so they are easily steered.

They accelerate far faster than monohulls in tHésphowever, which causes dramatic
fluctuations in the apparent wind angle. The sasrteuie in the lulls: they slow down quickly
and the wind swings aft. The principle is as fokowwhen a gust hits a monohull, it causes
increased heel and minor acceleration and the eppatind swings forward only a little. A
multihull is unaffected by heel but accelerateshly; the apparent wind angle swings
forward markedly.

This explains why catamaran sailors have alwaysd@imost exclusively on autopilots.
However a windvane system can be useful on extenolgahes.

Servo-pendulum systems can produce perfect steenimgtamarans. The great speed
potential allows the pendulum rudder to generabstsuntial steering force. The wind vane
functions well as the steering impulse generatdorg as the wind strength and angle remain
constant. It is no good in gusty weather or ifwhed strength is variable because the
windvane system will snake all over the placehese conditions the wind vane can be
removed and a small autopilot (cockpit autopil@g@di to furnish the steering impulses.

This 15m/48 ft catamaran moored off Las Palmas sailed around the
world with a Windpilot Pacific.

A servo-pendulum system can obviously only functi®steering force transmission to the
main rudder is smooth. The steering lines shoutdunder any circumstances be lead via the
wheel adaptor to a wheel steering system as thelugyaormally some way from the stern on
a catamaran. Transmission to the emergency tikkeksvonly if the wheel-steering
mechanism can be disconnected; this of course &sstirat the helmsperson can easily reach
(and steer with) the emergency tiller whenever ssasy.

A better approach involves parting the mechanioahection between the two rudders,
leaving rudder no.1 connected to the wheel for rmbsteering and for fine trimming the
course when the windvane system has the helm,@mtecting rudder no.2 to the servo-
pendulum gear via the emergency tiller and theisigdéines. Hydraulic steering systems can
also be adapted by this method.

Auxiliary rudder and double rudder systems aresmitible for installation on catamarans.
The aft beam crosses high above the surface sotmguhe gear sufficiently close to the
water proves difficult. Even if mounting on the bam was possible, it would still leave the
auxiliary rudder completely exposed to flotsam.
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Trimarans

The single rudder blade on a trimaran is much reasaly controlled than the pair on a
catamaran. Servo-pendulum systems can be usedgaddhe boat has tiller or mechanical
wheel steering. Auxiliary rudder gears are lestable because the outboard rudder of most
trimarans makes proper positioning of the auxiliargder blade difficult. This type of gear
also lacks the power required to cope with trimasp@eds. Double rudder systems are totally
unsuitable. The two rudders of the gear would hawéle directly behind the outboard main
rudder, and the auxiliary rudder would then bediose to the main rudder.

Rig: sloop, cutter, yawl or ketch

Traditional long keel yachts were often yawl- otdkerigged to improve the balance of the
sail plan. Especially in heavy weather the forealaihe struggled to keep the boat tracking on
course: increasing speed and heel pushed the cénateral resistance forward dramatically,
generating substantial weather helm that had teabenced out with a mizzen.

Yawl-rigged boats are always easy on the eye; this beautiful,
tradinional yacht was moored in Newport, Rhode Island in 1996

Blue water sailing today is dominated by fin andgkoats (separate keel and rudder) on
which the rudder and skeg are quite far aft. Toentre of lateral resistance does not wander
to the same extent in response to rising boat spegceater heel; they hold a course well and
have no need of a second mast. Indeed all theebofigurations used today are able to
deliver good all-round sailing performance withawugecond mast.

A mizzen which extends over the
transom causes problems for a
windvane
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A mizzen
which stops at
the transom is
much more
convenient

A mizzen staysail may well be a trouble-free arfdative sail, but second masts cost
money and increase the weight aloft. Not only thadtthey are seldom used anyway because
on typical trade wind courses the mizzen contribmtere weather helm than drive. Most
mizzen booms and sails will impair the functionofga windvane, which prefers undisrupted
air flow, and interfere with its turning radius. Btarguments for a second mast rest on other,
unconnected factors: a mizzen mast provides a gedor antennas and radar and, most
important of all, two masts look better in photqgra!

The cutter rig probably provides the best comprerbstween good steering and
uncomplicated boat-handling. It can be trimmedalabce just about every kind of boat and
the distribution of the sail area over severaltrnetdy small sails makes boat-handling fairly
straightforward even for small crews. Cutter-riggeaists also have a considerable safety
advantage: the two additional stays, the backstdytlze cutter stay, significantly reduce the
risk of dismasting, a real confidence-booster ittedre conditions.

Swim ladders, swim platforms and davits

The presence of a swim ladder in the centre of
the transom admittedly makes installing a
windvane gear slightly less straightforward, but
the swim ladder is not necessarily as important
on long-distance voyages as some people think.
The idea that a swim ladder is an essential means
of recovering a crew member lost overboard
sounds good in theory, but MOBs are most likely
to occur when the sea is rough, the boat is
bouncing around and under the transom is a very
dangerous place to be. The crew member would
be better recovered over the side in these
circumstances. Folding swim ladders stored in
plastic boxes and positioned on both sides of the
boat amidships would be a practical solution.

Ideal combination of swim platform
and windvane gear on a Roberts 53.
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A swim platform is the perfect landing place ormagd voyage and makes boarding the
dinghy much easier when lying at anchor. It shodéglly be about

50 cm / 20 in above the water. Often standard odamoFrench designs, this feature only
really comes into its own on a long trip. Aftereavfrounds of struggling up the swim ladder
with provisions or fuel cans a sailor could easihyne to covet his or her neighbours’
platform. The platform is also good for showeringresh water after a swim as it keeps the
salt out of the boat. With proper planning it istgyossible to install a windvane gear and a
swim platform at the same time.

Davits and a acific Plus are perfectly French Ovni 43, moored in Las Palmas,
compatible on this HR 41 in Pepeete. ready for a long passage.

Davits can be fitted in around a windvane gearmive following. An inflatable will
spend the bulk of a long-distance trip either lastoethe deck or packed away and stowed. It
would be irresponsible on an ocean crossing tceleatender exposed on davits to bad
weather and big seas, and with the dinghy outeftly the windvane gear has all the space
it needs. Modern windvane systems can be remowvgoueckly, so it is perfectly
straightforward to swap between the tender andi¢lae as required. The pendulum rudder is
the only part of the PACIFIC PLUS which could fabé tender, and this can be removed by
undoing just one bolt. The auxiliary rudder doesinterfere with the tender at all.

Following the suggestions above it should be ptsstdcombine swim platform, davits,
offset-mounted swim ladder and windvane gear afieesjoy the full benefits of each. They
all play very useful roles at various points oflagowater voyage and it would be a shame to
have to manage without. The Pacific Plus could éeepartially integrated into the swim
platform, given a little forethought, which amongster things would help protect the
auxiliary rudder when reversing. Even the pendulumt could be protected: it is angled
down and back by 10 degrees in use, and therefoamd forward by the same amount in its
raised position, so if the platform extended bacthe shaft it would project beyond the
raised pendulum rudder.

Consideration should also be given to the postigmf the various antennas. An
equipment carrier with integrated davits such asfdwoured by French Garcia yard is an
ideal solution, putting the GPS, Inmarsat, radar dHF antennas, solar panels and wind
generator about 2m / 6 ft above the deck. Thistiposkeeps them clear of the crew and
ensures good reception, short cable paths to tedviers and, perhaps most importantly,
protects the sensitive antennas from clumsy creshpit-mounted GPS antennas are forever
being sat on or mistaken for convenient handholds.



- 101 -

A practical and visually unobjectionable soluti@analways be found provided the
requirements of the various items to be fittedpaoperly assessed in the planning stage.
Every subsequent addition or modification (eg dawitind generator mast, etc) means extra
weight and more unattractive clutter

Mounting a windvane gear

Mounting a windvane gear on wooden, aluminium eelsboats poses no problems at all
since all three materials have sufficient locatstyth. There is no real need to reinforce the
inside of the transom and those owners who chapaayway do so mainly for the good of
their nerves.

The inside of a composite hull transom, on the olaad, normally has no structural
stiffening members and, depending on the partidudat and the system to be installed
(weight, load distribution of mounting bracket), ynaell need reinforcing. The inside of a
GRP hull with a sandwich laminate transom shoulthgs be reinforced around the mounting
points with wood or similar before installing a wirane gear.

Important: Seal all the through hull fittings with silicone sikaflex on the outside only. If
you seal on the inside as well it will be impossitd check for leakage in the outer sealing
and any water entering will penetrate into the faate undetected.

The fastening components of a windvane gear shaduldys be through-bolted on a steel
or aluminium hull. The alternative, welding reinforg patches onto the outside of the
transom so that the bolts can be accommodatedna bbles, will indeed prevent water
leaking into the hull, but is very difficult to rap after a collision. It also causes substantial
corrosion in steel hulls. Both steel and aluminpmssess sufficient local material strength to
support installation of a windvane gear without arjra stiffening measures.

Vessel size

Boats of 18m / 60 ft at present represent the upper
limit of what can reliably be steered by a windvane
steering system. Bigger boats rely almost
exclusively on electronic systems; the heavy
equipment and availability of auxiliary generators
justifies the use of the most powerful autopilots.

The corresponding lower limit seems to fall close
to 5m / 18 ft, a length of boat not unheard of for
extended voyages. A gear appropriate in other
respects for a boat any shorter than this would, at
around 20 kg / 40 Ib, be too heavy.

Windpilot Pacific Light on a
Crabber 24
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Man overboard function

The three modules of the
EMERGENCY GUARD system

In England alone, fifty fishermen drowned aftetife overboard during 1996 — which
means, on average, almost one every week. Thenmagtof parting company with the boat
unintentionally haunts every sailor and indeed gyperson who takes to the sea. Itis a
nightmare which often becomes reality, sometimestsgularly as in the 1996 Vendée
Globe, but more often completely unnoticed by thblig (although no less painful for the
bereaved). Only seldom does some guardian angebapp pluck the unfortunates from the
water.

Distress detection and rescue efforts span theeglmlry and ensure that emergency
assistance reaches those who need it before cdldx@osure take their toll. There can be no
feeling as lonely or absolutely terrifying as fla@mning in the wake of your boat as it sails off
towards the horizon. The international maritimeebafndustry has for years been racing to
develop a way of stopping a boat under autopikxratg.

The Emergency Guard system for autopilots appaar€gdrmany in 1996. Each crew
member wears a small command set with a buttoraa®hsor. If the button is pressed or the
sensor is submerged, the command set sends a tghalautopilot telling it to turn into the
wind. The autopilot has a dedicated clinometer Wigiasures that it turns into wind and never
away from it. The foresail backs in this positiordas soon as the clinometer registers heel to
the other side the autopilot puts the rudder haeet-again, leaving the boat stationary from
drift. This means in practice that the boat tunmts the wind within 5 seconds of the system
triggering and, depending on the speed and chaistate of the boat, the rudder is hard over
and the boat speed indicator at zero within an@beseconds.

The system can also be wired up to perform fouitihal tasks, namely:
actuating an engine cut-off switch;
triggering an audible alarm or the MOB functiontbe navigation instruments;
activating an automatic rescue module (explosivadaed lifebuoy and line);
activating an EPIRB transmitter.

rwnh R
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EMERGENCY GUARD comprises three components:

1. A command set worn around the neck on a loop. dbp &lso serves as the antenna.
The coded signal prevents accidental operationfoyesgn command set and has a
range of about 600 m.

2. A controller which receives and passes on the &iginaan also be operated manually
as well as by the signal.

3. A sensor unit, mounted below deck, which controésoeuvring. The clinometer is
highly sensitive, so care must be taken duringliaton to ensure the unit is
absolutely level.

EMERGENCY GUARD solenoid switch on
the Windpilot Pacific

The system is also suitable for multihulls sinae ¢hnometer is sensitive enough to detect
even the relatively slight heel they experienceegponse to wind pressure and also to
eliminate the motion of the boat. Self-tacking &a#s must be fixed in place otherwise the
foresail will not back.

A new feature of the EMERGENCY GUARD system, depeldin collaboration with
WINDPILOT, enables it to be used with the PACIFEw®-pendulum gear. The signal from
the command set is passed to a solenoid switchhwiricouples the gear from the main
rudder, leaving the boat to round up into the wand stop.

Summary

Every windvane steering system has precisely defiingts imposed by the level of
technology it enjoys. Some systems, depending @n plower leverage and damping
properties and the characteristics of the boat,heid out for longer than others, but sooner
or later all will eventually lose control. Consetiva reefing helps to put this moment off by
reducing the magnitude of the course correctiogaired. A system with well-matched
steering force and damping and a good reservewéipwill always give better results than
one which requires continuous manual tweaking &pkg with changing sea and weather
conditions. Although the rudder pressure requioekieep a boat on course is normally quite
low, every sailor knows how rapidly things changdeavy weather or tradewinds sailing.

The perfect windvane gear possesses the senstbvitger in light airs and the power to
cope with serious weather. Auxiliary rudders, witthe or no servo-assistance, run out of
answers relatively quickly. The enormous powermesseof servo-pendulum and double
rudder gears facilitate effective steering ovearagieater range of conditions. Choose the
wrong system and you either steer by hand or reétuport!

The best system from the crew’s point of view wolbddone which works as a closed
system, providing optimum steering without demagdindless manual adjustment. The
greater the scope and need for manual adjustmemtitoise steering, the more chances there
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are of error (human or mechanical). Ideally thevcsould be able to concentrate exclusively
on sail trim and the boat and leave steering tauinelvane gear.

With the steering handled by the windvane gear, there will be plenty
of time to concentrate on sail trim on this Dutch 47ft Judel Frolic.



- 105 -

v

Combination Systems

Combining autopilot and windvane steering systems

Today autopilots are often standard equipment looad They are a good option for
everyday use in weekend and holiday sailing, beitcse in favour of a windvane steering
system grows with the length of the planned voyagpecially when sailing with a small
crew, and is virtually irresistible for ocean crogs. There can be no doubt, in the end, that
the best self-steering solution for blue waterisgils to carry both an autopilot and a
windvane gear.

There is one remarkably ingenious method of comigithe advantages of the two
systems which, despite having been described ail@ttvarious times in just about all the
major sailing publications, has still failed to gletough to the majority of sailors. If a small
push rod autopilot (e.g. Autohelm 800) is connettetthe counterweight of a servo-
pendulum gear, it can be used to supply the sigémpulse in place of the windvane.
Amplification and transmission of the steering otake place as before. The autopilot can
now steer the boat on a compass course with exlydave power consumption because the
only force it has to supply is that normally supdlby the windvane (i.e. that needed to rotate
the pendulum rudder). Multiplying the steering ®af the small Autohelm 800 autopilot by
the servo force of the pendulum rudder producesgmateering force at the main rudder to
steer a boat of 25 tonnes. This combination igqadarly useful in long following seas and a
very light following breeze when the wind strengthnsufficient to produce a proper signal
from the vane but there is enough boat-speed e the servo- pendulum arrangement.

Synthesis of autopilot and A combination of Autohelm and
windvane steering system with Windpilot Pacific Plus on a
remote control is ideal when Nicholson 48.

cruising shorthanded
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The autopilot/windvane gear synthesis managegnactical sense to overcome the
physical constants between input/output and etattpower/steering force outlined in the
AutopilotsChapter 3.

An autopilot can be coupled as described to almogtwindvane steering system.

Auxiliary rudder gear:

The autopilot is coupled to the small emergendsrtibut there is no servo effect since in
this system the windvane, and hence the autopilots the auxiliary rudder directly. This
arrangement is only called for if a push rod adtamannot be connected to the main rudder
tiller (e.g. wheel steering). An autopilot conneltcte the emergency tiller will often set up
vibrations when motoring because the auxiliary mrdd in the turbulent wash from the
propeller.

Servo-pendulum gears:

The combination produces best results and is nassiyeealised with this kind of gear.
The small retaining pin for the push rod systemlmamounted anywhere on the windvane or
counterweight. The maximum range of movement ofatimelvane or counterweight at this
point must be greater than the lock-to-lock diséaoicthe autopilot (Autohelm, Navico: 25
cm /10 in), otherwise the windvane can sustainatgnwhen the autopilot wants the rudder
hard over.

Double rudder gears:

The mechanical advantage of combining the systeragan greater here. The rudder of
the boat to be steered, usually a relatively ldag if it has a double rudder gear, is used for
fine-trimming the course so there is less pressarthe gear, allowing it to operate more
precisely.

The small Autohelm 800 system would in principlegide to manage all these
arrangements, but the convenience of a handheldteecontrol contributes to the appeal of
the Autohelm 1000, the smallest push rod syster tliis option, and Navico’s TP 100.

Years of experience have shown again and agaimtaay blue water sailors, especially
those with fewer miles under the keel, initiallaplon installing just an autopilot. They
choose a very powerful and robust system for safetiyreliability. After a few days at sea,
possibly before they are too far away from wellydigd ports, they then have a radical
rethink. Sometimes a few night watches out on ttean are enough to leave a crew yearning
for a more straightforward solution, for example tomfortable and silent steering of a
windvane gear.

The eventual conclusion of many yacht owners isttimpowerful autopilot was an
unnecessary investment; in the end, the wind ibéteer helm. They fit a small cockpit
autopilot to the gear ready for the doldrums aredthen equipped for anything. A combined
windvane gear/cockpit autopilot system can oftepitetogether for less money than an
inboard autopilot, and will without a doubt rack mgany many more hours at the helm.
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At a glance

System comparison: autopilots versus windvane steer ing systems

These are the pros and cons we have identified:

Autopilot: Pros

Invisible

Compact

Simple to operate

Autopilot module can be integrated with navigatiostruments
Better price (cockpit autopilots)

No interference with motoring

Always ready to operate.

Autopilot: Cons

Compass-derived steering impulse

Consumes electricity

Wind sensor less than ideal

Delayed steering response

Operating noise

Technical reliability

Limited life of transmission components

Steering deteriorates as wind and sea conditioihd bu

Increased load on the rudder bearings (the helregp&ararm gives a little to absorb
shocks from the tiller; the push rod, in contrasinains rigid, so the shocks are
absorbed by the bearings).

Windvane steering system: Pros

Wind-derived steering impulse

Uses no electricity

Steering improves as wind and sea conditions build
Immediate steering response

Silent operation

Mechanical reliability

Solid construction

Auxiliary rudder = emergency rudder

Long service life

Lower load on the rudder bearings (servo-pendulaar)goecause the connection is
not rigid
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Windvane steering system: Cons

No use in a calm
Operator error possible
Some systems interfere with manoeuvring under engin
Swim ladder may have to be moved (servo-pendulistesy)

Indiscreet

Sometimes complicated to install.

Autopilot versus windvane steering system

The differences:

Autopilot Windvane steering | Synthesis
system
Data network possible not possible possible
Steering compass wind compass/wi
impulse nd
Steering force constant steering progressive both
force/steering speeq increase in steering
force
Steering quality deteriorates as progressive as both
wind/sea build wind/sea build
Steering hours breaks to reduce steers both
power consumption continuously
Yawing angle manually depends on systel both
adjustable
Ease of push buttons requires careful setting
operation

The ultimate limits of self-steering

No self-steering system can keep a boat underaaadtithe time in all conditions. The
operating ranges of the various systems we haeesisd can all be expanded by careful
trimming and prompt reefing, that is to say by r@dg heel and, in consequence, the rudder
movement required to keep the boat on course. Tihessures almost always yield better

boat speed combined with better steering accuracy the self-steering system.
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The performance of a windvane steering system actually improves as
wind and sea conditions build

Every self-steering system has its own performamogle; it always delivers the same
steering force in the same conditions. Differenngserformance arise as a result of the
characteristics of the vessel to be steered amghricular, as a result of the willingness of the
crew to trim the sails properly (of course theygally have ample time and opportunity to
do so).

The importance of sail trim

The effects of poor sail trim are equally detringnd both types of self-steering system.
Poor trim for an autopilot means more pressurenemain rudder, more taxing operating
conditions (because more forceful rudder movemamsieeded) and, as a result, increased
power consumption. The system'’s reserves of poneitravel decline and yawing
movements increase; the autopilot loses contraleoo

Poor trim similarly reduces the power and travekerges of a windvane system. Poor sail
trim means weather helm - sailing with the handkérmen.
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The present situation

We have now discussed all the various systems taddo date. After 30 years of
development, the market offers the following opsion

Autopilot

cockpit autopilot
inboard autopilot

Windvane steering system

auxiliary rudder gear
servo-pendulum gear
double rudder gear

Combined cockpit autopilot/windvane steering system

The key criteria governing the choice of systemdatermined by the size of boat to be
steered. Boats are classified to this end accoroing

Size
Upto9m/30ft
Up to 12m/ 40 ft

Upto 18 m/ 60 ft
Over 18 m/ 60 ft

Design

Long keel

Long fin keel and skeg

Deep fin keel and balanced spade rudder
Centreboard or internal ballast

ULDB

Multihull

Speed potential

Planing boat yes/no ?

Steering

Tiller
Wheel, mechanical
Wheel, hydraulic

Cockpit positioning
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Aft
Centre

Use

Holidays and weekends
Coastal sailing

Blue water sailing
Racing

Self-steering under sail means relaxing sailing with no work at the
helm on this 40 ft Dutch Carena

Trends

Somewhere between 80 and 90 percent of all seargailing yachts now have an
autopilot. Raytheon, which manufactures the AUTOINEIange, has the biggest share of the
combined world market. The company is responsiimefconsiderable proportion of the
development work done on yacht autopilots andeswlarket leader in cockpit autopilots. It
shares the inboard autopilots sector with the Ngrareproducer ROBERTSON, which
concentrates on fitting out merchant ships anbdeswarket leader for very large yachts, and
the British company BROOKES & GATEHOUSE.

It took 20 years for simple push rod autopilotgvolve into the computer controlled,
network-integrated navigation modules producedypdastriking measure of how much
things have changed on board in less than a gemerat powerful reminder, as well, of how
even our most advanced technology still bows dogforle principles of physics. Somehow,
as many sailors have come to understand, thesagea seem to have sharper claws out at
sea.

Engineering defects in an autopilot almost alwagammanual steering, an exhausting
prospect far from land. A quick look at the listtie Las Palmas ARC office of competitors
requesting autopilot servicing before the stathefrace every November confirms how often
systems break down. The manufacturers’ engineecsaivtays fly out from England for the
event labour tirelessly and never find themselestof work. Many of the boats carry a
back up system as well, just in case.

Compared to the rapid pace of development in alatisptine progress of windvane steering
has been snail-like. Most of the systems on th&ketdaoday have remained virtually
unchanged from the day they were introduced. Onesible explanation for this is the fact
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that most of the manufacturers are too small talide to finance new projects, particularly
since research and development now involves suthdasts. On the other hand though there
is almost certainly an element of inertia, therals® a reluctance to change a product which
still sells. Finally, some manufacturers simplyrdi engage in design innovation, preferring
instead to find their inspiration in the productshimse who do push back the boundaries in
this sector of the market. Given that the customgenerally quite critical and demanding,
such copycat manufacturers tend, as history hasrgho find the market rather tough.

If the belief persists amongst some in the saiwogld that an ARIES is simply the ideal
servo-pendulum gear, this may well be because sadstrs simply have no knowledge of the
different systems available and therefore have agp of making proper product comparisons.
All the major servo-pendulum gear manufacturers wéma bevel gear linkage now in fact
employ identical kinematic transmission ratios. ifpeoducts do though differ considerably
in terms of execution, method of manufacture aglihst.

The rapid spread of the electric competition pubteanechanical windvane gear
manufacturers into reflective mood, even if thesglobrochures promising autopilot steering
for large and heavy boats for less than 1 ampeat leritated a good number of sailors. The
sometimes heated debate over the advantages a@uyalgages of the two systems continued
for many years. Now sailors have a very much ctgaicture of the pros and cons of all the
options and are well aware of the heightened ingmaoe of good self-steering on longer
voyages.

The definition of what constitutes a good windvateering system has changed
dramatically over the last 25 years. Any systen i@naged to keep a boat on something
approximating the desired course was considered@ess at first, and rustic appearance,
excessive weight, awkward handling and frequentceg were not a handicap. Today
windvane steering system manufacturers competanarket where the customer is quite
able to distinguish between products and weighsyévieg against the simplicity of an
autopilot: at the touch of a button!

One interesting observation that deserves mengaosithat almost everybody who
considers purchasing or does purchase a windvareagjeady has an autopilot. Once
installed, however, the windvane shoulders up & 8 the burden and the autopilot hardly
comes on at all when the sails are up. Jimmy Cbhasl confirmed these findings based on
the debriefings we mentioned earlier. The tenderfigiachts to carry both types of system
has become ever more pronounced over the 10 ARSS kalsich have now been held.
Windvane steering systems are still as importamtvas for reliable steering on long-distance
short-handed trips.

Practical tips

Using the criteria presented in this book you stidod in a position to choose a windvane
steering system for yourself, and the same goes éockpit autopilot. If you are looking at
an inboard autopilot, on the other hand, you wekkd the help of an expert for the
calculations with regard to rudder area, pressuteaal that are normally part of the ordering
process with the major manufacturers. These hefietermine the drive unit required.

It will quickly become apparent on reading the neakummary that follows that the whole
self-steering market has undergone considerableetoration in recent years. Few
companies are now capable of the international etidy, with its multilingual brochures and
constant presence at the international boat shetish catches the eye and wins the
confidence of the potential customer. Autohelm, Bs&Robertson, Hydrovane, Monitor and
Windpilot are the manufacturers who visit all ther&ean shows and offer good and prompt
customer service. They are also the companies wdyssems are sufficiently well known and
regarded to guarantee the continuity of the busines

The number of companies that have shut down oeeydhrs illustrates how discerning the
customer is in this market. A good product aloneasenough. Reliable advice and good
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personal service are the basis of this delicatebss in which honesty and realistic promises
are more important than big words which disapp@aihe breeze as soon as you leave
harbour. Written warranties may work well as aneatising technique, but they are very little
use when something actually does go wrong if tllerssuddenly finds, for example, that he
or she must first prove that negligence on boarsl n¢d the cause. What counts in such a
situation is quick and unbureaucratic assistandeaahe voyage can continue; a broken
windvane gear can very easily rubbish an itinerArgielay while the manufacturer requests
document after document to try and save some mooey the customer no good at all. Good
word of mouth publicity amongst sailors is whatgvaanufacturer strives for, and building
up the necessary base of satisfied customers yakes of good service and support. Once
there however, the systems all but sell themselves!

The start of the 1996 ARC from Las Palmas

The point to remember in this respect is that evenunsatisfied customer can, in the
course of a trip, express his or her dissatisfaaiten enough to trigger a flood of adverse
publicity which even the glossiest full-page adseduld not mop up. the only way to ensure
continued good business is to cultivate a ‘fan ‘dlulthe sailing community: the sea does not
tolerate poor advice, and the results are impassibverlook, for example when manual
steering becomes essential because the automstirsias failed.

It is curious that sailors seem to have a splisgeality when it comes to warranties. Faults
in an autopilot are accepted more or less silanityit is often impossible to assess the
accuracy of manufacturers’ promises regarding natibns, improved quality and hence
better durability until after the warranty has ergi The demands on a windvane steering
system are normally somewhat greater: owners eftpect the gear to be virtually perfect for
the whole of its life. The tiny number of used gyss available on the market (excepting
those smaller systems shed as an owner movesahbigger boat) suggests how satisfied
customers are even over the longer term.

The major companies in the market have earned $hewess through endurance, regular
presence at the shows and good references fromndimgacustomers. The table below
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showing the prevalence of the different windvameshg systems in the ARC fleet over the
last two races gives a fairly accurate idea of Wisigstems are currently popular.

Windvane steering systems in the ARC

System 1994 1995
Aries 5 7
Atoms - 2
Hydrovane 7 7
Monitor 5 5
Mustafa 1 -
Navik 1 2
Sailomat -

Windpilot 13 18

The autor (left) and Hans Bernwall of
Monitor at the 1996 London Boat Show

Distribution

The gap between autopilots and windvane steerisigg)s in this respect could hardly be
larger. Because of the large market volume, audtypdre offered via global distribution
networks in which direct contact between manufaetand customer is virtually non-
existent. Only large manufacturers have the ressui@ set up and maintain a worldwide
service network, an important consideration folosaion a long trip. The major
manufacturers visit all the big boat shows.

Windvane steering systems are almost always soédttii. Personal contact between
manufacturers and sailors is normal and the custeroenfidence is often based on it. Living
in the age of Inmarsat, fax, e-mail, UPS, DHL amfteight there is no corner of the world
with which direct communication and supply are irsgible. Manufacturer beware - if your
products fall short of the mark there is nowhefettehide!
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10

Technical information

Technical specifications of selected cockpit autopi lots
Autohelm Navico
AH ST ST ST ST 4000| ST 3000 ST 400( TP TP
800 1000 [ 2000 |[4000T | TGP W 100 300
Voltage 12V 12V 12V 12V 12V 12V 12V 17 12
V V
Average
power cons.
standby 0.06 A|0.06 A|0.06 A|0.06 A |0.06 A |0.06 A |0.06 A |0.06 A|0.06A
25 % duty 05A |0O5A |0O5A |07A 0.7 A 0.7 A 0.75A |05A |05A
Helm speed
lock to lock
no load 6.7 sec| 6.7 sec| 4.1 sec| 3.9sec | 4.3sec | - - 6.5 sec| 4.2 sec
20 kg load 9.6 sec| 9.6 sec| - - - - - 9.0 sec| 6.0 sec
40 kg load - - 6.4 sec| 5.8 sec | 5.5sec | - - - -
Drive unit 57kg | 57kg | 77kg| 84kg 93 kg - - 65 K 85 k(¢
thrust
Push rod 25cm | 25cm| 25cm| 25cm 25cm - - 25¢m  25¢
travel
Wheel speed - - - - - 3.3rpm  55rpm - -
Max. wheel - - - - - 70 Nm 75 Nm - -
torque
Max. - - - - - up to up to - -
revolutions 3.5 3.5
Remote - + + + + + + + +
control
operation
Suitable for 2t 2t 35t 55t 9t 55t 6.5t 2.8t 55t
boats up to
Price
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The 12 types of windvane steering system

1 Windvane only V vane 2 Windvane only H vane

3 Auxiliary rudder V vane 4 Auxiliary rudder H vane

5 Trim tab on auxiliary rudder V vane 6 Trim tabauxiliary rudder H
vane
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7 Trim tab on main rudder V vane 8 Trim tab on nraidder H vane

9 Pendulum trim tab V vane 10 Servo-pendulum V vane

11 Servo-pendulum H vane 12 Double rudder H vane
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Summary of the 12 types of system

Brand

Vessel size

No Type Country of | o Power leverage| 3 c
origin s o -%
o ° 3 5 £ 5
5 |53 3 =8
> n a m n a
1 vane only Windpilot Nordsee Ger V no 0 no < 6nft/20| no
2 vane only QME GB H no 0 no <7m/23ff no
3 auxiliary Windpilot Atlantik Ger \% no 0 no <10m/33ft | no
rudder 2/3/4 Ger Y no 0 no < 10m/33ft | no
Windpilot Caribic
2/3/4
4 auxiliary Hydrovane GB no 0 no < 15m/49ft | yes
rudder Levanter GB no 0 no <12m/39ft | no
5 trim tab/ RVG USA \% yes < 25cm/10in no <12m/39ft no
auxiliary
rudder
6 trim tab/ Auto Helm USA H yes < 25cm/10in no < 12m/39ft | yes
auxiliary BWS Taurus NL H yes < 20cm/8in no < 15m/49ft | yes
rudder Mustafa I H yes < 20cm/8in no < 18m/60ft | yes
7 trim tab/ Hasler trim tab GB \% yes < 50cm/20in no <12m/39ft | no
main rudder | Windpilot Pacific Ger Y yes < 50cm/20in no < 12m/39ft | no
trim tab
8 trim tab/ Atlas F H yes < 50cm/20in no <10m/33ft | no
main rudder | Auto-Steer GB H yes < 50cm/20in no <12m/391t | yes
Viking Roer S H yes < 50cm/20in no < 12m/39ft | no
9 trim tab/ Saye’s Rig USA Y yes < 100cm/39in | no < 18m/60ft | yes
pendulum Quartermaster GB \% yes <100cm/39in | no <10m/33ft | no
rudder
10 servo- Hasler GB \% yes <150cm/59in | no < 12m/39ft | no
pendulum Schwingpilot Ger \% yes < 50cm/20in no <12m/39ft | no
rudder Windpilot Pacific Ger \% yes < 140cm/55in | yes < 14m/46ft | no
MK |
11 servo- Aries Standard GB H yes <190cm/75in | yes < 18m/60ft | yes
pendulum Aries Lift-Up GB H yes <190cm/75in | yes <18m/60ft | no
rudder Aries GB H yes <190cm/75in | yes < 18m/60ft | no
Circumnavigator F H yes < 140cm/55in | no <12m/39ft | no
Atoms F H yes < 140cm/55in | no <12m/39ft | no
Atlas GB H yes <160cm/63in | yes < 15m/491t | yes
Auto-Steer E H yes <139cm/51in | no <12m/391t | yes
Bogassol NL H yes < 120- no < 12m/39ft | yes
Bouvaan Can H yes 150cm/47-59in | no < 14m/46ft | yes
Cap Horn NZ H yes <120- yes < 18m/60ft | yes
Fleming USA H yes 150cm/47-59in | yes < 18m/60ft | yes
Monitor F H yes < 130- no < 10m/33ft | yes
Navik F H yes 170cm/51-67in | no < 13m/43ft | no
Super Navik S H yes <160cm/63in | no < 18m/60ft | yes
Sailomat 601 NL H yes < 140cm/55in | yes < 13m/43ft | no
Sirius GB H yes <170cm/67in | yes < 15m/49ft | yes
Windtrakker Ger H yes < 140- yes < 09m/30ft | yes
Windpilot Pacific Ger H yes 210cm/55-83in | yes <18m/60ft | yes
Light < 150cm/59in
Windpilot Pacific < 170cm/67in
< 140cm/55in
< 160-
220cm/63-86in
12 double rudder| Stayer/Sailomat S H yes <130cm/51lin | no < 12m/39ft | no
3040 Ger H yes < 160- yes < 18m/60ft | yes

Windpilot Pacific
Plus

220cm/63-86in
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Definitions

Power leverage = PL(see illustrations) This provides an indicatiortted steering force obtainable from a
system. The longer the lever is, the greater theristg force and, therefore, the better the stggrérformance
will be.

Servo poweris generated by harnessing the force of the whietirfg past the hull (boat speed)

Vessel sizdsee manufacturer’s specifications) The actuaabdities of a system with respect to maximum
vessel size are subject to certain limitationsr{pd).

RemembenWhat is the use of a system that can steer a baatly 60-70 per cent of likely conditions and
gives up off the wind whenever the wind is venhtigr very strong?

V vane yaw dampingThis provided by limited rotational deflection aine, maximum = angle of the
deviation from course.

H vane yaw dampingThis is provided by a bevel gear linkage with 28pgown ratio; automatic, yaw
damping, so oversteering is possible. Systems witherfect damping require more manual trim coroest
from the crew.
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Technical data of selected windvane steering system s
Operating | Windvan | Material Bearings Yaw Installed | Bolts
principle e damping by| weight needed
vl ol x| o] o2 Windvane System Rudder (kg/lb) for
<| ol & g’g ; lla-
Fl £ msta a
.g' tion
Aries STD + H| yes| plywood AL GRP sliding bevebge | 35/77 8
Hydrovane + H| yes| AL/ Dacron® AL moulded ball and 3 position | approx 4-6
plastic sliding linkage 33/73
Monitor + H| no plywood stainlesg stainless | ball and bevel gear approx | 16
steel steel needle 28/42
Navik + H| no thermoplastic|  stainless GRP sliding - 19/42 8
steel
Stayer/ + | H| no foam AL GRP/ needle axle 35/77 8
Sailomat 3040 AL angeled aft
Sailomat 601 + H no plywood AL AL needle/ ball leangled | 24/53 4
aft
Schwingpilot + Vi - GRP AL AL sliding V-vane 28/62 | 8
WP Atlantik + V] - stainless stee|/ stainless | GRP/ sliding V-vane 35/77 4
Dacron® stainless
WP Pacafic + H | yes | plywood AL wood sliding bevel gear 13/29 | 4
Light
WP Pacafic + Hl yes| plywood AL wood sliding begebr 20/44 4
WP Pacafic + | H| yes | plywood AL wood/ | sliding bevel gear 40/88 | 8
Plus GRP
Remote | Rudder Possible | Boltsto | Wheel Sizes Suitable for
control | blade notin | emergency| undo to | adaptor available| vessles up
use rudder remove | adjustable to
system | by
Aries STD + no lift up no 8 toothed 1 18m/60ft
wheel
Hydrovane option fixed or yes 4 - 1 approx 50 f
removable
Monitor + pivots aft no 4 latch pin 1 18m/60ft
Navik + disconnect | no 4 - 1 approx 33ft
and pull up
Stayer/ + drops out yes 2 - 3 18m/60ft
Sailomat 3040 downwards
Sailomat 601 + lift up no 1 fixed drum 1 18m/60ft
Schwingpilot + drops out | no 4 - 1 approx 40ft
downwards
WP Atlantic - fixed yes 2 - 3 10m/35ft
WP Pacific Light | - lift up no 1 infinite 1 30ft
WP Pacific + lift up no 1 infinite 1 60ft
WP Pacific Plus + lift up yes 2 - 2 40ft
60ft

KEY

AL = aluminium
AR = auxiliary rudder system
SP = servo-pendulum system
DR = double rudder system

WP = Windpilot
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11

A to Z of manufacturers

Autopilots

AUTOHELM

Founded in 1974 by British engineer Derek Faw@aitphelm has expanded continuously
and has been worldwide market leader from day one.

The characteristic 6 button operating pad was dhutced in 1984 and remains unchanged:
AUTO - autopilot on; +1/+10 - add 1 degree/10 degr® the heading; -1/-10 - subtract 1
degree/10 degrees from the heading; and STANDBY.

Autohelm merged in 1990 with Raytheon Inc., an AT multinational with 70,000
employees and interests in everything from refagas to autopilots to rockets, and launched
its own data transfer protocol (data bus) shoftigravards. SEA TALK (ST) denotes systems
which are equipped to use this data bus. A simpbdescable connection links all the system
components together, allowing them to exchange wogj GPS and nav-centre data.
Autohelm still leads the field in this area, ankital systems apart from the AH 800 are ST
compatible and can be linked to other modules. oAelim systems are produced at the
company’s site in England which employs about 30& company currently has about 90 %
of the market for cockpit autopilots and somewherveen 50 and 60 % of the market for
inboard autopilots for sailing yachts up to 60 feet

The range includes:
2 course computers (Model 100 or 300)
6 mechanical/linear-hydraulic drive units for vdsse to 43 t
5 hydraulic drive pumps
2 chain drive units

Autohelm has a worldwide distribution network waérvice centres around the globe.

BENMAR
An American manufacturer with only a limited presem Europe. Benmar supplies
autopilots for many 40+ foot motor yachts in theAJS

BROOKES & GATEHOUSE

English company Brookes and Gatehouse (B & G) wasded only a year after the birth
of the transistor and the onset of the electrorggslution. The company rose to prominence
thanks to two legendary instrument ranges, HOMERRERON, which appeared on
virtually all the bigger yachts of the day. Contiuws development in the field of onboard
electronics for the discerning sailor has helpeddabmpany retain a sizeable share of this
market. B & G competes internationally with a fiahge of integrated instruments. B & G’s
NETWORK PILOT, HYDRA 2 and HERCULES PILOT autopilsystems are available in a
range of specifications and sizes and are predartiynund on larger boats.

The range includes:
a) B & G NETWORK
2 course computers (types 1 + 2)
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3 linear-hydraulic drive units for boats up to appr30 m
5 hydraulic drive pumps for boats up to approxn20
a) B & GHYDRA 2 and HERCULES
2 course computers (types 1 + 2)
3 linear-hydraulic drive units
2 hydraulic drive pumps
1 chain drive unit

B & G systems are used in all the big races (Whdlr Fastnet, Sydney-Hobart,
America’s Cup, Admiral’'s Cup), where the emphasisquarely on the company’s excellent
transducer and tactical processing systems for Magg depth and navigation data. These
races are all fully-crewed events so autopilotsnaterelevant.

B & G has a worldwide distribution and service netiv

NAVICO

The only challenger to Autohelm in some parts efworld, Navico has been producing its
TILLERPILOT 100 and 300 models for years. A neweoiffig is the OCEANPILOT series,
an inboard autopilot in the same vein as the otberthie market. Navico too provides a full
range of integrated instruments.

The range includes:
a) TILLERPILOT 100 and 300
b) CORUS OCEANPILOT
1 course computer
2 linear-hydraulic drive units for boats up to 22 t
2 hydraulic drive pumps

Navico has subsidiaries in France, Britain anduBé\.

CETREK

Another well-known name and one of the pioneeténautopilot industry, this English
manufacturer also fits out commercial vessels.&Babffers a data bus and a complete range
of instrument modules for the recreational sailor.

NECO
This English company also has a background in carialeshipping. Neco expanded into
the yacht autopilot sector for a few years butr@s returned to its core business.

ROBERTSON

Robertson was founded in 1950 and initially conatl on the manufacture of autopilots
for commercial fishing, a market it quickly camedimminate. Norwegian Simrad Robertson
AS Group is now market leader in fitting out andoaswation for commercial and offshore
shipping. Its products range from complete steesimgd) navigation systems for supertankers
to special sonar equipment for commercial fishingtb.

The expansion into recreational sailing was a llgtep since autopilot systems
developed for the rigours of commercial operatia@aranalso highly suitable for sailing boats;
looking at the high-tech bridge of a modern oceaingytrawler the ancestry of our yacht
autopilots is plain to see. Robertson’s first yaaltopilot, the AP 20, was assembled from
cannibalised military receivers. It was introdu@ed 964. Self-adjusting autopilots were
essential for commercial shipping and, once avis|ajuickly became standard.
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The capabilities of modern yacht autopilots maysaenazing but they are really just
hand-me-downs from commercial shipping, where #raahds placed on (and indeed met
by) continuously operating autopilots are of anreht different magnitude.

Robertson autopilots are known for great robustaedsare particularly common on larger
vessels. They probably enjoy the lion’s share eflrldwide market for maxis and big
motor yachts.

The range includes:
7 autopilot systems
5 linear-hydraulic drive units
4 hydraulic drive pumps
8 hydraulic steering systems

Distribution is via the company’s own worldwide wetk of subsidiaries and service
centres.

SEGATRON

This small volume high quality German manufactinas been in existence for some 28
years now. The company and its five employees laugchall number of premium autopilots
every year, predominantly for use on maxis, inalgdiongert yachts. Segatron systems
naturally incorporate an NMEA interfaces to allavieigration into an onboard data network.

SILVA
This Swedish manufacturer recently introduced a Bas compatible inboard autopilot
with several drive unit options.

VDO
VDO is a German company and a subsidiary of ManaesfG. Originally built up as an
instrument manufacturer for the automotive industrigas been active in the marine sector
for some time. VDO launched its VDO LOGIC line, #mar integrated instrument system, in
1993.
The VDO LOGIC PILOT range includes:
1 course computer
3 hydraulic drive pumps
1 linear-hydraulic drive unit

VDO systems are distributed through branches imfaay, Austria and Switzerland.

VETUS

A big name in the watersports industry, this Dut@nufacturer has for some years been
marketing a range of British-built autopilots untlee name VETUS AUTOPILOT. These
systems are also data bus compatible. The rangelexa large selection of mechanical and
hydraulic drive units.

Windvane steering systems

ARIES (System type 11)

Nick Franklin started building the Aries servo-pehan system in Cowes, Isle of Wight,
in 1968. Bronze was originally used for the bewesdrg but was replaced by aluminium fairly
early on. The Aries gears in production shortlyobefFranklin closed up the business in the
late 1980s were still almost identical in appeaeatacthe very first units. Characteristic of
Aries systems is the toothed wheel course settiachamism with increments of 6 degrees.
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One story suggests that this component was neveifistbbecause a giant milling machine,
so big the roof of the workshop had to be raiseactmommodate it, had initially been
installed to machine it, and a subsequent chantesitoothed wheel design would have
negated all the work.

The Aries gear was carried on a number of legendaygges and came to epitomise for
sailors the robustness and indestructibility of haetcal servo-pendulum systems - even
though it had some glaring weaknesses in praclice.push rod connecting the windvane to
the bevel gear, a solid casting, was overbuilttaedsystem suffered in lighter winds as a
consequence. The push rod never experiences hagh &s its only function is to transmit the
force from the windvane which rotates the pendutudder. The 6 degree increments of the
course setting mechanism are not always suffigidimé going to weather: 6 degrees can be
the difference between sailing too deep and badkiagails.

The ARIES STANDARD pendulum rudder is complicateadtdnnect and disconnect and,
since it cannot normally by raised up out of theemaequires great care when reversing.
These drawbacks meant that the systems were ratypary suitable for everyday use on
shorter voyages and led later to the developmetiteoARIES LIFT-UP. Once the whole
windvane support had been disassembled, the batthysainodified gear could be released
and then pivoted up and forwards. Although undadilgtan improvement, the solution was
still not ideal since the gear was completely unset on the mounting during the pivoting up
procedure, a potentially dangerous situation iaa s

Nick Franklin, designer of the Aries  Aries Lift-Up
servo-pendulum system

The ARIES CIRCUMNAVIGATOR, basically an ARIES STAMRD with a better
mounting and a removable pendulum rudder, wasdnotred in the mid-1980s. Its wheel
adaptor uses a finely toothed wheel, allowing gadgdistment and setting.

Despite its disadvantages, the Aries system has bften the subject of imitation by
manufacturers happy to forgo the trials of innawmatand shelter in the lee of the excellent
reputation of the original.

A considerable part of the success of Aries mugidielown to the highly personable
nature of Nick Franklin himself. Set in the beaultitle of Wight countryside he and his
company were always a competent business partnsailors of all nationalities. Franklin
eventually closed up shop as a result of risingenntcosts and an increasingly difficult
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market and because he had finally finished buildiisgown boat and was ready, after twenty
years of the stress of a full time job, to headnfare peaceful waters.

Spare parts for all Aries systems are availablmffeanklin’s daughter Helen, either
directly from England or via the original Germastdbutor Windpilot.

The ARIES STANDARD has recently been resurrecte®bge Peter Nordborg.
Nordborg uses aluminium parts made in England aachimes them in metric sizes. The one
available system is specified for boats of up tdeg@ and can be obtained directly from the
manufacturer.

Aries Standard

ATLAS
This windvane gear was built for many years in Eeaand came in three versions:
trim tab on main rudder (System type 8)
trim tab on auxiliary rudder (System type 6)
servo-pendulum (System type 11)

None of the systems had bevel gear yaw dampinghidnsequently required very
precise trimming of the boat. Production ceasdtie@end of the 1980s following the
untimely death of the manufacturer.
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ATOMS

Atoms

AUTO-HELM

Auto Helm

Auto-Steer

The Atoms servo-pendulum gear (System type 11)
was produced in Nice, France, for many years and
was very popular in its home waters. The distirgctiv
features of this system were the aluminium windvane
and the circular segment connecting the steering
lines to the pendulum rudder which ensured uniform
force transmission. It did not use a bevel gear.
Production ceased at the beginning of the 1990s.

The Auto-Helm trim-tab-on-auxiliary-rudder gear
(System type 6) is made in California. Rustic
appearance and the inherent disadvantages of this
system type have prevented it from achieving any
more than local recognition.

The steering impulse in the Auto-Helm gear is
transmitted from the windvane to the trim tab via
two simple sheathed cables. There is no bevel gear.

The system comes in one size and is marketed by
Scanmar Marine USA.

This British company makes two systems (Types 81dndAn identical windvane
assembly is combined with either a servo-pendulaar gr a trim tab system attached to the
main rudder. Both systems can be obtained diréathy the manufacturer.
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Bogasol
The Spanish servo-pendulum gear Bogasol

(sytem type 11) is similar in many ways to the
French Navik system: the vane drives a small trim
tab at the pendulum rudder without a bevel geae. Th
rudder can be lifted up at the side.

Bogasol

BOUVAAN

This rustic stainless steel servo-pendulum design
(Type 11) from the Netherlands is aimed particylarl
at sailors who have the skills required to asserable
system supplied in kit form. If supplied fully
assembled it is almost as expensive as visuallgmor
attractive professionally built systems.

The system comes in one size and can be obtained
directly from the manufacturer.

Bouvaan
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BWS TAURUS (System type 6)

Paul Visser recently took over this system aftergrevious
manufacturer, Steenkist, ceased production. Thersgsare
produced one at a time. Neither the auxiliary rudue the trim tab
can be fixed in the centred position so the auxilradder will
interfere with steering under engine unless remoVed auxiliary
rudder on boats whose main rudder is mounted fanast be
removed before manoeuvring under engine sincewiberthe two
rudders may collide. The transmission ratio offtree from the
windvane to the trim tab must be adjusted manualfyrevent the H
vane oversteering.

The system is available in three sizes with auxilfadder areas
of from 0.15 to 0.23 fhand is custom made. BWS Taurus systems
are some of the most expensive windvane gearsaf@ibn the
world market. They can be obtained directly from thanufacturer.

BWS Taurus

CAP HORN

The Canadian-built Cape Horn servo-pendulum gegstés type 11) was introduced
quite recently. The systems are hand made onératan stainless steel. The steering lines
of the Cape Horn pass through the transom to thie radder. This complicates installation
because a hole of between 63 and 89 mm has talleel dn the transom so that the pendulum
arm and the steering lines can be mounted insi@e the stern compartment) and the large
hole then has to be very well sealed. Installatiam involve a loss of buoyancy and stowage
space at the stern in some boats. The system Hasvebgear and uses two simple 90 degree
bends in the actuating rod to help reset the pemdulidder. The relatively small power
leverage and the dimensions of the windvane and mgsuggest that the range of this
system might be limited in terms of boat size.

The Cape Horn does not include a wheel adaptorstezing lines for wheel steering
boats are led around a plastic cylinder mountetherspokes of the wheel and have to be
shortened or lengthened to fine trim the steering.

Two sizes are available, one for boats up to 40ded the other for boats over 40 feet.
They can be obtained directly from the manufacturer
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FLEMING
Australian Kevin Fleming launched his

eponymous servo-pendulum system (Type 11) in
1974. The distinctive features of the system, le=sid
the bevel gear, were the use of cast stainlesk stee
components and the extension of the pendulum arm
up to deck level, which reduced by four the number
of turning blocks required. The system comes in
three sizes and is relatively expensive. The compan
closed after a few years. Production was resumed in
the mid-1980s by New Zealand Fasteners of
Auckland, but sales remained fairly subdued. The
Fleming system is now made in California and can
be obtained directly from the manufacturer.

Fleming

HYDROVANE

An auxiliary rudder system (Type 4), the Hydrovaeanufactured in England by Derek
Daniels. It is available in hand operated or rencotetrol versions (VXA 1 and VXA 2) and
has changed very little since its introduction @7Q.

The system features a three position linkage walidws the user to change the effective
rudder angle to avoid oversteering. There is nacehof rudder size.

The rudder area amounts to 0.24(80 x 80
cm) and the Hydrovane is therefore limited to boats
below a certain critical length. Although the
manufacturer specifies the system for boats obup t
50 feet/18 t, the lack of servo assistance woulid te
to suggest that boats of this size might be toddig
be steered effectively in all conditions. The
Hydrovane rudder blade is a solid moulded plastic
component and therefore has no intrinsic buoyancy.
It can be dropped out of the shaft for removal.

Hydrovane

Hydrovane systems are built in aluminium using stdal methods and have a good
international reputation for their strength andatglity. The overall length and mounting
components of the systems are individually taildeechatch the particular boat.

The range includes:

VXA 1 system, hand operated
VXA 2 system, remote control
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Hydrovane supplies its products directly all oves world.

LEVANTER

This British auxiliary rudder system (Types 4 af)j Was similar in many details to the
Hydrovane, was available in three sizes and wagexguensive. Production ceased a few
years ago. Levanter recently launched the GSdimall servo-pendulum system for boats up
to 25 feet. The system can be obtained directiynftioe manufacturer.

MONITOR

Preferring not to return to the cold of their natoountry at the end of their
circumnavigation, Swedes Carl Seipel and Hans Baltreventually settled in Sausalito,
California. They founded Scanmar Marine in 1978 Monitor (System type 11), a
handmade stainless steel gear, has been in prodaster since. It is very similar to the Aries
system and uses an identical bevel gear linkaghoAgh very well known in the USA
Scanmar only began marketing this system worldwidi988.

Monitor's emergency rudder Monitor
conversion kit (MRUD)

The Monitor is still almost unchanged from the oraj design. Hans Bernwall, now the
sole proprietor, regards his product as a ‘refinestsion of the Aries, a gear he refers to
respectfully as “Saint Aries”. The Monitor is aditional windvane steering system and
requires a large mounting area on the stern. Tdexiag lines pass through up to 10 turning
blocks. Installation requires 16 bolts and indiatiy tailored mounting components made by
the manufacturer. The fore and aft inclinationheff Windvane cannot be adjusted; the wheel
adaptor is adjusted using a track and pin arrangeme

An emergency rudder conversion kit (MRUD) was idtroed for the Monitor in 1997. A
larger rudder blade with an area of around 0.37srfitted in place of the standard pendulum
rudder blade and then the pendulum arm is stadilisé places with a series of reinforcing
measures.

The Monitor comes in one size for boats of up touAlB0 feet. The system can be seen at
most of the European boat shows and is distribloyettie manufacturer and various sales
partners.
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MUSTAFA

The Mustafa, an auxiliary rudder system usingra tri
tab (Type 6), is produced by Italian Franco Malingr
This enormous system is now very seldom seen. The
large area of the rudder blades puts consider#iggss
on the transom mounting. The system has yaw
damping. Weighing up to 60 kg, it is probably the
heaviest windvane steering system available.

The Mustafa comes in two sizes:
B, for boats up to 30 feet
CE, for boats up to 60 feet

The systems can be obtained directly from the
manufacturer.

Mustafa

NAVIK

This French servo-pendulum system (Type 11), winelghs only 18.5 kg, is particularly
popular on small boats in its home country. Theesyds of rather delicate construction and
uses plastic linkage components, making it impcatfor larger boats. A SUPER NAVIK
system for larger boats was introduced but thehds#wn again almost immediately. The
special feature of the Navik, its lifting penduluadder, is not particularly convenient for
everyday use since disassembling the axle is vanpticated. The windvane is connected to
the rudder blade with delicate plastic ball-andkebgoints which are quite fragile. The
system comes in one size.

The Navik system does not appear at the Europeainshows and is available from the
manufacturer and from dealers.

Navik Super Navik
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RVG
The RVG is another American trim-tab-on-auxiliangdder system (Type 5). It was built
in California until 1977. A former army pilot theaok the design to Florida and continued
making the systems by hand more or less unchafipedsystem has no bevel gear linkage.
The RVG is no longer made.

SAILOMAT (System types 11 and 12)

There has been some confusion in sailing circlgarceng the Sailomat name owing to the
fact there were two separate companies using tme naéhe legal battle between the parties
involved lasted for several years and unsettledrtaket.

Sailomat Sweden AB was founded in 1976 by the tBweedes Bostrom, Zettergren and
Kndds. With financial help from the Swedish tregsiine company developed the Sailomat
3040 double rudder system. Elegant and innovaiineegdesign was the first to couple a servo-
pendulum system directly to an auxiliary ruddethiis way. The system was also
tremendously expensive, and fell beyond the re&chamy sailors. Exaggerated estimates of
the potential market and personal disagreemenigeietthe three partners probably
contributed to the problems of the company. Pradnateased in 1981 and the company was
dissolved shortly thereafter. H. Brinks/Netherlaritie former European marketing
representative for the company and inheritor ofiéigal rights to the system, continued to sell
off existing stocks for several years. The systeas {ater sold under the name STAYER as a
result of legal disputes between the former ownefmally disappeared from the market at
the end of the 1980s.

In 1984 Stellan Knoos founded Sailomat USA. Heglesil servo-pendulum systems
(Type 11) at his base in California and had themufectured in Sweden.

The Sailomat 500, a hybrid autopilot/windvane syste/as launched in 1985. The
windvane supplied the steering impulse for on tiedveourses +/- 60 degrees and the
autopilot was connected in other cases. The idealfeo catch on and few systems were
built.

The Sailomat 536, similar in many ways to the $adb500 but with a 360 degree
windvane, appeared in 1987. The pendulum arm doeildhised 90 degrees to one side, which
in practical terms actually meant that the ruddet to be removed after use because it would
otherwise have stuck out some distance from treefiche boat. Mounting components had
to be custom made; variable mounting flange anatermmontrol were not available.
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Sailomat/Stayer 3040 Sailomat 536

Sailomat 601

Next to appear was the Sailomat 600, launched 93.18 development of the 536, this
system had a variable mounting flange and rematg@oand permitted the pendulum rudder
to be lifted up through 170 degrees.

The Sailomat 601, which appeared in 1996, was aimcept that the pendulum arm
angle had been modified.

Sailomat systems do not use a bevel gear linkagedhg is achieved by angling the
shaft of the pendulum rudder aft so that the fldwvater past the blade slows and damps the
lateral movement of the rudder. This angle has Ineedified a number of times:
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Sailomat 3040 = 0°
Sailomat 500 = 15°
Sailomat 536 = 18°
Sailomat 600 = 25°
Sailomat 601 = 34°

The manufacturer recommends further modifying &imgle setting, e.g. by inclining the
windvane shaft (whose angle with respect to thelpleim rudder shatft is fixed), to match the
damping characteristics to the particular circumsts. This means accepting a corresponding
increase/decrease in the working range of the veindybecause once the shaft is inclined the
windvane no longer has an exact amidships position.

The windvane to push rod signal transmission neebs fine trimmed manually. A total
of 18 settings (6 at the windvane combined with tha linkage) are provided for this
purpose. The push rod is designed like a kind tifdecrew: its effective length changes
regularly with every course change when the winevaradjusted or turned. The operator
must be particularly careful here, otherwise frequmurse/wind changes may tighten or
loosen the screw excessively; the amidships posttiadhe windvane/pendulum rudder is
never exactly defined. The wheel adaptor is a fokean. Fine adjustments to the course are
made by shortening/lengthening the steering lines.

The system is available with different shaft andider blade lengths for boats of up to 60
feet. The Sailomat gear is present at some of Biddht shows but is seldom seen at the
international shows in Europe. It can be obtainieekctly from the manufacturer.

SAYE'S RIG

This American system is a servo-pendulum/trim tgtriad (Type 9). The pendulum rudder
is connected underwater to the trailing edge ohtlae rudder by a long bracket. The bracket
transmits lateral movements of the pendulum ruddectly to the main rudder. Damping is
provided by the V vane, which is very effectivertka to its wedge-shaped profile.

The Saye’s Rig is built in small numbers in the UB&pending on the position of the
main rudder, the transmission bracket may haved@g a long way aft to reach the
pendulum rudder. As the two rudders are fixed neddb each other, trim can be adjusted
only at the windvane. It is often difficult to motee rudder of a wheel steering system from
the wrong end in this way. A bypass valve is na&cate to adapt hydraulic steering systems
for the Saye’s Rig gear since the oil in the maimder still has to be circulated. A bypass
valve would also prevent manual steering in thenegéan emergency.

Manual steering is only effective once the pendusystem has been disconnected or
removed. Owing to the unusual design this systesuiiable for only a few types of boat and
main rudder.

The Saye’s Rig comes in one size and is availabla Scanmar International USA.

SCHWINGPILOT

This German servo-pendulum system (Type 10) ig budluminium using industrial
methods and first appeared in 1974. Schwing, ameagng company active mainly in the
field of concrete pumps, placed particular emphasithe possibility of mounting its systems
on the pushpit. The gear consequently used a hdakpendulum arm rather than the
conventional vertical arm. The extremely long pdaduarm could be dropped out of its
mounting and removed for manoeuvring. As long aspilshpit was stable this system gave
good, sensitive steering performance. The coursesetusing an endless worm gear.
Production recently ceased.

WINDPILOT
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John Adam founded Windpilot in 1968 after returniram an eventful voyage from
England to Cuba aboard a LEISURE 17. The storyoef, lexhausted after days of storms, he
ran aground and was arrested by the Cuban mikppgared in the press all over the world.
He was held for weeks, and it was during this eggtthat he finally decided to set up the
company.

The following systems were hand made in stainle=s.s

System type 3: V vane auxiliary rudder system; rhadenes ATLANTIK 1l / 1l / IV for
boats of up to 25/ 31 / 35 feet; produced betwi68 until 1985.

System type 5: V vane auxiliary rudder and trimggbtem; produced between 1969 and
1971.

System type 10: V vane servo-pendulum system; muatae PACIFIC V; produced
between 1970 and 1975.

System type 11: H vane servo-pendulum system; mmadak PACIFIC H; produced
between 1973 and 1983.

System type 8: H vane trim-tab-on-main-rudder systaodel name PACIFIC custom;
produced between 1971 and 1974.

These systems were of very robust constructiomamst of them are still in use even after
the best part of 30 years.

The somewhat unconventional acquisition of the camyby the author of this book
occurred in 1977. Friends John Adam and Peter @hd@nn went sailing and agreed a
swap: the company for a steel yaw!!

Windpilot stopped building its stainless steel egst in 1984/1985. The average length of
boats equipped with windvane steering had by tirie grown to considerably more than 35
feet.

John Adam, founder of Windpilot leaving Weymouth in 1986
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Windpilot Caribic auxiliary rudder Windpilot Pacific H vane stainless 1974
system 1988

The all-new PACIFIC and PACIFIC PLUS twin systerastate of the art servo-pendulum
gear and a double rudder system based on it, weneluced in 1985. With boats getting
larger and larger and centre cockpits which werfawgurable to conventional servo-
pendulum systems becoming increasingly prevalbigt stynthesis of the advantages of an
auxiliary rudder gear with those of a servo-pendulystem proved to be the logical answer.

The PACIFIC and PACIFIC PLUS designs have changed httle since their launch.
They have all the features of a modern servo-pemdglystem: infinitely adjustable; easy to
remove; H windvane; infinite remote control; begehr linkage for automatic yaw damping;
lift up pendulum rudder; adjustable mounting comgras; short transmission paths; infinitely
adjustable wheel adaptor with a universal mourflengge for all wheel steering systems; low
weight; compact modular construction in AIMg 5 ggaduminium alloy. The systems are
manufactured using industrial sand and die castiethods and then machined on modern 5
axis CNC equipment.

Both systems won prizes for their avant-garde daeaigl have been exhibited at the
German Museum for Art and Design. The novel featofe¢he systems are legally protected
by German patent P 36 14 514.9-22.



- 137 -

Windpilot Pacific Plus Winpilot Pacific (1998)

In 1996 the design team of JOrg Peter Kusserover #tristian Forthmann and their CAD
workstation produced the PACIFIC LIGHT. This systaonceived especially for boats
under 30 feet, is the lightest servo-pendulum getre world with a proper bevel gear
linkage and has all the features of its biggeesist

Windpilot plans to expand its range at the top amavell with the introduction in 1998 of
the PACIFIC SUPER PLUS, a double rudder system kvidl allow connection and
disconnection under load and which is suitable deeboats over 60 feet.

Windpilot has been around now for over 29 yearsiamobably the world’s oldest
surviving manufacturer of windvane steering systdlris certainly the only one currently
offering a complete range of modular systems fotypkes of boat.

Winpilot Pacific Light (1996) Windpilot Pacific (1985 — 1997)
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The range includes:
System type 11: PACIFIC LIGHT for boats < 30 feet
System type 11: PACIFIC for boats < 60 feet
System type 12: PACIFIC PLUS | for boats < 40 feet
System type 12: PACIFIC PLUS Il for boats < 60 feet

Windpilot systems are marketed worldwide and appbed directly by the manufacturer.
The company is represented at all the major Europeat shows. A US subsidiary will be
starting up in January 1998.

Winpilot Pacific (1998 model) multifunctional mounting system

WINDTRAKKER

This English manufacturer recently launched a s@efdulum system (Type 11) which
resembles the ARIES in even the smallest detaiiise Will tell whether copies such as this
will survive in the market even when the origirabivailable at a better price.

The system can be obtained directly from the mantufar.
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Appendix:

Systems Manufacurers

Autopilots

Alpha

Alpha Marine Systems
1235 Columbia Hill Road
Reno, NV 89506

USA

Tel: ++1 800 257 4225

Autohelm

Raytheon Electronics
Anchorage Park
Portsmouth

Hants PO3 5TD

UK

Tel: ++44 1705 69 36 11
Fax: ++ 44 170569 46 42

Raytheon Marine Company
46 River Road

Hudson NH 03051

USA

Factory Service Center
Raytheon Marine Company
1521 SO 9% Place
Seattle WA 98108
USA

Tel: ++ 1 206 763 7500

Benmar

Cetec Benmar

3320 W MacArthurr Blvd
Santa Ana CA 92704
USA

Tel: ++ 1 714 540 5120
Fax: ++ 1 714 641 2614

Brookes & Gatehouse

Brookes & Gatehouse Ltd UK
Premier Way, Abbey Park
Romsey

Hants SO51 9 AQ

UK

Tel: ++ 44 1794 51 84 48
Fax: ++ 44 179451 80 77
Website: www.bandg.co.uk

Brookes & Gatehouse USA
7855 128' Avenue North
Suite B

Largo FL 33773 USA

Tel: ++44 1202 63 21 16
Fax: ++ 44 1202 63 19 80
Cetrek

Cetrek UK

1 Factory Road

Upton

Poole BH16 5SJ

UK

Tel: ++44 1202 63 21 16
Tel: ++44 1202 63 19 80

Cetrek USA

640 North Lewis Road
Limerick

PA 19468

USA

Tel: ++1 610 495 0671
Tel: ++1 610 495 0675

Website: www.cetrek.co.uk
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Coursemaster

Coursemaster USA INC
232 Richardson
Greenpoint

NY 11222 USA

Tel: ++1 718 383 4968
Fax: ++1 718 383 1864
Navico

Navico Ltd UK

Star Lane

Margate, Kent CT9 4 NP
UK

Tel: ++44 1843 29 02 90
Fax: ++44 18432904 71

Navico Inc USA

11701 Belcher Road Suite 128
Largo, FL 34643 USA

Tel: ++1 813 524 1555

Fax: ++1 813 524 1355
Robertson

Simrad Robertson AS

PO Box 55

N 437 Egersund

Norway

Tel: ++47 51 46 20 00
Fax: ++47 51 46 20 01
Website: www.simrad.com
Segatron

Gerhard Seegers

Bleichenstr 73

D-31515 Wunsdorf, Germany
Tel: ++49 5022 1660

Fax: ++49 5022 2066

Silva

Silva Sweden AB
Kuskvagen 4

S 19162 Sollentuna
Sweden

Tel: ++46 8 623 43 00
Fax: ++46 8 92 76 01
Website: www.silva.s

VDO

VDO Kienzle GmbH
Risselheimerstr 22

60326 Frankfurt, Germany
Tel: ++49 69 75860

Fax: ++49 69 7586210

Vetus

Vetus Den Ouden Ltd

38 South Hants Ind Park

Totton, Southhampton SO40 3SA
UK

Tel: ++44 1703 86 10 33

Fax: ++44 1703 66 31 42

Vetus Den Ouden USA Inc
PO Box 8712

Baltimore, Maryland 21240
USA

Tel: ++1 410 712 0740

W —-H

W — H Autopilots Inc

150 Madrone Lane North
Beinbridge Island, WA 98110-1863
USA

Tel: ++1 206 780 2175

Fax: ++1 206 780 2186
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MOB systems
Emergency Guard

Jonathan GmbH
Usedomstr 14

22047 Hamburg, Germany
Tel: ++49 40 66 97 67 40
Fax: ++49 40 66 97 67 49
Mobile: ++45 405 81 953

Windvane steering

systems
Aries (spare parts for all
existing parts)

Aries Spares Helen Franklin
48 St Thomas Street
Penyren, Cornwall TR10 8JW
UK

Tel: ++44 1326 377467

Fax: ++44 1326 378117
Aries Standard

Peter Matthiesen

Mollegade 54, Holm

DK 6430 Nordborg, Denmark
Tel: ++45 74 45 0760

Fax: ++45 74 45 2960

Auto Helm

Scanmar International

432 South T Street
Richmond CA 94804-2107
USA

Tel: ++1 510 2152010

Fax: ++1 510 2155005
E-mail: selfsteer@aol.com
Website: www.selfsteer.com
Auto-Steer

Clearway Design

3 Chough Close

Tregoniggie Ind Estate
Falmouth, Cornwall TR11 4SN
UK

Tal: ++44 1326 376048

Fax: ++44 1326 376164

Bogasol

Egui Disney

Calle Provensa 157 bis

E 08036 Barcelona, Spain
Tel: ++34 3451 18 79

Bouvaan

Tjeerd Bouma

Brahmstraat 57

NL 6904 DB Zevenaar

Nederland

Tel: ++31 8360 25566

BWS

Taurus Scheeosbouw & Uitrusting
Nijverheidstraat 16

NL 1521 NG Wormeveer, Nederland
Tel: ++31 75 640 33 62

Fax: ++31 75 640 26 21

Cap Horn

Cap Horn

316 avenue Girouard
OKA JON 1EO, Canada
Tel: ++1 614 4796314
Fax: ++1 514 479 1895
Fleming

Fleming Marine USA Inc
3724 Dalbergia Street
San Diego CA 92113
USA

Tel: ++1 916 557 0488
Fax: ++1 619 557 0476

Levanter

Levanter Marine Equipment
Gandish Road

East Bergholt, Colchester CO7 6UR
UK

Tel: ++44 1206 298242
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Hydrovane

Hydrovane Yacht Equipment Ltd

117 Bramcote Lane

Chilwell, Nottingham NG9 4EU

UK
Tel: ++44 115 925 6181
Fax: ++44 115 943 1408

Monitor

Scanmar International

432 South T Street
Richmond CA 94804-2107
USA

Tel: ++1 510 2152010
Fax: ++1 510 2155005
E-mail: selfsteer@aol.com
Website: www.selfsteer.com
Mustafa

EMI SRI

Via Lanfranchi 12

| 25036 Palazzolo

Italy

Tel/Fax: ++39 30 7301438

Navik

Plastimo France

15 rue Ingénieur Verriere
F 56325 Lorient

France

Tel: ++33 2 79 87 36 36
Fax : ++33 2 97 87 36 49
RVG

International Marine
Manufacturing Co

8895 SW 129 Street
Miami FL 33176

USA

Tel/Fax: ++1 305 255 3939
Sailomat

PO Jolla Californien CA 92038

USA
Tel: ++1 619 454 6191
Fax: ++1 619 454 3512

Saye’s Rig

Scanmar International

432 South T Street
Richmond CA 94804-2107
USA

Tel: ++1 510 2152010

Fax: ++1 510 2155005
E-mail: selfsteer@aol.com
Windpilot

Windpilot

Bandwirkerstrasse 39-41
D-22041 Hamburg, Germany
Tel: ++49 40 652 52 44

Fax: ++49 40 68 65 15
Mobile: ++172 401 33 80
Email: Windpilot@t-online.de
Website: www.windpilot.com
Windpilot USA

PO Box 8565

Madeira Beach, Fl 33738
USA

Tel: ++1 813 319 8017

Fax: ++1 813 398 6288

Toll free: ++1 888 Windpilot
Email: windpilot@compuserve.com



