524 STEERING STRUCTURE

Big steering wheels
work well if you want
to finesse a boat to
weather when sitting
on the rail — but the
ergonomics are not
always the best when
standing at the helm,
especially for shorter
crew members.

Linda s at the helm of
Intermezzo Il. She holds
onto a 48-inch-diame-
ter (1.2m) wheel, the
bottom rim of which is
mounted 2 inches (50
mm) off the cockpit
floor. She is 5 1/2-feet
(1.7m) tall; this is the
maximum arm height
at which she can effi-
ciently exert pressure
when steering in heavy
conditions.

STEERING SYSTEMS

On ayacht bound offshore, the steering system should be designed so that the weakest crew-
member can handle steering if necessary.

An efficient steering systemisakey ingredient in how easily your boat handlesat sea. It affects
power consumption for the pilot aswell, and also affects how well you cope with changing con-
ditionsin heavy weather.

Obvioudly, reliability isakey issue.

STEERING STRUCTURE

Thereareall sortsof waysto decide how to go about engineering asteering system. Thetypical
approachisto allow for the sailing loads, with afactor of safety thrownin.

These loads are transmitted from the rudder blade to the rudder shaft, then distributed with
bearingsinto the hull. How the loads are dealt with varies with builders, construction materials,
and rudder configuration.

When ruddersfail under sail, itistypically in one of threeweak areas. Thefirst isthe outer shell
of therudder itself. Although the shell isnot highly loaded, it ismade from two hal vesthat are not
always bonded well together. Failure typically starts with asmall, innocuous-looking crack on
theleading edge. With water pressure, it beginsto open. Once there’s enough surface areaon the
crack, thewater pressurejust peelsthe skin off.

The second weak spot: Most fiberglass rudders transfer skin loads to a stainless-steel frame-
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work, which is welded to the
rudder stock. As contact
points with the rudder stock
are highly loaded, the welds
can gradually fail over time.
The first failures are not
noticeable, since the other
welds carry the load. Soon,
however, they are over-
whelmed, and a catastrophic
failure occurs.

Thethird areafor problems
is the rudder shaft itself. If
this is undersized for the
loads, or if thereis alocal
stress riser (such as a hole or
bearing crease), the shaft
begins to deflect so far that
the elastic limit of the rudder
stock is exceeded and it does
not return to its original
shape.

Fortunately, steering fail-
ures at sea arerelatively rare.
Where they are more com- ||
mon, and where the loads
really build up, is when you
are aground. Here, impact |
and bending loads come into |
play, depending on the
grounding situation.

The rudder is one of the areas in
which a high-tech approach some-
times makes sense. Using carbon fiber,
as shown in the finished blade on the
left, allows the rudder-shaft diameter
to be reduced. This in turn allows the
top of the blade to be thinner and
more efficient. The very high aspect-
ratio plan form shown here will gener-
ate lots of lift from a relatively small
blade This means reduced wetted sur-
face.

This approach has two negatives.
One is cost.These rudders are expen-
sive to fabricate, although they provide
a lot of joy when hand-steering.

The second issue is the damage
resistance of carbon fiber. It is
extremely strong but does not have
much elasticity, and so is not good at
taking shock loads when you go
aground.

The illustration above shows a typical
Advanced Composites rudder and
bearing system.

(Photo and illustration courtesy of
Advanced Composites.)

Factors of Safety
Over theyearswe've based

our rudder-design calcula-
tions on the ABS formulas.
However, in general we feel
they are too light for long-
term use, where you need a
bit of abusetolerance.

We've found that using
twice the ABS recommenda-
tions works quite well. With
theexception of asheared key
on the 69-foot Wakaroa's quadrant (after hitting awhale) | can think of no failures using this
approach.

This probably means we've beem alittle over-cautious — but then, losing your steering is a
good way to ruin an otherwise lovely passage.
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There’s an argument to be made for the use of
heavy-wall rudder shafts which have a certain
amount of flexibility. These take impact better,
than a smaller diameter shaft, especially one
which is built up from a very stiff material like car-
bon fiber.

Our preference has been to use “S” glass rein-
forcements in laminated shafts.

This drawing shows the basic details of the rud-
ders made for the Sundeer 64.The rudder
“flares” at the top to allow the rudder shaft extra
width.This helps to strengthen the shaft where it
enters the lower bearing at the bottom of the
N hull — the point of maximum loading. The drag
on this shape is a little higher than on a thinner
shaft. But these are cruising boats and the most
important issue is keeping the rudder shaft in
one piece, even after a moderate collision.

Rudder-Shaft Construction
There are several approaches to rudder shafts. Stainless sted is frequently used and has the

advantages of being weldable and moderatein sizefor its stiffness. Being reasonably corrosion-
resistant, it provides along-term, clean-running surface for your bearings. It's important to be
surethat the rudder-skin loads are evenly distributed into the shaft and that weldsonribsarewell-
made and of alarge area.

Of course, with aluminumyachts, the normisto use an aluminum shaft. The shaft will belarger
in diameter than stainless, since aluminum isaround one-third as stiff as stainless. However, it is
also lighter. You'll probably end up alittle lighter on the shaft —and you won't have aproblem
with electrolysis between dissimilar metals.

Carbon fiber isthe ultimate rudder-shaft material. Very stiff and light, it offersthebest shot at a
moderate-sized shaft for reduced rudder thickness. Of course, acarbon-fiber rudder shaft will run
two to three timesthe cost of aluminum or stainless steel.

You're probably wondering about reliability with carbon fiber. If properly engineered, itisjust
asreliable as any other material. Jay Hlavety’s company, Advanced Compositesin Santa Cruz,
California, has been making carbon-fiber rudder stocksfor racersand cruisersfor over ten years.
In the more than 450 rudders he has supplied, he hasn’t had afailure.
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These two Beowulf photos were taken in New Zealand, where line boring is a common practice.
When the hull was built in Truckee, California, the builder had never heard of this process.Trying
to weld bearing carriers in alignment is almost impossible.We ended up trying to put the bearing
carriers in place with epoxy, but they were not very well aligned.

Notice the temporary welded lugs in the right photo, supporting the machinery base. In the left
photo you can see a mid-span temporary support as well. The bottom support is not visible.

Line boring is the only certain way to get the rudder and prop shaft bearing carriers in line.The
process involves what is in effect a portable lathe. A base is set up, usually on top,and a shaft is run
all the way to the bottom of the hull. This shaft is fixed at the same angle as the rudder shaft. A
cutting tool is then used to mill out the interior of the bearing carriers,as well as any flanges which
may be in use. (Kelly Archer photos)

1

o |

This is an aluminum bearing carrier
welded to the bottom of one of our
hulls.The hull plating in this area is double
the rest of the hull bottom, and the alu-
minum carrier is slipped down and
through the hull.This makes it possible to
weld both inside and out. The gussets
spread the load into the hull plate.

The same logic is used on fiberglass
hulls. Core, if any is present, is left out in
favor of a beefed-up solid laminate. Gus-
sets are used to spread the load.

The thin bearing shown is Turcite.
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Rudder-Shaft Alignment
For arudder to steer easily under load, therudder shaft must be carefully aligned with the bear-

ingsthrough whichit passes. |mperfect alignment causes tremendous amounts of increased fric-
tion between the rudder shaft and the bearingsin which the shaft iscarried.

When afiberglassvessel islaid up, therudder-bearing carriersaretypically inserted with asteel
aligningjig. Thisjigisremoved once the secondary bonding that holdsthe carriers has set.

If the hull and/or deck don’t change shape when the boat is launched, and if the job has been
done correctly, everything will befine. Unfortunately, thisisfrequently not the case.

In metal boats, where bearing carriers must be welded into place, virtually nothing can bedone
intheway of jigging to keep thingsin alignment.
Potting in Bearings

One approach to this alignment conundrum is to make the bearing holders oversize. The bear-
ing and bearing holdersarethen coated with aresin and microballoon mixture. Next, thebearings
aredlidinto place, using the rudder shaft asan alignment jig. The bearingswill bein alignment
once the resin matric cures— assuming the bearings have a closefit on the rudder shaft.

Line Boring
Line boring isamuch more accurate approach. With this technique, along boring tool is used

to cut away asmall amount of thelower and upper bearing holder. Thecuttingtool isheldinalign-
ment by along rod running the distance between bearing holders. This ensures everything will
be correctly aligned.

Rudder-Shaft Deflection
Itisnot at all uncommon for arudder shaft to deflect (bend) under load. Asyou canimagine, it

doesn’t take much of adeflection for carefully installed bearings to be out of alignment

With aused boat, there’s not much to be done about this, besides being aware of therisk. With
new construction, however, you can do away almost entirely with defl ection by specifying higher
strength rudder shafts.

RUDDER BEARINGS

The next key to efficiency isthe rudder bearings. The difference between efficient and ineffi-
cient bearings can mean afactor of three or morein steering effort.

The impact of bearings on your steering system is also afunction of rudder loads. On a spade
rudder, theloadswill bevery high. A skeg- or keel-mounted rudder will havelower loading onthe
bearings.

CompressiveYield

Whenlooking at bearing materia's, therearefive propertiesto check. Themost important by far
iscompressive yield. Thisisthe ability of the material to withstand pressure before it beginsto
deform. With plastics, this deformation leads to what is called “cold forming.” The material
changes shape, allowsthe bearing to become misaligned, and dramatically increasesfriction.

Thisisareal problem with many commonly used plasticsunder load. Compressiveyieldisalso
directly related to the ability of abearing to wear over time.

Hydroscopicity

It salso important to determine hydroscopicity, or thetendency of the material to absorb water.
Most plastics absorb small amounts of water whenimmersed. This causesthe bearingsto expand
and bind on the rudder shaft.

Thermal Stability
Thermal stability is another issue. Most plastics move around as the temperature changes. If

bearings have been machined in cold weather, and you're cruising in warm weather, the expan-
sion may be enough to bind on the rudder shaft.
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Physical Properties of Plastic

TEST METHOD
PROPERTY ASTI NYLON 101  NYLATRONGS MC NYLON TEFLON ACETAL UHMW-PE
Specific Gravity D792 1.14-1.15 1.14-1.18 1.15-1.17 21-23 1.41-1.42 0.94
Tensile strength, 73°f, psi D638 9 - 12,000 10-14,000 11-14,000 1,5-5,000 8,8 - 12,000 4 - 5,000
Fensile Modulus of
Elasticity, 73°f D638 250 - 400,000 450 - 600,000 350 - 450,000 50 - 90,000 410 - 520,000 80 - 100,000
Elongation, 73°f, % D638 20 - 200 5-150 10 - 60 75 - 350 12-75 200 - 450
Flexural Strength, 73°f, psi D790 12.5-14,000 16-19,000 16-17,500 NOBREAK 13-15000 -
Flexural Modulus of R
Elasticity, 73°f, psi D790  175-410,000 400-500,000  --—- 90 - 110,000 375 - 550,000 75,000
Shear Strength, 73°f, psi B D732 9600 9,5-10,500 10,5-11,500  --—-- 7,7 - 9,500 3,500
Compressive Strength 12,000 - 16,000-
10% Def., psi D695 12,000 13,000 - 18,000 2,500
Compressive Modulus of (B 95,000 -
Elasticity, 73°f, psi D695 - 115,000 nmen e
Coefficient of Friction RS
(Dry vs. Steel) Dynamic A7 - .43 15-.35 16-.25 .04 - .1 15-.35 .09 - .12
Hardness, Rockwell, 73°f D785 R110 - 120 R110-125 R112-120 R10 - 20 R119-122 R64
Durometer, 73°f D676 D80 - 85 D80-90 @ - D55 - 70 23 -
Tensile Impact, 73°F, ft. Ib./sq. in.  D1822 90 - 180 50 - 180 80 - 130 30 - 200 40 - 90 1000
Water Absorption Immersion
24 Hours, % D570 6-15 5-14 6-12 .00 - .05 12-.25 <.01
Saturation, % D570 7-9 6-8 55-6.5 i 8-9 i -

John Newton at Tides Marine in Fort Lauderdale, Florida, was kind enough to send us this
chart showing the different properties of various plastic materials. The two plastics most com-
monly used in the marine business are Nylatron GS and UHMW.The Nylatron has much better
mechanical properties than those of UHMW. However, the coefficient of friction is only half as
good.The biggest problem with all forms of nylon is the fact that they absorb water, causing them
to expand according to temperature. A nylon-based bearing needs a lot of slop going into the
water to allow for clearance after it has absorbed its share of water.

Coefficient of Friction
Last, look into coefficient of friction. All other things being equal, you want thisto be aslow as

possible. The problem isthat some of the materials with the lowest coefficients of friction also
have problemswith compressiveyield, hydroscopicity, and thermal stability.

Engineering Issues
Once arudder has been designed and the shaft size has been decided, it istimeto look at what

sort of bearing system to employ. Calculate atotal load for each bearing, then check the charac-
teristics of various materials available.

The stronger the bearing material intermsof compressiveyield, the shorter the bearing can be.
A shorter bearing has less surface in contact with the rudder. Since total friction is afunction of
the coefficient of friction, load, and contact surface area, sometimes a harder bearing material
with ahigher coefficient of friction will actually havelessoverall friction than asofter, moredlip-
pery material.

One caveat: Avoid thetendency to make bearingslonger than necessary. Too much bearing sur-
faceincreasesfriction.

Bearing Clearance
Another factor to determineis bearing clearance. Requirementsvary with the material charac-

teristics. With many plastics, itismore of an art than ascienceto know just how much allowance
to make for hydroscopicity and thermal expansion.

Theideal situationisto start on thetight side and, after aperiod of time, useacylinder honeto
ream out the bearingsto the right tolerance. The only problem with this approach is that the boat
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RUDDER BEARINGS

Self-aligning bearings allow for misalignment
between the top and bottom bearing, as well as

for deflection of the rudder shaft under load.

must be hauled and the rudder
dropped beforethe process can begin.

Why not just make the bearings
oversize in the beginning? The
answer is that beyond a nominal
amount of clearance, the bearing
beginstoloseits precisefit to therud-
der shaft, increasing friction.

Bearing Materials
Over the years we've used all sorts

of materials for bearings. Bronze is
common in older boats. While stable
and wear-resistant, it has a high coef-
ficient of friction.

Nylons, Teflons, UHMW (ultra-
high molecular weight), and Delrin
are also commonly used. All of these
suffer in avariety of ways from the
engineering problems discussed
above. Of the four, UHMW has the
best track record.

Jay Hlavety of Advanced Compos-
ite Concepts has been supplying us
with rudder bearingsfor years. When-
ever we are doing anew boat project,
| always check with Jay to find out the
best material available.

For the last few years he's been
supplying us with a material called
Turcite. Thisis afilled, reinforced
polyester, with excellent mechanical
properties and good friction charac-
teristics to boot. For example, the
compressive yield on Turcite is
15,000 psi — compared to 2,000 psi
or lessfor most plastics and 5,000 psi
for Delrin. Turciteisrelatively stable
thermally and has almost no tendency
to absorb moisture.

Fixed Bearings
The simplest and most common

bearings are deave-like in configura-
tion. Thesewill beheldin placeinthe
bearing holder either with set screws
or with a small amount of adhesive.
Fixed bearingsarethe simplest to exe-
cute in terms of machining, but as
we've been discussing, must be
installed to very closetolerances.
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Needle Bearings
On many of the yachts we've built over the years we' ve used needle bearings. In this case, a

seriesof vertical rollersisheld in acage between rudder shaft and bearing housing. Needle bear-
ingsaretypically very efficient in terms of steering loads.

However, they do take quite ahit of space around the rudder shaft and require alot more main-
tenance. In recent yearswe' ve stayed with either UHMW or Turcite.

Self-Aligning Bearings

One of thewaysaround the alignment problem isto use self-aligning bearings. Inthis case, the
bearing in contact with the rudder shaft is spherical in shape on itsoutside edge, andisheldina
carrier that allowsthe rudder bearing to move asrequired for alignment.

Thisis particularly helpful where the rudder shaft itself is deflecting— acommon problemin
racing boats.

Bearing Longevity

Where we'd expect a Delrin or UHMW bearing to last perhaps 8,000 miles, needle bearings
typically last less than 5,000 miles before needing work. On the other hand, we've had Turcite
bearings go 20,000 miles.

Regardless of what type of bearing material you use, when you are having a set machined for
thefirst time (or asareplacement), have aspare set made at the sametime. Most of the machining
costsare afunction of setup. Theactual costsfor asecond set are negligible compared to those of
thefirst set.

Bearing Cleanliness
Before going further we should chat for a minute about bearing cleanliness. Nothing ruins a

bearing faster than dirt. Thedirt can comefrom theair, from something kicked up in the water, or
more commonly from chips of metal or plastic that find their way into the bearing during boat-
building or maintenance procedures. Whenever possible, make sureyour bearingsare covered or
sealed.

Bearing Lubrication
Some bearing materialsrequire lubrication, while othersdo not. If alubricant isdesired, make

sure that what you use matches the needs of your bearing material. In many cases, the wrong
[ubricant will turninto asticky gum, increasing friction.

RUDDER PACKING GLANDS

Thelast item which bears on the rudder shaft and istherefore aconsideration for frictionisthe
packing gland. This device keeps the water from coming up the rudder shaft into the boat.

With amodern canoe-body style of hull, the odds are the gland will be above the at-rest water-
line. However, dynamic pressure generated by the rudder and prop wash will quickly find any
weaknessesin the gland once you are up to speed. On most older designs, the top of the bottom
bearing isbelow thewaterline

Rudder glands vary from bronze with a square packing (just like on your propeller shaft) to
devicesthat depend on O-ringsor lip seals.

Inall cases, it isimportant to provide just enough pressure on the adjusting nut to prevent the
ingress of water. Remember, the tighter the packing gland, the more friction on your steering.

To find out how much of a difference this makes, try your steering with the gland backed off,
and then again with it really tight. You will be amazed at the difference.

If thetop of the bottom bearing is above the waterline, you can eliminate the rudder gland by
clamping arubber boot around the bearing carrier. This provides adam to retain any water that
comes up the rudder shaft, allowing it to drain back out when pressures are reduced. We've used
this system on many of our boats — it works well, causes no friction on the rudder shaft, and
there’sno maintenance.
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A classic-looking cutter with a tra-
ditional long tiller attached to a keel-
hung rudder (upper left).

With no counterbalance possible
on the rudder, steering forces can
become very high — hence the long
tiller, which provides additional
leverage. Equally important in this
equation is the ability to comfortably
brace your body. This is necessary in
order to be able to exert force on
the tiller, pulling it to weather (it will
go to leeward all by itselfl) and to keep your body jammed into position if the boat rolls.

In the lower left photo you can see a number of good possibilities for bracing your feet to leeward. But
the coamings will be hard on your back after a while. A coaming twice as high would be more comfort-
able to lean back against.

Sometimes the rudder shaft is not in the ideal spot to attach a tiller. The upper right photo shows a
very simple method of transferring the load.

The bottom right photo shows the rudder head, with a short tiller (or more properly, a bell crank)
bolted to the top of the rudder stock. A rigid rod connects this to another bellcrank further forward.
This is in turn attached to another vertical shaft, to which the tiller is affixed in the cockpit.

TILLER STEERING

The simplest and most el egant solution for steeringisthetiller. You get rid of awhole bunch of
potential problems, eliminateall of thefrictioninherent with wheel steering, and most important,
gettofed theboat. Whenthetiller isnot being used, it can bestoredin avertical position, leaving
the cockpit more open.

Of coursethere are some negatives. Thefirst comeswith steering load. Theamount of leverage
atiller can exerciseontherudder islimited by tiller length— as opposed to wheel steering, which
has ageared ratio. Thisin turn limits the size of vessel in which atiller is effective — typically
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something under 40 feet (12.3 m), although
steering characteristics bear directly on the
size of vessel that can use atiller.

In acruising context, you need to look at
the tiller as it links to the self-steering
device. Thetiller is much easier and more
efficient to connect to awind vanethanisa
wheel system.

Thepilot hastwo possibilities. Thefirstis
an external system. Thealternativeistofita
short tiller arm to the rudder stock and con-
nect this to your pilot drive. This latter
approach, if coupled with a powerful pilot,
makesthe most senseto me. Thismakesthe
tiller available for fun and for emergencies,
even though most of thetime it will be ver-
tical and you' |l be steering with the pilot.

CABLE STEERING

Obviously wheel steering is more com-
plex than atiller-based system. The prob-
lem comes with all of the pulleys, gears,
corners, bearings, cables, and chains. Each
element has separate maintenance issues,
andthefailureof any singleitem canlead to
embarrassment or worse.

Cablesteering isby far the most common
system found on smaller cruising yachts.

There are a series of issues affecting
steering efficiency and maintenance.

The Quadrant

Quadrants carry a substantial amount of
reversing load over long periods of time.
Thismeansthat unlessthe quadrant isengi-
neered conservatively, fatigue can becomea
problem.

This bronze quadrant
was custom cast for our
production Sundeer
series by Edson. For
cable-steering loads, the
bronze is overkill, but
when the quadrant has
to act as a rudder stop it
begins to make sense.
Note the hydraulic ram
for the autopilot
attached to a lug on the
back side of the quad-
rant. Triple cable clamps,
attached to a threaded
eye bolt, provide con-
nection for the steering
cables.

This quadrant has been prefabricated from
aluminum plate. There are four 1/2-inch
(12.6mm) bolts on each side, holding it to the
stainless-steel rudder shaft.

A turnbuckle has been used for cable adjust-
ment.This looks quite neat but severely reduces
the amount of flexibility in cable length, as the
turnbuckle body takes up so much room com-
pared to a threaded-eye bolt.

This quadrant is sitting right on top of the rud-
der-packing gland. Some clearance would be
better.This would make it easier to keep an eye
on the quadrant.
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Points that need attention are the flanges that clamp on the rudder shaft and the attachment
pointsfor the cables. Pay particular attention to the alignment of cableswith their eyebolts.

The pull should be directly inline. Avoid any bending, asthiswill, over time, lead to afailure
of theeyebolts.

Wherethe cablesrun over the quadrant, the surfaces should be smooth and fair. If thereisgoing
tobeaproblem, it typically occurswherethe cable makesitsbend to attach to theeye bolts. Watch
for broken wire strands. These are anindicator of acable that has begun to fail.

Turning Blocks

The cableswill probably run over aseries of four or moreturning sheaves— two at the base of
the steering pedestal and two outboard that lead back to the rudder quadrant. These sheaves
should be aminimum of 25 timesthe diameter of the steering cables.

Since they are a significant source of friction, ideally they will have needle bearings to reduce
energy loss.

Some of these bearing require lubrication. If they are easy to reach, you'll want to make sure
that the grease nipplesare placed so they are handy. If they aredifficult to reach, running aremote
grease-gun attachment point may make sense.

Because of the highloadsand thefact that the loads arereversing, the boltsthat fasten down the
sheavestend to work with time. Keep aclose eye on them.

Finally, you will want to be surethat your steering sheavesare aligned with the cablesand with
the groovesin the steering quadrant.

Cables
Steering cables are the weak link in the steering system, due to fatigue over the years. If the

turning sheaves are not large enough, the inner wires on each turn tend to compress, while the
outer wiresare stretched. After afew thousand cycles around asharp corner, theindividual wires
start tofail, creating “meat hooks.”

The best way to get around this problem is to use larger-than-normal cables with commensu-
rately oversized sheaves. However, going up in size on the cables without increasing sheave size
iscounterproductive— the new, larger wirewill beunder greater stressdueto thesmaller relative
diameter of the existing sheaves.

Stainless-steel 7x19 wire is the typical choice for steering cables. Cable clamps are usually
used at one end (typically three) with a swaged fitting at the other end. It isalwaysagood ideato
carry aspare set of steering cables.

If your steering pedestal is some distance from the quadrant, and if the cables become longer
than normal, you will need to increase size to compensate for stretch.

Steering Chain

To connect the efforts of the helmsman turning the whedl to therudder, use apiece of stainless-
steel chain, running over atoothed sprocket (see below). Stainlessisamust for the compassto
read with any degree of accuracy.

The chain needsto match the sprocket carefully, or thelinkswill tend to break down.

Over time, you may find that cracksbeginto devel opintheside platesof thechain. Keepacare-
ful eyeonthese. You can alwaysreplaceanindividual link onceasinglelink hasbeguntofail, but
thisisagood indicator that therest of the chainistired aswell.

Chain Sprocket

The shaft to which the steering wheel is attached transmits steering energy to the chain with a
toothed gear called asprocket. The number of teeth on the sprocket are one of the key elementsin
your steering ratio.

In most casesit’s easy to exchange the sprocket for one with more or lessteeth. Having more
teeth decreases your hard over to hard over turns, while having less teeth increases the turns,
reducing steering loads.
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Each time the steering cables change direction (above left), friction is added to the
system. Using large-diameter sheaves reduces the wear on cables and helps cut down
on friction.Equally important is the bearing material between sheave and its axle (above
right).

Most sheaves have an oilite (impregnated bronze) bearing. If you upgrade to needle
bearings, friction will be reduced by as much as 50 percent.

Always be sure the bearings are well lubricated.

With dual steering wheels, you must connect the two wheels together. This necessi-
tates an extra idler gear for each helm, over which a piece of chain (or in some cases
cable) runs. The top left photo shows the port helm idler, while the photo above is of
the starboard idler. At the top of the photo you can see the backside of the helm
sprocket and bearing.
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Meat Hooks,
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Meat hooks (broken cable strands) typically form where the steering
cable runs over sheaves. How long before this happens is a function of wire JERE e e bbechusdal el
diameter and loading and the pulley diameter over which the wire must
run.The cable sheaves should be at least 25 times the diameter of the wire.

Help!

Check for broken strands
(meat hooks)

Nicopress fittings can also develop broken strands, especially if they are
subject to bending back and forth. It's a good habit to periodically check
each side of the Nicopress ferrule for broken strands.

Check each link for cracks
radiating from center pin

Of all the parts in the steering system, the one most subject to failure is
the chain that runs over the helm gear. Chains usually fail by small cracks
turning to large cracks over time.The cracks normally form on the links
where they join the various segments. You can spot these when they first
start, if you are looking.
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HYDRAULIC STEERING

Hydraulic steering has a series of advantages. Gone are al of those cables, pulleys, and chains,
so it is probably more reliable than cable. The helm can be located a long way from the rudder
without worrying about how to route the cables. It's easy to tie in an autopilot, and installing a
second inside steering station is simple. The wheel will not turn when the pilot is operating, and
feedback (the tendency for external forcesto turn the helm) under power or in big seasis elimi-
nated.

On the other hand, there are some serious disadvantages. All feel islost. If the boat has exces-
sive weather helm and needs a change in sail trim the only way you’ Il know is by looking at an
electronic rudder-angleindicator (or by taking alook aloft).

Even more serious, thereisno “king spoke.” Sincethereisalwaysabit of dippage you cannot
mark the wheel on center and expect that to be the center the next time you use the whesl .

Thisbecomesamajor problem when you aretrying to steer aggressively with aspinnaker up or
when sailing in storm conditions.

| have had hydraulic steering on several of our own boats, each time swearing it would be the
last. Beowulf, our most recent creation, has hydraulic steering!

Helm Pumps

Thefirst element in the hydraulic steering system is a helm pump to which the steering wheel
is attached. Each turn of the helm pump pushes a certain amount of hydraulic fluid through the
linesto the steering cylinder. The bigger the helm pump, thefaster your steering responsewill be.

Helm pumps are avail able with variabl e displacement. You can actually change the amount of
fluid displaced with each turn so that gear ratios are adjustable.

Helm pumps are typically very reliable. The only thing you need careful about is bearing and
seal wear from large wheels. From 36 inches (900 mm) and down, thisis typically not a factor.
With larger whedlsit is. You may want to go to alarger sized pump so thereisalarger bearingin
the pump to take wheel loads.

Cylinder Size

Cylinder size is based on the rudder loads. With most systems you do not want to exceed a
working pressure of 900 pounds per square inch (psi) as the maximum operating pressure. Once
your steering loads are cal cul ated you can then pick the correct cylinder to do thejob.

It never makes senseto scrimp on cylinder size. There'snot alot of differencein cost or bulk.

However, the larger the cylinder, the slower the steering response (unless helm pump capacity
isincreased). You feel this as more turns of the wheel for hard over to hard over. This does have
the advantage of increasing your leverage over the rudder.

Thebase of the steering cylinder carriesthefull load of your entire steering system. Thisisusu-
ally four 3/8-inch (9.6 mm) or 1/2-inch (12.6 mm) bolts. With the load reversing thousands of
timeson apassage, these boltsand the baseto which they areattached aregoing to get areal work-
out.

That base needsto be extremely stout. The bolts must betorqued right to their limits. Be sureto
uselock washers, lock nuts, or someform of Loctite. And check the bolts before every passage.

You will want to make sure that the cylinder is carefully aligned with the steering arm and that
you have equal movement of the rudder either side of center.

We haveinstalled systemswhere we used two hydraulic cylindersworking in parallel to carry
thefull load. If you have a shut-off valve on one of the cylinders, in light airsand/or intight quar-
tersin which fast helm response is desired, shutting down one of the cylinders cuts the steering
ratio in half, giving you ahelm repsonse that istwice asfast (but with half the mechanical advan-
tage).

How do you figure out the correct size of cylinder for your boat? Thereareavariety of formulas
that various manufacturers use that can give you a starting point. Speed, rudder efficiency, coun-
terbalance on the blade (or lack thereof), rudder size, and vessel displacement al enter into the
equation.

Thebest approach isto find aboat similar to yours and ask the owner how his system works. A
good indicator of sizing isif the operating pressure is below 900 psi in al but the worst of 1oad
situations.
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Over theyearswe' vetypically used Hynautics K-3 cylinders on our larger boats (ranging from
Intermezzo 11, tothe Sundeer 64 and 67, and including the 79-foot Beowulf). On Intermezzo |1 and
Beowulf the cylinders were used for both wheel and pilot steering. The other vessels were for
pilotsonly. The Sundeer 56 wasfitted with aK-2 cylinder for the pilot.

Steering Tiller

Theforce of the hydraulic cylinder is delivered to the rudder shaft viaashort tiller arm that is
clamped to the rudder shaft. Thelength of thisarm and the length of the hydraulic cylinder’s pis-
ton combine to determine how far the rudder will travel before the steering reachesits maximum
angle.

Shorter tiller armsgiveyou morerudder angle. We alwaystry and have several holesso that the
amount of rudder angle can be adjusted (alonger tiller arm also gives you more leverage).

On most of our hydraulic systemswe' vetypically used an 8-inch (200mm) tiller arm.

Thistiller obviously must beimmensely strong, with large bolts and heavy clamping flanges.

Keep aclose eye on the clamping bolts.

Plumbin

With ope%ati ng pressures at or below 900 psi, you have awide variety of plumbing materials
from which to choose.

High-pressure copper tubing (not refrigeration tubing) can be used if you are careful with the
end fittings. However, we prefer to use stainlesstubing if the system isgoing to be hard plumbed,
asit hasamuch longer life.

If you do hard plumb, you will need some flexible hoses between the hydraulic cylinder and
hard plumbing. If the hoses are short, you can get away with material rated at 2,000 psi (which
typically hasaburst strength of 6,000 psi). Theissue hereisnot the strength of the hose but how
much it expands under load.

If thereis much expansion going on then the steering will be mushy.

For longer runswetypically specify 5,000-psi hose.

Hydraulic Fluid

Theuseof thecorrect hydraulicfluidiscritical to thelong-term well-being of the many sealsin
the system. Be sure and follow the manufacturer’s recommendations. And just in case there's a
leak, carry an extragallon of hydraulic fluid.

Accumulator Tank

Most hydraulic systems include an accumulator tank or reservoir. This should be mounted as
high aspossibleinthe system, wherethefluid level iseasy to read with the sight glass, and where
itis easy to fill. Remember to leave enough space between the filler and top and deck head for
small funnel and aquart (liter) container of ail.

Relief Valves

All hydraulic systemsincorporate arelief valve to relieve pressure in the event they are over-
loaded. These are typically set at around 900 to 1,100 psi. Although the cylinderstypically will
not fail until four timesthisrating, the manufacturerslike to have ahigh factor of safety.

If you are steering in heavy weather or maybe making afast turn under power, you may feel the
wheel get unresponsiveif therelief valvesare popping. They also typically makeaslight screech-
ing sound.

If thisoccursfreguently, your hydraulic cylinder isundersized. If it happens on occasion, most
relief valves can be adjusted upwards. We've set our own at 1,200 psi.

Bleedin

To opergte properly ahydraulic steering system must be completely free of air or the air will
compress under [oad, making steering mushy. You can tell if you haveair in the system by turning
thewheel until the rudder hits the stops. The wheel should then be firm. If you can moveit more
than an inch (25mm) or so thereisair somewherein the system.

Getting rid of air takestime. It will move around the system, becoming trapped at high spots
and fittings.

The solution isto bleed each of thefittingsin turn, while someone keepsaload on the steering
whesl. It'snot unusual to haveto go around the entire system four or fivetimesto get rid of al the
air.
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Hydraulic Leaks

Over time there are going to be some leaks. These will most likely be at the helm pump and
hydraulic cylinder from seal wear. Plumbing fittings should not leak if they are properly tight-
ened.

You will want to keep the areas where leaks might occur clear of anything you wouldn’t want
hydraulic oil to drip on.

Installation Issues

The most important issue with hydraulic systemsis keeping them clean. Even atiny piece of
dirt can lodgein a check valve, causing the system to malfunction. When you are assembling or
maintaining the system, make sureall pipesand fittings are kept seal ed. Aseach sectionisassem-
bled, blow it out with compressed air.

Do not use Teflon tape with fittings. Pieces of it can break off inside the system. If you do need
athread sealant, use one specifically madefor hydraulic systems.

'MPé6
Mamba 3RDL/WRG12 gearbox
Close coupl'ed

The Mamba mechanical
steering system, made by
Whitlock in the UK; is a very
efficient way of transferring
torque from helm to the rud-
derpost.

The wheel, via torque
tubes, turns a gear mounted
under the helm, which, in
turn, rotates a torque tube
running back to the rudder
post, at which point another
gear (or transmission)
changes this into a radial
motion and adjusts a short
tiller bolted to the rudder
post.

For difficult installations,
where cables would have a
problem with slack or direc-
tional change, these systems
work really well.

MECHANICAL STEERING

A number of companies offer mechanical steering systemswhere gears and torque tubes take
the place of chain and cable or hydraulics.

These systems can be very efficient and can in some cases hel p with install ationswhere cables
would beimpractical.

While we've never used amechanical system on one of our projects, we have looked at it sev-
eral times.

WORM GEARS

Worm-gear steering systems were quite common 30 years ago, especialy where barn-door
rudders attached to keel swere used.

Worm gears have two advantages. First, they are compact. Next, they do not transmit rudder
loads to the helm. With a barn-door rudder (keel attached), this can be a major issue in heavy
weather.

They do suffer from significant friction and arequitecostly, soitisrareto find thistype of steer-
ing on amodern yacht.
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STEERING DETAILS

Regardless of the steering system you
decideto employ, youwill needtolook at a
seriesof detailsthat arecommonto all sys-
tems.

Tying in the Pilot

The first issue is tying in the autopilot.
Cable steering typically allows for two
approaches. Oneisto lengthen the steering
chain so that the pilot drive motor engages
thechain. Thisisquitecommonand easy to
execute. Unfortunately, it means using the
same steering system for manual and auto-
pilot, so that one cannot back up the other.
We prefer to design the system so that the
autopilot drives the rudder shaft by means
. other than the cable system. Hence, each

backsuptheother. Thiscanbeachieved by
using a separate tiller (e.g., the hydraulic
L cylinder tiller), or, alternatively, by tying
i directly to the quadrant (only if the quad-
rant isquiterobust).

With ahydraulic pilot, you a so havetwo
choices. Oneisto “T” into the main
hydraulic system. Thisisquitesimpletodo
and relatively efficient but, again, puts all
the eggsin one steering basket. If youtake
this approach, we suggest mounting a sec-

This is an interesting quadrant system — a small

steel center that clamps onto the rudder shaft. This
is enlarged to an appropriate diameter with a fiber-
glassed plywood spacer. Steel roller chain is then
used to transfer torque from a drive gear to the
quadrant. This drive gear is in turn connected to a
chain from the steering wheel, which makes a 90-
degree bend over gears housed in the black box at
the bottom of the photo.

On the right you can see a small white hydraulic
cylinder attached to the steel center section.This is

ond cylinder that can be attached to the
opposite side of the steering tiller. If the
main system fails, thiscylinder can then be
used with abackup pilot.

Combination Steering

The most powerful pilots are hydrauli-
cally driven. If you have mechanical or
cable steering, how do you integrate the
two?

the autopilot drive. L .
The solution is two-fold. First, connect

the cylinder to the quadrant or a steering tiller. Then, allow for a“bypass’ valvein the hydraulic
plumbing. When you want to hand-steer, thisvalveis opened, recirculating the hydraulic fluid in
thecylinder. Thevalveisclosed to usethe pilot. Notethat in the closed position the manual steer-
ing will not work.

Obviously you will want the bypassvalvelocated whereit isconvenient to operate. If thisisnot
practical, you can operate it with aremote cable.

Electrically operated solenoid valvesare availabl e but add to power consumption and unneces-
sarily increase complexity.

Steering Ratios

Thecorrect steering ratioisabit of aconundrum. A fast-acting helmisbest for good feel inlight
airs, as well as for maneuvering under sail or power in tight quarters. On the other hand, when
steering loads are high, and when you are steering for hours on end, more leverage isgoing to be
required.

Assuming for amoment that you have to pick asingle steering ratio, how do you decide?

Thefirst thing isto decide which is more important — offshore or close-in work. Smaller ves-
sels with good maneuverability will probably be less concerned with tight quarters work and
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Another Sundeer quadrant and pilot installation. The small bronze arm attached to the fiber-
glass rudderpost is for the rudder-angle sensor.The hydraulic ram (a Hynautics K-2 cylinder)
drives the back of the quadrant. The attachment of the base of the ram must be very secure. As
the boat travels, the load reverses itself every time the pilot tells the rudder to change direction.
This reversing load tends to loosen bolts. The steering-system bolts (including quadrant, pilot
connections, and cables) must be continually checked for correct tightness.

If you look at the forward center of the quadrant you will see a block of aluminum connected
with five bolts.This acts as a rudder stop, limiting how far the rudder can travel. It is designed to
impact two hard rubber pads mounted to the fiberglass gussets (port and starboard), one of
which is visible in the closest corner of the quadrant.

more worried about offshore conditions. On the other hand, with larger vessels frequently what
happensintight quartersis of major importance.

Thelarger the wheel, the more leverage you have, so fewer turns are needed.

The bearings are another issue. Do they stick under load? If so, you will need more leverage
when sailing in order to get the rudder to move that first fraction of a degree — after which it
should move much more easily.

Thereare no hard-and-fast rules.

On our 50-foot (15.4m) Intermezzo, we had a 36-inch (900mm) wheel and 3-to-1 cable steer-
ing.

Intermezzo 11, at 62 feet (19 m), had hydraulic steering with a 4-to-1 ratio, with a 4-foot
(2,200mm) wheel. This made steering easy but really slow in port.

Sundeer, at 67 feet (20 m), was steered with a 1.75-to- 1 ratio and a4-foot wheel. Thelogic here
was to maximizethe ability to handle the boat in tight quarters. In light-to-moderate sailing load
conditions thiswasfine, but in areal breeze could be ahandful for Linda. In this case, wereally
relied on our dual autopilotsto steer the boat offshore.

With Beowulf, at 78 feet (24 m), we went with hydraulic steering. Using a40-inch (1,016 mm)
wheel, she had a4-to-1 steering ratio. Although thiswas the best we could do with hydraulics, it
wasfar too slow for maneuvering. Asaresult, we always used our pilot when docking.

Rudder Stop

Someform of arudder stopisrequired to taketheload of the rudder, in case you lose control of
thewheel in reverse or get thrown backwards by abig sea.

Sincethistypically happens quickly with high shock loads, the rudder stop must be extremely
strong and heavily attached to the boat — it will see potentially higher loadsthan anything elsein
the steering system.

The stop itself works best with some form of hard rubber bumper between it and the quadrant
or tiller arm.
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Sarah (left), at age eight, surprised a lot of older folks with her feel for the boat, especially surfing with
a spinnaker set. By standing on the deck just behind the wheel, she had a good view of the seas ahead,
and could get her body strength into the wheel rim.

Having a place to step up onto for better visibility also works for older folks. This is particularly true
when entering crowded harbors.

Lisa Miller (right) at Locura’s 5-foot (1.53m) wheel on a cold California day. In order to keep the rim of
the wheel down at a level where the helmsman can get some armpower into it, the helm is sunken into
a trough in the deck.

Wheel Diameter

Large-diameter wheels are very much in fashion. In some cases they make sense— for exam-
ple, on racing boatswhere you want to be ableto sit on the weather rail and watch the waves. But
for cruising, the priorities are different.

Number one, thewheel needsto be efficiently sized for the shorter members of the crew. Heor
she should be able to comfortably hold the rim with arms bent at right angles at the elbow. With
an excessively largewheel, you end up steering with your hands held high, making it tough to get
good leverage. Largewheelsalso takealot of cockpit space, are difficult to maneuver around at
seq, and become areal nusiancein port. Of course, you can always remove the wheel in port.

Wheel Construction

The steering wheel should be constructed with enough strength so that it can survive evenif a
crewmember isthrown against it. With most destroyer-type stai nless-steel wheels, strengthisnot
aproblem. Some of the higher-tech carbon and aluminum wheels do not take so well to abuse.

Wheel Brakes
Someform of awheel brakewith cable steering ishel pful when anchored. Thiscanbeassimple
asapieceof linetied to a winch or shroud, or it may be abuilt in friction break.

Single or Dual Wheels?

Single-wheel steering islighter, smpler, less expensive, easier on maintenance, and has much
lessfriction than dual-station steering.

However, dual wheelslook neat, provide apathway through the cockpit, and give better visibil -
ity when sailing and docking as you moveto the side deck.
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Compare the ergonomics of this
wheel with that on Locura’s wheel on
the preceding page. They are both the
same diameter, the difference being
th(la amount of sinkage into the cockpit
sole.

If you spend many hours at this helm
your arms will be much more fatigued
than if the wheel were a bit lower.

When the helm almost touches the
deck,a block can be incorporated to keep
your feet out of the way. When a wheel is let into a trough or comes close

to the deck, some means of keeping feet from jam-

arghhhh

ming beneath is a must. If the
trough is done properly, there
will be no way for the helm to
get a good bite on a foot and
drag it.

The drawing to the left gives a
feel for the ergonomics of steer-
ing.The helm should be set up so
that the weakest member of the
crew can deal with steering
chores in heavy weather.

If the helm is too large in diam-
eter and therefore too high off
the deck, you cannot get your
shoulder muscles into action
efficiently.
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Pedestals

When sailing in big seas and hanging onto the edge of alarge-diameter wheel, theloads on the
pedestal will be substantial. Thisiswhy the pedestal should be heavily constructed, with plenty
of support under the cockpit sole.

Next comes the issue of engine controls. If you can reach over the wheel (not through it!) to
work the controls, they can be mounted on the pedestal. My preference, however, is to mount
them so that they can be operated by your foot, leaving your hands free to spin the wheel when
maneuvering in tight quarters.

Youwill seemany boatswith all sortsof electronicsand electrical controlsclustered around the
pedestal. Thislooksnice, but we'vefound it much more practical to keep electrical gear out of the
weather if at all possible. Sailing instruments are much better mounted forward in the cockpit,
wherethey can be seen by the crew aswell as by the person steering.
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Corky Aucremen designed this clever guard rail/note If you take this wheel-forward
board (above)for his Deerfoot 58 Terra Nova. The guard approach, be sure that the
railis about twice as high as the norm.This provides some- wheel projects far enough aft of
thing better to hold onto and gets the note board up the pedestal so that you can
where it is easy to see.For writing down compass courses, comfortably turn it without
bearings, times of hide tide, etc., this is ideal. leaning forward (above).

The wheel shown here
(below) is just a bit shy. The
helmsman has to lean forward
— a very uncomfortable posi-
tion if you have to steer for any
length of time.

L~y

T

Pedestal development was pretty much static until a few
years ago.Then someone came up with the idea of dishing
the wheel and connecting it on the forward side (above).
This allowed you to reach all sorts of buttons and controls
without reaching around or through the spokes.
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Emergency tillers can be
subject to extremely heavy
loads, especially if in use for
any period of time.

These three shots show
the system for a Sundeer 64.
A heavy chunk of schedule
40 aluminum pipe has a long
gussett on each side for
additional strength (top
right and bottom left pho-
tos).

Where this is really
needed is right at the rud-
der head. Note the holes at
the tiller end for relieving
tackles.

The upper left photo
shows the top of the rudder

shaft, typically hidden by a deck plate.The emergency tiller fits over the rudder shaft and engages the hor-
izontal pin.That pin also carries the vertical weight of the rudder and is fitted with roller to reduce friction.

Emergency Tiller

Every vessel must have the means of fitting an easy-to-use
emergency tiller. When evaluating this vital piece of gear,
imagine how a sheet-to-tiller arrangement would be devised
for self-steering. Be sure the emergency tiller can berigged on
short notice. Some set-ups require the removal of the binnacle
before the emergency tiller can be shipped. Consider its
strength aswell. Emergency tillersare frequently too weak for
the high loads they must withstand.

There should also be ameans of rigging tacklesto the end of
theemergency tiller. Thelinesfrom thesearethen led to acon-
venient spot in the cockpit from which to steer. “Relieving
tackles,” asthese are called, are just that — they relieve the
strain of steering. We carried pre-rigged 3-to-1 tacklesfor both
Intermezzos and 5-to-1 for Sundeer and Beowulf.

Rudder-Angle Indicators

Itisimportant to know theangle of your rudder, especialy in
heavy going. Thesimplest way totell isto haveatactileindica-
tor of when the wheel isat center. Thisis usually done with a

If your rudder head is
exposed to view, it can
make an excellent rudder
angle indicator. Kelly
Archer came up with this
detail on Wakaroa.
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546 RUDDER-ANGLE INDICATORS

Rudder must be bent aft
to miss the steering pedestal

to— -
Tangs for steering — >
lines

Gussets to
reinforce the
welded joint

existing rudder
L—"" head is normally
machined square

T Bolt the emergency
tiller to the rudder
head. (no load)

Emergency tillers are usually constructed to get you home from a weekend sail. They are typically built
way too light for the rigors of a long passage, especially one which takes place in heavy airs.

The drawing above gives you the basics.First,a strong connection to the top of the rudder shaft is essen-
tial. The first place these tiller typically fail is where the vertical pipe comes off the attachment hardware.
Gussets should be welded on four sides to reinforce this obvious weak spot.

Next, where the tiller makes a bend to face aft (as shown here) or forward is another weak point. Large
angular gussets at this conner will help a lot.

Steering loads with such a short tiller are going to be very high.To handle these loads you need a set of
relieving tackles, attached to the end of tiller,and then run down to the deck and forward to winches in
the cockpit area.

You will want your emergency tiller to have welded lugs for these tackles to attach onto.The tackles
should be handy. They don't always have to be used for this purpose, but you need to know where they
are kept or being used, in case they are required quickly.

lashing of some sort. Thisway, whenit isdark, and you are keeping an eye on the waves, you can
feel wherethe helmisrelative to center with the lashing passing under your fingers.

If you have hydraulic steering thistactile approach will not work, asthe wheel losesits corre-
lation to center with time. In this case, some form of a meter or the ability to look at the rudder
head itself will do thejob.

However, in really heavy going having to take your eyes off the path in front of you can be
unnerving!
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