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Our 40' (12m) catamaran was originally
e owerl n equipped with twin 9.9 hp outboards.
One engine died and the other spun its

propeller hub during our first trip as new

| i owners. A prop swap from the failed
engine to the operational engine gave
us enough power to limp home on one
engine. The next sailing season began

with both motors repaired, or so we
thought, but one of them threw a rod

Replacing two gasoline outboard engines with a single inboard outting Us right back o motoring with

;Ileszl_ m.ade c{;f;lsmg Iuncller [’;oyver s:m_p ler an.d ’;}ore en]gy able one outboard. Clearly, outboards were
or this intrepid couple. In their experience, it all came down to not our preference for reliable power.

“less is more.” The planned conversion from twin
outboards to a single inboard engine
required us to discern the proper size
engine and propeller to power our boat.
For engine size, we looked at similar
boats for comparison. We also used a
1.5- to 2-hp per 1,000Ib (453kg) of
boat displacement rule of thumb for
boats in the 25' to 40' (7.5m to 12m)
range. Propeller suppliers gave us rec-
ommendations for a range of propeller
sizes that would suit the engine, gearbox
ratio and the boat.

Since our boat moved at 7 knots with
the two 9.9 hp outboards, we presumed
that the lightly used Yanmar 3GM30,
three-cylinder, 27-hp diesel we found
would provide ample power. Our diesel
technician gave the Yanmar a thumbs
up and we bought it.

Story and photos by Diane Selkirk and Evan Gatehouse

Prop Fitting

The next step was determining the opti-
mum propeller location relative to the hull
and the rudder. In general, for maximum
thrust from input power, select the larg-
est propeller diameter your installation
will tolerate. We purchased a used, 17"
(43cm), feathering, Autostream propeller.
It's 1" (25mm) larger in diameter than
our targeted size but the price was right
and adjusting the pitch compensated for
the increased diameter.

The desired blade tip clearance from
the hull was 15% of the propeller diam-
eter and the formula for positioning the
prop (50% of its diameter) put this prop
8.5" (215mm) forward of the leading
edge of the rudder blade with a tip clear-
ance of 2.55” (64mm). Achieving ade-
quate prop tip clearance can be challeng-
ing but, to minimize vibration, the right
clearance factor is important.
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Measuring the spot on the hull to locate the hole for the shaft reference wire.

Engine Placement

Unlike monohull sailboats, where
the engine would probably be best
located under the cockpit, our nearly
new diesel engine fit under a berth in
the port hull. We experimented with
various shaft angles that would enable
the desired propeller position and still
keep the engine under the berth. The
hull shape dictated a 5° shaft angle,
which is well within the maximum
15° angle.

An installed engine requires at least
1" (25mm) clearance from its bear-
ing surfaces to allow for its normal
motion during engine operation. Also,
we needed another drawing showing
a sectional view of the hull where the
engine would be located to confirm that
the selected space was adequate.

We also considered the need for
additional room inside the hull for a
stern tube, stuffing box and shaft cou-
pling aft of the gearbox and engine.

(left) Checking shaft position with laser level. (right) Engine mockup in position to locate
engine beds. On this engine, the mid-point of the adjustable engine mounts lined up
almost exactly with the gearbox output flange. If they were lower, we would have had to
make a wooden support at each end of the plywood to position the reference wire.
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Bearings and Shaft

On hulls with a long keel, the propeller
shaft may exit the trailing edge of the
keel. In this case, the cutless bearing
is located in the trailing edge of the
keel, affixed inside a fiberglass stern
tube. For fin-keeled boats, a strut (“V”
or upside down “P” shaped) is typi-
cally used to support a cutlass bear-
ing. That strut should be no more than
one shaft diameter’s distance from the
prop hub.

We fabricated a carbon fiber cutlass
bearing strut to minimize weight and
save some money. (A fiberglass strut
would be too flexible; a cast bronze
strut is much simpler and they are
available to suit any shaft angle.) We
found that you could easily drill and tap
the carbon fiber laminate for setscrews
to hold the cutlass bearing in position.

Shaft diameter is usually calculated
using engine horsepower, gear ratio and
shaft material properties. Dave Gerr’s,
“The Propeller Handbook,” is the bib-
lical reference for these calculations
and rules of thumb. ABYC Standard P-
6, Propeller Shafting Systems, is also
an excellent reference on these mat-
ters. Suppliers of shafting often make
recommendations based on these
sources. You can also find aids to cal-
culating prop size at websites like rbbi.
com/folders/prop/propcalc.htm. Many
engine manufacturer websites also
offer shafting and propeller sizing for-
mulas. Some post-installation tweak-
ing of pitch and/or diameter might be
necessary to get the optimum effect in
actual performance.

Installation

With the boat out of the water, we
located the approximate position
where the shaft would pass through
the hull. We drilled a small pilot hole
for the reference wire that would
establish the shaft line, ensuring that
the hole was large enough that the
wire did not touch the hull when it
was pulled taut. With our shaft line
drawing in hand, we positioned the
wire to represent the proposed posi-
tion of the shaft, using the center of
the propeller and the forward end of
the shaft at a convenient bulkhead as
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Engine beds glued together and clamped
in position while the epoxy putty sets.

reference locations, making sure the
propeller tip clearance still matched
the drawing.
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(left) Measuring fiberglass to cover the engine beds. (right) Applying peel ply to the fiber-

glass to leave a smooth appearance.

To position the engine beds in refer-
ence to the shaft line, we made a wood-
en engine mock-up and marked the hull
for the position of the beds. Following
a final check inside the engine com-
partment to make sure we had enough
room for the engine, both vertically and
transversely, we measured the heights of
the beds for shaping the timbers, taking
care to shape the beds at the bottom so
they fit against the hull.

After the bed timbers were shaped,
we cleaned the hull with acetone then
sanded with a coarse grinding disc.
We used epoxy resin thickened with
wood flour and colloidal silica to glue
the wood beds to the hull and fill any
gaps. We then formed large radius fil-
lets between the wood and the hull
and then glassed over the beds with
several layers of biaxial fiberglass.
Using many layers of fiberglass creat-
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AND SOUND DAMPENING COATING

Silent Running is easy to apply by
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and dissipated.

It is a permanent coating
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ed a stiff engine foundation that would
transmit less vibration to the hull when
used with flexible engine mounts. The
engine beds did not need to be exact in
height to the last 1/8” (3mm) because
the adjustable mounts allowed us to
adjust the engine to its final position.

Stern Tube
and Strut Bearing
The boom and mainsheet tackle was
used to lift the engine from the ground
onto the deck and down into the hull.
With the engine in its approximate
position on the engine beds, we adjust-
ed the engine mounts so they were in
the middle of their adjustment range.
Enlarging the pilot hole where the
reference wire passed though to fit the
stern tube enabled us to adjust the final
position of the stern tube within the
hole. With the prop shaft fit into the
fiberglass stern tube, we slid this assem-
bly into the hull, installed the shaft cou-
pling on the front end of the shaft and
bolted the coupling to the gearbox.
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(left) There wasn't enough height over the engine for a block and tackle, so a lifting rope
was lead through a block to a winch outside on deck. The overhead lifting beam was

suitably braced. (right) Engine on the beds.

Using wood wedges, we adjusted the
propeller shaft so that it was centered
at both ends of the stern tube. We
deferred installing the flexible coupling
between the gearbox output flange and
the propeller shaft flange because it
would flex too much while we located
the final shaft position.

Because the propeller shaft and
stern tube were now rigidly connected

to the engine, their installation position
was correct. We could easily rotate the
engine slightly on its beds by hand, so
that the shaft and stern tube were lined
up with the center of the hull.

Next, we fitted a cutlass bearing into
the strut and slid the strut onto the out-
board end of the shaft, sliding it into
position just forward of the propeller
hub and marking its location on the
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Our engines idle smoother and quieter because
of our high inertia flywheel. This is one of the
many Beta Marine exclusive features that make
our diesel engines easier to live with.
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« Also available: Marine generators up to 30kW

BETA MARINE US Ltd.
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Propeller shaft initial fitting and marking
for strut.

hull bottom. We moved the strut out of
the way and cut an oversize hole in the
bottom of the hull as a pass-through
for the strut.

The stern tube, propeller shaft and
cutlass bearing strut were now all
loosely fit in oversized holes in the
hull but firmly connected to the engine
in sequence and alignment. Gaps
were packed with high-density foam
to hold these parts into position and

Stern tube and strut in position.

then thickened epoxy putty applied to
fix them in place. Once the putty had
hardened, we removed the propeller
shaft and cut off the excess stern tube
protruding though the outside of the
hull. Any remaining gaps were filled
with more thickened putty and the
stern tube and strut were fiberglassed
into position. An additional transverse
gusset was mounted on the bracket
inside the hull. With the propeller
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shaft in place, we bolted the engine
to the engine beds.

Auxiliary Systems

The final aspect of installing an engine
is connecting the engine’s auxiliary sys-
tems, which included relatively uncom-
plicated plumbing, mechanical and
electrical work.

We drilled a hole in the hull for a
seacock to serve the seawater cooling
intake. The foam core was removed
from the perimeter of the hole, which
was then filled with epoxy putty. We
then glued a plywood backing pad in
position, sealing it with two coats of
resin before caulking and screwing the
seacock in place on the backing pad.
We bolted the sea strainer to a bulkhead
and made the hose connections to the
engine’s saltwater pump. A vented loop,
installed inline ahead of the connection
to the exhaust outlet, prevents siphoning
cooling water into the engine.

A waterlift muffler installed 6"
(152mm) below the engine exhaust
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outlet and hose carries the exhaust
discharge to its terminus in the hull
side near the transom. We glassed
a 2" (50mm) fiberglass tube into
position for the outlet. At this point,
we connected the components,
looping the hose upward under the
deck, where it was supported by a
section of durable and non-chafing
nylon webbing. The electrical system
hookup was straightforward: con-
nect the positive battery cable to the
starter motor; the negative cable to a
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grounding bolt on the engine block;
and plug the engine wiring harness
into the engine control panel.

Ensuring the engine has an ade-
quate supply of fresh air required
the installation of a vent, designed
to allow air flow but not admit water,
in the side of the hull. A blower
removes accumulated hot air from
the engine compartment via a flex-
ible hose.

The Yanmar and the control

o ¥

(left) Overlength stern tube ready for epoxy putty and fiberglassing. (right) Trimmed

head directions guided our installa-  stern tube. (bottom) Stern tube fiberglassed in place on inside.

CLEAN FUEL

Your fuel system needs ALGAE-X. Clean your fuel while
you run your engines. No maintenance required and
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tion of the engine control cables to We then installed a new polyeth- Post Launch

the engine and gearbox. A drop of ylene fuel tank, a fuel filter and all  The final shaft alignment, adjusting

Loctite on each clamp bolt ensured  U.S. Coast Guard-approved type A1  the engine alignment by sliding feeler

the cables wouldn’t vibrate loose. fuel hose. gauges between the shaft coupling and
the gearbox, was done after the boat

DIY Bill of Materials

Cost totals, in U.S. funds, grouped by task, to repower a 40' (12m) catamaran
with a 27-hp inboard diesel.

Engine

Yanmar 3GM30, USEA.........ccuevireireeiiereeteciereeteeteseese e steseeresteseeeesessessesessesaeseesessasnens
MEChaNIC.......cceveeeeveeieeececeee e

Engine beds: glass, foam, wood
Stainless-steel [ag DOIES..........oviiiicec s

Fuel
Fuel tank, Tempo 27 gal PlastiC ..........ceeueeiiiiesrsss e
Fuel filter, Racor 500 FG..........c.cccevvvvevrrnes
Miscellaneous fittings .........ccceeeveeeveicriiennas
DecK fill CaP.....cvvevereeeeereeesreee e
Fuel fill hose 1' (12CM) ...ovvieeiieiririee
Fuel vent hose 1' (12CM) .....cooovvevevriririnne
Fuel vent fitting, Seadog ............ccceveveveunnee
Fuel supply and return hoses, 30' (9m)

Shafting
SNAME SBAL ...ttt s e n s nna
Shaft, 1-1/4"x72" (31mmx182m) stainless steel ..........cccccevvvunee.
Machining prop shaft for coupling, custom coupling..........c.cccvevu..
Shaft log 2" OD x 3" (50MM X 76MM) .....vrvereieeeieieieieieieieceeenes
Flexible coupling, R & D Flexible Coupling
Carbon fiber shaft Strut..........cccoovvviiiiiiiic e
Cutlass bearing, 1-1/4" x 1-3/4" x 5" (31mm x 44mm x 127mm)
Folding prop, 17" (43cm) three-blade Autostream.............c.ccccvnenveee.

Cooling

HOSE ClAMPS ...ttt sttt st e b et ebesbesae e etasrensesesrassennenaarenes
Miscellaneous fittings ..
Cooling water hose
Seacock, Marelon 1" (25MM) ....c.eveeriiieieerrieee et nsesenen $45

Sea strainer, Vetus 3/4" (TIMM) ..ot $34 Shaft seal with vent hose and exhaust
Exhaust hose outlet, which has to pass through a
Exhaust hose, SAE J2006, 2" X 108" (50MM X 274CM) ......vveeeeveeerrereeeesseeeeeesseneeesseee $81 watertight bulkhead so the connection is
Exhaust outlet, 2" (50mm) fiberglass tube made through a fiberglass pipe glassed to
WAErIift MUFFIEE, VEIUS NLPBO.....oreeeeeeees e eeeeesessesseeeeseessessseessseesseseesesesssssseneee the bulkhead.

HOSE ClAMPS ...ttt sttt sa et a et e es b e e s s s e s s s ere e sseresesseranesneranens

Ventilation

Sound insulation, Soundown, 54" x 72" (137cm x 182cm), 3 sheets..........cceveveenniaee $150
Pins, clips, glue for installing insulation
BIOWET ... .ttt sttt b e e bbb e b b e e aea e s e r b e e n b e e enere e snereneas
Blower hose, 5' x 3" (1.5m X 76mMm) diameter..........ooorrrreeeeeeeeeeeesesesseseeae $11
Vent intake @ir fittiNg.........oovovereee s $7

Controls
CONLrol NEA, MOISE SL-3 ......vviveeieeeeeeeeee ettt st sttt sttt ettt e e e e e st en et st et sessenenas $134
3 U 072 01T $31

Engine stop cable (included with engine)

Control cables, diesel throttle, Morse 33C, 14' (4.2m)
Control cables, diesel gear Morse 33C, 14" (4.2M) .....cccveveeveereeieeieeiesrerese s esesaereesaenas
Hour meter (included with engine)

Trimming excess foam shims at the car-
bon fiber cutlass bearing strut prior to
shaping fairing compound.

Total ....oeiiiiirrrrrnns $8,944 Vetus sea strainer on raw-water intake
mounts to bulkhead.

50 DIY Boat Owner 2006-4
(www.diy-boat.com) 1-888-658-2628



Installing the fuel tank and flttlngs

was launched. Once we were satis-
fied that the alignment was right, we
installed the flexible coupling. Since we
had a dripless shaft seal, we needed
to “burp” the seal to make sure there
was no trapped air. With a convention-

Material Sources

UPGRADE

Stern Tube and Exhaust Outlet

Fiberglass tube and pipe for stern tubes and exhaust outlets can be purchased through many
industrial suppliers of fiberglass pipe, such as Max-Gain Systems at 770/973-6251;
mgs4u.com/fiberglass-tube-rod.htm

Shaft Seals
Duramax 440-834-5400; duramax-marine.com
Lasdrop 800/940-7325; lasdrop.com

PSS 800/523-7558; pyiinc.com
Sure Seal 800-420-0949; tidesmarine.com

Conventional Bronze Stuffing Boxes
Buck Algonquin 302/659-6900; buckalgonquin.com
Glen-L Marine Designs 562/630-6258; glenl.com

Cutlass Bearing Struts
Buck Algonquin (see above)
Marine Associates 800/544-1487; marineassociates.com
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al stuffing box we would have had to
adjust the tightness of the stuffing box.
After a final check of fluid levels we
happily motored back to our slip.

About the authors: Evan Gatehouse is
a naval architect and mechanical engi-

neer, with extensive experience in com-
posite boat design and boat mechanical
systems. Diane Selkirk is a freelance
writer and sailor with stories and photos
published in a variety of magazines.
Together they are completing a total
rebuild on “Ceilydh”, a Wood's Meander

40' (12m) catamaran.
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100% INTERNET BASED We
carry a complete line of refrigera-
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\ Vacuum Insulation Panels (independent
E lab tests) all at Rprices: guaranteed lowest!

www.rparts.com

ATTENTION C&C, TARTAN, NONSUCH,

NIAGARA, HUNTER, CATALINA OWNERS
SUINUESS L

Replacement Rails, Stanchions, Stem Fittings,
Anchor Rollers, Swim Platforms
Plus many more components from the
Original Equipment Manufacturers at

STAINLESS OUTFITTERS INC

TOLL FREE: 800-268-0395
www.stainlessouftfitters.com
sales@stainlessoulftfitters.com
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