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PROPUL SION SYSTEMS

Mechanical, plumbing, and electrical systems are some of the most intriguing aspects of eval-
uating, equipping or designing anew cruising yacht. There are so many waysto go — different
choices, combinations, direct and indirect relationshipsto consider.

The outcome of this decision-making process will have a substantial impact on your cruising
success, the resale value of your vessel, and costs of ownership, not to mention your frustration
level.

BASIC RULES

A few rulesto bear in mind:

Beclear about needs. Try to get thejob donewith the minimum required gear. Keep everything
assimple as possible—although, aswe've said, smpleisarelativeterm!

Don’'t crowd equipment into tight spaces. Thisleadsto enormously increased install ation costs
and future maintenance problems. If it can’'t easily be seen, touched, and removed, think twice
about theinstallation.

Consider carefully theintegration of the various bitsand pieces. How doesall of thisgear work
together? Can you scavenge a pump from the saltwater washdown system to use with the fridge
compressors?Will the DC alternator on the genset fit on the main engine?

Thelast thing to weigh is changing technology. The marineindustry keeps growing, with new
and better ideas always coming forth. What seems like a great way to go this year may be anti-
quated in ayear or two. Stay alert to
any changes that might bring aboard
moreefficient, easily maintainedlife-
style-enhancing gear.

At the same time, be wary of the
traps posed by untested equipment,
and by the normal desire to have the
newest and best aboard. Nothing is
more frustrating than spending part
of your precious freedom chipson a
new gadget that doesn’t work as
advertised, takes up valuable space,
and worse, keeps you at work in
unpleasant conditionstrying to effect
repairs, while your anchorage neigh-
borsare having agood time ashore. If
you have an already-equipped vessel
and are thinking about making

An efficient engine room needs plenty of space
around all machinery so that you can see what is hap-

pening and deal easily with maintenance. changes to _enhance cruising plans,
Hoses and wires should be carefully supported to hold off until you've had a chanceto
avoid chafe. Aesthetics are important as well. It is much use the boat for a while. Whatever

easier to spot trouble early in a clean, neat engine room. you think you want to do today will

change once you have had some real
cruising experience.

Aesthetics

This may sound like a funny topic
in an engine-room section, but it's
important. A good-looking engine
room or engine space not only makes
you proud, but is an indication of the
care with which things are installed
and maintained.

Equipment placed in a neat, func-
tional manner, with hoses and wires
aligned and protected against chafe,
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BASIC RULES

iseasier to work on. Keeping equipment clean isanother part of the equation. A clean engineand
engine compartment minimizes noxious odors and dangerous fumes, keeps the bilge clean, and

makesit easier to spot incipient trouble beforeit reachesthe crisis stage.

Keeping gear (especially the engine) painted is asimple chore if done on atimely basis. With
metal, the thicker the paint film, the longer it will last, preventing rust in the process. Taking an

hour or so, three or four timesayear, to touch up bad spotsreally paysdividends.

Fasteners

One of themajor battlesto befought with moving machinery iskeeping the nutsand boltstight.

This can be achieved in any number of ways.

The simplest iswith brute force. Put plenty of torque on anut and flat washer — say, 120 foot
pounds— and it will probably stay put until hell freezes over. But I've always been alittle leery

of thisapproach.

The next step up isthe lock washer. In many areas, if used with lots of torque, these will do a

good job.

Then there are lock nuts. These are nuts that have been scored or that have nylon inserts. The

onedrawback isthat it takesforever to back them off,
since awrench must be used all the way.

In someapplications, adhesivessuch asL octitewill
bevaluable. Here, it'sessential to be surethebonding
surfaces are clean and the proper type of adhesiveis
used. Be careful not to use permanent adhesiveif you
expect to remove the nut without a major hassle.
About the only way to break Loctiteiswith atorch.

Finally, critical fasteners can be drilled and wired
or fitted with cotter pins. Thisistheusual approach on
prop-shaft couplings and the prop itself.

Ontheother side of the coinisremoval of fasteners
during maintenance procedures. Items such as
pumps, which may require frequent service, should
use fasteners that are easy to remove. My preference
here is sheet-metal screws with large, quick-acting
threads.

It'sagoodideato use Never Seize compound onall
metal-to-metal fasteners, aswell as any that will see
moisture. Thisensuresyour ability to break them free
yearsdown theroad.

A light gray or light blueisthebest choicefor color,
asit won't show much of the normal oil film, yet will
show leaks of fuel or oil. Dark colors should be
avoided, asthey makeit moredifficult to spot leaks.

Chrome plating and galvanizing not only look
great, but also reduce paint chores. | like to chrome
valve covers, air cleaners, and any other easy-to-
remove, large covers. However, avoid the temptation
to do the fuel lines or other bits of plumbing. Other-
wise, repainting around the chrome will be a
time-consuming chore. Large steel brackets made up
for mounting accessories can be galvanized to pre-
vent rusting. Both chroming and gal vanizing are cost-
effective.

Finally, look at the possibility of putting drip trays
under the diesel engine, aswell as under fuel and oil
filters. A good drip tray will save hours of work inthe
bilgesand will keep them smelling fresher inthe pro-
Cess.

We make it a habit to start and
stop the engine in the engine room,
with control buttons mounted right
on the engine. This allows us to give
the engine a once-over, checking oil,
coolant, belts, and generally looking
for incipient problems.

We mount mechanical “switch”
gauges, manufactured by the Mur-
phy Gauge Company, in the same
location. These not only tell us how
the engine is running, but are used
to trigger an alarm if the engine
starts to run outside closely set
parameters.

These gauges allow you to adjust
the exact temperature and oil pres-
sure at which they will send a signal.
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740 THE ENGINE

THE ENGINE

Thefirst consideration in choosing or evaluating an auxiliary diesel engine isthe horsepower
requirement. Thisis a complex question, since horsepower needs change so dramatically with
wind and sea conditions.

If thewind is calm and the seais smooth, you'll require very small amounts of horsepower to
run at low speed-length ratios. Aboard Intermezzo we used about 15 horsepower to cruise at 6
knots (with her 36-foot /11m waterline, thiswas aspeed-length ratio of 1). But asthe wind starts
to build, so does resistance. Ten knots of wind can increase your horsepower requirements as
much as 30 percent. Throw in 3 or 4 feet of chop and another 10 knots of wind and you'll increase
horsepower needs 150 percent to 200 percent.

In smaller yachts, and when the engine is installed where its noise, heat, and vibration are
obnoxious— likeright in the middl e of the main saloon, asit was on Intermezzo— you'regoing
to sail whenever there’s abreeze. This being the case, the weight and expense of an overly large
diesel doesn’t make senseto me.

Intermezzo was quick enough in light airs that we didn’t need to use the engine unless it was
amost flat calm. We weren't trying to keep a tight schedule — just stay out of the way of bad
weather and get passagesover with asexpeditiously and comfortably aspossible. Fromthisexpe-
rience | decided that engineswere useful primarily as generators, and secondarily for usein pro-
pulsion. After all, if there’'s a breeze, even dead on the nose, we'd rather sail than listen to the
bloody engine roaring right under our feet.

When we specified the 85-horsepower Perkins 4-236 for Intermezzo I1's aft engine room, we
did sobecauseof resalevalue. | figured a30-horsepower enginewould dojust finebut didn’t think
anyone would agree with me when the time came to sell her. Thefirst time | had cause to think
differently was on the New River in Fort Lauderdale, Florida. We were heading back to our dock
from the boatyard, running downriver with the ebbing tide through a series of narrow bridges.
Under the Inland Rules of the Road, vessels running downtide always have right-of-way, but as
we began to head through a just-opened bridge, a sport fisherman on the other side decided he
would speed up and try to beat usthrough. There wasn't enough room for both of us between the
bridge pilings, and wewere headed for acollision. | jammed thewheel hard over to starboard and
gave Intermezzo |1 full throttle. We just barely made the turn without being pinned by the current
against the bridge. Without extra horsepower available, we would not have madeit.

| figured we'd just saved oursel ves enough damageto pay for the extrairon in the engine room.

Our next lesson started in Acapulco, Mexico, on our way home from Panama. We put in 365
gallons(1,414 liters) of diesdl fud for just US$75. That $75 was enough fuel to get usall theway
back to LosAngeles, and with along beat ahead — with all the attendant coastal-navigation prob-
lems, not to mention relative discomfort — it was easy to say, “Let’'s power al the way home.”
WEell, we did — we made the trip quickly, painlessly, and managed to finish abook manuscriptin
the process. This was made possible by the extra horsepower, coupled with isolating the engine
in our aft engine room, whereitsnoise and heat couldn’t annoy us.

When we decided to build Sundeer, we concluded from the beginning to make her as efficient
as possible under power, with the ability to punch our way through just about anything going
uphill. That last trip up the coast on the old boat had really opened our eyes. We ended up with a
150-horsepower | suzu engine with enough muscleto allow usto do whatever we wanted.

Smaller cruisers don’t usually have fine-enough hull shapes forward or enough displacement
to fight their way upwind against adverse seas with the engine only. This was the case with our
50-foot (15.4 m) Intermezzo. |f thisisyour situation, putting lots of power under the floorboards
may not make sense. Another factor to consider isyour boat’shandinessunder sail. If she’sagood
sailor inlight airs, weatherly, and able to tack out of atight spot in plenty of wind, youwon’t use
your engine as much as aless-€fficient vessel would.

Next ishandling in port with asmall crew. Here, the larger the vessel and the smaller the crew,
the more important it is that you can force the boat to do your bidding, as opposed to finessing
things. Maneuvering in atide-against-wind situation can call for lots of reserve horsepower, typ-
ically morethan under normal passaging. Of course, whenin doubt about atight squeeze, you can
always anchor out and movein closelater when conditions are more favorable.

How do you know what size engineto look for? The best bet isto try acomparable boat out and
see how its setup works. Check performance in smooth water, then in adverse conditions. The
same holdsfor maneuvering in close quarters. You can al so calcul ate, with modest success, what
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THE ENGINE 741

will berequired. Thereareformulasin Skene's Elementsof Yacht Design, or agood prop shop will
be able to do calculations for you. But be clear about what speed you want to make under what
conditions. Finally, asdiscussed inthe next section, propeller choice and efficiency will play abig
part in your power regquirements.

Horsepower Ratings

Most marine engines come with several different ratings. There will be brake horsepower fig-
ures, which indicate what the bare block, without accessories, will do; and shaft horsepower,
whichiswhat theenginewill net out at after deducting for awater pump, alternator, and transmis-

sion.

Thentherewill probably beaninter-
mittent rating as well as a continuous
rating. While it's nice to know what
the short-term usable power is, you'll
want to do your calculations based on
the continuous rating.

Finally, many marine engines carry
serviceratings. Typically these arefor
high-speed yachts, heavy yachts, and
commercial vessels. In each succes-
sivecasetheengineisde-rated, sothat
the top rpm is limited. Sometimes the
fuel pump settings and/or injectors
tips will be modified as well. The
lower therating, thelonger the engine
will last.

Detuning

If you happen to find an engine you
redly like, but it has far more power
than necessary, it may be possible to
get the factory to detune it for you.
There will frequently be special set-
tings for the engines used in generat-
ing sets or other auxiliary
applications. The fuel pump will be
removed and reset to lower the engine
rating and injectors or injector tips
may be exchanged. The advantage of
this approach is a better torque curve
at low rpm and lower fuel consump-
tion.

Two-Cycle or Four?

In diesel engines you have a choice
between two-cycle (where each piston
firesevery second revolution) and four
cycle. | prefer thefour-cyclesinceit’s
quieter and somewhat more efficient
on fuel. GM diesels, known as
“screaming gimmies” (for good rea-
son — you can hear one coming miles
away on a calm day!) are the only
two-cycles available nowadays.

Injection Systems

There are two styles of injection
systems. You have direct-injection
engines, where the fuel goes directly

9/HP-h SPECIFIC FUEL CONSUMPTION AT PROPELLER SHAFT OUTPUT
230
220
210
200
N Specific Fue! C. i
190 ~ {at propeller power curve)
180 | Propejer poder surved
,’/
170 HRENREE
Engine Torque
kg-m (DING2708 rating w/o Marine gear)
20 = s
19 N
18
17 ]
16
s OUTPUT MEASURED AT THE PROPELLER SHAFT
0 DIN6270B rating output without Marine gear +—1188|
a0 TTTTTTT LT 85
DING2708 rating autput =%
with Marine gear (KM4A) T Z
70
>
\Ao
60 15 -
:\0
o
50 & A
)
e
40
30
20

18 20 22 24 26 28 30 32 34 36 (x102)

Speed of crankshaft: rpm

Here are a set of performance curves for an 88-horse-
power Yanmar four-cylinder diesel.This is a quiet, smooth-
running engine available in 50- to 100-horsepower config-
urations.

The top graph indicates fuel consumption based on
horsepower taken per the bottom curve of usable pro-
peller curve. If you are using more power, the engine will
be somewhat more efficient.

Engine torque is shown on the middle graph. Note how
it is relatively flat between 2,400 and 3,100 rpm’s.This cor-
responds to the best spot on the fuel consumption graph.

The bottom graph shows available power.Ignore the top
curve as this is without transmission losses.

The bottom curve is indicative of the amount of power
you can put into the water with a prop that is small enough
to allow the engine to come up to maximum rpm. For a
powerboat, most of which operate at around 80 percent
of available power, this works well. But for sailboats, where
powering loads vary so widely, this is not very efficient.
However, if you want to have a warranty on your engine
you must follow these recommendations.
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742 THE ENGINE

into the cylinder, and indirect injection, where it goes into a pre-ignition chamber. In the latter
case, some claim asmoother running engine, and until afew years ago most marine conversions
of auto dieselsfell into thistype. However, they’re somewhat | ess efficient on fuel and requirethe
assistance of glow plugswhen starting.

Glow plugscanbeareal painif you'rein atight spot and need the engine quickly, asthey typ-
ically take 15 to 20 seconds of preheating before the engine will catch. On several occasions |
havewanted the enginein ahurry, and that 20 seconds of waiting seemed likeforever. Welearned
topre-start theengineandlet it warm up if wethought it might be needed |ater. Onceaglow plug—
equipped engine runsfor afew minutes, it will crank right over without the glow plugs the next
time.

Today, anumber of small direct-injection marine engines are on the market, so the choicesare
getting easier. | would definitely choose adirect-injection engine whenever possible.

RPM Range

Next, consider therpmrangeof your engine. High-speed enginesdevel op more horsepower per
pound than their slower counterparts, but they tend to be noisier, use more fuel, and don’t last as
long. A typical high-speed engine will turn 3,600 to 4,500 rpm at peak output, while
moderate-speed engines turn over at about 2,800 rpm. Slow-speed dieselsrun at 1,600 to 2,000
rpm.

Longevity isn't amajor factor on most cruisers—it’srareto use an engine more than 500 hours
per year. At thisrate, with good maintenance, ahigh-speed enginewill last 10to 15 years.

Of course you have to look at the engine's horsepower curve to see at which rpm you have the
needed horsepower and torque. Ideally, the engine should develop the horsepower you've
decided upon at its maximum torque point, which usually corresponds to minimum fuel con-
sumption. Thiswill usually be about 20to 25 percent under the max rpm/horsepower point onthe
curve, so you have some reserve left and aren’t pushing the engineto itslimit all thetime. While
looking at the horsepower and torque curves, try to pick an enginewith aflat curvethat’s efficient
over awiderange of rpm settings. Thismakesfor better fuel efficiency sinceit will bedifficult to
predict the exact rpm at which you' |l be running.

Boosting Power

You may also be looking at turbochargers and aftercoolers that increase efficiency and avail-
able horsepower from agiven size engine block. The turbos used to be alot of trouble, but today
they seem reasonably reliable. Theonly major hazard iswith fire, and that seemsto be pretty rare.
If the turbo fails, the engine still runs, just at aslightly lower efficiency level. A nice factor with
turbos is that they quiet the engine somewhat. Intercoolers are pure net gain. These cool the
incoming air with aheat exchanger run off the seawater cooling system. A good intercooler can
increase horsepower 10 percent or more, with almaost no gain infuel consumption.

Parts Availability

Availability of spare partsiscertainly aconsideration, although not asbig aconsideration asin
years gone by. Since most marine engines are reincarnated truck, tractor, or taxi engines, parts
today are pretty well-dispersed worldwide.

Marinization Details

L ook carefully at the marinization package. Theheat exchanger onthe engineand transmission
should be madefrom Cupro Nickel, which doesn’t corrode asfast asplain copper. Easily reached
sacrificia zincs should bein al heat exchangers, including the exhaust manifold. The saltwater
pump installation should be scrutinized for maintenance and type. Some engines use belt-driven
impeller pumps, while othersare gear-driven. V-beltsareapain, but if aleak devel opson the shaft
itwon't fill the crankcase with salt water, so they’re my preference. With agear-driven pump, if a
leak developsin the shaft seal, you can’t run the engine— period. Yet if your belt-driven pump
failsfor somereason, it'susually possibleto jury-rig something to keep going.

Location of the starter and alternator is important. Hopefully they’ll be up high, away from
bilgewater. Then you need to think about bleeding theinjectors, changing fuel and oil filters, and
adjusting belts. One engine design may be alot better in this regard than something else. Also,
ask about the ability to take horsepower from the front of the crankshaft to run accessories. Most
engines allow about 25 percent of the rated horsepower at any rpm to be taken off in asideways
direction. But some, because of front-bearing limitations, restrict belting on accessories.
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Spares

Whileyou're thinking about the cost of the engine, also consider the spare-partsinventory. It's
not unusual for agood set of sparesto run 20 percent of the cost of the engine itself, and pricing
policiesvary from one manufacturer to the next.

Here’'swhat we carry for offshore work, where | want to be able to deal with almost anything:
A full gasket set, shop and overhaul manuals, completeinjector set, high-pressurefuel lines, four
setsof sacrificial zincs, V-belts, two salt-water pump impellers, pump-overhaul kit, and occasion-
ally acomplete salt-water pump, starter solenoid, thermostat, set of glow plugs, freshwater-over-
haul kit, set of freeze plugs (if the engine is afew years old), fuel lift pump, aternator, and
regulator. Fuel and ail filters will vary with the secondary systems, but | like to have at least a
year'ssupply aboard.

Making Choices

The true marine engine used to be ararity. Almost all of our choiceswere converted industrial
engines. We've used a variety of engines with success. These include the Perkins 4.236, Isuzu
QD150, and Mercedes 120-horsepower marineengine. Inthelast few years, however, we' ve been
using Yanmar enginesfrom 88to 170 horsepower.

These are definitely high-speed engines, although amazingly well-balanced and quiet. We've
had aminimum of warranty issueswith them, and from amaintenance standpoint they are nicely
designed.

Finally, they're amazingly compact and lightweight. We haven’t used them long enough to
know firsthand how much time between overhauls we'll get, but from what we've been told by
other users, we can expect 5,000 to 10,000 hours, if they are well maintained.

THE DRIVE LINE

The drive line is made up of a series of elements connecting the engine to the propeller. This
gear seestremendous|oad — abuse in many cases— and thefailure of any element inthe system
will quickly turn you into a sailboat.

Designissuesused to be clear-cut with limited choi ces. Now we have awhol e collection of gear
to choose from, so the decision-making processis more difficult.

Overall Efficiency

There' sacertain amount of lossfrom every element inthedriveline. Thegreatest will beat the
transmission, each bearing, and even the packing gland rob you of power. When we realize that
thislossismultiplied by the prop efficiency (or lack thereof), it takes on added significance.

Let’s assume you have a prop efficiency of 40 percent — not too bad. If your drive-line losses
are 10 percent, about average, you'd have atotal propulsion efficiency of 0.40 percent less than
10 percent drive-line loss, or 36 percent. If you have an average 40-footer with a 32-foot water-
line, oddsare you will need about 14 horsepower inthewater to move at 6 1/2 knots. That doesn’t
soundtoo bad until you realize that you must dividethe 14 horsepower by the 0.36 efficiency. This
means the engine hasto deliver 38 horsepower to the transmission in order to net out the 14 you
need to push the boat!

Obviously, you want to be as efficient as possible all theway down that driveline.

Reliability

Reliability in the drive line is typically a question of proper installation, timely maintenance,
hours of use, and how hard a given piece of gear isworking relative to itsrating. Theimportance
of thiswill depend on where you cruise and how dependent you are on the engine.

For most cruising, with low hours of usage, closeto homewhere expert assistanceisavailable,
you can operate near the top of the allowable load range. But as you journey further afield, it
becomes prudent to reduce working load levels.

RPM Versus Torque

A key element to understand i sthe rel ationship between rpm and torque. For agiven amount of
power, the higher the rpm, the lower will be the loading on the various elements. If a 50-horse-
power engineruns at 3,000 rpm with a 3-to-1 reduction gear turning the shaft at 1,000 rpm, you
might do well with a1 1/4-inch (32mm) prop shaft. If that reduction gear changesto 2 1/2-to-1,
and prop shaft rpm goesup to 1,200 rpm, amuch lighter one-inch (25mm) shaft would do thejob.
Thisrelationship holdstrue all theway down thedriveline.
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TRANSMISSIONS

With transmissions, avariety of configurations, ratings, and design philosophies are available.
Asyou look into this field, you will want to consider several issues beyond those initially dis-
cussed.

Most important isthe desired reduction ratio. Thisisacomplex issueinvolving the drag char-
acteristics of your vessel, the engine you want, propeller options, and your evaluation of the var-
ious trade-offs in powering versus sailing performance. Each time you change one element, it
affectseverything else.

Mechanical versus Hydraulic

One of the early decisions you will make is whether to use a hydraulic or mechanical box. In
smaller engines, typically below 80 horsepower, there are a number of mechanical options, the
best known made by Hurth in Germany. Theseboxesarevery efficient, typically costing lessthan
one percent in loss through most of their operating
range.

The only negative with mechanical boxesis they
are more difficult to shift than their hydraulic coun-
terparts. However, with smaller engines, thisis not
anissue.

With a hydraulic transmission, a hydraulic pump
creates hydraulic pressure to operate a series of
clutch plates. These clutch plates transfer the power
of the engine to the reduction gears and handle the
shifting between forward, neutral, and reverse.

Transmission Efficiency

Mechanical boxes typically lose one to two per-
cent of their power to friction. These losses are con-
stant acrossthe entire rpm/horsepower range.

Hydraulic boxes are less efficient. First you have
an “overhead” figure required by the pump, whether
or not the engineisdoing any seriouswork. Thisfig-
ure can be as high as 4 or 5 horsepower on some of
the older transmission designs. To this you have to
add morelossthat occurs asthetransmission startsto do work. Theselosseswill runfrom 7 to 15
percent.

Thekiller, though, isthat initial loss. Look at it inthe context of the 14-horsepower examplewe
used earlier. Therewould be another 5 or so horsepower down the drain, and that’sahuge chunk.

If you arelooking to makeyour overall system moreefficient, or replacing an existing transmis-
sion, look at the efficiency figures carefully.

Power Ratings

Transmissions typically have pleasure-boat and work-boat ratings. Pleasure ratings are okay
for short-term use close to home, but for long lifeand or hard work it is better to use the commer-
cia ratings.

Also make surethat the transmission can handleyour reverseloads, assome gearshave alower
rating in reverse than forward.

Reduction Gear

Oncethetransmission hastransferred power from the enginethrough its clutch mechanism, the
energy travelsthrough areduction gear where the engine rpm isreduced by something between
1.5-and 3.3-to-1.

Optimizing the reduction ratio is akey element in making your overall propulsion system as
efficient as possible. In general, if you have the room to swing a good-sized prop, the deeper the
reduction ratio (the slower the prop will turn), the more efficient will be the propeller. Of course,
asyou slow down the prop shaft, the torque goes up — so the prop shaft, prop hub, and couplings
al havetogoupinsize.

When researching transmission choices, be sure to ook at available reduction ratios, as some
companies have abetter selection in your horsepower range than others.

A cutaway drawing of a Hurth mechanical
transmission. Mechanical transmissions are
always more efficient than hydraulic designs
within the horsepower range where they
can be utilized. In larger boxes, however, be
sure to check the force required to shift the
transmission in and out of gear.
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TRANSMISSIONS 745

In-Line Configurations

There are three typical in-line transmission configurations. Thefirst set of choices dealswith
the relationship of the output coupling to the crank shaft of the engine. Thereistypically amod-
erate amount of offset, the transmission output being lower.

Dropped-output configurations are al so avail ablewhere the output flange of thetransmissionis
asmuch as 8 inches (200 mm) lower than the engine’s crankshaft.

Angled outputs, typically 7 degrees, are also available.

Both the output angle and the output flange height should be matched to where the propeller
shaftislocated, if you are repowering. When building new thereis moreflexibility, and the deci-
sion on what configuration to use will typically be made based on keeping the engine aslow as

possibleinthebilge.
V-Drives

If your engineendsup fairly far aft, aV-driveisunavoidable. This
alowsyou to have the transmission facing forward, with the engine
facing aft, and to then bring the shaft all theway under theenginefor
attachment to the transmission.

Watch for several problems:

First, accessto your shaft coupling and stuffing box. Sincethey’ll
beunder theengine, be sureto get tothem for general inspectionand
repair work. Therewill frequently be structural engine bearersrun-
ning fore-and-aft in close proximity to the engine pan. Generally,
there is little room between these two elements to get at the gear
under theengine.

Next, make sure there's plenty of space for proper alignment.
Nothing will ruin atransmission faster than a misaligned shaft. |
prefer to avoid aV-drive where possible because of the increased
friction represented by changing direction and the access problems,
but sometimes the trade-offsin other areas make this unavoidable.
We used Borg Warner CR72 Vs on both Intermezzo |1 and Sundeer
because of their aft-engine-roomlayouts. At thetimethesewerethe
only boxesavailableinthe horsepower rangewerequired. Today I'd
use aHurth 600 seriesV, whichismoreefficient and reliable.

If you have a specia situation and need to remotely mount the
engine from theV-drive, check out the Waltherstransmissions.

Sail Drives

The Borg Warner V-
drive (above) has been
a standby for years.
However, they are
heavy, relatively ineffi-
cient, and expensive.
We prefer Hurth V-
drives where we can
use them. Note the
flexible coupling
between the output

Sail drives have been around in one form or another now for 20 {'ﬁgge rog th‘:g;ﬁ?’%a’ﬁ
years. Inthat timethey’ve had their share of problems, but currently flangg. P P

seem to be okay for smaller engines. They offer advantages in
underwater drag, vibration isolation, and installation cost.

Be sure they are properly installed, and keep avery close eye on
the zinc anodes.

Cooling

Almost all transmissionsgenerate heat whileworking and so have
an oil cooler, typically plumbed in series with the engine's heat
exchanger. It isnot uncommon to have pin holes devel op after time
in the heat exchanger. Thisleadsto aloss of coolant (you'll see an
oily slick intheexhaust water). It may also allow theincursion of sea
water into the transmission, creating an awful messwith the oil. It
turnsto aVasoline-like substanceand you haveto tear down thebox.

The best way to avoid these problems is to keep a close eye on
heat-exchanger zincs. Checking the transmission oil each timeyou
check the main engine also helpsto avoid problems.

Get-Home Capability

Some transmissions also have a “get home” option that allows
you to lock the box into forward in the event of ageneral failure—
an excellent feature. If all other things were equal, 1I'd go for the
transmission with this option.

The Stillet Sonic Salil
Drive (below) has been
used on a number of
race boats. It will accept
mechanical or hydraulic
input and is very clean
in terms of sailing drag.
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Power Takeoff

Another consideration is the availability of a power takeoff option on the transmission, typi-
cally for ahydraulic pump. Thisiscommon with somelarger gears. Thereistypically astandard
mounting to which many different types of pumps can be easily mounted.

Thisisasimpleway of getting power off the engine, althoughit involvesthe use of hydraulics.

Propeller Impact

When you shift from ahead to astern, there's a significant impact on the drive line from the
changeindirection of thepropeller. If you happen to have afeathering propeller likeaMaxi Prop,
the shock |oads get even higher.

Thisneedsto betaken into account when choosing atransmission and other drive-line compo-
nents.

Dampener Plates

While diesel engines appear to rotate smoothly, in reality the rotation of the crankshaft is a
series of explosive jerks as each cylinder fires. If this motion were transmitted directly to the
transmission, the transmission wouldn’t last morethen afew hours.

When you shift the transmission, especially when afeathering prop isinvolved, there are other
shock loadings to be absorbed between engine and transmission.

Asaresult, almost all diesels have adampener plate bolted to the flywheel, which is connected
to the transmission with a spline gear. This dampener plate has a series of springs around the
perimeter to smooth out and absorb the shock loadings.

Now to make things complicated, different engines have different pulsation (or “torsional,” as
the engineersrefer to them) characteristics. Of course, so do transmissions. So the choice of the
proper pressure plate can get quite complex.

If you're using an engine/transmission combination that’s been in use for along time with a
similar propeller, everything should befine. But once something changes, anew engine, different
gear box, or different type of prop, the dampener characteristics may need to be modified.

| am sorry to report that thisfrequently requirestrial and error.

One caveat: Bigger isnot necessarily better. If you're having problemswith the pressure plate
failing, it doesn’'t automatically follow that you need something “ stronger.” By simply going up
in sizeto curethe problem, you'll passit along to the next weak link — something in the engine
or transmission. When you' re changing dampener plates, keep capacity in the proper horsepower
range, then work on the dampening characteristics.

Engine Mounts

Your engine mounts play an important part in keeping the engine aligned with the prop shaft,
whileisolating some of the noise and vibration from the hull. If they’re more than five years old,
you should think about replacing them, as the rubber tends to wear with age and exposure to ail
and diesel fuel.

Ideally, your mountswill be as soft asis allowablewhile still keeping
the enginewithin alignment tol erances. The softer the mount, the quieter
theengine.

Some engines, such asYanmar, require specialized mounts. In some
casesYanmar engines come with three different mounts.

Flexible Couplings

One way to increase mount softness and reduce required shaft align-
ment tolerances is with a flexible coupling between the prop shaft and
the transmission. There are many types on the market. If you go this
route, remember to buy the best quality coupling available, and still try
to keep the engine aligned right on the nose. Carry aspare— preferably
two —and be sure you have the toolsto change the coupling.

Prop Shafts

First, some basic prop-shaft engineering. Stiffnessisafunction of the
cube of diameter. A very small increase in shaft diameter has an enor-
mousimpact on stiffness. Shaft stiffnesshasal ot to dowith cutlass-bear-
ing wear and shaft noise transmitted into the boat. When in doubt, go
bigger.

If you're limited in shaft size, you can improve the situation by using
high-strength alloys like Nitronic 50 or something in that range. This
won't have amajor impact on stiffness, but it will on net strength.

Flex couplings will
reduce wear on your
transmission bear-
ings and provide you
with a quieter run-
ning engine. How-
ever, they do not
remove the require-
ment for a well-
aligned prop shaft.
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TRANSMISSIONS 747

The connection of the shaft to the transmission, viathe coupling on the end, has to be treated
carefully. There are tremendous forces at work on that coupling, especially when you go from
forward to reverse. If akeyway isused in the coupling, be surethe proper type of key isused, and
carry several spares. Thesewill typically be ahigh-strength bronze alloy or stainlesssteel. Witha
clamp-stylecoupling, aswell aswith keyway-style, check theboltsperiodically to besurethey’re
tight.

If starting from scratch, consider going anotch or two oversize. Thiswill reducethe possibility
of bending the shaft when you wrap a sheet around it. If we're doing shaft calcs and see that a
1 1/4-inch (32mm) shaft would normally be used, wetypically go up to 1 1/2 inches (38 mm).

Support Bearings

Your shaft will be supportedin one or more placesby abearing, typically acutlessbearing, with
afluted rubber or plastic inner liner surrounded by metal or fiberglass. Be sure you know how to
change this bearing, and carry several spares. It'll be necessary to remove your prop, and having
aprop puller on board isagood ideaanyway. |f the bearing isin a P-bracket you'll need atool to
push it out. Otherwise, you'll haveto remove the shaft to do the job.

You'll come out ahead on the cost of these toolsthefirst time you're sitting in the yard, paying
$60 an hour, whilethe mechanic messesaround all day pulling your shaft becausehe doesn’t have
the right equipment!

If you haveinterior support bearingsthey should be split sothey can be changed without pulling
the shaft. The halvesare driven out and drop off the shaft.

Sometimes shaft length makes it necessary to have a bearing close to the transmission. In this
case, you'll haveto bevery careful with alignment
between shaft and transmission. Otherwise, there
will be substantial transmission bearing and shaft-
seal wear. This type of installation will require
firmer motor mounts.

If you end up with two cutless bearings, havethe
outer diameter of theforward bearing turned down
ahair, soit will dlip through the P-bracket without
force.

Prop-Shaft Brackets

At the end of the prop shaft some form of sup-
port is necessary. Depending on horsepower and
prop diameter thiswill take the form of either aP-
or aV-bracket. The former isasingle strut with a
casing for the cutlass bearing wel ded or cast onthe
end. This is commonly seen on small sailboat
installations.

But as the loads increase it’s necessary to go to
the V-bracket, which offers greater stiffness,
except withalot moredrag. Most powerboatshave
thistype of bracket, and more sailboats should use
it to reduce prop-shaft vibration and noise.

Keep substantial reinforcements on hand in the
hull area where the bracket is attached. There are
enormous loads on the fasteners, aswell aslots of
prop-wash vibration to be dealt with. If the area
isn’'t well-reinforced, the shaft support bracket |
will vibrate. This tends to enlarge the bolt-holes '*
over time, causing leakage and transmitting noise
totheinterior. Ideally, along with athickened hull,
several largeframeswill beworked intotheareaas
well.

Remember, the shaft support bracket needs to
handle the long-term torsional loads of the prop
and the short-term loadsthat occur when ajibshest
or dinghy painter catchesin the prop.

We've found that making the prop-shaft
support bracket substantially oversized pays
big dividends in reducing noise and vibration.
Our approach is to go three to four times
what is considered normal. The bronze
bracket above is on a Sundeer 64 and is rated
for a 400-horsepower engine — although
the 64 has a 140-horsepower Yanmar.

Below is a V-strut on one of our large
motorsailers. Once you reach a certain prop
size you are forced to use aV-structure.This is
good for the prop and shaft, but very high on
sailing drag.
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SHAFT-PACKING GLANDS

The prop shaft—packing gland isone of the major potential trouble spotson theboat. Whileitis
working correctly, you don’t think about it. If it startsto leak, however, it can make amess out of
the surrounding area, aswell asadd significantly to the bilge-pumping load.

Common Gland Issues

All of the various forms of stuffing boxes (or packing glands, as some call them) serveto keep
water out of the boat, the shaft properly lubricated, and to givelong life. How well they achieve
these aimsis subject to several issues. First is shaft/engine alignment. If everything is properly
aligned, and the shaft isrunning true, you will see no apparent movement when the shaft isturn-
ing, other thantheshaft rotationitself. If thegland or thehoseattachingit to the sterntubeappears
to bewaobbling, thisisan indicator of alignment problems. Thiswill makethejob of any packing
gland difficult.

All systemsrely to some degree on the shaft being smooth. Scratches or scoring where sealsor
packing material arein contact with the shaft promote wear on the seals or packing, and make it
difficult to achieve agood seal.

Good lubrication is another factor. Thisistypically achieved with water (although ail is occa-
sionally used). If the lube system doesn’t function correctly, failurewill quickly occur.

Finally, all packing materials have difficulty with dirt, especially with sandy grit. Keep an eye
on thiswhen getting free of agrounding and when powering in water affected by river outflows.

Maintenance

There are several maintenance issues you will want to consider as you think about the correct
packing gland for your situation. Thefirstisaccess. Hopefully the packing gland will beoutinthe
open where you can easily reach it. However, thisis frequently not the case. If you don’t have
good access, consider what sort of routing maintenance your system will require, and how this
will be achieved.

Next, if the packing-gland system requires major maintenance, you will want to think about
how thisis achieved in the space available. Can it be achieved with the boat still in the water, or
will ahaul-out be required?

What about catastrophic failure? What el ementsin the system could fail in such away asto put
your vessel in peril?

Finally, do you have the correct tools aboard to do whatever maintenance isrequired?

Shaft-Gland-to-Stern-Tube Connection

The shaft gland is connected to the stern tube with a piece of hose (which should be double-
clamped at each end with high-quality 316 stainless-steel hose clamps).

Themoreflexiblethishoseis, and thelonger it is, the better job the shaft gland will do of work-
ing in aslightly misaligned situation.

Useonly the very best quality hose. Stay away from hose with mild-steel reinforcing wire.

Conventional Stuffing Boxes
Conventional stuffing boxes use an impregnated flax-like material (or more modern material)

to form a seal between the prop shaft and stuffing box. An adjustable nut on the end presses the
packing onto the shaft, thereby limiting the ingress of water.

If this adjustment is correctly made, the shaft log will be dry when the engine is off and will
have adlight drip whilethe engineisrunning.

Thedrip isan indicator that the shaft is being lubricated by seawater. If that lubrication is not
present, the packing will be scorched (thereby losing its effectiveness) and thereis a possibility
of the shaft being scored.

Lip Seal-Based Glands

Thecrankshaft on your engineand input/output gearson your transmission uselip seal sto con-
tainlubeoil, sowhy not use them on the shaft to keep seawater at bay? I n theory thismakes sense.
However, over theyearsavariety of systems have been tried without long-term successon cruis-
ing yachts.

The maintenance problems with these systems have been primarily due to misalignment
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between engine and shaft. Any sort of whip in the shaft would quickly chew up the somewhat-
delicate edges of thelip seals, after which the shaft would start to leak.

John Newton’s Tides Marine has partially solved this problem with a clever design. John’s
approach isto create alip-seal carrier that also acts to keep the seal in alignment with the shaft.
Picturealong shaft bearing, floating with the shaft, to which the shaft seal isattached. Astheshaft
whips or wobbles, the bearing and lip seal stay withiit.

Wetried one of John’s seals on Beowulf and have been pleased with the results.

The question then arises about maintenance. Seal s are subject to wear, need |ubrication (sup-
plied by atap on the engine cooling water), and are adversely affected by dirt and silt. Theanswer
isto dlip a couple of spare seals over the shaft between the gland and coupling for future use.
When the installed seal goes bad, cut it out and pressin one of the spares. John figuresasead is
good for several thousand hoursin the average installation.

Oil-Lubricated Systems

Thetraditional approach with commercial vesselsisto usetwo lip seals, and thenfill the cham-
ber so formed with oil. Thishasamajor advantageif you arerunning in silty water, in that the oil
|ubricateswhile keeping the dirt carried with the water outside.

However, thesetype of systemsrequire perfect alignment. If runninginsilty water isnot aprob-
|lem, then water-based systems are a better choice.

Spring-Based Seals

The French devel oped a system in the 1980s called L ASDROP that used a unique approach to
eliminating shaft leaks. The concept is pretty simple. Attach astainless collar to the shaft using
an“ 0" ring seal between collar and shaft. Thisprovidesasealingfaceor edgeontheinboardside.
Then clamp aspring-loaded bell owsto the stern tube, the forward end of which has someform of
low-frictionlong-lifeplastic clampedtoit. Theforward pressure of the bellows keepsthetwo sur-
facesin contact, theoretically eliminating any drips.

A number of companiesnow makethese seals. We've used both the French seal sand those sup-
plied by PY | under thelabel PSS.

You will want to carry spare bellows, O-rings, and rub plates. Major mai ntenance may require
ahaul-out or that the shaft be seal ed underwater whereit exitsthe hull.

There are all sorts of shaft seals, most of
which will do a good job. The LASDROP
and PSS seals (upper left and middle) are
quite trouble-free. The Strong Seal (upper
and lower right) uses a traditional lip seal
held in place with a spring.Where this sys-
tem varies from the past is in the lip-seal
holder, which acts like a cutlass bearing
around the shaft, thus keeping the lip seal
always in perfect alignment with the shaft.

All' shaft stuffing boxes will, at some
time or other, leak. It is better to face this
inevitability in front. Enclose the seal with
a self-draining box, with a plastic lid, so you
can see the leak when it starts. This keeps
the surrounding area clean and dry.
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SCATRA

The SCATRA system is the ultimate in flexible couplings. Developed in Sweden in the early
1980s, it empl oys acombination of thrust bearing at the forward end of the propeller shaft with a
CV axle(similar toauniversa joint).

The thrust bearing takes the forward and reverse prop shaft thrust through a rubber-mounted
bearing, minimizing the prop-shaft vibration which istransmitted to the hull.

The CV axle hasaball-based universal joint at each end and can be angled up to 8 degrees.

Becauseof theCV axle'sability tomisalign, it reducesthe problemsassociated with transmis-
sion-to-prop-shaft alignment.

Thisinturn allowsyou to use extremely soft engine mounts. These soft mounts do abetter job
of keeping engine noise off the hull surfaces.

Alignment Issues

In spite of the fact that the CV axle allows misalignment, the better job you do in aligning the
engine, thelonger the CV axlewill last. There'sadirect relationship between alignment, angular
offset, horsepower, rpm, and longevity.

CV axlesarefrequently used to lower the engine closer to the hull. In many of theyachtswe're
involved with, we use a 7-degree-down-angl etransmission and 8 degrees of angleonthe CV axle,
toallow usto have an engine parallel with the waterline, hooked to a 15-degree prop shaft.

Thereisonekey element, however. When aligning an engineand prop shaft with an angletaken
up by the CV axle, aline projected from the flanges of the transmission and prop shaft must meet
inthe center of the CV axle.

Thisis actually much
simpler than it sounds.
You can make or buy a
simplejigtofacilitate this
alignment.

Sizing SCATRASs

Sizing SCATRA units
isafunction of taking the
drive-train characteris-
tics, then looking at what
you consider an accept-
ableCV axlelife. Wefind
that based on the normal
SCATRA data we get
around 2,000 hours of
running time from a CvV
axle before it needs an
overhaul. We always sug-
gest that our owners carry
aspare.

Maintenance

We've found over the
years that SCATRAS are
quite reliable. Keep a
careful eye, however, on
the bolts. Even when
installed with Loctite,
they tend to work loose
over time. We recom-
mend checking the flange
boltsevery 100 hours, and
before any use of the
enginewhereadrive-train
problem would compro-
mise vessel safety.

The SCATRA system
(left) includes a CV axle
between engine and prop
shaft, and a large, rubber-
mounted thrust bearing
that couples to the end of
the propeller shaft.

The CV axle can be
angled up to 8 degrees.

One key to a good SCATRA
installation is a secure location for
the thrust bearing. Considering
L that a prop can develop as much
as 25 pounds (11 kg) of thrust for
each horsepower available, you
see that forces can get high. The
usual method is to weld or fiber-
glass in a structural floor, tied to
the engine stringers.

Another approach (middle left)
is to build a self-contained box
girder all the way around the area
where the prop shaft enters the
hull. A lid on this will also help con-
tain any prop-shaft leaks.
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PROPELLERS

We started this section talking about how much power is needed for various conditions. What
we didn’t tell you was the propeller’sinefficiency at delivering the engine’s power to the water.
Thetypical sailboat prop islucky to get 30 percent of the power actually into the water, and effi-
ciency levelsbelow 20 percent are not uncommon. So, if it takes 15 horsepower to actually move
you through the water, and you have a 25-percent prop efficiency, the engine must deliver 60
horsepower to the prop just to net out the 15 horsepower required for forward motion.

With thisin mind it becomes quickly apparent that one of the best ways to improve powering
performance is not by increasing engine power, but by making the prop better. Going from a
25-percent efficiency factor to a 50-percent factor will have the same effect as doubling the
engine spower, with the extraadvantage of reducing fuel consumption and extending rangeat the
sametime. It makes senseto do everything possible to have an efficient prop.

Propeller Engineering

A seriesof factors affect prop efficiency and cruising speeds. Foremost amongst theseisblade
loading. Within certain parameters, the more blade areayou have per horsepower of work you are
doing, the more efficient the propeller, since the blades are under less | oad.

The prop, however, must beableto slip abitto doitsjob, and it must allow the engineto attain
enough rpm so that the engine can devel op the horsepower required to turn the prop.

Propeller Matching

To get theright combination of prop and engine characteristicsyou al so vary the reduction gear
ratios between engine and prop shaft. In some cases you may use a 2-to-1 reduction, in others
maybe 2.567-to-1. The key isto devel op the correct rel ationship between the prop and theengine
output curve. A prop that istoo large, putting too much load on the engine, can be as bad as one
that istoo small.
Sizing

Blade diameter isamajor prop variable. Thisisafunction of the factors already discussed, in
addition to space available, and the form drag you are willing to tol erate under sail.

First, diameter is most important. The bigger the blade and the slower it turns, the more effi-
cient will beyour system. Sundeer and my dad’s Deerfoot I have the same engine. But while my
dad hasroom to throw a 32-inch, three-bladed prop using a 3-to-1 reduction gear, we're limited
to 26-inchand a2-to-1 reduction— our aft enginelocation just doesn’t allow theroomfor alarger
diameter wheel. Asaresult, he puts 25 percent more power into the water per gallon of fuel than
wedid.

However, as we've already said, blade diameter has to be matched to the engine's rpm and
torque curve and to the reduction gear. Having too big aprop, which will limit enginerpm, can be
just as bad astoo small aprop, leading to engine damage.

Swept Area

Another considerationisblade area. Up to acertain point, typically 50 to 55 percent (of thecir-
cle swept by the blades), more surface areain the prop is better. Swept area varies tremendously
among manufacturers.

Pitch

Thenext considerationisprop pitch (or bladetwist). Themore pitch you have, up to apoint, the
more the prop will push you ahead with each revolution. Pitch is limited by cavitation on the
blades, and by the engine’s ability to push the boat asfast asthe prop would likeit to go.

Blade Shape

Although there are as many debates about this issue as about anything else to do with boats,
thereareafew generalities. Bladeswith atwisted shape, like aconventional prop, are more effi-
cient than straight blades, like some of the low-drag racing props. The area close to the hub
doesn’t do much work, whilethat near thetipsishighly efficient. Blade shape affects noise, cav-
itation, the ability to reverse easily, and of course, overall efficiency.

How Many Blades?

Two-bladed props are theoretically the most efficient configuration. However, itistough to get
sufficient diameter to put enough blade surfaceinto thewater with just two blades, so three blades
often end up on the most efficient sailboats. On powerboats, five- and even six-bladed props are
not uncommon! Three-bladed props are better balanced, so are quieter underway aswell.
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Tip Clearance

Tip clearance — the distance between the hull and
the outer edge of the blade — isan absolute situation
inwhich moreisbetter. However, theideal minimum
varieswith hull shapeand propeller design. A flat bot-
tomwith aflat-bladed prop should have about 30 per-
cent tip clearance, but the same hull with a more
efficient twisted blade might get away with a 15-per-
cent tip clearance. A 30-percent tip clearancewith a
24-inch (600mm) prop would be about 7.2 inches
(180 mm).

When you begin to cheat on tip clearance, two
things happen. First, the prop wash gets noisy, and
that becomes annoying inside the boat. Second, you
start to get cavitation off the prop tips, reducing effi-
ciency.

Now, you're sitting there thinking: | want the big-
gest possible prop, but need |ots of tip clearance, and
| only have so much room — so what do | do?

Experiment. Aswe said inthe beginning, it'stough
to calculate al of thison paper.

Feathering props without blade cam-
ber (twist) tend to be noisy, so require
greater tip clearance to reduce noise
coming into the boat.This Max Prop has
a heavily built support bracket, allowing
for a 30-percent clearance between the
edge of the blade and hull bottom.

Apertures

Another consideration is what sort of opening your prop sitsin. If it's a modern canoe body,
with the prop sitting happily in open water, you're fine. But if you have a propeller that sitsin a
cutout between keel and rudder, knock off afew more efficiency points. If the keel areaahead of
the propisn’t faired to anice clean edge, go back another couple of notches.

Overpropping

Enginebuilderstypically want to see the prop/reduction gear setup allow the engineto come up
toits full speed. The problem is that with the typical cruising sailboat, you spend most of your
time running at amuch lower spot on therpm gauge. Asaresult, the engine spends most of itslife
lightly loaded, which diesel engines do not enjoy.

Oneanswer isto overprop — that is, use aprop/reduction gear design oriented toward alower
operating engine rpm. This is much more efficient for the prop and the engine. Fuel economy
improves, the engineis happier running at a higher load, and the boat is quieter.

Soundslikeaslam dunk, right? Theproblemisthat if you try to run the engine higher than the
prop will allow it to turn, all kinds of bad things happen to the engine. The engine buildersreally
don't like to see thistype of approach employed. However, if you are careful with engine man-
agement, it makes alot of sense. We've been doing it for years with our custom boats, aswell as
onall our persona yachts.

Thekey isto be sureto always run at no more than 80 percent of the engine’savailable power.
There aretwo waysto check this. Oneis by measuring exhaust-gas temperature, comparing it to
the published engine data (engine exhaust heat corresponds closely to the engine loading). The
second isto keep an eye on your exhaust color and rpm.

Here's how thisworks. You want to momentarily find the point at which the engine beginsto
“lug,” or becomes overloaded. The two indications of
thisare sluggish response or no responseto thethrottle
and/or adark smoke from the exhaust (unburned fuel).
Once this point is established, back off 20 percent on
rpm ,and you'll be at about the 80 percent point on
available power.

When in doubt, err on the side of caution. Reduce
revsalittlemore.

Measuring Efficiency

How do you know how efficient your present setup
is? First, measure your fuel consumption in smooth,
windless conditions. Diesel engines burn about 0.4
pounds of fuel per horsepower per hour, or about one
U.S. gallon for every 18 horsepower used. Armed with

Any time you see prop turbulence
at the surface like this, you know a
lot of power is going to waste.
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your consumption/horsepower calculation, go to Skene'sElements of Yacht Design and calculate
the required horsepower to move you at the speed you were traveling. With that and the actual
horsepower the engine used, you can arrive at prop efficiency (plusor minus5 to 10 percent). It's
an excellent way to jump into thiswhole areaand will give you a baseline for comparison when
deciding what, if anything, you want to do.

Cruising Considerations

There are a series of issues to be addressed as you figure out how to deal with this propeller
conundrum. First isthe relative importance of sailing (and maneuvering under sail) as compared
to powering.

You may find youself where you want both at different times during your cruising. Sincefixed
propsaretypically fairly reasonablein cost (especially reconditoned), some cruiserscarry asail-
ing and a powering prop.

When you consider powering, you need to decide if speed or range is most important. If you
plan to short-hop, and schedule isimportant, then a prop allowing the engine to come up to full
rpm and to develop full power will be a better bet than overproping, which is more efficient but
limits top speed. If you expect to be powering to windward or motorsailing upwind, you'll
require more prop efficiency than motorsailing downwind or powering in smooth conditions.

Also consider control under power. Some props have better stopping power than others, and
somedisplay lessstern “walk.”

Trade-Offs

Of coursethere haveto be sometrade-offsin all of this. On onehand, we aretalking about sail -
boats— and the bigger and more efficient the prop is, themoredrag it will have under sail. That
drag can be enormous, costing as much as 15 to 20 percent of boatspeed to windward, plus slow-
ing down your tacking to apoint that might get you into trouble in close quarters.

In deciding which way to go, there are some other considerations. If you have plenty of power
availablein your engine, and lots of fuel capacity for your needs, prop efficiency won't beascrit-
ical. Ontheother hand, if you feel your boat isunderpowered in some conditions, or if your range
under power needs boosting, it may bealot less expensiveto work on prop efficiency rather than
adding tanks or anew, bigger engine.

Remember, going from a25-percent efficient prop to a50-percent efficiency isthe sameasdou-
bling your range or engine size!

Fixed-Blade Sailing Props

The simplest and least exspensive solution to the sailing issuesisto use a two-bladed prop of
cutdown area. Thisreducesdrag, but prop efficiency suffersaswell. Inbest cirucmstances, one
of these propswill put maybe 25 percent of the engine’s power actually into the water.

Folding Propellers

Twenty-five years ago Walt Beck pioneered the
folding propeller at Martec. These were initially
used onraceboatsand gradually begantofind their
way onto cruisers. These propsfoldinto astream-
lined shape when sailing and open under centrifu-
gal forcewhen the engineison.

We used a Martec folder on Intermezzo and

Both Martec
(top) and Gori
(bottom)
make reason-
~ably efficient
<. folding props
for forward
propulsion.

e

o

found that the sailing difference betweenit and our
fixed three-blader, which we carried as a spare,
was about 20 miles a day in the southeast trades.
We put thefixed prop on for better control running
the passes in the Tuamotus, but | ntermezzo felt so
sluggish under sail that we changed back right
away. From a safety standpoint | felt it was better
to be able to sail and maneuver in tight spots at

However, nei-
ther of these
works particu-
lary well in
reverse, a key
handling con-
sideration.

maximum efficiency rather than be forced to depend on the diesel to get us out of a sticky situa-

tion.

But the Martec type of wheel doesn’t have enough blade areato be very efficient, and they are

not extremely strong in reverse.
Maxi Props

We saw our first Maxi Prop in the late 1970s in Cape Town, South Africa. It was streamlined
when feathered, and seemed to have enough blade area to offer some advantages under power. |
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particularly liked the feature that allowed one to disassem-
ble the prop and change the pitch.

The only question | had in my mind was would it stand
up?

WEell, that was 16 yearsago. Sincethen we've used over
44 Maxi Props on boats we've owned or built for others,
and they’ve been remarkably trouble-free. We even once
had one of our 74-footers pick up a piece of 1/2-inch
(12mm) chain on the prop, wrap it around the hub, and
break the chain, with only superficial damage to the prop.

Because the blades feather and are symmetrical (i.e.,
thereisnotwist), they areasefficient inreverse asforward.
Thisgives excellent stopping power, aiding maneuverabil-
ity in tight spots. Because the thrust is symmetrical they
also exhibit less sideways torque, making it easier to con-
trol directionin reverse.

Where they fall down isin efficiency. That lack of twist
reduces prop efficiency in most cases to around 40 to 45
percent. You may hear higher numbers, but we've tested
Maxi Props extensively and have found that overall thisis
about wherethey fall. Compared to asmall-bladed sailing prop or afolder, thisis quite good.

If you arelooking at aMaxi or similar style of non-twisted prop, give your propeller-tip speed
careful thought. We've found that at up to 95 feet (30 m) per second they have reasonabl e effi-
ciency. However, above this prop-tip speed, their efficiency diminishes rapidly and the prop
appearsto cavitate excessively.

To keep tip speed down, you need the biggest reduction gear possible, so that the blade turns
slowly, and as much swept areaasyou can get (largest hub), which allowsyouto reduce diameter
abit, thereby reducing tip speed. The smaller theengineyou are using, and/or theless horsepower
you need to get into the water, the smaller the prop, and again, the lower the tip speed. As boats
and horsepower requirements grow, the Maxi Prop becomes alessfavorable choice.

You will also want to look at the swept-blade area. For a given diameter, the swept areavaries
with hub diameter. Larger hubs (with stronger gears) have more swept area and hence are more
efficient (but they cost more!).

Maxi Props are now available with
an external pitch adjustment. All that
is required to change pitch is a quick
swim and a turn of the pitch collar
ahead of the hub.This makes it possi-
ble to optimize pitch for likely condi-
tions — more pitch for motorsailing,
less for banging into head seas.

Luke Propellers

Theoriginal Hydefeather prop, madefor thelast 30 or so
years by Paul Luke, is also afeathering prop. However,
these propshavetwisted blades, so they are much moreeffi-
cient. In the correct situation they can range from 45 to 55
percent in efficiency — with a couple of drawbacks. First,
they have alarge hub, which when combined with the
twisted blades adds to sailing drag. They are not nearly as

Luke props
feather and
offer the effi-
ciency and
quiet running
of cambered

g,iﬁﬁ'e;' ﬁ;'\\,'é draggy as a_fixed prop, but neither are they as good under
higher drag sail asafolding or untwisted feathering propeller. They also
under sail. share the same (negative) traits as fixed props in reverse.

Still, if you want good powering and are willing to give up
some sailing performance, one might make sensefor you.
Controllable-Pitch Props

Another approachisacontrollable-pitched prop. You can get small CPwheelsfrom SAAB, and
larger ones from Hundestadt. These have the advantage of allowing a large-diameter,
three-bladed wheel that can be feathered when sailing. Additionally, you can adjust propeller
pitch for conditions encountered — lotsof pitch and slow rpm when motorsailing and more RPM
and aflatter pitch when punching into head seas.

These props can be very efficient under power. We've had real-world experience with aVP2
Hundestadt on Beowulf, averaging better than 60 percent efficiency.

In addition, the propeller pitch can be reversed so that when you put the transmission into for-
ward, the prop pullsyou astern (and viseversa). Thisinturnreversesthedirection of prop “walk”
— ahuge advantage. This stern torque can be used to pull the stern in either direction, allowing
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Beowulf's VP2 Hundested
(above) and the VP4 on Galatea
(below) — highly efficient under
power, but approximately 75
percent more drag under sail
than a comparable Maxi Prop
with streamlined blades.

One of the biggest
hurdles with a Hun-
destadt system is
the extra length
required for the
gear. The upper
sketch shows the
engine/prop shaft
relationship in the
Sundeer 64.The
lower drawing is
with the same
engine, and compa-
rable rudder rela-
tionships, but using
the Hundested gear
(aVP3).In order to
fit in the Hundested
you need to add
almost 3 feet (0.9
m), plus raise the
engine.

The Hundested gear is robust and heavy. This VP2 in Beowulf’s
engine room (below) weighs almost 200 pounds (91 kg).The elec-
tric motor in the upperleft corner of the photo controls pitch set-
ting. In an emergency you can easily crank in pitch by hand.

you to pull the stern toward or away from the dock, going to
port or starboard. When trying to reverse directly out of tight
spot, reducing pitch also reduces stern walk, so that it takes
less distance before you are moving in astraight line. And, if
you are trying to use prop walk to rotate over, pitching
increases the prop torque and pulls you around faster. With
these abilitiesyou can maneuver under power into some unbe-
lievably tight spaces.

The one negative with CP propsisthedrag fromtheir large-
diameter hubs and twisted blades. When we did the prop engi-
neering for Beowulf we estimated that the sailing drag from
thisprop would double compared to aMaxi Prop. We estimate
that this costs an average of a couple of miles a day. But, the
powering advantages— and moreimportant to us, the maneu-
vering advantages— make it worthwhile.

Another negative with CP propsisthat they have a gearbox
that goesafter theengine, adding substantially tothedriveline
length. Also, they are heavy.
Still, if you want efficiency
and good control when
maneuvering, they are won-
derful.

If you decide to go this
route, consider how to control
the pitch. If the transmission
is close by the cockpit, and
you are using the pitch con-
trol to optimize cruise effi-
ciency, you can get by with a
manual control. Thisis typi-
cally asmall-diameter handle
that can be rotated in one
direction or the other to con-
trol pitch. Thereisusually a
stop at the feathered position.
Keep track of how many turns
gets you to the normal pitch
setting, then optimize from
this using your exhaust gas
temperature asaguide.
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However, when you want to use the prop to help in
maneuvering, you need faster action. If thisisthe case,
Hundested offers an electric control along with analog
pitch meters. Mounted close to the helm, these make
handling adream.

Autoprops

The Autoprop works on adifferent principle than the
rest of the propellerswe' ve been discussing. The blades
are oriented around a pivot axis and automatically
assume anatural, theoretically efficient angle of attack.
The blades set themselves to the correct pitch for the
required sea state and boatspeed.

The reports we have read indicate that they offer a
large improvement over fixed props and folding props.
| suspect that they will power better thanthe Maxi Props
aswell.

_ Gori Props
t The ,tAutoptr.op ISta %Ievera;pplroacg Gori, a European company, has developed an inter-
0 automatic pitch contro’ an esting new design — afolding prop (for low drag) with

appears to work well. However, ; :
check relative noise levels with this three twisted blades. On paper it looks excellent. They

prop on your hull shape. Some folks also have an overdrive feature whereby the blades are
have found them to be quite noisy over-rotated for motorsailing or powering at slower
under certain conditions. speeds.

We tested one of these props when doing powering
trialson the early Sundeer 64s, and found it to haveforward ability comparableto the Maxi Prop.
Whereitfell downinour trialswasitsreversing ability. It was not nearly asefficient going astern.

We were one of the early testers of the Gori prop and I’ m sure they’velearned alot since then.
I’d seriously consider it and the Maxi for one of our future projects.

Getting It Right

If you are alittle confused by all of this prop stuff, you'rein good company. Everyone elsein
themarinefieldis, too— it doesn’'t help to bethe U.S. Navy, or to have the most powerful com-
puter in theworld. In the end, what works best for everyoneiscut and try.

Do your engineering to hopefully get you into the ballpark — then test in the real world. This
provides abenchmark from which to do your fine tuning.

So, unlessyou are working from aknown sistership, expect to do abit of experimenting!

Thisisnot asbad asit sounds, since prop pitch and diameter are easily modified by alocal prop
shop. Andin almost all cases, props can be easily changed in the water.

Propeller Protection

If youintend to spend much time poweringinlogging country, or where extensivefishtrapsare
used, some form of propeller protection may bein order.

On commercial fishing boats, various sorts of cages are constructed around the prop to keep
netsclear. Thissameapproachiseasy to execute on most yachts. Using steel or al uminum piping,
aremovable cage can befabricated for well under $1,000 on most vessels. The key is attachment
tothehull. If you have ametal hull, welding on atab or two is quick. With fiberglass or timber, a
through-bolted mounting pad will benecessary. Usually the cagewill run on each side of the prop
and under the bottom.

Another approach for repelling lines and netsis a set of spurs. Thisislike a Cuisinart blade
which slips on the prop shaft ahead of the propeller and just aft of the support strut.

There’sapenalty in form drag that needsto be wei ghed against the troubl e of going swimming
fromtimeto timeto cut asheet or lobster-pot pendant free.

Keep It Clean!

Having dug through all of this data on prop efficiency, there’s one moreissue about which you
ought to be aware. Prop efficiency is drastically reduced by even athin coating of slime. Six to
eight weeks after cleaning in thetropics, therewill be enough growth on your prop to cost you an
easy 10 percent. Allow alight scaleto build up and that losswill jump to 20 percent. If the prop
has been sitting around for ayear or so, and there’s 1/4 inch (6 mm) of crustaceansalong for the
ride, youwill belucky to get any forward propulsion. Keepit clean!
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In most cruising installations, accessories are run off the front of the engine (the PTO pulley).
You may be turning a damage-control pump, fridge compressor, and one or more alternators.
Oddsareyou will want to turn these at a higher speed than the engine, requiring alarge-diameter
pulley.

A whole series of factors should be carefully considered. Get them right, and you will have
yearsof trouble-free service. Otherwise, these accessoriesand their belt driveswill beasource of
continuing frustration.

Brackets

Brackets are subject to many
hours of vibration and bending
loads and should always be
made from heavy-gauge steel.
Aluminum, although lighter,
does not stand up well to vibra-
tion.

Thevibration isafunction of
the engine balance, the natural
tendency of a diesel to create
“torsionals” with each power
stroke in the individual cylin-
ders, and the load placed by the
accessoriesthemselves.

The brackets need to be
strong enough not to bend
under load.

An example of the loads felt F=d
by brackets: watermaker
pumps and fridge pumps use 8
between 1.5 and 2.5 horse- FE
power each; and a good-sized
12-volt alternator will consume
6 to 8 horsepower, with 24-volt
alternators taking 50 percent
more.

Finding a place to attach
bracketsisoftenaproblem. Itis
aways best to find a dedicated
bracket mounting point, such as
an unused motor-mount pad on  [¥%
theengineblock. Avoid sharing M
attachment points with other

g%? ?ﬁseogr?gsyl r?er ﬁlée;c:rrg?/ugltjeg The starboard-side bracket on the Sundeer 64 was a real challenge.
essful. s they tend to t it It had to deal with a large alternator that required up to 9 horsepower,

cessiul, asthey tend to tranSmit - )5 3 heavy-duty damage-control pump that would take 4 horse-

noise to the hull — and since power. Needless to say, the bracket was a very heavy weldment.

they donot vibratedirectly with  Note the plastic drip shield between the damage-control pump and

the engine, they put excess alternator,just in case the pump springs a leak.

loads from vibration on the

accessories.

Alignment

After having astrong bracket, making surethat thedrive and accessory pulley areexactly inline
isthe next key issue. These two pulleys should be as close to exactly on as you can get. Even a
1/16-inch (1.5mm) misalignment will cause havoc with belt wear.

Belt Tensioning

Proper belt tension is critical to good performance. If the belt it too loose, slippage will create
heat (in addition to belt wear), and that heat eventually affects accessory bearings. In higher
power applicationsyou simply will not be ableto transfer power from the engineto the accessory
without proper tension.

Generally, the
best way to attach
a bracket to the
engine is to bolt it
onto the motor
- mount pads on
_ the engine block
and then pick up
the edge with a
. motor mount, as
' shown here. (The
ii| alternator is not
i1, yet mounted).
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There are many ways to build in a belt-tensioning device.The simplest is to use a bolt to pulley the
alternator away from the engine (upper left illustration). If the device in question is base-mounted
(the way a fridge compressor is typically installed), then bolts can be used to push (top right) or pull
the accessory into the correct tension.

Or, as is shown in the two lower photos, a small turnbuckle can be worked into the mix.

Thetypical method of tensionisto usealong screwdriver or chunk of pipeasalever, then brace
yourself for areal effort. With lower power accessories, thiswill work. But as power requirements
increase, so does belt tension. At some point it becomes nearly impossible to attain the right
amount of tension.

This iswhere someform of screw adjuster comesinto play. We have used avariety of schemes
over theyears, typically employing asimplethreaded rod with anut bearing agai nst the accessory
in question. These are easy to make up and save alot of trouble over time.

PTO Capacity

You will want to check the PTO capability of your engine against the power needed to run your
accessories. The engine manufacturer will advise you of their limitations. PTO capacity istypi-
caly afunction of how the PTO pulley is attached, engine rpm, crank-shaft size, front-bearing
capacity, along with the weight and size of thedrive pulley.

Most small engines afford 3 or 4 horsepower at low rpm without complaint. As you get into
larger aternators, you need to watch these factors.

Engine Loading

No diesel engine likes to run for long periods in a relatively unloaded state. The bigger the
engine, and/or the higher the performance of the engine, thelessit likesthis situation. Running
the enginefor long periods like this causes glazing of cylinder walls and rings, aswell as exces-
sive carbon buildup. Of course, thisis exactly what most of us do for amajority of the hourson
the engine. So what can be done to mitigate the damage?

Thefirst thing isto periodically run the engine hard under full 1oad while powering. We typi-
caly try to get in 15 to 20 minutes of high-load powering for every five or so hours of charging.
Thisreducesglazing and blowsout built-up carbon. Notethat thismeansrunning theenginehard,
right up near max rpm, with engine heat up at the top end of the operating range.

The second thing to do isto adhere strictly to an oil-maintenance program. Using some of the
high-tech oil-treatment systems discussed later will also help.

Drive Pulley Design

Therelationship of the PTO drive pulley to accessory pulleysisdetermined by several factors.
First, you need to determine what the ideal high speed idle rpm will be for your engine. Then,
look at what rpm range you want agiven accessory to run.
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Say you have afridge compressor that you want to turn at 3,000 rpm, and you want to run the
engine at 1,000 rpm at anchor. This gives you a 3-to-1 driveratio. Since the clutch pulley on the
fridge compressor is probably 6 inches (150 mm), this would require a drive pulley with an 18-
inch (450mm) diameter. That’snot practical, so the fridge compressor will be limited to about 2-
to-1at best.

Alternatorsare easier to deal with, however. With a12-inch (305mm) drive pulley, the odds are
you'll beusing a3-inch (75mm). Thiswould giveyou adriveratio of 4-to-1, so that at 1,000 rpm
thealternator would be spinning at 4,000. Sincemost alternatorsbegin to hit their strideat around
3,500 rpm, thisseemsideal.

However, you need to look at what happens when the engine is up to speed, as all accessories
have an rpm limit, above which they become very unhappy.

Since most alternators are limited to between 7,500 and 10,000 rpm, if you were using a high-
speed diesel that cruised at 3,300 rpm, the 4-to-1 ratio would havethe alternator turning at 13,000
rpm! The 4-to-1 would work with alow rpm engine, but with higher top speed, the drive-pulley
diameter would have to be reduced.

Themoreaccessoriesyou run onthefront of the engine, the deeper thedrive pulley will be. The
problem here comeswith bending |oad on the crank shaft. Theloadsthat aretaken at the end far-
thest away from the engine’'s PTO have the highest bending “arm.”

To minimize this load, arrange accessories so that the highest power requirements are dealt
with closest to the PTO, and lightest loads at the end of the drive pulley.

Pulley weight, balance, and finish are all important to belt life, engine front seal, and bearing
wear. Thedrive pulley should be aslight as possible, polished carefully, and balanced perfectly.

Lay Shafts
Lay shafts sound wonderful in theory. The §
PTOisused onthemain enginetodriveaninter-
mediate shaft. To thisshaft are connected anum-
ber of accessories like fridge compressors,
aternators, pumps, and maybe a dive compres-
sor. To get really sophisticated, a smaller diesel
can beused to power thelay shaft fromthe oppo-
site end, in which case clutches are required to
disconnect the engine not being used.

In the real world, however, there are some
problems. To begin with, lay shafts tend to be
heavy, expensive, and excessively noisy. Itis
not uncommon for lay shafts to be noisier than
the engines to which they are attached. And, -
heaven forbid, should abelt ever fail, you may  the jay shaft on Sundeer lasted less than a year
end up with ahuge project to get new beltsinto  pefore | changed to engine-mounted alterna-
place. tors and damage-control pump and put a 24-

Ontheother hand, they doallow alot of acces-  volt DC motor on the watermaker. The new
soriesto berun of themain engine. system was lighter, more efficient, and left more
We' ve fitted lay shafts to anumber of vessels  space in the engine room. _
over the years, including one of our own (which Jim Schmidt uses a lay shaft to drive all of

Wakaroa’s accessories. It can be run with either

we later removed). My feeling is that once you X h S .
the main engine or a small auxiliary engine.

understand the true costs of the lay shaft, not to
mention the noi seissues, other means of achiev-
ing the objective become more palatable. Per-
haps a small genset, or changing a couple of
accessoriesto DC drive, will eliminate the need
for thelay shaft. 2
If you go with alay shaft, there are several
issues to take into account. Alignment between
the drive and lay-shaft pulleys must be spot-on.
Belt engineering should be conservative. The |
lay shaft and related brackets must betied tothe | &
engine mounts so that the two entities vibrate
together. Mounting the engine in one spot and
the lay shaft elsawhere — unlessa CV axleis
used — will result in prematurebearingand seal &
failure onthedriving engine.
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V-BELTS

Next to pumps, V-belts cause the most annoying
maintenance problems when cruising. If they are the
right design for the job, properly installed, and cor-
rectly tensioned, they will give you thousands of
hours of troublefreelife.

But sincethisis not typically the case, be prepared
- withlotsof spare belts!

How They Work
V-belts transmit power with their sides, not their
bottom. They depend upon a certain amount of con-
tact area with the pulleys to get the job done. This
bringsinto play severa factors.
Thefirst isbelt wrap. Under ideal conditions, with
a 1-to-1 pulley ratio, each belt will wrap around 180
degrees of pulley. However, with a stepped-up sys-
© tem, aswe normally use on boats, the belt wrap will
be greater on the drive pulley and less on the acces-
.| sory pulley. This degrades the performance of the
" belt. Oneway to mitigate the belt-wrap problem with
Most cruising yachts today have the smaller pulley isto move the two pulleys further
a large selection of accessories apart, asthisreducesangul ar change between thetwo.
attached to the main engine, The Another way to make the belts more efficient is to
belts driving them are frequently . ay
the weak link in the system. increasethe size of both pulleys. There are, of course,
some practical limits with drive-pulley size and
weight. Also, check on maximum allowable belt speed. Belt speed isafunction of enginerpmand
pulley circumference. For a given rpm, as diameter and circumference increase, so does belt
Speed.

Types of Belts
There are literally dozens of types of V-belts— all sorts of designs, constructions, power rat-

ings, and configurations. Two similar-looking belts may have vastly different power ratings.

The typical automotive belt, which you'd buy in an auto parts shop, may be able to handle 3
horsepower. If you step up agrade and go to an industrial belt, such asthe Gates High Power 11,
for acoupleof dollarsmore, you'll doublethat rating. It'susually necessary tovisit anindustrial
belt distributor in order to obtain higher rated industrial belts.

Belts are typically sold in cogged and smooth designs. Cogged belts generally have higher
power ratings and grip the pulleys better.

You can a so buy adjustable belting, which can be used at any required length. Thisworksgreat
inapinch, but only for low-power applications.

Horsepower Ratings

If you consult anindustrial belt engineer about your application, he'll runyour system through
acomputer program. He' [l want to know therpm at which the belt isexpected to operate, required
power, pulley diameter, and the distance between the pulleys.

The engineer will then specify several belt types, Intheprocess, he'll predict how many hours
of operation to expect.

Itisamazing just how much power you can transmit. With high-quality cogged belts, using a2-
to-1 pulley ratio and belt life of around 1,000 hours, asingle belt will handle closeto eight horse-
power. However, to dothis, belt tension and alignment must be exact! We'vefound (the hard way)
that for most people, thissituationistoo aggressive, and it isbetter to de-rate the beltsdownto the
4-horsepower range.
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Belt Tension
We've now mentioned belt tension, which is critical to long

life, acouple of times. The problem comes in determining the |
correct tension. Your engine manuals may indicate tension |

requirements. Belt engineers can also offer figures.
Our experience with large alternators and their high power

requirements has been that anew belt should start life at around |

7510 80 pounds (34 to 36 kg) of tension. After theinitial break-
in period where the belt is stretching, thistension should drop to
the 50-to-60-pound (23 to 27 kg) range. Most industrial belt
suppliers have inexpensive and easy-to-use devices for measur-
ing belt tension.

Beforeweleavethis subject, be aware that overtightening can
also beaproblem, leading to premature bearing failure.

Dusting

All belts make a certain amount of dust when running. How-
ever, if the correct belt isbeing used, if it is set at the proper ten-
sion, and if pulleys are correctly aligned, dusting should be
minimal. More than asmall amount of dust is cause to investi-
gate.

One Belt or Two?

If you have a minimum of accessories, it makes sense to
transfer power with dual belts. Thusloads are split, and most of
thetime, belts can loaf along.

With multiple accessories, however, using dual belts makes
for alarge, heavy drive pulley. Thisputsmoreload ontheengine
PTO, front bearing, and front oil seal. Over the years we've
found that with multiple accessories, it's better to work hard to
make the single-belt systems efficient, thereby reducing PTO
loading.

Multi-Belt Systems

Odds are you'll have a bunch of belts on the front end of the
engine. When the time comes to change a belt, Murphy will
make sure it is the innermost belt — meaning you have to
remove all the outer beltsto get to that inner belt!

Theoneway around thisisto put on an extraset of inner belts.
Tiethem out of theway so they are available when needed.

Dealing with the Unexpected
Over the course of cruising, al sortsof problemsmay crop off
with your V-belts and related accessories. It may be that you

cannot find the correct length of replacement belt, or that your !

own belts are on their last legs. Perhaps the bearings are going
out on one of the accessories.

It is usually possible to tie off a
second set of belts on the front
of the engine or at each acces-
sory on a lay shaft. This makes it
much simpler to change a belt!

When you cannot find the
correct belt length, or have an
inside belt that needs changing
and not enough time to do it
right, adjustable belting will pro-
vide a temporary fix. However,
watch tension carefully, and
reduce loads if possible, as these
belts don't handle the same
horsepower as regular V-belts.

Thereareavariety of thingsyou can do to keep going. Oneis | i 5

to carry some“belt dressing.” Availablein solid and spray form,
it increases the friction between belts and pulleys. If abelt has
stretched too far to tighten properly, sometimes a little belt
dressing isjust enough to get the job done— but do not make a
steady habit of using it.

If abearing is going, reducing belt tension will often help
delay the point of total demise.

You can also reduce the power requirements of your accesso-
ries by reducing output. With alternators, cutting back on the
regulator reducestheload on bearingsand beltsat the sametime.

There is a relationship
between pulley diameter,
horsepower, and rpm. When
the loads get really high, it may
be necessary to go to multiple
belts. In this photo, we are
turning a 9kW DC alternator
that requires 20 horsepower.

t Chapter
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EMERGENCY STARTING

Sincemuch of the systemslogic to be employed | ater in thischapter depends on enginereliabil-
ity, awordisin order on how to start abalky engine.

Thenicething about adiesel engineisthat there'svery littleto go wrong withit. If you can get
fuel to the engine, and get the engine to turn over, it will start. The difficulty comesin cranking
speed. To get those first shots of diesel to explode under compression, acold diesel needsagood
turn of speed from the starter to generate enough heat. When there'sa problem starting adiesel,
it's usualy electrical in nature. It's possible that the batteries are low, or there may be awiring
problem, or perhapsthe starter solenoid or starter itself isbad.

Electrical difficultiesnormally devel op over aperiod of time. Theengine appearsto takelonger
to start eachtimeit’ sused. Perhapsthere’sabad cell in the battery bank and the entire bank isflat.
When you get to the point where there may not be enough punch left to get the engine to fire,
there’ sashort-term solution. Give the engine ashot of ether. The ether speeds up the combustion
process, and adiesel that wouldn’t have aprayer of starting normally will fireright off with ether.
Thisgivesyou achanceto get the batteries charged and/or sort out the other problems.

But ether must be used carefully. Too big adose can damagethe valves or pistons. And amessy
dosg, if sparked off, can damage you. You can hold arag, soakedin ether, at theair vent, or givea
squirt from an aerosol can. A one-second burst from the aerosol can should do thetrick. A diesel
mechanic| know also recommendsusingWDA40. It’slessvolatileand thereforelesslikely to dam-
agetheengineif too much isused.

If you have amechanical transmission (as opposed to hydraulic), the engine can be started by
sailing. Many dieselswill start at five or so knots of boatspeed (just like pushing a car when you
wereakid!). Some smaller diesel engines have the option of hand-crank starting. It'sreally nice
to know that regardless of what happensto your electrical system, the engine (or generator set)
can befired off with alittle arm muscle.

However, there are a couple of major considerations to make this afeasible aternative. First,
you need room to swing the crank. As self-evident as this may seem, probably two-thirds of the
boats we've seen with hand-crank capabilities can’t benefit from it, asthe crew can't get into a
reasonable position to exert leverage. Second, therewill usually be apressure-relief valvefor the
cylinders. Actuating thisvalve allowsthe crew to spinthe engine, getting the flywheel up to speed
without having to fight compression. Obviously, accessto the compression relief must be good.

Startwell Engineering in the UK make a spring starter that can be bolted onto the
engine when the batteries (or the electric starter) die. A small crank is used to wind up
the spring, using the shaft at the upper left of the photo.The red handle is then pulled to
release the spring and spin the engine. At around $700, this may make more sense than
carrying a spare starter motor.

A key consideration will be access to the starter motor.
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FUEL SYSTEM

Feed adiesel clean fuel and it will run forever. But let a
small amount of water or dirt get to theinjection pump and
you'rein for some headaches.

Filters
Most fuel filters use paper cartridgesto take out contam-

inants down to a 30- to 40-micron size, or about thesize of

atypical blood cell. You can get even finer filters, but they | o

clog up more quickly.
The engine will usually have afuel filter mounted right

ahead of thelift pump. You should have larger-capacity fil- |

tersinthelineto augment the system. Size and typesvary,
but it’sbest to go with largefilters. The bigger they are, the
more capacity before they need changing, and the finer
screen sizethey can have.

You may want to usetwofilterswitha“Y” selector valve.
This allows a quick changeover and a leisurely approach
when it is convenient to changing the dirty cartridge. Hav-
ing a vacuum-pressure gauge mounted in line will let you
know when the fuel filters are dirty enough to change, but
beforethey begin to starve the engine. Racor and Dahl are
two of the more popular filters available today — both
work well. On Sundeer we experimented with
industrial-type filters made by the Electrolube Corpora-
tion. These are so efficient they get down to particles as
small asthreetofivemicrons. Using ahybridfilter material
with a variety of ingredients and more surface area than
other types, they don’t plug up as quickly. They even have
abiocideto kill diesel bacteriawhen it's present. Conven-
tional filtersdon’t tackle bacteria.

While we've rarely had problems with fuel over the
years, westill liketo haveasmuch protection for theengine
aspossible. So, when thetime cameto specify asystem for
Beowulf we went with a dual-manifold Racor system with
30-micron filters as a primary, and a 2-micron Racor filter
asasecondary, both ahead of the day tank. Theseget asin-
gle shot at thefuel. The engine’sfuel filter is continuously
working on the day-tank fuel asthe excessfuel isrecycled
back and forth between day tank and injection pump.

You'll want to know if the fuel filters have a bypass to
alow fud toflow whenthefilter itself isplugged. Thereare
two schools of thought here. One says you don’t want the
engineto quit, or be starved for fuel if thefilter is plugged.
(Inadiesel engine, the fuel actually provides a substantial
amount of the cylinder cooling, more so than even the salt
water in the heat exchangers — so running a fuel-starved
engine can lead to seriousdamage.) The other argument is
that you don’t want to let dirty or waterlogged fuel into the
engine, since it will do other forms of damage. | think the
best compromise istwo filters, a selector valve, avacuum
gauge with which you can keep track of filter condition,
and anon-bypassfilter design.

The ideal fuel-filtering system is to
have two filters selectable with a Y-
valve.Thus, when one unit needs to be
replaced, you can keep the engine run-
ning with the other.You can plumb this
yourself (top photo) or get a pre-
plumbed system from Racor or Dahl.

= R

Changing filters can be
messy. Using a plastic bag
(above) or having a drip tray
(below) contains the spilled
diesel or lube oil.
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Filter Installation

There are several installation considerations on
fudl filters. First, if you spill fuel when removing
the filter, where does it go? Is there room for a
bucket or catch tray under the filter? If the spilled
fuel endsupinyour bilge, you'll be smelling it for
months! How about access to get thefiltersin and
out? It's a good idea to install a shut-off valve
between filter and tank, and between filter and
engine, so that when you break the fuel-line suc-
tion, aminimum of air is trapped. This makes it
easier to bleed the system after you have replaced
thefilters.

Whilemost modern filtersremovedirt and water,
some are specialized for one job or the other. Just
remember that you need to remove both!

Day Tanks

A lot of experienced cruisers like to have a day
tank in their fuel system, where several hours (or
more) of fuel isfed periodically into atank that will
usegravity tofeed theengine'slift pump. Thisway,
you know that regardless of what happens with fil-
ters or the lift pump, there's always a certain
amount of clean fuel ready to be used (assuming, of
course, thelow-level alarmin the day tank goes off
when the clogged filtersrestrict fuel flow).

A day tank will typically be fed from your hull
tanks with an electric lift pump actuated by some
form of on/off float switch within the day tank. Or,
if you havealarger tank, you can pump fuel manu-
aly or use atoggle switch to turn the electric lift
pump on.

Wherewe'vehad alonglift fromthefuel tanksto
the engine, we've always used a day tank. How-
ever, they do take up space and are an additional
systemthat can cause problems. If theengineisn’t too much higher than thefuel source, whenthe
fuel tanks are near empty I'd forget about the day tank.

If you do have an electric system to fill the day tank, actuated by afloat switch, you can count
the pump cyclesto keep track of your fuel consumption. Ideally therewill befloat switchestoturn
theelectric pump on and off, aswell astoindicate high and low tank readings. Thisisusually best
handled with aseries of reed switches on asingle shaft.

Fuel Lift Pumps

You may also want to consider putting an electric lift pump into the fuel line between the tank
and engine. Thereare several good unitson the market (made by Walbro and Stewart Warner) that
reduce the hassle of bleeding air from the fuel system. They also lessen the load on the engine's
mechanical fud lift pump. The design of these pumpsallowsthe enginelift pump to pull through
them if they fail.

RANGE UNDER POWER

We should take a minute to chat about what “range under power” means. First, you have to
determine your usable volume of fuel. Thiswill belessthan the theoretical maximum dueto fill-
ing difficulties, and the inability (or undesirability) of drawing the last of the fuel off the bottom
of the tank. With usable capacity in hand, we then proceed to consumption-per-hour at various
Speeds.

An aluminum
day tank with
fuel filters and
lift pumps
mounted along-
side. This tank
holds 20 gallons
(77 liters).

Either lift
pump can be
selected with
the Y-valves.
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The only time we
picked up dirty fuel dur-
ing our circumnavigation
was in Bali, from these
drums. By leaving the last
couple of inches (50 mm)
in the bottom, you avoid
most of the muck.

A Baja filter (left) has a
series of very fine screens
that remove water and
dirt from diesel. How-
ever, since they do not
remove bacteria, a bio-
cide should be used
whenever you pick up
suspect fuel.

Fuel-Consumption

Diesel engines are conveniently alike when it comesto fuel burned. They generally consume
about four-tenths of one pound (18 grams) of diesel fuel per hour for each horsepower produced.
(Theactua figurewill vary 10 percent oneway or the other, depending on how an engineisbeing
used and its efficiency at that point). Assuming your fuel weighsin at 6.7 pounds per gallon, that
means for every gallon (3.875 liters) per hour burned, your engine is putting out 16.75 horse-
power.

These consumption numbers are generally accurate, whether you're plugging into a headsea
with the engine working hard or motorsailing along at a good clip with the engine barely doing
any work at al. Thisisdueto the nature of the fuel-injection pump on theengine; it providesjust
enough fuel for theengineto do thework required. If theload ontheengineisless, fuel consump-
tionwill beless— although for any given rpm thereisan optimum loading at which the very best
fuel efficiency will be achieved.

Speed-Length Ratio

The speed at which you travel, or more correctly the speed-length ratio, will have abig impact
onyour range. The best mileage will befound at a speed-length ratio between 0.95 and 1.05 (to
find your speed-length ratio, divide boat speed by the square root of waterline length — thus 6.6
knots on a 36-foot waterline would be 6.6/6, or 1.1. As the SLR goes up toward 1.3, powering
rangewill drop as much as 70 percent.

Bottom and Prop Condition

While a small amount of growth on the bottom retards speed modestly, that same amount of
marinelife on your prop will have disastrous effects. Even adlight scale, which will find itsway
onto most props four to six weeks after cleaning, will knock efficiency by 10 percent or more.
Give the prop another couple of months and you can kiss 25 percent of your speed and range
good-bye.

The Right Prop

Most sailboat propswill deliver between 20 and 40 percent of the engine’ s effortsto the water.
If you're not getting the speed or range that you think you should be, one of thefirst problemsto
check propeller efficiency.

Measuring Consumption

The simplest measure of consumption isto check engine hours between refills, dividing quan-
tity of fuel used by hoursrun. Thisisbest done after arelatively long powering session with con-
sistent apparent-wind and sea conditions. Obviously this can be done after a period of
intermittent use, but for truly accurate datait’s better to go out and run sometests.

Ideally, your test will be carried out first on acalm day. Thefuel tank must be carefully topped
off beforehand. Allow plenty of time for the diesel foam to settle down, so you can get that last
gallon of fuel into the tank. Maintain constant rpm on the engine for a couple of hours at your
normal cruising speed. Then refill the tank right to the top. The longer you run, the lessfilling
varianceswill affect your final numbers. It many cases, it'seasiest to carry acouple of jerry jugs
aboard and refill from these.

To make shorter runswith better accuracy, disconnect thefuel linefrom the fuel tank and draw
directly fromajerry jug, measuring by sight fuel consumed. Besurethejerry jugiswell secured!
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Calculating Range

It's obvious that if you divide your fuel tank capacity by consumption per hour, you'll know
how many hours (and at what speed) you can power. Thetricky part is knowing just how many
usable gallons of fuel there are.

To beginwith, it'salways agood ideato leave thelast inch (25mm) or so of fuel in thetank as
it's more than likely your tank will have some water from condensation at the bottom. There's
also going to be some sludge or dirt at the bottom, unlesstanks are periodically cleaned.

To figure out how large your tank isin gallons, multiply the area of the top by the height to get
cubic feet. Then multiply the cubic feet of volume times 7.48 gallons per cubic foot for overall
capacity.

Let’sassumethat thereare 50 gallonsof “usable” fuel ina55-gallontank. Fromour test runwe
know weburn 0.85 gallons per hour at 6 knots. Divide50 gallonsby 0.85, and you get 58.82 hours
of running time. Multiply thisby our speed, 6 knots, and you get 352 miles of range. Remember,
however, that thisisin smooth water with no wind.

Different Conditions

If there'salight breeze blowing and you can motorsail, it's possible to cut consumption by as
much as 50 percent at the same or even dlightly better speeds. On the other hand, just a 10-knot
headwind canincrease fuel consumption (and decreaserange) by 15 to 20 percent. Makethat 20
knots of head wind and throw in ahead sea, and consumption will go up 75 to 100 percent. On
theother hand, if you can motorsail to windward, using aflattened mainsail, perhapsreefed down
and sheeted somewhat to windward, with a 20-degree apparent-wind angle, you can get con-
sumption back toward the smooth water norm (assuming seas are not holding you back).

Ideally, we'dliketo test each condition and establish some hard numbersfor each. But thismay
not be practical. Still, if you keep your tank topped up as you find different conditions, and then
top up again, you'll collect some valuable data. You can achieve similar results when powering
over long periods of timewith an accurate dipstick.

Aboard Sundeer we measured a 10-percent increase in consumption between flat calm and 7
knots of wind in acalm sea. When we experience 12 knots of wind and 2 feet of chop, consump-
tion almost doubles.

So, when you're calculating your range, do it for calm aswell as boisterous conditions.

Daily Charging Allowance

You'll aso haveto allow for thedaily charging cycleinrange. Thisisalittle more exact, asthe
consumption on the genset or engine is pretty much standard, even though it will vary slightly
with refrigeration and electrical loading.

Most small diesels burn between 1/4- and 1/2-gallon (1 to 2 liters) aday during charging.

How Much Range Do You Need?

How much rangeisenough? You can (almost) never havetoo much. If thefuel iscarried low in
the boat, well below the center of gravity, it will help stability so youwon’t pay apenalty for hav-
ing lots of it aboard. If it's stowed under seats and bunks, you lose good storage space and add
weight to the boat without really helping stability. Another factor is how unpleasant motoring
really is. With aquiet, efficient engineroom, you’ll want to motor alot morethanif you'reliving
right on top of anoisy engine.

Range under power can be asafety consideration when you're making long passages. If navi-
gationisdifficult or dangerous, the quicker you get through an area, thelesstime current and drift
can affect your course. And the faster you get a passage over with, the less chance aweather sys-
tem will have of catching you.

Intermezzo carried 150 gallons (580 liters) of fuel, which gave usarange of about 900 miles (1
galon, or 3.875 litersper hour, at 6 knots). Thisseemed to work well, but then shewasvery quick
inlight airsand wasunpleasant under power. Intermezzo || carried alittle over 350 gallons (1,356
liters) of fuel and had arange of 1,700 miles (1.5 gallons, or 5.87 liters per hour at 7.5 knots). |
couldn’t imagine needing more fuel, but when we built Sundeer we went to 620 gallons (2,400
liters) of fuel. Thisallowed ustotravel faster and farther — 2,500 milesat 8.5 to 9 knotsor 1,500
miles at just under 10 knots. Beowulf carries even more fuel — 800 gallons (3,100 liters). At 10
knots she has arange of well over 3,000 miles.

On the other hand we've had many friends who have made do with a few hundred miles of
range. Isthere ahappy minimum medium somewhere? Yes. If you can power 400 to 600 milesat
4 to 5 knots, that's probably enough to keep you out of trouble in really light airs and through
reef-infested areas.
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The chart at right gives basic
horsepower data for several differ-
ent types of vessels. Data is based
on the following: a clean bottom
and propeller, smooth water (no
wind), and moderate drag from
appendages (keel and rudder).

The data is presented for six dif-
ferent waterline lengths. The dis-
placement (Disp) for each is shown
as well as the displacement-length
ratio (DLR). Horsepower require-
ments go up or down pretty much
in proportion to displacement, so if
your displacement is above or
below these numbers, you can
adjust accordingly.

In the left-hand column of each is
the speed-length ratio (SLR) for
each of the speeds shown. As dis-
cussed in the design section, the
SLR is a key determinant of drag
(and thus horsepower needs).

Effective horsepower (EHP) is
shown in the third column from the
left. This is the force required to
propel the vessel in question deliv-
ered in the water (i.e., the actual
thrust with which the propeller can
push you forward, after allowing for all
inefficiencies).

To get engine horsepower you
need to adjust for propulsion effi-
ciency. This includes transmission
losses, and the losses from any sup-
port bearings, along with prop effi-
ciency.

The three right-hand columns
each show what horsepower
would be needed based on propul-
sion efficiencies of 0.25, 0.325, and
0.4.For most sailboats with a feath-
ering or narrow sailing prop, the
0.25 column is about right. If you
have a really good prop, you might
get to the 0.325 column.Very few
yachts will net out at 0.4.

Let’s say your waterline is 30 feet,
and you have a displacement of
20,000 pounds. At a speed of 5.75
knots (SLR of 1.05), the data indi-
cates an EHP of 2.10.You need to
modify this for your heavier dis-
placement (20,000/18,000=1.11).
So 1.11 times 2.10 gives you 2.33
effective horsepower. Assuming an
overall propulsion efficiency of 0.25,
divide EHP by PE. (2.33/0.25 =
9.32 engine horsepower required
to attain this speed.)

LWL=24' [Disp=10,000| DLR=325
SLR Knots EHP PE=.25 | PE=.325| PE=.40
1.00 4.90 0.80 3.20 2.46 2.00
1.05 5.14 1.10 4,40 3.38 2.75
1.10 5.39 1.30 5.20 4.00 3.25
1.15 5.63 1.50 6.00 4.62 3.75
1.20 5.88 1.20 4.80 3.69 3.00
1.25 6.12 2.70 10.80 8.31 6.75
1.30 6.37 3.70 14.80 11.38 9.25
LWL=30' iDisp=18,000| DLR=297
SLR Knots EHP PE=.25 | PE=.325 | PE=.40
1.00 5.48 1.70 6.80 5.23 4.25
1.05 5.75 2.10 8.40 6.46 5.25
1.10 6.02 2.50 10.00 7.69 6.25
1.15 6.30 3.10 12.40 9.54 7.75
1.20 6.57 4.00 16.00 12.31 10.00
1.25 6.85 5.40 21.60 16.62 13.50
1.30 7.12 7.30 29.20 22.46 18.25
LWL=36' |Disp=26,000] DLR=248
SLR Knots EHP PE=.25 | PE=.325| PE=.40
1.00 6.00 2.60 10.40 8.00 6.50
1.05 6.30 3.40 13.60 10.46 8.50
1.10 6.60 4,00 16.00 12.31 10.00
1.15 6.90 4.90 19.60 15.08 12.25
1.20 7.20 6.40 25.60 19.69 16.00
1.25 7.50 8.60 34.40 26.46 21.50
1.30 7.80 11.60 46.40 35.69 29.00
LWL=42' |Disp=38,000] DLR=228
SLR Knots EHP PE=.25 | PE=.325| PE=.40
1.00 6.48 4.10 16.40 12.62 10.25
1.05 6.80 5.40 21.60 16.62 13.50
1.10 7.13 6.30 25.20 19.38 15.75
1.15 7.45 7.80 31.20 24.00 19.50
1.20 7.78 10.10 40,40 31.08 25.25
1.25 8.10 13.50 54.00 41.54 33.75
1.30 8.42 18.40 73.60 56.62 46.00
LWL=48' |Disp=47,000| DLR=190
SLR Knots ERP PE=.25 | PE=.325| PE=.40
1.00 6.93 5.50 22.00 16.92 13.75
1.05 7.27 7.10 28.40 21.85 17.75
1.10 7.62 8.40 33.60 25.85 21.00
1.15 7.97 10.30 41.20 31.69 25.75
1.20 8.31 13.30 53.20 40.92 33.25
1.25 8.66 17.90 71.60 55.08 44.75
1.30 9.01 24.30 97.20 74.77 60.75
LWL=54' |Disp=60,000! DLR=170
SLR Knots EHP PE=.25 | PE=.325| PE=.40
1.00 7.35 7.40 29.60 22.77 18.50
1.05 7.72 9.60 38.40 29.54 24.00
1.10 8.08 11.40 45,60 35.08 28.50
1.15 8.45 13.90 55.60 42.77 34.75
1.20 8.82 18.10 72.40 55.69 45.25
1.25 9.19 24.20 96.80 74 .46 60.50
1.30 9.55 32.901 131.60; 101.23 82.25
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LWL=30" |Disp=18,000] LR=297 Fuel Burn | Total Hours| Range in | Range in | Range in
SLR Knots EHP | PE=.25 | Per Hour | 40 US Gal. | Smooth | Medium | Rough
.00 5.48 1.70 6.80 0.39 102.94| 564.12] 394.88| 282.06
1.05 5.75 2.10 8.40 0.48 83.33] 479.17| 335.42| 239.58
1.10 6.02 2.50 10.00 0.57 70.00f 421.40| 29498 210.70
1.15 6.30 3.10 12.40 0.71 56.45] 355.65| 248.95| 177.82
1.20 6.57 4.00 16.00 0.91 43.75| 287.44| 201.21| 143.72
1.25 6.85 5.40 21.60 1.23 32.41| 221.99| 155.39] 111.00
1.30 7.12 7.30 29.20 1.67 23.97| 170.68| 119.48 85.34

Let’s take this a step further. Assume you have 40 U.S. gallons of diesel fuel, and want to know what
your range under power will be. Most diesels burn about 1 gallon for every 16 horsepower they use. So
first we need to convert horsepower to gallons-per-hour.

In this case, let's go with the 18,000-pound displacement in the chart above. At an SLR of 1.10, or 6.02
knots, we see we need 10 horsepower at the engine if our propulsion efficiency is 0.25.

If you divide the power required from the engine by 16 to get gallons-per-hour, you will come up with
0.57 gph. Now take the fuel capacity available, in this example 40 gallons,and divide it by the fuel-per-hour
burned (40/0.57=70 hours). Next, multiply the hours by the speed (6.02 knots times 70 hours = 421
nautical miles) to get your range under power.

Keep in mind this is for optimized conditions, with the hull and prop clean as a whistle. It is also a smooth-
water no-wind scenario, which is not very realistic.

The following step is to make a “guesstimate” of how much fuel consumption will increase and range
decrease should conditions deteriorate. For moderate conditions — say, 10 knots of true headwind and
a 1-foot wind chop — your drag and fuel consumption will probably increase 30 percent.To get the mod-
ified range, multiply existing range by 0.7.In rougher conditions — say, 14 knots of headwind and a 2-foot
chop — fuel consumption and drag will probably double. Therefore you multiply your smooth-water
range by 0.5.

It would be rare to find a boat that fit any of this data exactly. However, if you can find a single realistic
reference point for your own vessel, by checking fuel consumption at a given speed (and speed-length
ratio) you should be able to interpolate up or down based on the numbers presented here.

A few caveats: First, drag at higher speed is very much a function of displacement-length ratio.The data
in these tables is for moderate-displacement vessels. If you are much heavier for your length, the drag will
be higher at higher SLRs. Conversely,if you are quite a bit lighter for your length, drag will be less at higher

speeds.

Here's another approach to calculating
required power. This will require some simple

/
/ math.
/

First, calculate the weight of your boat in long

/ tons by dividing total displacement by 2,240. If

/ your boat weighs 20,000 pounds, this would

make her 8.92 long tons (20,000/2240=8.92).

Next, pick a speed-length ratio. Let's say that

your waterline length is 30 feet. The square root
of 30 is 5.47.And we want to operate at an SLR

of 1.1 or 6.02 knots (5.47 x 1.1 = 6.02 knots).

In the adjacent chart, find required thrust per

ton on the left-hand side for an SLR of 1.1,0r 17

pounds per ton.The thrust required will be 17

times 8.92 for a total of 152 pounds.

The formula for required horsepower (EHP)

is resistance times speed in knots, multiplied by

0.003.For the example above, this works out as
follows: 152 pounds times 6.02 knots (at our
SLR of 1.1) times 0.003 or 2.74 horsepower.

Next, we have to calculate in the losses due to

the drive train and prop. We'll assume a prop

efficiency of 30 percent. Therefore, for
required horsepower we take 2.74 and divide
by 0.3, for 9.15 horses. Then we have to make

allowances for the transmission at about 10-

percent loss, as well as for a shaft bearing with
another 2 percent in loss. So 9.15 divided by

0.7 0.8 0.9 1.00 1.10 1.20 130 0.88 gives a final requirement of 10.4 horse-

power.
Speed Length Ratio
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FUEL TANKS

Diesel fuel is extremely viscous, much more so than water. Asaresult, the manufacturing of
diesel tanks can be difficult. The sulphur in diesel fuel can combine with moisture in your tanks
to createreal corrosion problems— just aswith engine oil.

Tank Materials
Asaresult of these two factors, choosing the correct materia for tanksis somewhat complex.

Black iron was favored for many years because of its apparent resistanceto acids. But black iron
rustsand isdifficult to keep looking nice. Stainless|ooks better but hasto be used in heavy gauges
inorder to last areasonabl e length of time. Fiberglass should beideal because of itsresistanceto
acids, but is difficult to really get tight enough to prevent minor diesel leaks. (Diesel will leak
through watertight surfaces!) Aluminumtanks, properly welded, seem to be moreresistant to the
acids than stainless and don’t have the appearance problems of black iron.

You can seeright away that you should be able to remove your tanks without tearing the boat
apart, should the need arise. The only time| would be happy with built-in tanksisinametal boat,
wherethey’rewelded to the hull.

Buying New

If you're buying new tanks, they should be pressure-tested regardless of material. The proce-
duregoeslikethis: Attach all fittings, covers, etc. (sealing off pipeswhererequired), and apply 5
psi air pressure. Then go over all fittings, welds, and joints with soapy water and check for air
leaks. After these have been found and repaired, reapply the air pressure and check again. If the
leaks appear to be stopped, leavethe 5 psi in the tank with an air gauge in the line. Turn off the
external air pressure. Come back in 24 hoursto be sureyou still havethe 5 psi air pressure.

How canyou check if thetanksthat arealready installed
are good? One way iswith the air pressure test just men-
tioned. However, it may be that your tanks aren’'t strong
enough to take the 5 psi pressure. Another approach isto
use alot of head pressure. Firgt, try filling the tanks right
up to the top of your fill, allowing timefor all thefoam to
settle out. This means it may take a couple of hours of
slow-filling at the end to get thefill piperight up to thetop.
Then, double-check fittings, access ports, etc., for leakage
or weeping.

Condensation

All fuel tanks have some condensation. Keeping tanks
filled al the time will reduce condensation, but not com-
pletely. To get rid of the condensation, there are two
approaches. Thefirstisasmall sump at the bottom of the
tank, which you can periodically drain from the bottom.
Since water is heavier than diesel, it will always be found
at the lowest point of the tank. The second approach isto
have adrain pipe through the top, leading right to the bot-
tom of the tank, to which you can attach a small pump
fromtimetotime.

Your fuel fill pipe should go al theway to the bottom of
the tank. This will reduce the fuel’s tendency to foam,
which can have abigimpact onfuel capacity. | liketo have
a2-inch (50mm) fill pipeto help reducefilling time.

The fuel-draw pipe, which leads to the engine, should
haveitspickup off thebottomalittlebit. Thisway it stays
out of any water that may accumulate at the bottom.

Separating air from diesel foam can
be a headache. When we fill our
tanks, the air vent is led to a bucket, so
if there is any foam overflow it does
not make a mess on deck.

Racor makes this clever fuel/air sep-
arator that does the job in a neater
fashion, by returning the condensed
fuel directly back to the tanks.
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ENGINE OIL

Air Vents

Getting air out of thetanksisdifficult but necessary if you want
to get full use of your fuel capacity. Theair vent should be at |east
half thediameter of theinlet pipe, and led off thehighest part of the
tank. If thetop of thetank slopessomewhat, so much thebetter. It's
critical that your air breather hose or pipe not haveany dipsinit.
It must run an upward slope to the vent point on deck. Any low
spotswill trap diesel, which will inturn block air flow. If thishap-
pens, it will bedifficult tofill the tank and impossibleto top off.

Clean Outs

Having asmall access point above the low spot in thetank isa
good ideafor inspection and cleaning. The boltsholding thisdown
should be blind tapped. If not, then boltswith O-ring sealsaround
their heads must be used to prevent leakage up the threads. “ Buna
N” rubber must be used for the gasket. Other rubbers, like neo-
prene, tend to deteriorate under the influence of diesel.

Bladder Tanks

Heavy-rubber bladder tanks can be used for augmenting your
fuel supply if they're well-fastened, carried low in the boat, and
chafe protected. However, | haven't seen any bladder tanks |
would be happy with for long-term usage.

Air vents must be placed
so that chances of getting
rain or spray into them are
minimized. Coaming
sides, and even the tran-
som, can occasionally
allow water into the tanks.

We've solved this prob-
lem in the past by bringing
the air vents up through a
lifeline stanchion (in this
case through the push pit).

Return Fuel Circuit

All diesel engines pump far morefuel than they burn. The excessfuel isused to cool theinjec-
tion pump and provide aform of lubrication. Asaresult, thereisafuel-return plumbing circuit
running from the engine back to thetanks. You usually havethe choice of returning thefuel to the
tank from which it wasinitially drawn, or to another tank. Be careful with thisapproach, asitis
possibleto overfill thelazy tank, in which case the excess will overflow.

Fuel Transfer

If you wish to transfer fuel from one tank to another, the overflow from the engine (as men-
tioned above) can be used, or you canfit afuel transfer pump.

Because diesdl is so hard on rubber, you must choose a pump that has been rated for fuel ser-
vice. Whileawater pump could be used once or twice, therubber partswould quickly be eaten by
the diesel fuel.

Most fuel transfer pumpsrun quitelowly. A coupleof gallons(8liters) per minuteisthe norm
for the medium-sized units.

ENGINE OIL

There's probably no aspect of diesel-engine maintenance more misunderstood than theimpor-
tanceof cleanengineoil. If your engine il isnot treated properly, it will substantially shortenthe
lifeof your diesel.

The problem comeswith the normal usage that adiesel auxiliary getsin asailboat installation.
Theenginerunsfor ashort period, maybe doesn’'t even get hot, thenis shut down for aday or even
afew weeks (thisis especially true of lightly loaded gensets). This on/off short-cycling leadsto
condensation in the engine. When the engine cools down, avacuum forms in the crankcase and
pullsinthe moist outsideair. Thiscondenses moisture, combining with the sulphur presentinthe
oil or with particlesin the oil that are the residue of the combustion process, and forms sulfuric
acid. That acid then goesto town on the soft metal in your bearings, rubber partsinsidetheengine,
and even the block.

So, rule number oneis: Don't start the engine and then turn it off without letting it run for a
while. Letit heat up and burn off some of the condensed moisture.

Next, change your oil often — not based on how many hours the engine has run, but on time
between changes. Most experts suggest every six months. Thelessyou run the engine, the more
acidtherewill be. Check the color of oil onyour dipstick frequently. If it'sblack and shiny, you're
generally okay. But with any sign of moisture— usually abrownish tinge— changeit right away.
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ENGINE OIL

771

Enginelubricating oil comesin avariety of classifica-
tions, grades, and viscosities. Using the correct type of
oil isimportant. The appropriate oil type varies with
temperature and engine operating conditions. Check the
owner’s manual for the correct oil to be using in your
conditions, and be alert to the changes required as you
move the boat to different environments or change the
operating conditions.

Classifications

CC: American Petroleum Institute (API) classifica
tion for lube qil to be used in heavy-duty gasoline and
diesel-engine operation. Thisisformulated to protect
engine from sludge deposits (from stop-and-go opera-
tion) and provide protection from high-temperature
operation, ring-sticking, and piston deposits.

CD: Designed for heavily loaded diesels, with extra
detergent to provided additional protection.

SC, SD, SE: Speifications designed by Automobile
Manufacturers Association that require a sequence of
testsfor approval. Designed morefor |lower temperature
operation.

Right class for your engine? CC isusualy used for
light-duty stop-and-go for naturally aspirated engines.
Turbo-charged engines need CC/CD and sometimes a
combination, since turbo operation is harder on engine
and ail.

Spectographic Analysis

For roughly $25 you can send asample of your oil out
for spectographic analysis of what it contains. You will
get back areport on engine wear, moisture, and other
contaminants. The analysis can help you evaluate how
theengineisdoing and catch small problemsbeforethey
become real headaches. Thisisaso agood way to get a
handle on aused engine.

Bypass Oil Filters

Most marine engines use bypass filters to clean their
oil. These filters typically take out particles down to
about 30 micronsin size. They do so by passing oil over
a paper element. As the element becomes clogged, the
flow shifts to another (now smaller) area of the filter.
Eventually the filter becomes fully clogged, and the oil
simply goes through a pressure-relief valve in an
uncleaned state.

Of course, thebuildup of particulatematterintheoil is
oneof themajor causes of enginewear, soitisimportant

Sarah checking the oil on Sun-
deer’s Isuzu diesel. We make it a
habit to check all liquid levels on
the engine before starting the
engine each time, and every six
hours when powering for long
period.

Racor has come up with a fine-
screen oil filter, replacing the
paper element. Periodically you
remove the screen and clean it.
This means you don't have to
carry spare filters or dispose of
them. It also means the filter can
be remotely mounted in a loca-
tion where it is easy to access!

to changetheail filter on aregular basis, beforeit goesinto the bypass mode.

Special Filters

You may want to consider some help for your ail filter. Several companies make special addi-

tional filtersto attack the acid and dirt problems (Electrolube, referred to in the section on fuel

filters, and Refineco are two we've used). These have extremely fine filters (usualy 3 to 10
microns, compared to the 30 to 40 microns of the normal engine-ail filter) and a heating element

to boil off themoisturein theoil. Thislatter aspect isespecially important, asit getsrid of one of

the key ingredients of the sulfuric acid.
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772 AIR SUPPLY

These systems can add substantially to engine-ail life, but thefilters
should be changed on aregular basis, asthey help absorb and/or neu-
tralize the remaining acids. In sailboat applications, with light load-
ing, these type of systems can add gresatly to engine life as well as
reduce the need to change your bypass filter since they have a much
finer element. However, the bypass filter should be changed at |east
annually just to make sure the paper element doesn’t fall apart from
old age.

Centrifuges

If you haveenough ail flow and pressure, acentrifugeistheultimate
oil-cleaning system. Centrifugeswill remove contaminantsdownto 1
microninsize. Buttodo thisthey usualy requirean oil flow of around
10 gallons (38 liters) per minute.

Preluber

Mechanics claim that most wear on adiesel occursin thefirst few
seconds after starting, before oil has had achanceto circulatethrough
the block. A simple solution to thisisthe Preluber. Thisis ahigh-
pressure oil pump that runsfor acouple of minutes before the engine
isstarted, forcing the lube oil throughout the engine.

Equally important, it runswhen after the engineis shut down, circulating the oil and allowing
itto gradually cool down. This minimizes“coking” (the creation of sludge from oil throughout
the block). The Preluber also acts as an oil-change pump.

Oil-Changing Systems

Having just lectured you (and reminded myself) about theimportance of clean oil, | must admit
that of al the chores on aboat, the absolute worst ischanging the engineoil. | used to do thiswith
aportable pump attached to my drill motor. It made such an awful messthat our interval between
changes was much longer than it should have been. As | learned the importance of frequent
changes, | decided to plumb in apermanent oil-changing pump to make life easier.

Groco makes agood pump, or you can use Preluber. | open avalve, put the exhaust hoseinto a
jerry can, and turn on the switch. Note— it’s very helpful to heat up the engine before changing
theoil. Hot oil pumps more easily.

AIR SUPPLY

If the engine and/or generator arein an enclosed engine room, a sufficient supply of air must be
provided. Otherwise, the machinery will smoke, lose power, and run hot. The problem is not so
muchinallowingair in, asit isin keeping out water and reducing noise transmission through the
air ducts.

If the interior of the air duct is lined with sound-absorbing foam, noise transmission will be
reduced substantially. Another approach isto use aseries of baffles, either intheair duct itself or
in the dorade vent on deck, to prevent sound from escaping.

Theair intake should be placed in such away asto minimize water incursion during a knock-
down or rollover. This can be helped by running the duct deep into the bilge and to the opposite
sideof the centerlinefrom theintake. On most modern designs, if the end of the duct ispositioned
properly, it will always be above the waterline, regardiess of heel angle.

Air Cleaners

If theair cleaner isn’t kept clean, theenginewill bestarved for air andwon’t run properly. With-
out agood filter, all sortsof dirt and abrasiveswill end up insidetheengine. Furthermore, agood
air cleaner can substantially reduce enginenoise, since about athird of all engine noisecomesout
of the air-intake pipe. When there’'s room, we like to mount an air silencer in lieu of a conven-
tional air cleaner. These units have substantially more capacity than regular air filters and are
designed to reduce engine noise at the same time. Solberg and Donaldson are two of the largest
makers of air silencers, with arange of sizes and shapes available. For offshore work, consider a
washabl efilter instead of apaper cartridge. Thissavesasubstantial amount of bulk storage space!

We tested a centri-
fuge on Sundeer for a
while. However, the
oil flow was insuffi-
cient to get the unit
up to proper operat-
ing speed.
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CRANKCASE PRESSURE 773

CRANKCASE PRESSURE

During the combustion cyclein the cylinder, hugeforces are built up asthe fuel explodes. The
piston rings and valves are supposed to seal all of this pressure, which isrelieved by forcing the
piston down, which turns the crankshaft. However, asmall amount of pressure always escapes
past the piston rings and finds its way into the crankcase. This causes positive pressure in the
crankcase, which isvented to the outside, usually viaacrankcase vent.

Two issuesareraised here. One, with an open crankcase vent, asthe engine cools, moist air is
drawn in, and as we've already discussed, the moisture eventually condenses inside the engine,
forming harmful acids. Second, the vented gases, called blow-by, are laden with oil from the
crankcase, and eventually create afine mist of il al over the engine compartment.

Many modern engines have a hose running from the crankcase vent to the air intake of the
engine. Thisispartially effective in reducing the blow-by.

Racor Crank Vent

Racor produces adevice called the Crank Vent. Thisis connected to the crankcase, and acts as
aconduit for the blow-by pressureto releaseitself. Insidethe crank ventisan oil trap. Thispre-
cipitates oil out of the blow-by, which is returned to the engine oil sump. The exhaust from the
Racor unit is plumbed back to the air intake of the engine.

Walker Air Sep

Once your engine reaches acertain size,
approximately 140 horsepower, it is possi-
bleto useaWalker Air Sep unit.

This works somewhat like the crank
vent, but on a more sophisticated basis.
Crankcase pressure is taken across a low-
pressure grid, and oil is precipitated out.
The low pressure is formed by the flow of
engineintakeair over aspecia filter. 7

The Walker Air Sep has proven itself to |
be extremely valuable in reducing engine
wear, cleaning up engine rooms, and "

reducing noise. We've fitted these to a We tried out a Walker Air Sep on Beowulf's

number of our larger yachts with excellent turbocharged 170-horsepower Yanmar. The

results. results were remarkable — almost no oil any-
where in the engine room.

ENGINE ROOM

BLOWERS

While the engine or generator is run-
ning, it’'sconstantly pulling theair fromthe
engine room and replacing it with cooler
outside air. But when the diesel stops, it
radiates heat from its block and there’'sno
exchangeof air. If an exhaust vent isadded,
with asquirrel-cage blower, the hot air can
beremoved. Another approachisto put the
blower into the incoming duct, reversing
its direction depending upon whether
incoming or exhaust air isrequired.

Squirrel-cage fans are extremely noisy |
and requirecareful installation. Becauseof &
this, and the fact that our own engine A Racor Crank Vent mounted on a 50-
rooms have always been sealed from the horsepower Yanmar diesel (left). The draw-

living area, we haven't used exhaust fans. ing (right) shows the foam-like media used to
precipitate oil out of the crankcase emissions.
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774 EXHAUSTS

Long exhaust pipes help keep the tran-
som clean from smoke and water staining.

Where tight bends are required on the exhaust However,you do have to take into account
line, fiberglass elbows can be used. Double hose the presence of a dinghy aft. A flapper valve
clamps, of the highest quality, should be used on over the end of these pipes would make
all exhaust connections — not as shown here! them less susceptible to following seas.

EXHAUSTS

The engine exhaust system has to do several important things. Foremost isto keep following
seas from flooding the exhaust line and, hence, the engine.

If you have a deep hull and your engine is mounted low, this can be a serious problem, espe-
cialy if the design of your vessel doesn’t lend itself to surfing — because larger seas will give
your transom agood pop now and then.

To protect the engine, you need aloop in the exhaust to the highest point possible in the boat.
Before this loop you'll need a valve to shut off during heavy sea conditions, unless you have a
modern, high freeboard boat that surfs easily, in which case avalve may not be required.

Adding aflap to the exhaust pipe where it exits the transom will help reduce the tendency of
wavesto find their way into the engine.

Excessive exhaust-line back pressurewill reduce the horsepower of your engine and reducethe
engine'slife. Turbocharged engines are especially subject to back-pressure problems.

Any restrictionin the exhaust line createsback pressure, asdoesthelength of the exhaust itself.
Each radius, muffler, and Aqua Lift also contribute. Excessive back pressure can be reduced or
eliminated by going up in size on the exhaust hose.

Aqua Lift

Since most dieselstoday inject water into the exhaust at the end of the engine’s exhaust mani-
fold (thewater cools and quietsthe exhaust gases), there will undoubtedly be an AquaLiftinthe
system. The AquaLift isatank that traps the engine exhaust water and then uses exhaust gasto
force the water out through the exhaust line. (If the AquaLift islarge enough, it will also collect
small amounts of seawater, which might otherwise run back into the engine if afollowing sea
catches you with your valve open. An oversized Aqua Lift, if there's room, is therefore a good
idea.)

The exhaust gases are cool enough so that rubber, fiberglass, or PV C pipe can be used between
theAqualift and through-hull fitting.

If it can besqueezedin, | aso liketo fit amuffler to help quiet the engine down even more.

If the engineislocated below the waterline, you will want to bring the exhaust water pipe up
above the waterline in aloop, with a siphon break at the top of the loop. This loop should be at
least afoot (300 mm) above the waterline. Moreis even better.

Aqua Lifts come in all shapes and sizes. And, if you cannot find the
right configuration of inlet/outlet plumbing, they are easy to modify
(left). Finding space for mounting down low is sometimes difficult.
The middle photo shows an Aqua Lift installed below a prop shaft.
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EXHAUSTS

Jacketed Exhaust

Some older boats, like Intermezzo, will have a
jacketed exhaust. Here aflexible stainless connector
between a steel pipe and the engine transfers the
exhaust gases. The steel exhaust pipeiskept cool by
pumping the engine'ssalt water around it. The prob-
lem with these systems is that salt and minerals
gradually build up in the jacket, blocking the water
flow. As a result, they haven’t been used in many

years. If you haveanolder yacht and it hasajacketed

exhaust of any length, beware.

Hull Side Exhausts

With midships engine installations there's a ten-
dency to exhaust out the side of the hull. Thisshould
beavoidedif possible. Theproblemisinkeepingthe
topsides clean. No matter what, there will be along
black smudge down the side after every passage.

Transom exhausts are much better. However, take
extreme care with the exhaust line — keep it insu-
lated from the surrounding hull and furniture to
reduce noise transmission.

Mufflers

With naturally aspirated engines, which are not as
bothered by back pressure as turbocharged diesels
are, itispossibletofit amuffler inlineafter theAqua
Lift. This reduces exhaust rumble. Make sure that
themuffler isnot mounted — that vibration fromthe
muffler cannot get into the hull.

Vibration

We've aready mentioned exhaust vibration sev-
eral times. Any vibration in the engine eventually
finds its way into the exhaust system. To avoid
imparting this annoyance into the hull, be sure that
all exhaust elements, including the hose, are soft-
mounted. If elements of the exhaust system lay on
the hull, putting a layer of moderate-density foam
beneath the items in question will sometimes do
wondersfor your noise and vibration problems.

Exhaust Hose

Exhaust hose, to last, must be of high quality. In
many casesit is cost-efficient to use fiberglass pipe
between sections of hose. Fiberglassis lighter than
hose, lasts indefinitely, and allows you to see
exhaust water flowing.

When a topside
exhaust is under-
water it creates
back pressure and
can be quite
annoying if run-
ning in and out of
waves. One way
around this is to
have exhausts to
both sides, as
shown here

(right).

A substantial amount of noise and vibra-
tion can be transmitted from the engine to
the Aqua Lift, and thus to the hull. To
reduce transmission, we frequently use sil-
icone rubber bellows (upper left) made by
Trident Rubber. Mounting the Aqua Lift on
soft rubber feet, such as the CalDyne
mounts (upper right) provides effective
isolation.

Most wet exhausts have an injection
elbow just aft of the exhaust manifold
(above).The salt-water cooling flow is
pumped into the exhaust system at this
point and carried away from the engine
by the exhaust gases.

If you are cranking the engine without
starting it (as in the bleeding process),
turn off the incoming water so it can't run
back into the exhaust manifold.

On Beowulf we used soft Cal-
Dyne mounts to attach exhaust
hose to the hull (above).
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FIRE CONTROL

Halon-type
extinguishers are
typically mounted
high, above the
engine, with the
fire-sensing device
and nozzle pointed
down.

At the bottom
left of this photo
you can see the
wiring, which sends
a signal should the
fire extinguisher
trigger. This signal is
used to energize
the engine stop
solenoid, providing
an automatic
engine shutdown.

Intermezzo’s engine was located under
the floorboards in the keel sump, so the
volume of the engine compartment
was quite small. We used this portable
halon extinguisher,which could be easily
removed and used elsewhere should
the need arise. However, this unit only
worked with manual activation.

FIRE CONTROL

Theonly risk that really concerns me aboard
isanengine-roomfire. Whileit happensrarely,
all theingredients are there— heat, combusti-
ble materials, and the possibility of shorted
electrical wiring, probably the number-one
cause of engineroom fires.

If afiredoesstart, agood fire-control system
will be necessary. It's best to have an automat-
ically discharging extinguisher with manual
override.

Carbon Dioxide

There are several choices for materials.
Originally, everyone used carbon dioxide.
This has a smothering effect, denying oxygen
to the engine as well as the flames. Unfortu-
nately, carbon dioxide extinguishersare heavy
andvery large. However, they can befilledjust
about anywhereintheworld and areextremely
effective. If you haveasmall, contained engine
compartment, carbon dioxide makes sense.

Halon

For many years halon has been the most
popular material. It's an effective firefighting
agent but will not shut the engine down.
Instead, the enginewill continueto run, ingest-
ing the halon and eventually emptying the
engineroom of it— thusreducing or eliminat-
ing firefighting capability. As a result, the
engine must be shut down whenever the extin-
guisher goes off. There are a number of auto-
matic systems on the market that will engage
the fuel-shutoff solenoid upon receipt of an
alarm signal from the extinguisher.

A halon bottle takesless space and islighter
than carbon dioxide. The only problem is that
it contains chlorofluorocarbons, which are
now banned due to the hazard they poseto the
ozonelayer.

Several substitutes now on the market.
These are less effective, so they take alarger
bottle, and may not be refillable outside the
United States.

Manual Engine Shut-Down

Thereareanumber of good reasonsfor hav-
ing amanual engine shutdown. First, itis usu-
aly necessary in the event of an engine-space
fire. Second, in the event of a failurein the
electrical solenoid (a not-infrequent occur-
rence), it provides a second means of shutting
down the engine. Most engines are stopped by
pulling afuel lever mounted on the injection
pump. Others simply have a butterfly valve in
theair intake to shut off incoming air.
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ALARM SYSTEMS

One of the easiest ways to protect yourself, your machinery, and your boat against problemsis
with good alarms. Many reliable, inexpensive and easy-to-install systems are now available that
will give you advance warning of engine trouble, fire, bilge level, battery condition, and other
potential disasters.

Basic Engine Alarms

Let’sstart with alook at monitoring the engine. A low-oil-pressure alarm gives advance warning
of impending trouble. Several types are available. The most commonly used are normally closed,
or NC-type switches. Their contactsare closed if oil pressure dropsbelow aset level, setting off an
alarm bell and/or alight wired into the switch circuit. These are available in anumber of settings,
ranging from 3 to 20 pounds pressure. The 5-pound switches are most common, although some
prefer higher setting for more advance warning.

Actual installationisquite simple. The sending unitscomewith an 1/8-inch pipethread stub, and
most engines have a plug threaded into the pressure side of the oil system to accept this.

Monitoring the temperature of your engine is obviously important. A locked intake strainer or
faulty impeller can reduce water flow to the point where the engine may overheat and seize. Engine
temperature gauges have normally open (NO) contacts. When the temperature reaches the preset
mark, usually between 190 degrees and 220 degrees Fahrenheit, the switch closes, sending an
alarm. The sensing device can beinstalled into thefreshwater side of theblock at the hottest part of
the head, or attached directly to the outside of the block. Sensors that read water temperature are
quicker in signaling aproblem.

While we're monitoring the engine room, consider a coolant-level indicator. Thisis a sensing
deviceplaced inthe header tank to signal when enginewater islow. There are pressure-differential
metersthat will tell you electrically when fuel filters need changing, and water-flow indicatorsthat
can be placed directly into the seawater feed to the engine’s heat exchanger. There are also inex-
pensive monitorsfor water inthefuel filtersand fuel-filter back pressure.

Alarm Sounds

The actua signal that will indicate a problem requires careful evaluation. | like to have three
types of alarm sounds rather than a single, common one. If oil pressureislost you have a few
moments before the engine seizes. An overheated engine, on the other hand, can runfor sometime
at reduced load without damage. Frequently, a diesel that has seized from overheating can be
restarted onceit has cooled down. A loud bell for oil, moderate horn for heat, and soft bell for other
alarmswill allow you to decipher what’s wrong and decide whether to proceed or shut down.

Automatic Engine Shut-Down

If you have an el ectrically operated fuel solenoid ontheengine, consider wiring it intoyour mon-
itoring devices. That way if the engineisbeing used asagenerator or if you're powering offshore,
when afault triggersan alarm, it will also shut down the engine. Be sure, however, to have acutout
switch to let you disable the shutdown system when maneuvering in tight quarters. If thislast idea
appeal s but you have amanual cutoff, there are anumber of fuel solencids on the market that will,
upon receipt of asignal, interrupt fuel flow and stall the engine.

The importance of this last feature was brought home to us some years ago in the Tuamotian
atolls of the South Pacific. We werein the difficult process of exiting the lagoon of Takaroa, head-
ingfor thecoprawharf of thevillage. Intermezzo needed all the maneuverability she could get from
her engine aswe battled a 35-knot wind with strong opposing current in the narrow confines of the
pass. Theengineheat alarm went off aquarter milefrom thewharf. Without time or room to anchor
we had no choice but to try to gain the security of the dock under engine. By reducing power and
turning on the fresh hot-water system (which acted as a heat exchanger) we were ableto get close
enoughtothewharf tothrow aline. Our Polynesian friendslining thewharf had ussecured quickly.
Without thewarning and thetimeit gave usto taketemporary corrective action, wewould havelost
the engine and suffered serious damage against the coral wallsof the pass. Asit was, theenginewas
mildly seized, and two hours later, after cooling down, it started right up — to our everlasting joy
and amazement.

“Murphy” Gauges

If you put alot of hours on your machinery, or have generatorsthat run without careful monitor-
ing, you may want to consider “Murphy” gauges. These are analog metersthat indicate the condi-
tion of your machinery while at the sametime performing an alarm function. Their big advantage
isthat the alarm level s can be preset by the operator. If your engine normally runs at 65 pounds oil
pressure, you can set the alarm at 55. Thisway you have early warning of any deviation from the
norm. If your engine beginsto get low on lube ail, the pressure will drop, maybe not far enough to
trigger conventional alarms— but with these gauges you know right away something isup.
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Multiple Alarm Signals

If you add up all the potential alarmsfor engine, generator, bilges, explosion, fire, performance
instruments, and other el ectronics, it becomesquitean earful. All sortsof beeps, whistles, and bells
fill the air on many modern yachts. Not only can this be annoying, but in emergency situationsit
may be difficult to tell which function isbegging for attention.

One approach to dealing with this situation isto tie al the alarms into asingle panel. Have one
sound and aseries of warning lights. When you'real erted by the buzzer, aquick glanceat the panel
tellsyou the nature and urgency of theaarm. The variouslights can be col or-coded for faster iden-
tification (red for urgent action, yellow for attention required soon, green just to let you know
something is happening).

Tying one or more alarmsto asingle sound requiresthe use of diodes. These are small, inexpen-
sive electronic devices that work like plumbing check valves — they only allow the electricity to
flow in onedirection. A diodeisrequired on each signal function output wire. They're easy to sol-
derin.

You may also want to have a switch in the circuit after each signal light to turn off the buzzer
whileyou deal withthe problem. If you switch off only the singlefunction and something el segoes
off, the buzzer will sound again.

Intrusion Alarms

Most good cruising grounds are quite secure, especialy inrural areas, and theft israrely aprob-
lem. Still, you will probably venture to the big city from timeto time. Here you may want some
form of alarm system.

The question arises asto what level of alarm you feel isprudent. | am not as concerned with the
sophisticated burglar as | am with the amateur. A professional will be able to defeat amost any
electronic system and will havelittle difficulty gaining entrance to the boat.

Itisusually quitesimpletofit “reed” switchesto the companionway and other deck hatches. The
reed switch is a simple, sealed magnetic switch that closes when the paired magnet, holding the
switch open, ismoved. If someone slides your companionway hatch open, asignal is sent to the
central control. When we install sliding screens on yachts, we typically fit reed switches to the
screens.

You may also want to have a pressure-sensitive floor mat in the cockpit.

Proximity alarmsareoccasionally tried onlarger yachts, but they always seemto haveaproblem
with movement of sailsand rigging, creating alot of falsealarms.

Once you have the signal, you then have a bunch of choices of what to do with it. The alarm
control canbeassimpleasarelay triggered by thereed switch (or floor mat), whichturnsonasiren,
horn, flashing spreader lights, or amasthead strobe.

Or the signal could be connected to any number of microprocessor-controlled systems. These
can get quite sophisticated, with some ableto dial an alarm-monitoring service or your home num-
ber.

Consider two wiring issues. First, many systems suggest reed switches be wired in series, like
Christmas-treelights. Inthis case, with awire break or abad reed switch, if you don’t fix the prob-
lem, the entire system will be out of order. If the reed switches are wired in parallel, where each
circuit hasitsown pair of wires, then you can disconnect abad reed switch shorting thewires. This
keeps everything el se operating.

Next, you may want to consider a panic button like those frequently found in homes. Panic but-
tons, nothing more than normally closed switches, are easy to mount as required.

Finally, youwill probably want to havethe security system circuit run through your main control
panel, with acircuit breaker to both protect the power supply and serve as an on/off switch. It's
probably a good ideato label this something other than “burglar alarm,” in case you encounter a
persistent thief.

Flame Sensors

If afire occurs on board, you only have a short period of time to get it extinguished. Once it
begins to spread, the smoke will drive you out of the interior quickly, whereupon the interior,
stores, and hull materialswill provide plenty of combustion material.

Smoke detectors don't seem to work well on boats, as they are easily set off by cooking or the
odd bit of warm oil vaporized by the engine or genset.

Anautomatic fire-extinguishing system for theenginewon'’ t trigger until theunit feel sitstrigger
temperature. By thistimethefire may bewell established.
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Itisfar better to see the flame as soon asit starts. Fireboy and several other companies now sell
an el ectronic eyewhich can seeatiny flameat somedistance. For an engine compartment or engine
room, this could allow valuable extratimeto deal with the problem beforeit gets out of control.

Fire Control Circuits

If you useany form of halon or other inert-gasfire-quenching system, you will need to shut down
diesel enginesand exhaust fansasthefire-control chemical isreleased. Otherwise, theengine, gen-
erator, or diesel heater will simply ingest thefiresupressant throughitsair intakeand spitit out with
the exhaust.

Fireboy makesarelay-control box that automatically shuts down devicesto whichit isattached,
onceit receivesasignal from thefire extinguisher that it has started to discharge.

Thewiringisquitesimple. Runapair of wires out from the relay box to the fire extinguisher for
thealarm signal. Then, tap into the stop switch for each diesel. When triggered, apower pulsegoes
to the electric-stop solenoid on the diesels, shutting them down. For adiesel heater it is easiest to
run the thermostat control through the normally closed relay on the control box. This will open
with an alarm, allowing the heater to go through a cool-down cycle, but shutting down the boiler
right away.

Carbon-Monoxide Alarms

Years ago, beforewe were married, Lindaand | took atrip to Mexico with some friends aboard
my Dad’'s catamaran, the HuKaMakani. We were tied up to the guest dock at the San Diego Yacht
Club prior to departing for Ensenada on a cold winter evening.

The plan was to eat ashore, then turn in early for a before-sunrise departure. Five of us were
seated in the main saloon. A lovely kerosene-powered Aladdin lamp provided heat and light. As
we sat inthe soft glow of thelight, everyone became sleepy. We all began to doze off. A couple of
minutes |later a powerboat wake shoved us up against the dock, and | groggily got up to check the
fenders. When | stepped outside, the night air smelled so sweet and | felt so strange. And then |
realized what was happening. | rushed back into the main saloon, opened all the windows, and
began to shake my friends. One by one, everyone came around. They hadn’t dozed off for more
than acouple of minutes. If that powerboat wash hadn’t awakened me, we would have been on the
front page of the San Diego Tribune the next morning, as another carbon-monoxide-poison statis-
tic.

Today you can pick up sophisticated or simple carbon-monoxide alarms at marine stores or at
your local hardware store. If you have any sort of open heat in the boat, or use your stove with
sources of ventilation shut down, the carbon-monoxide alarm could save your life.

Bilge Alarms

Most boats today have at least one electric bilge pump, usually controlled automatically. If the
pump ismounted out of theliving area, or theengineisrunning, you may not hear it whenit cycles.
Sinceacycling pump normally indicatesaleak, it'sagood ideato have someform of signal for the
pump.

Thiscan beaudible, or alight, or both. The wiring issimple. Connect awireto the pump device
whereit getsitscurrent fromthefloat switch. Thiswireisled back to the control panel and asignal
light or soft bell.

If using arelay or solenoid to control the pump (activated by thefloat switch), pick up your alarm
signal from the float switch trigger current — that is, the current used to turn on the solenoid or
relay. Thisway if the solenoid or relay fails, you still have an indication that the float switch has
been triggered.

Hooking asimilar system into the freshwater pump letsyou know whenit’s running.

Asabackup, mount afloat switchinthe sump, and wireto abuzzer and/or light toindicaterising
bilgewater. If you have amodern, flat-bilged yacht, you may need port and starboard monitors.

Gas Sensors

Explosive-atmosphere sensors have become popular in recent years. These devices, with asens-
ing head mounted in the lowest part of the bilge, detect accumulations of gasoline or propane
fumes. They also usually givewarning of high water, although frequently ruining the sensing head.
Check the sensitivity of the sending unit periodically with apropane lighter — and alwaysrely on
your own sense of smell asabackup.

The sensing heads seem to have ashort lifespan and don’t like to get oily from oily bilge water.
Carry aspareor two.
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Overvoltage Alarm

Finally, if you haveahigh-output DC charging system, you may consider someform of overvolt-
age dlarm to warn you if the aternator regulator shorts and goes to full field. While stand-alone
alarms are available, many makes of sailing instruments have high/low voltage alarms built into
them.

ENGINE INSTRUMENTS

Most of usare used to “idiot lights” in our carsto warn us when something is amiss. On a boat,
you want to be able to monitor engine and generator vital signs continuously.

Engine-oil-pressure and water temperature are the two most basic instruments. Next would bea
transmission oil pressure gauge.

A pyrometer mounted in the exhaust manifold is the best way of telling engineload. Theseare
essential if you use avariable pitch prop.

While it's obvious that the watch should be able to monitor these gauges, | also like to have
engineoil pressure and temperature instruments located where they’re easy to see bel ow.

TWIN ENGINES

There's something to be said for adual-engineinstallation — and alot of negatives, too.

Ontheplusside, isabuilt-in redundancy and the ability to use smaller diesels, resulting in better
loading of the single engine when powering most of the time. The smaller engines also do better
when used asagenerator set. You also get acertain amount of increased maneuverability, although
in asailboat the props are so close together that the small advantage of their separation islargely
offset by thelack of prop wash directly over the rudder.

The biggest drawback islack of protection for the prop and running gear. A centerlinewheel is
protected by the keel. Once you are off-center, the prop hasto contend with all manner of flotsam
and jetsam. Nets and |obsterpot buoys are particularly troublesome. Then there is the problem of
dual setsof running gear, aswell asthe added complexity and costs of the equipment and installa-
tion.

We considered adual engineinstallation briefly on Intermezzo 11, but abandoned the ideawhen
| realized how little there was to be gained in our style of usage. The theoretical advantage of the
second engine just didn't add up against our experience with reliable single-screw installations.
And, after al, wewerenot totally at the mercy of the engine— we did have a sailboat.

But on a powerboat, the issue of a get-home system is more acute. With a single-screw setup,
propulsion lossis much morethreatening. Twin engines or some form of backup system could be
abetter trade-off.

If you opt for twin engines, be realistic about projected performance. It israre that a displace-
ment hull will gain morethan 8 or 10 percent in cruising speed with the second engineturning over
at full power.

GET-HOME SYSTEMS

There'sacertain amount of emotional (aswell as practical) benefit to knowing that regardless of
what happens, you’ll be able to make it home under your own power, if need be. The question of
how to accomplish this, withaminimal complexity, takes some thought.

Thefirst question is, at what speed and under what conditions can you expect the backup power
to perform? Theless horsepower required to do the job, the easier the solution will be.

Themost popular strategy isto drive the main prop shaft viathe auxiliary generator. Thiscan be
done mechanically with belts or with hydraulics. If you aready have hydraulic capability, thisis
the easiest answer.

Another approach, whichisvery easy to execute and makesalot of sense, istofit atransmission
to the generator and power a second prop. We first saw this on amotor yacht in Capetown, South
Africa. Theowner had taken a Perkins 4-108 propulsion engineand installed it alongside hismain
Gardner diesel. A feathering prop wasfitted to the backup shaft to reduce drag. The AC generator
was mounted off the front end of the Perkins. For about half the cost of a hydraulic system he had
avery efficient get-home system. Thelittle Perkins produced 4 knots of speed as compared to his
usual nine.

A better bet for the sailor is the dinghy outboard. With the dink tied alongside (using long,
flat-leading bow and stern lines), a small outboard can do wonders in port. The 4-horsepower
enginewe had on Intermezzo would move us at 2 to 3 knotsin smooth water. Elysewould sitinthe
dink operating the engine, while Sarah or Lindawould relay my commandsviahand signals.

The Schmidts went one step farther with Wakaroa. They made amount on the transom for their
20-horsepower Mercury outboard. That enginewould easily movethe 69-foot Wakaroa at 5 knots.
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Numerous types of sound insula-
tion are available. This one is cov-
ered with a mylar barrier, which
keeps the foam sealed from engine-
room liquids and is easy to clean.

SOUND INSULATION

Machinery noiseis like water — it'll squirt through
any opening between the engine space and interior. It
will also set the hull and bulkheadsto resonating on dif-
ferencefrequencies, transferring the noiseto theinterior
inthe process.

How do you mitigate the process? First, seal every
potential outlet. Be sure that bulkheads are tight to the
hull, and that hoses and wires go through sealed glands.
If the engineisinstalled under the floorboards, or in an
engine box under the companionway, use the stringers
as part of the containment system and work up and
around from there. It may not be possible to get
100-percent containment, but the closer you get, the
lower will bethe noiselevel insidethe boat.

Next isthe useof soundinsulation material s. Today thesetaketheform of asoft, open-cell foam
(usualy PV C or neoprene), which absorbs the sound and prevents it from bouncing off al the
hard surfaces surrounding the machinery area.
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When the time comes to insulate your engine space, the more room you allow for a barrier,
and the denser the barrier is, the better will be the sound attenuation. For a modern fiberglass
yacht, this illustration shows close to the optimum situation.

On one side you have a structural bulkhead — hopefully cored, which helps reduce noise
transmission. On the machinery side there is a sound-absorbing foam, a lead or barium liner,
and finally a“decoupling” layer of foam.
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Thisfoam is frequently sandwiched around athin sheet of lead or barium powder in a plastic
matrix. This high-density material acts as a barrier to prevent the sound from penetrating the
softer foam.

There are literally hundreds of types of materials and combinations available. The best for
marineuse are self-extinguishing in the presence of afire, resistant to attack by oil, and have some
form of protective cover onthesurface of thefoam. Thisprotective barrier canbeMylar, or avinyl
fabric, or sometimes even perforated aluminum sheet. The protective barrier reduces the effec-
tiveness somewhat, but is essential for keeping theinsulation clean.

The thicker the foam and the heavier the barrier, the more effective the insulation. Most com-
mercial gradesare 1-inch (25mm) thick and weigh about 1/2 pound per square foot (3 kg/square
meter) of barrier.

While we hate to give up unnecessary space and weight, over the years we've come to use
2-inch-thick (50mm) foam and 1-pound-per-square-foot barriers. It just does a much better job,
and noise reductionisan important part of happiness aboard.

Since these foams are open-cell, they’ll absorb moisture, at which point their effectiveness
drops dramatically. So they can’t be run into the bilge. However, there are other nonabsorbent
materials that can get wet and even be walked on. These do well in the bilge area, especialy in
modern boatswith flat hull shapes, which tend to radiate sound more.

If acomplete job of sound insulation looks to be amajor project, or not in keeping with your
plansfor occasional use, consider just doing the engine box or floorboards over the engine. Put-
ting 1-inch foam/lead insulation directly over the engine reducesinterior noise levelsby closeto
50 percent.

Sound Isolation
In order to keep the engine and engine room accessories as quiet aspossible, isolatethem from

any surfacethat can transmit or resonate noise.

There are two approaches to this. First, avoid mounting noisy equipment on plywood bulk-
heads. If possible, mount it directly to the hull or topsides. If abulkhead must be used, try to pick
onethat doesn’t face an actively used living area.

Second, use the softest mounts avail able between the gear and the mounting surface. With the
engine, aswe havealready discussed, thereare strict limits on mount softness. However, fromthe
generator on down there are some pretty squishy mountsavailable.

Some gear isannoying enough in itsvibration to warrant adouble set of isolation mounts. The
first set isplaced between the equipment and abase plate. A second set isthen used between base
plate and mounting point.

There'sone other aspect to thisquestion — that of gear you do want to hear running. Thefresh-
water pump and bilge pumps, for exampl e, should always be audible, although they don’'t haveto
driveyou out of the boat.

HYDRAULICS

Hydraulic systemswork by the engine turning apump, which then delivers fluid at high pres-
sureto amotor, which turnsthe accessory in question. No el ectricity isinvolved, and intheory the
system is pretty reliable. Just run your outgoing and return oil lines, tighten the fittings, bleed
someair, and off you go.

Insingleapplications, wherethe usageisrel atively simpleand straightforward, using ahydrau-
lic drive can make sense. However, complex installations, whereyou aretrying to do alot of dif-
ferent things at once, tend to be heavy, expensive, unreliable, and generaly difficult to live with.

Negatives
Thefirst time | saw amarine hydraulic system, | thought, “Wow, thisisthe answer.” However,

now that I’ve put systems into a number of boats (and torn them out, too!) | am more realistic
about the trade-offs.
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HYDRAULICS 783

A hydraulics engineer’s dream — or nightmare, depending on how you look at it!

This system, on one of our 75-foot (23m) yachts, was designed to provide for an AC cruise
generator,a large DC alternator, a watermaker, bow- and stern-thruster, plus the windlass.

We, and the owner,would have been much better off with a nonhydraulic approach to all of
the applications, except for the thrusters.

To begin with, hydraulics produce a high-pitched whine that is almost impossible to isolate.
Whenever apump isbeing turned, even if no load is on it, you have that noise level permeating
theboat. By putting aclutch between the pump and drive source, you can turn the system off, but
thisisan added layer of complication. And when the hydraulic motor is engaged there won’'t be
any question about its running.

In addition, hydraulics are heavy. Yes, the motors themselves are lighter than comparable-
power electric motors, but the plumbing and connections weigh far more than an electrical sys-
tem, and you generally end up with significant weight increases.

In spite of what everyone claims, hydraulic systemsleak. On abig system, therewill alwaysbe
aleak somewhere — which means hydraulic fluid, usually under pressure, making one hell of a
mess.

There's typically a 15 to 20 percent power loss in the hydraulic equation, compared to the
power efficiency of electrics.

If | haven’t dissuaded you so far, read on.

System Balance

We've been involved in all sorts of sophisticated hydraulic systems, where everything from
bow thrustersto cruise generators, with lots of in-between gear, iscombined on onecircuit. Inthe
end there always seemsto be a balancing problem between the needs of the different devices.

Most industrial hydraulic systems have one, or at the most, two, motors hooked to a single
pump. With awhole bunch, it becomes an experimental operation — even for the pros.

If several motorsare running from one pump, the plumbing and rel ative loads must be balanced
carefully. Otherwise, one device under load will messup the flow to the next motor. If automatic
balancing valvesare used, it’ sdifficult to figure out what to do in advance. Bepreparedtodo alot
of plumbing whileyou try new gear.
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Applications
What applicationsare good for hydraulics?First, I'd say single-element systems, wherethere's

just no other meansto do thejob. Perhapsyou want to install alarge cruise generator or alternator
on your main engine and there’sno space — or you want to run alay shaft, but away from the
engine. Okay, but keep it ssimple.

Lots of folks like to think about a hydraulic anchor windlass. The rationale is that you don’t
haveto worry about the electrics up wherethey’ll get wet. Nonethel ess, most el ectric windlasses
today are pretty reliable, and | don't think going to hydraulics is worth the trouble, unless your
ground tackleis so large that you have no choice.

Operating Pressure
If you intend to use a hydraulic system, here are some things to consider: The higher the oper-

ating pressure, the smaller the hoses, pumps, and motors— but the higher the cost and the greater
the maintenance problems. The systems we've been involved with have typically been under
2,000 psi in operating pressures.
Miscellaneous Requirements

Make allowances for alarge accumulator tank. Size will vary with the system, but it's not
uncommon to end up with a 10-gallon (38-liter) reservoir. You'll need a heat exchanger to cool
thefluid, and possibly apump for the water flow. You haveto decide upon fitting types— aircraft
grade, stainless, or mild steel (which arefunctional but rust quickly). Hosetypesvary all over the
place. You'll want to have high factorsof safety becausealeak will cause adisastrous mess. How-
ever, high-pressure hoseisreally heavy.

Constant Speed Systems
Certain systems, which adjust ail flow, try to maintain regulated motor rpm asthe main engine

and itsattached pump vary speed. These have some degree of successwherethey’reonly running
onemotor.

Still intrigued? The next step isto talk with aprofessional hydraulics engineer who has experi-
enceinthe marinefield doing thetype of system you want to use. Then get some names of people
using thisgear, preferably commercia fishermen. If thefish boatsareusingit, you can besureit’s
reliable.

We ought to mention one other application: Driving the prop shaft. If the engineendsup in a
location whereit’s difficult to attach the prop shaft, a hydraulic drive may make sense. You lose
about twice asmuch efficiency aswithanormal transmission (hydraulictransmission, that is), but
a flatter shaft angle, bigger prop, better reduction, etc., can all help to offset this. My dad used a
drivelikethison Deerfoot. It has stood thetest of time and some 30,000 seamiles.

THRUSTERS

More small cruising yachts, both power and sail, have been fitted with bow thrustersin recent
years. There' sno denying that agood systemwill aidin close maneuvering, but the costsin space,
weight, engine-room compl exity, additional holesin the hull — not to mention greenbacks— are
substantial.

There seems to be some sort of emotional appeal to the thruster concept. As aresult, they've
occasionally ended up on boats | was building despite my better judgement. Still, this gave me
someinsight into their use, and some of the parametersto be considered in the decision-making
process.

Judging Need

How do you judge need? First, look at cruising grounds, the close-in maneuverability of your
vessel, crew size, and your aternatives. Even if the boat is somewhat of apig in tight quarters,
you can always anchor out until conditionsimprove. In most cases, thisisabetter aternative to
the complexity and cost of athruster. After all, if you only really need athruster once or twice a
year, theinconvenience of anchoring and rigging out thedink iseasy to swallow. However, if you
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have an extremely difficult crosswind homedlip to deal with, that’sadifferent equation. The big-
ger the boat and smaller the crew, the more sense athruster makes.

If you are thinking of far-off places, and worried about the unknown, fear not. With the excep-
tion of afew spotsin the Mediterranean, plenty of spaceisavailable.

Thruster Power
Okay, if you're still interested, here are some things to look at. Number one is power. If a

thruster doesn’t have the power to push you off adock, or to rotate abow against 20 to 25 knots of
wind, it’s not worth the trouble of installing it. Thistakeslots of horsepower. For a 74-foot pilot-
house cutter, like the Deerfoot 74 Interlude, this means 30 horsepower taken from the generator
set viahydraulic pump.

Then you have to decide how to power the thruster. Electric motors are used on very small
thrusters, but the current draw is so high that special alternators are required to keep the batteries
topped up. Some electric systems have short allowable operating periods due to overheating
problems. However, assume the thruster will bein use for five or ten minutesat aclip for it to be
of value.

Hydraulics are more commonly used. However, this gets you into an expensive, heavy, and
bulky subsystem. A 30- to 40-horsepower hydraulic drive will end up costing more than the
thruster by thetimeit'sinstalled.

The next considerationiscontrol. Most thrusters are asimple on/off, port/starboard affair. This
means in light-load conditions the power has to be pulsed on and off — a sometimes difficult
chore. At the same time the thruster is being maneuvered, the skipper will be dealing with the
shift/throttle control of the engine and the wheel. This can occasionally resemble a one-armed
paperhanger in action, and is the reason many thrusters, onceinstalled, rarely see use. And if the
thruster is powered hydraulically, viaa pump on the engine, then the engine rpm will have to be
coordinated with thruster needs. And if you haveto slow the engine down to shift, thruster power
islost. For thisreason it’s better to power the thruster from the generator, if at all possible.

Controls
Thethruster controls should be laid out so they’re handy to the helm and engine controls. The

best systems |’ve seen are run by foot-actuated switches (like electric-winch control buttons),
placed port and starboard by the wheel. These leave the skipper’'s hands free for the wheel and
engine controls.

If the sophistication is taken one step farther, the thruster can have a speed control to vary side
force. Thisenablesyou to use amore deft touch in maneuvering, but addsalayer of complication
and potential troubleto the system.

Another factor to ook at is the inefficiency caused by the thrusters' hull openings. There will
be avery large water inlet and two smaller thruster holes, or alarge hole on each side of the hull
inatunnel thruster. These openings causedrag. It'snot uncommon for aship toloseasmuch as5
to 10 percent of normal cruising speed to thruster openings. Sometunnel thrusters are more effi-
cient than otherswith smaller openings.

DOING WITHOUT AN ENGINE

Does an auxiliary sailboat really need an engine? The unequivocal answer is— it depends. If
your style of cruising requires aschedule, or if you sail in areas with light, undependable winds,
an engine is necessary. But as the horizon begins to beckon and timetables are |eft behind, the
engine' srelativeimportance dlips.

On two occasions when we were cruising aboard I ntermezzo we had transmission problems
that left uswithout diesel power at the prop. In each case we went amonth or more asjust asail-
boat. True, trips required more planning and more work on the part of skipper and crew, but the
level of satisfaction from awell-made passagewas never equalled when theenginewasavailable.

Of course, doing without an engine meansyour vessel must beahandy sailer. Light-air perfor-
mance and weatherliness are critical components.
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CONTROLS

CONTROLS

The location of engine controlsis
always a trade-off between accessi-
bility to your hands; foot operation
(frequently necessary in tight dock-
ing); and keeping vulnerable control-
handlesfree of sheet entanglements.

Controls are often mounted on the ™
steering pedestal. This works fine as
long asthewheel isnottoo large. But |
if the wheel isof such asizethat you
have to reach through it for the con-
trols, look for a different system. In
difficult maneuvering situations,
where you are using short bursts of F#
power and flipping the rudder back E '

%
-

and forth, you need to be able to spin
thewheel while adjusting the engine.

Control Systems |

The single-lever engine control is
by far the best choice. It putsshift and
throttle in one unit and allows quicker maneuvering in tight
spots. It also reduces shock load on the transmission, as
enginerpm areautomatically cut when going from onedirec-
tion tothe other.

The problem comesif you want to have single-lever con-
trol at two stations. Unless you go to a complicated and
expensive control, you're forced to use separate shift and
throttle linkages.

Hydraulic systems bear consideration if your controls are
along way from the engine room. These eliminate the hassle
of running flexible Morse cables throughout the boat, and

also eliminate noise transfer in the Morse-type cables. But |

hydraulic shifting systems, such asthose made by Hynautics,

aretypically threeto four times as expensive as mechanical

shifters.
Instruments

Engine instruments should be located where they are

handiest to theway you normally usethe boat. If you usually
steer in the cockpit with the engine on, the instruments
should be easily visiblefrom the helm.

Theproblemisthat eyelevel isoften quitefar fromtheface
of the cockpit well, where instruments tend to be located.
There are two ways around this: One is to move the instru-
ments some distance forward, to get some angle into the
view. The other isto angletheinstrument panel itself.

In most cruising situations, you don’t steer with theengine
on. You may be charging the batteries, or powering with the
autopilot steering. When thisisthe case, theinstruments are
better |ocated where they can be seen from under the dodger
and without too much difficulty from down bel ow.

For me, theideal spot isat the forward end of the cockpit,
facing aft, sothat thelarger gaugesarevisiblefromthehelm.

The ideal location for engine controls
is where they can be operated by foot,
leaving your hands free for the wheel.

Regardless of where they go, they
need to be kept clear of sheets. If this
looks like a problem, it may be possible
to work in a guard (upper left photo).

[tisn't unusual to find manual releases
on fire control systems, engine shut-
down, and auto pilots in the cockpit.
These are typically controlled with
Morse cables. They should be located
where they will not foul sheets.

Hynautic
hydraulic cylin-
ders for control-
ling throttle and
shift (above and
left). These are
very reliable, but
costly to pur-
chase and install.

Here are a couple
| of approaches
(above and left) to
protecting engine
instruments from the
elements. My prefer-
ence is above, using
an opening port to
be sure of an abso-
lute watertight seal.
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